
Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number. 
PTO Form 1960 (Rev 10/2011)

OMB No. 0651-0050 (Exp 09/20/2020)

Request for Reconsideration after Final Action

The table below presents the data as entered.

Input Field Entered

SERIAL NUMBER 87194361

LAW OFFICE ASSIGNED LAW OFFICE 108

MARK SECTION

MARK https://tmng-al.uspto.gov/resting2/api/img/87194361/large

LITERAL ELEMENT CBDWATER

STANDARD CHARACTERS YES

USPTO-GENERATED IMAGE YES

MARK STATEMENT
The mark consists of standard characters, without claim to any particular font style,
size or color.

ARGUMENT(S)

Please see the actual argument text attached within the Evidence section.

EVIDENCE SECTION

        EVIDENCE FILE NAME(S)

       ORIGINAL PDF FILE evi_241215541-20181109154202087181_._Response87194361_Nov_9_2018.pdf

       CONVERTED PDF FILE(S)
       (15 pages)

\\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0002.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0003.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0004.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0005.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0006.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0007.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0008.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0009.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0010.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0011.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0012.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0013.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0014.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0015.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0016.JPG

       ORIGINAL PDF FILE evi_241215541-20181109154202087181_._EXH_A_Nov_9_2018.pdf

../evi_241215541-20181109154202087181_._Response87194361_Nov_9_2018.pdf
../RFR0002.JPG
../RFR0003.JPG
../RFR0004.JPG
../RFR0005.JPG
../RFR0006.JPG
../RFR0007.JPG
../RFR0008.JPG
../RFR0009.JPG
../RFR0010.JPG
../RFR0011.JPG
../RFR0012.JPG
../RFR0013.JPG
../RFR0014.JPG
../RFR0015.JPG
../RFR0016.JPG
../evi_241215541-20181109154202087181_._EXH_A_Nov_9_2018.pdf


       CONVERTED PDF FILE(S)
       (4 pages)

\\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0017.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0018.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0019.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0020.JPG

       ORIGINAL PDF FILE evi_241215541-20181109154202087181_._EXH_B_PART_1_Nov_9_2018.pdf

       CONVERTED PDF FILE(S)
       (85 pages)

\\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0021.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0022.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0023.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0024.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0025.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0026.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0027.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0028.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0029.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0030.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0031.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0032.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0033.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0034.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0035.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0036.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0037.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0038.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0039.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0040.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0041.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0042.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0043.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0044.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0045.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0046.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0047.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0048.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0049.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0050.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0051.JPG

../RFR0017.JPG
../RFR0018.JPG
../RFR0019.JPG
../RFR0020.JPG
../evi_241215541-20181109154202087181_._EXH_B_PART_1_Nov_9_2018.pdf
../RFR0021.JPG
../RFR0022.JPG
../RFR0023.JPG
../RFR0024.JPG
../RFR0025.JPG
../RFR0026.JPG
../RFR0027.JPG
../RFR0028.JPG
../RFR0029.JPG
../RFR0030.JPG
../RFR0031.JPG
../RFR0032.JPG
../RFR0033.JPG
../RFR0034.JPG
../RFR0035.JPG
../RFR0036.JPG
../RFR0037.JPG
../RFR0038.JPG
../RFR0039.JPG
../RFR0040.JPG
../RFR0041.JPG
../RFR0042.JPG
../RFR0043.JPG
../RFR0044.JPG
../RFR0045.JPG
../RFR0046.JPG
../RFR0047.JPG
../RFR0048.JPG
../RFR0049.JPG
../RFR0050.JPG
../RFR0051.JPG


        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0052.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0053.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0054.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0055.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0056.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0057.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0058.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0059.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0060.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0061.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0062.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0063.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0064.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0065.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0066.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0067.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0068.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0069.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0070.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0071.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0072.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0073.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0074.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0075.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0076.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0077.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0078.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0079.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0080.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0081.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0082.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0083.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0084.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0085.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0086.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0087.JPG

../RFR0052.JPG
../RFR0053.JPG
../RFR0054.JPG
../RFR0055.JPG
../RFR0056.JPG
../RFR0057.JPG
../RFR0058.JPG
../RFR0059.JPG
../RFR0060.JPG
../RFR0061.JPG
../RFR0062.JPG
../RFR0063.JPG
../RFR0064.JPG
../RFR0065.JPG
../RFR0066.JPG
../RFR0067.JPG
../RFR0068.JPG
../RFR0069.JPG
../RFR0070.JPG
../RFR0071.JPG
../RFR0072.JPG
../RFR0073.JPG
../RFR0074.JPG
../RFR0075.JPG
../RFR0076.JPG
../RFR0077.JPG
../RFR0078.JPG
../RFR0079.JPG
../RFR0080.JPG
../RFR0081.JPG
../RFR0082.JPG
../RFR0083.JPG
../RFR0084.JPG
../RFR0085.JPG
../RFR0086.JPG
../RFR0087.JPG


        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0088.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0089.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0090.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0091.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0092.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0093.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0094.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0095.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0096.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0097.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0098.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0099.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0100.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0101.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0102.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0103.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0104.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0105.JPG

       ORIGINAL PDF FILE evi_241215541-20181109154202087181_._EXH_B_PART_2_Nov_9_2018.pdf

       CONVERTED PDF FILE(S)
       (50 pages)

\\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0106.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0107.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0108.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0109.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0110.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0111.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0112.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0113.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0114.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0115.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0116.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0117.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0118.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0119.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0120.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0121.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0122.JPG

../RFR0088.JPG
../RFR0089.JPG
../RFR0090.JPG
../RFR0091.JPG
../RFR0092.JPG
../RFR0093.JPG
../RFR0094.JPG
../RFR0095.JPG
../RFR0096.JPG
../RFR0097.JPG
../RFR0098.JPG
../RFR0099.JPG
../RFR0100.JPG
../RFR0101.JPG
../RFR0102.JPG
../RFR0103.JPG
../RFR0104.JPG
../RFR0105.JPG
../evi_241215541-20181109154202087181_._EXH_B_PART_2_Nov_9_2018.pdf
../RFR0106.JPG
../RFR0107.JPG
../RFR0108.JPG
../RFR0109.JPG
../RFR0110.JPG
../RFR0111.JPG
../RFR0112.JPG
../RFR0113.JPG
../RFR0114.JPG
../RFR0115.JPG
../RFR0116.JPG
../RFR0117.JPG
../RFR0118.JPG
../RFR0119.JPG
../RFR0120.JPG
../RFR0121.JPG
../RFR0122.JPG


        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0123.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0124.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0125.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0126.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0127.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0128.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0129.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0130.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0131.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0132.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0133.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0134.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0135.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0136.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0137.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0138.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0139.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0140.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0141.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0142.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0143.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0144.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0145.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0146.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0147.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0148.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0149.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0150.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0151.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0152.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0153.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0154.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0155.JPG

       ORIGINAL PDF FILE evi_241215541-20181109154202087181_._EXH_B_PART_3_Nov_9_2018.pdf

       CONVERTED PDF FILE(S)
       (58 pages)

\\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0156.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0157.JPG

../RFR0123.JPG
../RFR0124.JPG
../RFR0125.JPG
../RFR0126.JPG
../RFR0127.JPG
../RFR0128.JPG
../RFR0129.JPG
../RFR0130.JPG
../RFR0131.JPG
../RFR0132.JPG
../RFR0133.JPG
../RFR0134.JPG
../RFR0135.JPG
../RFR0136.JPG
../RFR0137.JPG
../RFR0138.JPG
../RFR0139.JPG
../RFR0140.JPG
../RFR0141.JPG
../RFR0142.JPG
../RFR0143.JPG
../RFR0144.JPG
../RFR0145.JPG
../RFR0146.JPG
../RFR0147.JPG
../RFR0148.JPG
../RFR0149.JPG
../RFR0150.JPG
../RFR0151.JPG
../RFR0152.JPG
../RFR0153.JPG
../RFR0154.JPG
../RFR0155.JPG
../evi_241215541-20181109154202087181_._EXH_B_PART_3_Nov_9_2018.pdf
../RFR0156.JPG
../RFR0157.JPG


        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0158.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0159.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0160.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0161.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0162.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0163.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0164.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0165.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0166.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0167.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0168.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0169.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0170.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0171.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0172.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0173.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0174.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0175.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0176.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0177.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0178.JPG

        \\TICRS\EXPORT17\IMAGEOUT17\871\943\87194361\xml14\RFR0179.JPG
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DESCRIPTION OF EVIDENCE FILE
pdf files containing response to final office action including request for
reconsideration and exhibits

GOODS AND/OR SERVICES SECTION (005)(current)

INTERNATIONAL CLASS 005

DESCRIPTION

Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol

FILING BASIS Section 1(b)

GOODS AND/OR SERVICES SECTION (005)(proposed)

INTERNATIONAL CLASS 005

TRACKED TEXT DESCRIPTION

Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol; all of the foregoing comprised of
cannabidiol, and all of the foregoing being lawful under state and federal laws

FINAL DESCRIPTION

Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol, and all of the foregoing being
lawful under state and federal laws

FILING BASIS Section 1(b)

GOODS AND/OR SERVICES SECTION (032)(current)

INTERNATIONAL CLASS 032

DESCRIPTION

Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD; Flavored waters containing
CBD; Soda water comprised of CBD; Sparkling water comprised of CBD

FILING BASIS Section 1(b)
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GOODS AND/OR SERVICES SECTION (032)(proposed)

INTERNATIONAL CLASS 032

TRACKED TEXT DESCRIPTION

Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD; Flavored waters
containing CBD; Soda water comprised of CBD; Sparkling water comprised of CBD; Sparkling water comprised of CBD, all of the foregoing
being lawful under state and federal laws

FINAL DESCRIPTION

Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD; Flavored waters containing
CBD; Soda water comprised of CBD; Sparkling water comprised of CBD, all of the foregoing being lawful under state and federal laws

FILING BASIS Section 1(b)

GOODS AND/OR SERVICES SECTION (035)(current)

INTERNATIONAL CLASS 035

DESCRIPTION

Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and nonprofit
organizations

FILING BASIS Section 1(b)

GOODS AND/OR SERVICES SECTION (035)(proposed)

INTERNATIONAL CLASS 035

TRACKED TEXT DESCRIPTION

Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and nonprofit
organizations; Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and
nonprofit organizations, all of the foregoing being lawful under state and federal laws

FINAL DESCRIPTION

Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and nonprofit
organizations, all of the foregoing being lawful under state and federal laws

FILING BASIS Section 1(b)

SIGNATURE SECTION

RESPONSE SIGNATURE /Jane S. Berman/

SIGNATORY'S NAME Jane S. Berman

SIGNATORY'S POSITION Attorney of Record, Illinois Bar Member

SIGNATORY'S PHONE NUMBER 3128404333

DATE SIGNED 11/09/2018

AUTHORIZED SIGNATORY YES

CONCURRENT APPEAL NOTICE FILED YES

FILING INFORMATION SECTION
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TEAS STAMP

USPTO/RFR-XX.XX.XXX.XX-20
181109155348764315-871943
61-610d0b5635f821c6df0ca7
eb64fe4c4b2f60a1a70a92ea1
faa8461dceb0c7fe8-N/A-N/A
-20181109154202087181



Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number. 
PTO Form 1960 (Rev 10/2011)

OMB No. 0651-0050 (Exp 09/20/2020)

Request for Reconsideration after Final Action
To the Commissioner for Trademarks:

Application serial no. 87194361 CBDWATER(Standard Characters, see https://tmng-al.uspto.gov/resting2/api/img/87194361/large) has been
amended as follows:

ARGUMENT(S)
In response to the substantive refusal(s), please note the following:

Please see the actual argument text attached within the Evidence section.

EVIDENCE
Evidence in the nature of pdf files containing response to final office action including request for reconsideration and exhibits has been attached.
Original PDF file:
evi_241215541-20181109154202087181_._Response87194361_Nov_9_2018.pdf
Converted PDF file(s) ( 15 pages)
Evidence-1
Evidence-2
Evidence-3
Evidence-4
Evidence-5
Evidence-6
Evidence-7
Evidence-8
Evidence-9
Evidence-10
Evidence-11
Evidence-12
Evidence-13
Evidence-14
Evidence-15
Original PDF file:
evi_241215541-20181109154202087181_._EXH_A_Nov_9_2018.pdf
Converted PDF file(s) ( 4 pages)
Evidence-1
Evidence-2
Evidence-3
Evidence-4
Original PDF file:
evi_241215541-20181109154202087181_._EXH_B_PART_1_Nov_9_2018.pdf
Converted PDF file(s) ( 85 pages)
Evidence-1
Evidence-2
Evidence-3
Evidence-4
Evidence-5
Evidence-6
Evidence-7
Evidence-8
Evidence-9
Evidence-10
Evidence-11
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Evidence-12
Evidence-13
Evidence-14
Evidence-15
Evidence-16
Evidence-17
Evidence-18
Evidence-19
Evidence-20
Evidence-21
Evidence-22
Evidence-23
Evidence-24
Evidence-25
Evidence-26
Evidence-27
Evidence-28
Evidence-29
Evidence-30
Evidence-31
Evidence-32
Evidence-33
Evidence-34
Evidence-35
Evidence-36
Evidence-37
Evidence-38
Evidence-39
Evidence-40
Evidence-41
Evidence-42
Evidence-43
Evidence-44
Evidence-45
Evidence-46
Evidence-47
Evidence-48
Evidence-49
Evidence-50
Evidence-51
Evidence-52
Evidence-53
Evidence-54
Evidence-55
Evidence-56
Evidence-57
Evidence-58
Evidence-59
Evidence-60
Evidence-61
Evidence-62
Evidence-63
Evidence-64
Evidence-65
Evidence-66
Evidence-67
Evidence-68
Evidence-69
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Evidence-70
Evidence-71
Evidence-72
Evidence-73
Evidence-74
Evidence-75
Evidence-76
Evidence-77
Evidence-78
Evidence-79
Evidence-80
Evidence-81
Evidence-82
Evidence-83
Evidence-84
Evidence-85
Original PDF file:
evi_241215541-20181109154202087181_._EXH_B_PART_2_Nov_9_2018.pdf
Converted PDF file(s) ( 50 pages)
Evidence-1
Evidence-2
Evidence-3
Evidence-4
Evidence-5
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Evidence-7
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Evidence-40
Evidence-41
Evidence-42
Evidence-43
Evidence-44
Evidence-45
Evidence-46
Evidence-47
Evidence-48
Evidence-49
Evidence-50
Original PDF file:
evi_241215541-20181109154202087181_._EXH_B_PART_3_Nov_9_2018.pdf
Converted PDF file(s) ( 58 pages)
Evidence-1
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Evidence-45
Evidence-46
Evidence-47
Evidence-48
Evidence-49
Evidence-50
Evidence-51
Evidence-52
Evidence-53
Evidence-54
Evidence-55
Evidence-56
Evidence-57
Evidence-58
Original PDF file:
evi_241215541-20181109154202087181_._EXH_C_Nov_9_2018.pdf
Converted PDF file(s) ( 33 pages)
Evidence-1
Evidence-2
Evidence-3
Evidence-4
Evidence-5
Evidence-6
Evidence-7
Evidence-8
Evidence-9
Evidence-10
Evidence-11
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Evidence-13
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Evidence-16
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Evidence-32
Evidence-33

CLASSIFICATION AND LISTING OF GOODS/SERVICES
Applicant proposes to amend the following class of goods/services in the application:
Current: Class 005 for Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol
Original Filing Basis:
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
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the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

Proposed:
Tracked Text Description: Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol; all of the
foregoing comprised of cannabidiol, and all of the foregoing being lawful under state and federal laws

Class 005 for Dietary supplemental drinks; Liquid nutritional supplement; all of the foregoing comprised of cannabidiol, and all of the foregoing
being lawful under state and federal laws
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

Applicant proposes to amend the following class of goods/services in the application:
Current: Class 032 for Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD;
Flavored waters containing CBD; Soda water comprised of CBD; Sparkling water comprised of CBD
Original Filing Basis:
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

Proposed:
Tracked Text Description: Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD; 
Flavored waters containing CBD; Soda water comprised of CBD; Sparkling water comprised of CBD; Sparkling water comprised of CBD, all of
the foregoing being lawful under state and federal laws

Class 032 for Bottled drinking water containing CBD; Bottled water comprised of CBD; Flavored bottled water containing CBD; Flavored
waters containing CBD; Soda water comprised of CBD; Sparkling water comprised of CBD, all of the foregoing being lawful under state and
federal laws
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

Applicant proposes to amend the following class of goods/services in the application:
Current: Class 035 for Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and
nonprofit organizations
Original Filing Basis:
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a



bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

Proposed:
Tracked Text Description: Promoting, advertising and marketing of the brands, products, services and online websites of individuals,
businesses and nonprofit organizations; Promoting, advertising and marketing of the brands, products, services and online websites of
individuals, businesses and nonprofit organizations, all of the foregoing being lawful under state and federal laws

Class 035 for Promoting, advertising and marketing of the brands, products, services and online websites of individuals, businesses and nonprofit
organizations, all of the foregoing being lawful under state and federal laws
Filing Basis: Section 1(b), Intent to Use: For a trademark or service mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to use the mark in commerce on or in connection with the identified goods/services in the application. For a
collective trademark, collective service mark, or collective membership mark application: As of the application filing date, the applicant had a
bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by members on or in connection with
the identified goods/services/collective membership organization. For a certification mark application: As of the application filing date, the
applicant had a bona fide intention, and was entitled, to exercise legitimate control over the use of the mark in commerce by authorized users in
connection with the identified goods/services, and the applicant will not engage in the production or marketing of the goods/services to which the
mark is applied, except to advertise or promote recognition of the certification program or of the goods/services that meet the certification
standards of the applicant.

SIGNATURE(S)
Request for Reconsideration Signature
Signature: /Jane S. Berman/     Date: 11/09/2018
Signatory's Name: Jane S. Berman
Signatory's Position: Attorney of Record, Illinois Bar Member

Signatory's Phone Number: 3128404333

The signatory has confirmed that he/she is an attorney who is a member in good standing of the bar of the highest court of a U.S. state, which
includes the District of Columbia, Puerto Rico, and other federal territories and possessions; and he/she is currently the owner's/holder's attorney
or an associate thereof; and to the best of his/her knowledge, if prior to his/her appointment another U.S. attorney or a Canadian attorney/agent
not currently associated with his/her company/firm previously represented the owner/holder in this matter: (1) the owner/holder has filed or is
concurrently filing a signed revocation of or substitute power of attorney with the USPTO; (2) the USPTO has granted the request of the prior
representative to withdraw; (3) the owner/holder has filed a power of attorney appointing him/her in this matter; or (4) the owner's/holder's
appointed U.S. attorney or Canadian attorney/agent has filed a power of attorney appointing him/her as an associate attorney in this matter.

The applicant is filing a Notice of Appeal in conjunction with this Request for Reconsideration.
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RESPONSE TO FINAL OFFICE ACTION 

U.S. Trademark Application Serial No.: 87194361 

Mark: CBDW ATER 
(Word mark in standard characters) 

Applicant: Canna Farm LLC 

Final Office Action Issued On: May 10, 2018 

Attorney Docket No.: CAN20-00101 

1. Under 37 C.F.R. §2.63(b)(3), Applicant files this timely request for 

reconsideration seeking to overcome the substantive refusals and to comply with outstanding 

requirements before the deadline for filing an appeal. Applicant is also filing a timely notice 

of appeal under 37 C.F.R. §2.63(b)(l). 

2. Applicant requests reconsideration of the final substantive refosals to register 

and the final requirement for information set forth in the final Office action issued May 10, 

201 8 (the "Final Action"). The response also addresses matters maintained and continued from 

the first non-final Office action issued January 5, 2017 (the "First Action") and the second non-

final Office action issued October 3, 2017 (the "Second Action"). As evidence provided by 

Applicant in its first Response filed July 5, 2017 (the "First Response") and in its second 

Response filed April 3, 2018 (the "Second Response") is considered to remain applicable to 

the present refusals and requests, the contents of the First Response and the Second Response 

are herein incorporated by reference. 
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REPLY TO FINAL REFUSAL: NO LAWFUL USE IN COMMERCE 

3. As to the goods in Class 005, as amended, namely: "dietary supplemental drinks; 

liquid nutritional supplement; all of the foregoing comprised of cannabidiol, and all of the 

foregoing being lawful under state and federal laws," and as to the goods in Class 032, as 

amended, namely: "bottled drinking water containing CBD; bottled water comprised of CBD; 

flavored bottled water containing CBD; flavored waters containing CBD; soda water 

comprised of CBD; sparkling water comprised of CBD, all of the foregoing being lawful under 

state and federal laws," it is respectfully submitted that the refusal to register should be 

reconsidered and withdrawn. Applicant has a bona fide intent to lawfully use the applied-for 

mark in commerce, in compliance with Trademark Act Sections 1and45, 15 U.S.C. §§1051, 

1127. Applicant 's identification of goods excludes any items that are not lawful under state and 

federal laws. Thus, the goods to which the proposed mark will be applied are, by definition, 

lawful under the federal Controlled Substances Act (CSA), 21 U.S.C. §§801-971. 

4. The record fails to establish that Applicant 's Class 005 and Class 032 goods 

will be unlawful. Applicant's amended identification of goods in Class 005 and Class 032 

explicitly excludes any item that is derived from unlawful sources. The Declaration of Robert 

DiVito (attached hereto as EXHIBIT A) provides facts that refute the examining attorney's 

presumptions on this point. Applicant intends to synthesize, or otherwise to obtain, the 

cannabidiol referenced in the identification of goods in a manner that is in full accordance and 

compliance with all state and federal laws and regulations, and to sell its Class 005 and Class 

032 goods in a manner that is in full accordance and compliance with all state and federal laws 

and regulations. In contrast to the examining attorney's finding, based entirely on the examining 

attorney's speculation, Exhibit A provides factual evidence that the goods will be lawful. 

5. Because the record fails to show that Applicant's Class 005 and Class 032 goods 

will be unlawful, Applicant submits that the refusal to register under Trademark Act Sections 1 

2 
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and 45, 15 U.S.C. §§ 1051, 1127 is premature. The examining attorney should, atthe least, defer 

the refusal until the time of submission of a statement of actual use and specimens. 

6. The examining attorney has erred in dismissing the possibility of lawful sourcing 

of cannabidiol as merely " theoretical." It is submitted this dismissal is not based on the evidence 

of record. Scientific advances have been made in synthesizing, sourcing, extracting, and 

concentrating cannabidiol since publication of the outdated reports relied upon by the examining 

attorney (Molleken & Husmann (1997); S.A. Ross et al (2000)). For example, attached hereto 

as EXHIBIT B are selected references identifying non-cannabis sources of cannabidiol that are 

lawful under state and federal law. 

a. Poulos et al, U.S. Patent No. 10,093,949, discloses a method of 

producing cannabidiol using genetically engineered yeast. 

b. Medical Marijuana, Inc . distributes a cannabidiol oil sourced from hops 

(accessed at https://wwwr.medicalmarijuanainc.com/humulus/; 

see a 1 so https: // dabsmagazine. com/you-dont-even-need-camrnbis-to-make-organic-

cbd-anymore/ ; 

https://merrvj ane. com/ are-fears-o f-canadian-canna bis-shorta ges-j ustified-octo ber -2-18; 

and 

https://westword.com/cbd-derived-from-the-hop-plant-not-cannabis-now-offered-by-

peak-health-foundation-I 05 78719). 

c. Murphy, U.S. Patent App. Pub. No. US 2018/0153948 Al, discloses 

improved systems and methods for extracting from non-cannabis plant species 

cam1abinoids (which includes cannabidiol) or similar compounds having affinity for 

cannabinoid receptors. 

3 
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d. Winnicki, et al., U.S. Patent App. Pub. No. US 2018/0179564 Al, 

discloses improved methods and apparatus for biosynthetic production of cannabinoids 

(which includes cannabidiol) using yeast species. 

It is submitted that, by the time of submission of Applicant's statement of use as to the listed 

goods in Class 005 and Class 032, even more lawful sources of cannabidiol will be available 

due to the swift advance of scientific research in this area exemplified by the references in 

Exhibit B. 

7. Further showing that Applicant's Class 005 and Class 032 goods will be lawful 

when sold are the reports cited in HEMP INDUSTRIES ASSOCIATION, et al. , v. DRUG 

ENFORCEMENT ADMINISTRATION, et al. , 2017 WL 1346354 (C.A.9), 8 (Brief of 

Petitioners at 7), already ofrecord. The reports summarize studies indicating that cannabinoids 

such as cannabidiol may be derived from non-cannabis plant sources such as coneflower 

(Echinacea), oxeye (Heliopsis helianthoides), electric daisy (Acmella oleracea), Helichrysum 

umbraculigerum, liverwort (Radula marginata), black pepper (Piper nigrum), chocolate 

(Theobrama cacao) plants, Echinacea purpurea, Echinacea angustifolia, Acmella oleracea, 

Helichrysum umbraculigerum, and Radula marginata, with lipophilic alkamides (alkylamides) 

from Echinacea species being the best-known). The examining attorney has erred in 

disregarding these studies showing that cannabinoids may be sourced from non-cannabis plants, 

on grounds that Ninth Circuit denied the petition in question. The examining attorney deferred 

to the Ninth Circuit's decision to deny the petition, and to the "DEA's authority to amend and 

interpret the regulations for which [it] is primarily responsible for administering." 

8. First, with regard to the examining attorney's mention of the DEA's authority to 

amend and interpret regulations, Applicant points out that the DEA recently placed drug 

products in a finished dosage fonnulation that has been approved by the U.S. FDA that contains 

cannabidiol derived from cannabis on the least-restrictive schedule, Schedule V, of the 

4 
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Controlled Substances Act. See FDA-APPROVED DRUG EPIDIOLEX PLACED IN 

SCHEDULE V OF CONTROLLED SUBSTANCES ACT, DOJ 18-1265, 2018 WL 4628300 

(D.O.J. , D.E.A., Sept. 27, 2018); Schedules of Controlled Substances: Placement in Schedule V 

of Certain FDA-Approved Drugs Containing Cannabidiol; Corresponding Change to Permit 

Requirements, 83 FR 48950-02, 2018 WL 4632087 (September 28, 2018). This change in 

scheduling of an FDA-approved drug product containing cannabis-derived cannabidiol shows 

that it is possible, and even likely, that DEA will undertake other scheduling changes affecting 

cannabidiol in the near future. Thus, recent regulatory changes by the DEA shows it is improper 

for the examining attorney to presume that Applicant will be unable to legally perfect its intent-

to-use basis as to its Class 005 goods in the future. The examining attorney should, at the least, 

defer the refusal until the time of submission of a statement of acnial use and specimens. 

9. Second, the Ninth Circuit's denial of the Hemp Industries Assn. petition, and in 

tum, the examining attorney 's dismissal of the cited reports, fail to diminish the scientific 

findings in the cited reports. The reports included: 

a. Bauer et al. , CB Receptor Ligands from Plants, 8 Curr. Topics in Med 

Chem. 173, 173-86 (2008); 

b. R. Bauer, P. Remiger, TLC and HPLC Analysis of Alkamides m 

Echinacea Drugs, 55 Planta Medica 367, 367-71 (1989); 

c. Stefan Raduner et al., Alkylamides from Echinacea Are a New Class of 

Cannabinomimetics: Cannabinoid Type 2 Receptor-Dependent and -Independent 

Immunomodulatory Effects, 281 J. of Bio. Chem. 14, 192, 14, 192-206 (2006); 

d. Nigel B. Petry et al. , Alkamide Levels in Echinacea purpurea: A Rapid 

Analytical Method Revealing Differences among Roots, Rhizomes, Stems, Leaves and 

Flowers, 63 Planta Medica 58, 58-62 (1997); 

5 
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e. Xian-guo He et al, Analysis of alkamides in roots and achenes of 

Echinacea purpurea by liquid chromatography-electrospray mass spectrometry, 815 J 

of Chromatography A 205, 205-11 (1998); 

f. Allesia Ligresti et al. , Kavalactones and the endocannabinoid system: 

The plant-derived yangonin is a novel CBI receptor ligand, 66 Pharmacological 

Research 163, 163-169 (2012); 

g. G. Korte al., Tea catech.ins' affinity for human cannabinoid receptors, 17 

Phytomedicine 19, 19-22 (2010); 

h. Jurg Gertsch et al. , Beta-caryophyllene is a dietary terpene, 105 

Proceedings of Nat'! Academy of Sciences 9099, 9099-9104; 

1. Giovanni Pcioni et al., Trnffles contain endocannabinoid metabolic 

enzymes and anandamide, 110 Phytochemistry 104, 104-10 (201 5). 

10. The reports cited above support Applicant 's factual statements of its bona fide 

intent to lawfully source and sell "dietary supplemental drinks; liquid nutritional supplement; 

all of the foregoing comprised of cannabidiol, and all of the foregoing being lawful under state 

and federal laws." 

11. The examining attorney cited In Re Mmgan Brown, 119 U.S.P.Q.2d 1350, 2016 

WL 4140917 (T.T.A.B. July 14, 2016) in support of the examining attorney's detennination 

that " [b ]ecause the identification is unrestricted as to the source of the CBD used to be used in 

the goods, it is proper to presume that applicant will use CBD obtained from Cannabis sativa L, 

an unlawful source." Because the identification of Class 005 and Class 032 goods in the present 

application has been restricted to goods that are " lawful under state and federal laws," the 

analysis of Brown is inapplicable to the present application, and reliance upon Brown is 

unsupported by the present record. 

6 
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12. In Brown, the Board found there was unrebutted evidence of record that the 

applicant's mark was actually "being used in connection with sales of a specific substance 

(marijuana) that fall s within both the services identification and the prohibitions of the CSA." 

Brown, 2016 WL 4140917, at *5. The Board thus found that "Applicant's retail store services 

include sales of a good that is illegal under federal law, and therefore encompasses a use that 

is unlawful. Id. Unlike in Brown, there is no per se violation of law of record in the present 

application, as Applicant has established that it intends to source its cannabidiol only from 

lawful sources. See Exhibit A. Further, it is an impossibility for the Applicant to perfect its 

intent-to-use basis by declaring use as to any goods prohibited by the CSA, or by any other 

laws, because the identification of goods by its own terms excludes all unlawful goods. The 

goods identification at issue in Brown lacked the explicit exclusion of unlawful goods 

contained in the description of Class 005 and Class 032 goods in the instant application. 

13. The examining attorney cited In Re JJ206, LLC, DBA Juju Joints, 120 

U.S.P.Q.2d 1568, 2016 WL 7010624 (T.T.A.B. Oct. 27, 2016) in support of the conclusion 

that " [b ]ecause the identified goods and/or services consist of or include items or activities that 

are prohibited under the Controlled Substances Act, applicant cannot have a bona fide intent to 

lawfully use the applied-for mark in commerce in connection with the goods." In In re JJ206, 

one of the two applications at issue was based upon an intent to use the mark in commerce for 

"smokeless cannabis vaporizing apparatus, namely, oral vaporizers for smoking purposes; 

vaporizing cannabis delivery device, namely, oral vaporizers for smoking purposes." JJ206, 

2016 WL 7010624, at *1. The other application was based on actual use of the mark in 

commerce for "smokeless marijuana or cannabis vaporizer apparatus, namely, oral vaporizers 

for smokers; vaporizing marijuana or cannabis delivery device, namely, oral vaporizers for 

smoking purposes." Id. Thus, in both applications, the applicant explicitly identified its goods 

as vaporizing devices for cannabis or marijuana. The Board found that, "because Applicant's 

7 
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identified goods constitute illegal drug paraphernalia under the CSA, Applicant's use and 

intended use of the applied-for marks on these goods is unlawful, and cannot serve as the basis 

for federal registration. Id. , at *5. 

14. In contrast to JJ206, in the instant application, Applicant explicitly excludes 

from the identification any unlawful goods, specifying that the goods are " lawful under state 

and federal laws." Unlike the situation in JJ206 where it was "'a legal impossibility' for the 

applicant to have the requisite bona fide intent to use the mark," id. , at *2, in the instant 

application, it is an impossibility for the Applicant to perfect its intent-to-use basis by declaring 

use as to any goods prohibited by the CSA, or by any other laws, because the identification of 

goods by its own tenns excludes all unlawful goods. Applicant cannot submit, and the Office 

cannot accept, a statement of use and specimens in this application declaring use for unlawful 

goods, as such have been explicitly excluded from the identification of goods. Thus, the " legal 

impossibility" found in JJ206 does not exist in the present application. JJ206 must be 

distinguished on this basis. Applicant respectfully submits that the examining attorney's 

reliance upon JJ206 in detem1ining that Applicant cannot have a bona fide intent to lawfully 

use the applied-for mark in commerce in connection with the goods is thus based on error, 

unsupported by the record. 

15. Applicant notes that the JJ206 and Brown decisions cited by the examining 

attorney were followed by In re PharmaCann LLC, 2017 WL 2876812 (T.T.A.B. June 16, 

2017), but the Board there affinned a refusal of intent-to-use applications covering "retail store 

services featuring medical marijuana," in International Class 35, and "dispensing of 

phannaceuticals featuring medical marijuana," in International Class 44. Id. , at * 1. But like 

the analyses in JJ206 and Brown, the analysis in PharmaCann cannot suppot1 the examining 

attorney's refusal to register in the instant application. This is because the services descriptions 

in PharmaCann explicitly reference marijuana, and thus directly implicate violation of the 

8 
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CSA. The services descriptions in PharmaCann also lack the exclusion of unlawful goods 

contained in the description of Class 005 goods in the instant application. 

REPLY TO REQUIREMENT FOR INFORMATION 

16. The following is submitted in response to the exammmg attorney's 

detennination that "applicant did not provide a satisfactory response to Question 4 in the 

January 5, 2017 or October 3, 2017 Office Actions." The Final Action continued and made 

final the requirement for response to Question 4: 

4. Do or wm the identified se111ices 111 Class 35 enable applicant or 

consumers to disseminate, distribute, purchase, buy, sell, trade or barter any 

goods which contain as an ingredient marijuana, cannabis, hemp, marijuana-

based, cannabis-based or hemp-based preparations, or marijuana, cannabis or 

hemp-based extracts or derivatives, synthetic marijuana, or any other illegal 

controlled substances? 

The examining attorney has characterized this complex, multi-part question as "a simple 

'yes' or 'no' question," in the Final Action, but it is not a simple 'yes' or 'no ' question. 

Nonetheless, Applicant will attempt in the following to comply with the examining attorney's 

requirement for a simple 'yes' or 'no' answer to Question 4. 

17. The identified services in Class 035 will not enable applicant or consumers to 

disseminate, distribute, purchase, buy, sell, trade or barter any goods which contain as an 

ingredient marijuana, cannabis, hemp, synthetic marijuana, or any other illegal controlled 

substances. Applicant has no intent to provide any services that will enable applicant or 

consumers to violate any laws, including the CSA. 

18. The identified services in Class 035 will not enable applicant or consumers to 

disseminate, distribute, purchase, buy, sell, trade or barter any goods which contain as an 

ingredient marijuana-based, cannabis-based or hemp-based preparations, or marijuana, cannabis 

9 
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or hemp-based extracts or derivatives, to the extent that any of the foregoing are unlawful under 

any laws, including the CSA. Applicant has no intent to provide any services that will enable 

applicant or consumers to violate any laws, including the CSA. 

19. Many preparations, extracts, or derivatives falling within the list in the 

examining attorney's "Question 4" are not illegal controlled substances. For example, reference 

is made to U.S. Trademark Reg. Nos. 5363541 , 5139076, 5589298, 5543497, 5193224, 

5288805, and 5498192 (see TESS records and registration certificates copied in EXHIBIT C, 

attached). These registrations list examples of goods that contain hemp-based preparations, 

extracts, or derivatives that may be sold in U.S. commerce without violating any laws, including 

the CSA. The goods listed in these registrations provide examples of the sorts of products that 

fall within the examiner's Question 4 categories and yet do not implicate the CSA or violate any 

laws. Thus, Applicant's services of "Promoting, advertising and marketing of the brands, 

products, services and online websites of individuals, businesses and nonprofit organizations" 

may involve promoting, advertising and marketing of such goods while not indicating the 

violation of any laws. As Applicant has explicitly excluded any unlawful goods from its 

identifications of goods and recitations of services in this application, it is submitted that 

Applicant's response to Question 4 should now be accepted. 

20. Other preparations, extracts or derivatives falling within the list in the 

exammmg attorney's "Question 4" that are not illegal controlled substances may be 

exemplified by the plant extracts referenced in the scientific journal reports listed in Para. 9 

above. Also, Exhibit B illustrates other preparations, extracts or derivatives that fall within the 

examining attorney's list in Question 4 but that are not illegal controlled substances. 

21. Although the Final Action is not clear, it appears that the examining attorney has 

already accepted as adequate Applicant 's prior responses to the other requirements for 

10 
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infonnation (other than Question 4 ), and so it is respectfully submitted that all requirements for 

infonnation have now been adequately addressed. 

SECTION 2(E)(l) REFUSAL TO REGISTER AS TO ALL CLASSES 

22. Applicant incorporates by reference all evidence of record and all prior 

arguments traversing refusal to register on grounds of Section 2( e )(1) descriptiveness. 

Applicant maintains and preserves all its arguments for appeal. 

23. The examining attorney has engaged in impennissible dissection of the coined 

mark in making the finding of descriptiveness. CBDW ATER is a unitary coined mark, 

originated and created by Applicant for use in connection with its Class 5, 32, and 35 goods and 

services. The mark is fanciful insofar as CBD is known to be water-insoluble, and so the 

telescoped mark CBDWATER has an incongrnous, nonsensical meaning as applied to the listed 

goods and services. "Cannabidiol is insoluble in water but soluble in organic solvents such as 

pentane." Wikipedia entry, "Cannabidiol," 

https://en.wikipedia.org/wiki/Cannabidiol (accessed on April 3, 2018). 

24. With respect to the Class 35 services of "promoting, advertising and marketing 

of the brands, products, services and online websites of individuals, businesses and nonprofit 

organizations, all of the foregoing being lawful under state and federal laws" there is nothing in 

the mark that conveys an idea of the qualities or characteristics of the promotional, advertising, 

and marketing services. 

25. As to the Class 5 goods of "dietary supplemental drinks; Liquid nutritional 

supplement, all of the foregoing comprised of cannabidiol, and all of the foregoing being lawful 

under state and federal laws," the mark is at best suggestive of the goods as it fails to 

immediately convey an immediate idea of "dietary supplemental drinks" or "liquid nutritional 

supplement." 

11 
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26. As to Class 32, the mark is incongruous and cannot be immediately understood 

to apply to the listed goods, as it is known that CBD is insoluble in water. See Wikipedia article, 

supra. Thus, it is submitted that the refusal to register the mark on grounds of mere 

descriptiveness under Section 2(e)( l ) should be reconsidered and withdrawn as to all three 

classes. 

27. A tennis merely descriptive of goods or services within the meaning of Section 

2(e)(l) of the Trademark Act only if it forthwith conveys an immediate idea of an ingredient, 

quality, characteristic, feature, function, purpose, or use of the goods or services. In re Gyulay, 

3 USPQ2d 1009 (Fed. Cir. 1987); In re Abcm· Development Cmp. , 200 USPQ 215, 217-18 

(CCPA 1978); JS. Paluch Co., Inc. v. !twin, 215 USPQ 533, 536 (TTAB 1982); In re Tennis 

in the Round, Inc., 199 USPQ 496, 498 (TT AB 1978). Under this standard, a mark is suggestive, 

rather than descriptive, if it requires imagination, thought, and perception to reach a conclusion 

as to the nature of the covered services or goods. In re Mayer-Beaton Cmp. , 223 USPQ 1347, 

1349 (TTAB 1984); Plyboo Am., Inc. v. Smith & Fong Co. , 51 USPQ2d 1633, 1640 (TTAB 

1999). The Examining Attorney bears the burden of proving that Applicant's mark is merely 

descriptive of the cited goods or services. TMEP Section 1209.02. And any doubt as to the mere 

descriptiveness of a word or phrase must be resolved in an applicant's favor. In re Conductive 

Systems, Inc. , 220 USPQ 84, 86 (TTAB 1983); In re Gourmet Bake1ies, Inc. , 173 USPQ 565 

(TTAB 1972). 

28. A mark that suggests a number of things, but fa lls short of describing the goods 

with "any degree of particularity," is not merely descriptive. See In re TMS Cmp. of the 

Americas, 200 USPQ 57, 59 (TTAB 1978). Rather, " [i]f information about the product or 

service given by the term used as a mark is indirect or vague, then this indicates that the tenn is 

being used in a 'suggestive' not descriptive manner." 2 J. Thomas McCarthy, MCCARTHY ON 

TRADEMARKS AND UNFAIR COMPETITION, Section 11:19. To be merely descriptive, a 

12 
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mark must immediately convey some particular and clear idea about the goods and services. 

See, e.g. , Jn re Hutchinson Technology, 7 USPQ2d 1490, 1493 (Fed. Cir. 1988) (finding that 

"technology is a very broad tenn which includes many categories of goods" and thus "does not 

convey an immediate idea of the 'ingredients, qualities, or characteristics of the goods' listed in 

[the application]"). 

29. The tenn "CBD" has numerous meanings in various contexts, and CBDW ATER, 

the unitary mark, has even more possible meanings. In this instance, consumers must exercise 

some imagination to draw this connection and meaning from the term relative to Applicant's 

products - the very definition of a "suggestive" and not "descriptive" mark. This is underscored 

by the fact that CBD and WATER telescoped into a unitary mark CBDW ATER is a nonsensical 

and fanciful tenn, as the two literally do not mix, as CBD is known to be insoluble in water. 

And so, any possible association between Applicant's mark and Applicant's goods, and in 

particular Applicant's Class 35 services, is far less immediate than the association between 

marks and covered goods and services previously held to be suggestive. Suggestive examples 

include: SUGAR & SPICE for bakery products, Jn re Colonial Stores, Inc., 394 F.2d 549 (CCPA 

1968); SNO-RAKE for a snow removal hand tool, In re Shutts, 217 U.S.P.Q. 363 (TTAB 1983); 

WET/DRY BROOM for electric vacuum cleaners, In re Shop-Vac Cmp. , 219 U.S.P.Q. 470 

(TTAB 1983); HANDI WIPES for dusting cloths, In re Colgate-Palmolive Co. , 149 U.S.P.Q. 

793 (TTAB 1966). Each of these marks is far more direct than Applicant's mark in conveying a 

characteristic or quality of the relevant goods or services, yet each was found capable of 

registration on the Principal Register. 

30. It is notable that the Examining Attorney has offered only minimal evidence of 

either "Competitors' Use" or "Competitors' Need" tests in rendering the descriptiveness refusal, 

particularly with respect to the Class 5 goods and the Class 35 services. The explanation is 

simple. Such evidence is de minimus at most. Competitors have no "need" to use the phrase 

13 
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CBDWATER to identify the Applicant's listed Class 5, 32, and 35 goods and services, because 

that phrase conveys no clear, definitive, or descriptive infonnation about them. 

31. Recognizing that "the suggestive/descriptive dichotomy can require the drawing 

of fine lines and often involves a good measure of subjective judgment," the TTAB in Shutts 

held that "it is clear that such doubts are to be resolved in favor of applicants." In re Shutts, 217 

USPQ 363, 365 (TTAB 1983). The Examining Attorney should fo llow Shutts and resolve any 

doubts about the descriptiveness of the CBDWATER mark in favor of Applicant. 

32. As to Class 035, additional reference is made to Exhibit C to this Response as 

evidence of non-descriptiveness of the services as applied to promoting, advertising and 

marketing of goods such as those listed in the registrations of Exhibit C. The registrations 

contain examples of the types of goods that Applicant intends to promote, advertise and market 

when it provides the services listed in the Class 035 recitation in the future. The examples of 

the types of goods reveal that the mark is not merely descriptive as to such goods. 

33. Thus, as to all three classes of goods and services, it is submitted that the refusal 

to register the mark on grounds of mere descriptiveness under Section 2( e )(1) should be 

reconsidered and withdrawn. 
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CONCLUSION 

34. It is respectfully submitted that all requirements raised by the exammmg 

attorney have been addressed. Reconsideration and withdrawal of all refusals to register are 

hereby respectfully requested in view of the arguments, amendments, and evidence presented 

in and with this Response, the First Response and the Second Response. It is submitted that 

the application is in condition for approval for publication, and early, favorable treatment of 

the application is requested. The examining attorney is encouraged to contact the undersigned 

counsel for Applicant with any additional requests for infonnation. 

Respectfully submitted, 

Signature: __ /_Ja_n~e_S~._B_e_n_1_1a_n/ _______ _ 

Jane S. Bennan 

Attorney of Record, Illinois Bar Member 

Date: November 9, 2018 

Attorneys for Applicant: 

Adam Wolek 
Jane S. Bennan 

TAFT STETTINIUS & HOLLISTER LLP 
111 East Wacker Drive, Suite 2800 
Chicago, Illinois 60601-3 713 

Telephone: 312-840-4333 
Email: jbenn an@taftla w .com 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

U.S. Trademark Application Serial No.: 87194361 

Mark: CBDWATER 
(Word mark in standard characters) 

Applicant: Canna Farm LLC 

Attorney Docket No.: CAN20-00101 

DECLARATION OF ROBERT DIVITO 

I, Robert DiVito, declare the following: 

I. 1 am a Manager of Canna Farm LLC, the Applicant in the above-referenced 

trademark and service mark application, Application No. 871194,361 for the mark 

CBDW ATER (the "Mark"). 

2. I have personal knowledge of the matters set forth in this Declaration, and I 

am competent to make the following statements. 

3. The Applicant Canna Farm LLC has a bona fide intention to use the Mark in 

the future on the goods in Classes 005 and 032 identified in the application, and in connection 

with the services in Class 035 recited in the application, in a way that fully complies with the 

Controlled Substances Act (the "CSA") and all other applicable laws. 

23737076.3 



Declaration of Robert Di Vito 

4. The Applicant intends to use the Mark only on lawful goods and services. 

Accordingly, the Applicant has amended the identification of goods and recitation of services 

in this Application to the following: 

Tn Tnt. Class 005: Dietary supplemental drinks; liquid nutritional supplement; all of the 

foregoing comprised of cannabidiol, and all of the foregoing being lawful under state and 

federal laws 

Tn Tnt. Class 032: Bottled drinking water containing CBD; Bottled water comprised of 

CBD; Flavored bottled water containing CBD; Flavored waters containing CBD; Soda water 

comprised of CBD; Sparkling water comprised of CBD, all of the foregoing being lawful 

under state and federal laws 

ln lnt. Class 035 : Promoting, advertising and marketing of the brands, products, 

services and online websites of individuals, businesses and nonprofit organizations, all of the 

foregoing being lawful under state and federal laws 

5. The identified goods in this application in Classes 005 and 032 will not 

include as an ingredient any illegal controlled substances at the time of their sale. The goods 

in Classes 005 and 032 that will be sold under the Mark will include cannabidiol or 

cannabidiol-like compounds, as set forth in the identifications of goods for these classes in 

this application. The Applicant intends to synthesize, or otherwise to obtain, the cannabidiol 

or cannabidiol-like compounds in accordance with all applicable Jaws and regulations, 

including the CSA. Applicant intends to source the cannabidiol or cannabidiol-like 

compounds only from lawful sources and only from lawful source materials. 

6. Because this application is pending as an intent to use application, the source 

materials to be used for extracting or synthesizing cannabidiol to be used in the listed goods 

in Classes 005 and 032 to be sold under the Mark remain uncertain at this point in time. The 

2 



Declaration of Robert Di Vito 

Applicant wi ll make sure the goods in Classes 005 and 032, and the services in C lass 035, 

will not be unlawful at the time of their sale, and hence, will not be unlawful at the time that 

the Mark is used in commerce. 

7. Applicant has no intent to provide any services that will enable applicant or 

consumers to violate any laws, including the CSA. 

8. The undersigned being warned that w illful fa lse statements and the like are 

punishable by fine or imprisonment, or both, under 18 U.S.C. I 00 I, and that such willful 

false statements and the like may jeopardize the validity of the application or document or 

any registration resulting therefrom, declares that all statements made of his/her own 

knowledge are true; and all statements made on information and belief are believed to be true. 

Name: Robert DiYito 

Dated: 11/h /2o! f 
~~--<7~-7+-~~~~~~~~~~ 
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PRODUCTION OF CANNABIDIOLIC ACID 
IN YEAST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This continuation application claims the priority benefit of 
U.S. Non-Provisional patent application Ser. No. 14/795,816 
filed on Jul. 9, 2015 titled "Production of Cannabinoids in 
Yeast," which wi ll issue on Nov. 21 , 2017 as U.S. Pat. No. 
9,822,384, which in turn claims the benefit and priority of 
U.S. Provisional Patent Application Ser. No. 62/024,099 
filed Jul. 14, 2014, t itled "Terpenophenolic Production in 
Microorganisms," which is incorporated by reference 
herein. 

REFERENCE TO SEQUENCE LISTINGS 

111e present application is filed with sequence listing(s) 
attached hereto and incorporated by reference, including 
Appendix 1 B titled "Sequence lDs". 

FIELD OF THE INVENTION 

This invention relates to molecular biology, and more 
specifically to the transformation of yeast cells and the 
production of cannabinoids. 

SUMMARY OF THE INVENTION 

Exemplary embodiments provided herein include geneti
cally engineering microorganisms, such as yeast or bacteria, 
to produce cannabinoids by inserting genes that produce the 
appropriate enzymes for the metabolic production of a 
desired compound. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows exemplary experimental data achieved in 
connection with Example 1 of Appendix JA titled "Addi
tional Examples" for cannabidiol ("CBD")/cannabidiolic 
acid ("CBDA") production in S. cerevisiae. 

FlG. 2 shows exemplary experimental data achieved in 
connection with Example 2 of Appendix JA titled "Addi
tional Examples" for tetrabydrocannabinol ("THC")/telra
bydrocamiabinolic acid ("THCA") production in S. cerevi
siae. 

FJG. 3 shows exemplary experimental data achieved in 
connection with Example 3 of Appendix lA titled "Addi
tional Examples" for cannabigerol ("CBG")/cannabigerolic 
acid ("CBGA") production in S. cerevisiae. 

FIG. 4 shows exemplary experimental data achieved in 
connection with Example 4 of Appendix JA lilied "Addi
tional Examples" for CBGA, CBDA, CBD, CBG and THC 
production in K. marxianus. 

2 
FIG. 8 shows an exemplary biosymhetic route for the 

production of CBDA from glucose. 

DETAILED DESCRIPTION OF EXEMPLARY 
BMBODTMBNTS 

The present application relates to the field of cannabinoid 
production in yeasts. Cannabinoids are a general class of 
chenllcals that act on cannabinoid receptors and other target 

10 molecnles to modulate a wide range of physiological behav
ior such as neurotransminer release. Camiabinoids are pro
duced naturally in humans (called endocannabinoids) and by 
several plant species (called phytocam1abinoids) including 
Cannabis saliva. Cannabinoids have been shown to have 

15 several beneficial medical/therapeutic effects and therefore 
they are an active area o f investigation by the phannaceu
lical industry for use as pharmaceutical products for various 
diseases. 

Currently the production of cannabinoids for phannaceu-
20 lica] or other use is done by chemical synthesis or through 

the extraction of cannabinoids from plants that are produc
ing these cannabinoids, for exan1ple Cannabis saliva. There 
are several drawbacks to the current methods of cannabinoid 
production. The chemical synthesis of various cannabinoids 

25 is a costly process when compared to the extraction of 
cannabinoids from naturally occurring plants. The chemical 
synthesis of cannabinoids also involves the use of chemicals 
that are nol environmentally friendly, which can be consid
ered as an additional cost to their production. Furthermore, 

30 the synthetic chemical production of various cannabinoids 
has been classified as less pharmacologically active as those 
extracted from plants such as Cannabis saliva. Although 
there are drawbacks to chemically synthesized cannabi
noids, the benefit o f this production method is that the end 

35 product is a highly pure single cannabinoid. This level of 
purity is preferred for pharmaceutical use. The level of 
pnrily required by the pharmaceutical industry is reflected 
by lhe fact that no plant extract based cam1abinoid produc
tion has received FDA approval yet and only synthetic 

40 compounds have been approved. 
In contrast lo the synthetic chemical production of can

nabinoids, the other method that is currently used to produce 
cannabinoids is production of cmrnabinoids in plants that 
naturally produce these chemicals; the most used plant for 

45 this is Cannabis saliva. Jn this method, the plant Cannabis 
saliva is cultivated mid during the flowering cycle various 
cannabinoids are produced na turally by the plant. The plam 
can be liarvested and the cannabinoids can be ingested for 
pharmaceutical purposes in various methods directly from 

so the plant itself or the cannabinoids can be extracted from the 
plant. There are multiple methods to extract the cannabi
noids from lhe plam Cannabis saliva. All of these methods 
typically involve placing tl1e plant, Cannabis sativa that 
contains 1he cannabinoids, into a che1nica1 solution that 

55 selectively solubilizes the cannabinoids into this solution. 
There are various chemical solutions used to do this such as 

FIG. 5 show exemplary experimental data achieved in 
com1ection with Example 5 of Appendix JA titled "Addi
tional Examples" for galactose induced CBD production in 60 

hexane, cold water extraction methods, C02 extraction 
methods) and others. This chen1ical solution, now containing 
all the different cannabinoids, can then be removed, leaving 
behind the excess plant material. The cannabinoid contain
ing solution can then be further processed for use. S. cerevisiae. 

FIG. 6 shows exemplary experimental data achieved in 
connection with Example 6 of Appendix JA titled "Addi
tional Examples" for secretion of CBD into media by S. 
cerevisiae. 

FlG. 7 shows an exemplary metabolic pathway for the 
production of cannabinoids by Cannabis sativa. 

There are several drawbacks of the natural production and 
extraction of cannabinoids in plants such as Cannabis 
saliva. Since there are numerous cannabinoids produced by 

65 Cannabis saliva it is often difficult lo reproduce identical 
cannabinoid profiles in plants using an extraction process. 
Furthermore, variations in plant growth will lead to different 
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levels of cannabinoids in the plam itself making reproduc
ible extraction difficult. Different cannabinoid profiles will 
have differem phannaceutical effects which are not desi red 
for a pharmaceutical product. Furthermore, the extraction of 
cannabinoids from Cannabis saliva extracts produces a 
mixture of cannabinoids and nol a highly pure single phar
maceutical compound. Since many cannabinoids are similar 

4 
except that no MSTFA derivatization was used in this 
sruuple (therefore THCA turns into THC upon heating), the 
oven protocol was also slightly different than that shown in 
Appendix !A. Initially, a standard CBD solution was run 
( 100 ugimL; TOP). After numing the standard the inventors 
determined the nm time of J 8.5 minutes. After nllllling the 
standard the inventors repeated the GC-MS experiment with 
the ir whole cell extract (BOTTOM). At a nm time of 18.5 
minutes, the inventors saw the smne peak as in the standard. 

in stmcntre it is difficult to pttrify these mixtttres to a high 
level resulting in cannabinoid contamination of the end 
product. 

Disclosed herein are strategies for creating crurnabinoids 
in microorganisn1s such as yeast and methods to produce 
various cannabinoids in yeast from a simple sugar source. 
'The general methods involve genetically engineering yeast 

to Mass spectrometry analysis of the peaks showed identical 
mass for the two samples (standard and extract) indicating 
the presence of TI-IC in their whole cell extract. 

to produce various cannabinoids, where the main carbon 15 

source available 10 tbe yeast is a sugar (glucose, galactose, 
frnclOse, sucrose, honey, molasses, raw sugar, etc.). Gene tic 
engineering of the n1icroorganism involves inserting various 
genes that produce the appropriate enzymes and/or altering 
the natural metabolic pathway in the microorganism to 20 

achieve the production of a desired compound. Through 
genetic engineering of microorganisms these metabolic 
pathways can be introduced into these microorganisms and 
the same metabolic products that are produced in the plant 
Cannabis saliva can be produced by the microorgani sms. 25 
The benefit of this method is that once the microorganism is 
produced, the production of the cannabinoid is low cost and 
reliable, only a specific cairnabinoid is produced or a subset 
is produced, depending on the organism. The purification of 
the cannabinoid is straight forward since there is only a 30 

single cannabinoid or a selected few cannabinoids present in 
the 1nicroorganism. The process is a sustainable process 
which is more environmentally friendly than synthetic pro
duction. 

FIG. 1 shows exemplary experimental data achieved in 35 

connection with Example I of Appendix I A titled "Addi
tional Examples" for cannabidiol ("CBD")/camrnbidiolic 
acid ("CBDA") production in S. cerevisiae. 

FIG. 1 shows gas chromatography- mass spectrometry of 
cannabidiol (CBD) produced in S. cervisiae. After process- 40 

ing the yeast cell s, as described in Example I of Appendix 
IA, the whole cell ethyl acetate extract is analyzed for the 
presences of CBD. TI1e srunples were prepared in a way 
similar to that shown in Appendix Al except that no MSTFA 
derivatization was used in this sample (therefore CBDA 45 

turns into CBD upon beating), tbe oven protocol was also 
slightly di lferent than that shown in Appendix IA. Initially, 
a standard CBD solution is nm ( I 00 ugimL; TOP). After 
running the standard the inventors determined the run time 
of 17.5 minutes. After m nning the standard the inventors 50 

repeated the GC-MS experiment with their whole cell 
extract (BOTTOM). At a run time of I 7.5 minutes, the 
inventors saw the same peak as in the standard . Mass 
spectrometry a11alysis of the peaks showed identical mass 
for the two samples (standard and extract) indicating the 55 

presence of CBD in their whole cell extract. 
FJG. 2 shows exemplary experimental data achieved in 

connection with Example 2 of Appendix IA titled "Addi
tional Examples" for tetrahydrocairnabinol ("Tl-IC")/tetra
hydrocannabinol ic acid ("THCA") production in S. cerevi- 60 

siae. 

FIG. 3 shows exemplary experimental data achieved in 
connection with Example 3 of Appendix IA titled "Addi
tional Examples" for camiabigerol ("CBG")/camrnbigerolic 
acid ("CBGA") production in S. cerevisiae. 

FIG. 3 shows gas chromatography- mass spectrometry of 
cannabigerolic acid (CBGA) produced in S. cervisiae . After 
processing the yeast cells, as described in Example 3 of 
Appendix IA, the whole cell ethyl acetate extract was 
analyzed for the presences of CBGA . TI1e samples were 
prepared in a way as described in Appendix I A, but the oven 
protocol was a lso slightly different than that shown in 
Appendix I A. Initially, a standard CBGA solution was nm 
(45 ug/mL; TOP). After nurning the standard, the invemors 
determined the run time of 11.1 minutes. After nllllling the 
standard, tbe inventors repeated the GC-MS experiment 
with their whole cell extract (BOTTOM). At a nm time of 
11.1 minutes, the inventors saw the same peak as in the 
standard. Mass spectrometry analysis of the peaks showed 
identical mass for the two samples (standard and extract) 
indicating the presence of CBGA in their whole cell extract. 

FIG. 4 shows exemplary experimental data achieved in 
connection with Example 4 of Appendix I A titled "Addi
tional Examples" for CBGA, CBDA, CBD, C BG and THC 
production in K. marxianus. 

FIG. 4 shows gas chromatography- mass spectrometry of 
crurnabino id production (CBGA, CBDA, CBD, CBG, THC) 
produced in K. 111arxia11us. After processing the yeast cells, 
as described in Example 4 of Appendix I A, the whole cell 
ethyl acetate extract was ru1alyzed for the presence of 
cannabinoids. The samples were prepared in a way as 
described in Appendix I A, but the oven protocol was also 
slightly different than that shown in Appendix I A. Initially, 
a standard solution containing CBD, CBG, THC, C BDA, 
and CBGA was nm (70 ugimL each; TOP). After nllllling the 
standard, the inventors detennined the nm time for each 
compounds. After mnning the standard, the inventors 
repeated the GC-MS experiment with their whole cell 
extract (BOTTOM). At each mn time the inventors saw the 
same peaks as in the standard. Mass spectrometry analysis 
of the peaks showed identical mass for the two samples 
(standard and extract) indicating the presence of cannabi
noids in their whole cell extract. 

FIG. 5 show exemplary experimental data achieved in 
connection with Example 5 of Appendix I A titled "Addi
tional Examples" fo r galactose induced CBD product ion in 
S. cerevisiae. 

FIG. 5 shows gas chromatography- mass spectrometry of 
induced cannabidiol (CBD) product ion in S. cervisiae. After 
processing yeast cells, as described in Example 5 of Appen
dix IA, the whole cell ethyl acetate extract was analyzed for 
the presences of CBD. The samples were prepared in a way 
as described in Appendix I A. Initially, a stai1dard solution 

FIG. 2 shows gas chromatography- mass spectrometry of 
telmhydrocallllabinol (IH C) produced in S. cervisiae. After 
processing the yeast cells, as described in Example 2 of 
Appendix 1 A, tbe whole cell ethyl acetate extract was 
a11alyzed fo r the presences of THC. The samples were 
prepared in a way similar to tlrnt shown in Appendix IA 

65 containing CBD was mn ( I ugimL; TOP). After running the 
standard the inventors determined the nm time for CBD as 
I 0. 2 minllles. After mnning the standard, the inventors 
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repeated the GC-MS experiment with their whole cell 
extract (BOTTOM). At 10.2 minutes, the inventors saw the 
same peak as in the standard. Mass spectrometry analysis of 
the peaks showed identical mass for the two samples (stan
dard and extract) indicating the presence of CBD in their 
whole cell extract. 

FIG. 6 shows exemplary experimental data achieved in 
connection with Example 6 of Appendix lA titled "Addi
tional Examples" for secretion of CBD into media by S. 
cerevis iae. 

FIG. 6 shows gas chromatography- mass spectrometry of 
induced cannabidiol production (CBD) produced in S. cer
visiae and secreted into the media. After processing the 
growth media, as described in Example 6 of Appendix IA, 
the media ethy 1 acetate extract was analyzed for the presence 
of CBD. The samples were prepared in a way as described 
in Appendix IA. Initially, a standard solution containing 
CBD was run (45 ug/mL; TOP). _After nmning the standard 
the inventors determined the nm time fo r CBD as 10.2 
minutes. After nrnning the standard, the inventors repeated 
the GC-MS experiment with their whole cell extract (BOT
TOM). At J 0.2 minutes, the inventors saw the same peak as 
in the standard. Mass spectrometry analysis of the peaks 
showed identical mass fo r the two samples (standard and 
extract) indicating the presence of CBD in their whole cell 
extract. 

Biosynthetic Production of Cannabidiolic Acid (CBDA) 
in S. cerevisiae 

Through genetic engineering the inventors have reconsti
tuted the cannabidjo!ic acid (CBDA) metabolic pathway 
found in Cannabis saliva into S. cerevisiae (a species of 
yeast). 

Producing CBGA is an initial step in producing many 
cannabinoids from Cannabis saliva in S. cerevisiae . Once 
CBGA is produced a single additional enzymatic step is 
required to turn CBGA into many other cannabinoids 
(CBDA, Tl-ICA, CBCA, etc.). The acidic forms of the 
camiabinoids can be used as a phamiaceutical product or the 
acidic cannabinoids can be turned into their neutral form for 
use, fo r example Caimabidiol (CBD) is produced from 
CBDA through decarboxylation. The resulting cannabinoid 
products will be used in the pharmaceutical/nutraceutical 
industry to treat a wide range of health issues. 

FlG. 7 shows an exemplary metabolic pathway for tbe 
production of cannabinoids by Cannabis saliva. 

The biosynthetic route for the production of cannabidiolic 
acid in Cannabis saliva is shown in FIG . 7. The pathway 
begins with the conversion of 1-lexanoic acid (a simple fany 
acid) to Hexanoyl-CoA by Hexanoyl-CoA Syntbetase. 
Hexanoyl-CoA is converted to Oleviolic acid (OA), a 
polyketide , by a Polyketide synthase. OA is then prenylated 
with the monoterpene geranyl djphosphate to cannabigerolic 
acid by an Aromatic prenyltransferase. Finally, cannabid
iolic acid (CBDA) is produced by cyclizing camiabigerolic 
acid via CBDA synthase (CBDAs). In sull11l1ary, it takes four 
enzymatic steps to produce CBDA from Hexanoic acid. The 
invemors have engineered this metabolic pathway into S. 
cerevisiae (a species of yeast) for the production of CBDA. 

There are a few key differences between plant polyketide 
and terpene biosynthesis when compared to yeast. Yeast 
does not conta in many of the enzymes and fatty acids 
required for the production of CBDA. Moreover, yeast do 
not express high levels of geranyl diphosphate (GPP), a 
chemical required for the production of ca1mabigerolic acid, 
the precursor to CBDA. Yet, through genetic engineering 
many of the required enzymes can be added and the pro
duction ofGPP can be increased. Jn order to add the required 

6 
enzymes for CBDA production in yeast the inventors created 
plasmids that contain the essential genes in the CBDA 
biosynthetic pathway. The inventors have transfonned these 
genes into S. cerevisiae. 

Synthesis of Fusion Genes Required for CBDA Produc
tion in S. cerevisiae 

The genome of Cannabis saliva has been investigawd and 
the acyl-activating enzymes CsAAEl was determined to 

10 
convert hexanoic acid to hexanoyl-CoA (Step I in FIG. 7). 
The inventors have overexpressed CsAAEl in yeast while 
simultaneously supplementing the growth media with 
Hexanoic acid. By supplementing the media with hexanoic 
acid, the inventors ensured that the yeast have the required 

15 
starting materials for the production of hexanoyl-CoA. 

The next enzymatic step that was engineered into the 
yeast strain was for the production of Olivetolic acid (OA) 
from hexanoyl-CoA. 'n1is step requires the substrates 
hexanoyl-CoA and 3 malonyl-CoA molecules, with the 

20 malonyl-CoA molecule produced by yeast naturally. 
Olivetolic acid production requires two enzymes for the 
condensation and subsequent cyclization of malonyl-CoA 
with hexanoyl-CoA. Tllis process requires the tetraketide 
synthase, olivetolic synthase (OS), and the polyketide 

25 cyclase, olivetolic acid cyclase (OAC). In some embodi
ments, stoicluometric amounts ofbotb of these enzymes are 
preferred; as it has been experimentally determined that 
OAC binds a chemical intermediate made by OS. Jn various 
embodiments, in order to ensure the proper amoums of OS 

30 and OAC the inventors have created a single gene tliat is a 
fusion of OS, a self cleaving T2A peptide, and the OAC gene 
(OS-T2A-OAC) and in certain cases an I-IA tag was inserted 
at the C-tenninus ofOAC to verify protein expression. Dus 

35 entire fusion protein was produced in yeast and the self 
cleaving peptide is spliced in vivo to produce OS and OAC. 

TI1e next enzymatic step requires the production of gera
nyl pyrophosphate (GPP). In yeast the prenyltransferace 
Erg20 condenses isopentenyl diphosphate (!PP) and dim-

40 ethylallyl diphosphate (DMAP) to geranyl pyrophosphate 
(GPP) and feranyl pyrophosphate (FPP) naturally. While 
only these two products are produced in yeast, a greater 
quantity o f FPP when compared to GPP is produced. More 
GPP is required for the production of CBDA. Jn order to 

45 increase the production of GPP compared to FPP the inven
tors inserted a mutant prenyltransferase, Erg20(K179E) in 
the yeast strain. This mutant has been shown to shift the ratio 
of GPP:FPP to 70:30. This Erg20(Kl79E) mutant was 
placed on a fusion gene with CsAAEI, the enzyme for 

50 hexanoyl-CoA, and a self-cleaving peptide, T2A (CsAAE l -
T2A-Erg20(K I 79E). We also added a FLAG tag to the 
C-tenni.Jrns of the Erg20p (Kl 978) enzyme (CsA.>\El-T2A
Erg20(K 1798)-FLAG) to verify expression of this fusion 
protein in yeast in certain yeast strains. Alier production in 

55 yeast the self-cleaving peptide was cut producing CsAAEI 
and Erg20(K I 79E). 

Once the inventors verified that they bad enough GPP to 
preny late Olivetolic acid lo cannabigerolic acid the inven
tors inserted the aromatic prenyltransferase (Cs Pt I ) gene 

60 into the yeast. hi this final er1zymatic step the inventors 
placed the cannabidiol ic acid synthase (CBDAs) gene into 
yeast for the conversion of cannabigerolic acid to CBDA. 
Similar to the inventors' previous approach, they introduced 
a single gene containing CsPtl , a self-cleaving peptide T2A, 

65 CBDs, and in certain cases a MYC tag was inserted at the 
C-tenninus of CB Os in order to verify production of each 
enzyme (CsPtl -T2A-CBDs-MYC). 
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Creation of a Stable Yeast Strain Producing the Metabolic 
Pathway for CBDA 

Three stable transfomrntions of S. cerevesaie where cre
ated utilizing selection for leucine, uracil and tryptophan. 
The inventors first transformed an auxotrophic yeast strain 
(his30J/leu2/ trpl-289/ura3-52) with the CsAAEl -T2A
Erg20(Kl 97E)-FLAG gene in an integrating vector. 5 >•g of 
CsAAEl -T2A-Erg20(Kl97E)-FLAG in a vector containing 
a gene for tryplophan depletion resistance was linearized 

10 wi th the restriction enzyme EcoRV, transfonued into chemi
cally competent InVSc I, and grown on Yeast Nitrogen Base 
without amino acids and 0.5% anunonium sulfate (YNBA) 
agar plates supplemented with histidine, leucine, tryptophan, 
1% glucose and 2% lactic acid are grown at 30° C. until 

15 
colonies are formed. Any yeast colonies that did not incor
porate the plasmid, that contains the CsAAEl-T2A-Erg20 
(KI 97E)-FLAG gene died since the starting yeast stra in is a 
tryplophan auxotroph. All colonies, with successful plasmid 
incorporation, where picked and grown in YNBA supple- 20 

mented wi1l1 histidine, leucine and uracil, I% glucose and 
2% lactic acid. All colonies were screened for protein 
production by taking whole cell extracts of each induced 
clone and the total prolein was subjected 10 SOS-PAGE 
followed by western blotting against the c-1ern1inal tag of 25 

Erg20(K I 97E). Positive clones where stored at - 80° C. in 
glycerol stocks. The highest expressing clone was taken for 
the second transformation and was be designated as VscG
PHA. 

8 
Production of CBOA in Yeas1 
To initiate the reconstituted metabolic pathway ofCBOA 

a colony of V scCBOA was freshly streaked on a plate of a 
frozen glycerol stock of VscCBOA. A small cultnre of 
VscCBOA was grown in YNBA supplemented with 0.05% 
histidine, 1 % glucose, 2% lactic acid, and 0.03% hexanoic 
acid overnight at 30° C. The overnight culn1re was trans
ferred to I L of YNBA supplemented with 0.05% histidine, 
1 % glucose, 2% lactic acid, and 0.03% hexanoic ac id and 
was grown at 30° C. until mid log phase. Cells were pelleted 
by centrifugation then washed wilh 200 ml of phosphate 
buffered sa line (PBS) and repelleted. Pelleted cells were 
resuspended with l L of YNBA supplemented with 0.05% 
histidine, 2% galactose, and 0.03% hexanoic acid and grown 
at 30° C. overnight. 

Overnight I L cullures were pelleted by centrifugation, 
resuspended, washed one time in PBS and pelleted. Cell 
pellets were resuspended in 40"/o (wt/vol) KOH and 50"/o 
(vol/vol) ethanol solution and boiled for I 0 minutes. 
Metabolite extraction was done by extracting from the 
boiled extracts 3 times with hexane, then 3 times with ethyl 
acetate. The spent supernatant broth was extracted in a 
similar fashion as described above. Organic phases of 
extracts of each sample were pooled then dried by a rotary 
evaporator and stored for liquid chromatography mass spec
trometry (LC-MS) and gas chromatography mass spectrom
etry (GC-MS) analysis to confirm and quantitate how much 
CBOA is produced from strain VscCBOA. 

Biosynthetic Production of Cannabidiolic Acid (CBOA) 
in K. mandanus 

Through genetic engineering the inventors have recons1i-
t11led the cannabidiolic acid (CBOA) metabolic palhway 
found in Cannabis saliva into K. marxianus (a species of 
yeast). Producing CBGA is an initial step in producing many 
cannabinoids from Cannabis saliva in K. marxianus. Once 

35 CBGA is produced a single additional enzymatic step is 
required lo turn CBGA into many other cannabinoids 
(CBOA, Tl-ICA, CBCA, etc.). The acidic fonus of the 
cannabinoids can be used as a pharn1aceutical product or the 
acidic cannabinoids can be turned into their neutral fonn for 

Using the V scGPI-IA strains lhe inventors added 5 µg of 30 

OS-T2A-OAC-HA in the a vector containing a gene for 
leucine deple tion resistance. This plasmid \Vas linearized 
with the restriction enzyme Asel and transformed into 
chemically competent VscGPHA and grown on YNBA agar 
plates supplemented with histid.ine and uracil, I% glucose 
and 2% lactic acid and grown al 30° C. until colonies were 
formed . .A. . .ny yeast colonies that did not incorporate the 
plasmid lhal conrains the OS-T2A-OAC-HA gene died since 
the VscGPHA is a leucine auxotroph. All colonies, with 
successful plastnid incorpora tion, were picked and grown in 
YNBA supplemented with histidine, and leucine. All colo
nies were screened for protein production by taking whole 
cell extracts of each induced clone and subjected the total 
protein to SOS-PAGE followed by western blotting aga inst 45 

the c-tenninal HA tag of OAC. Positive clones were stored 
at -80° C. in glycerol stocks. The highest expressing clone 
was taken fOr the second stable transformation and was 
designated VscGPHOA. 

The final stable transformation was done in a similar way 
as the previous transformation. The CsPT-T2A-CBOAs
IVIYC gene was placed in the vector con1aining a gene for 
uracil depletion resistance 5 µg of this plasmid was linear
ized with EcorV and transfonned into chemically competent 
VscGPHOA. Transformed VscGPHOA was grown in 
YNBA supplemented wilb hislidine, 1% glucose and 2% 
lac1ic acid. Any yeast colonies tha1 did not incorpora1e the 
plasmid that contains the CsPT-T2A-CBOAs-MYC gene 
died since they lacked leucine. All colonies were picked and 
grown in YNBA supplemented wilb hislidine, I% glucose 
and 2% lactic acid. All colonies were screened for protein 
production by taking whole cell extracts of each induced 
clone and subjecting the total protein lo SOS-PAGE fol
lowed by western bloning against the c-tem1inal Myc tag of 
CBDAs. Positive clones are stored at - 80° C. in glycerol 
stocks. TI1e highest expressing CBOAs was taken for the 
final strain and des ignated VscCBOA. 

40 use, for example Cannabidiol (CBO) is produced from 
CBOA through decarboxylation. 111e resulling cannabinoid 
products will be used in the phannaceutical/nutraceutical 
industry to treat a wide range of health issues. Synthesis of 
fusion genes required for CBOA production in k. Marxianus 

FIG. 8 shows a.n exemplary biosynthetic route for the 
production of CBOA from glucose. 

The biosynthetic route for the production of cannabidiolic 
acid in Cannabis saliva, from g lucose to CBDA is shown in 
FIG. 8. 'The pathway begins with the conversion of glucose 

so lo malonyl-CoA througl1 a series of steps that are common 
to many strains of yeast. The conversion ofmalonyl-CoA to 
Acetoacetyl-CoA is conducted by the enzyme MCTI , an 
acyl-carrier-protein. Acetoacetyl-CoA is converted to 3-Hy
droxybutyryl-CoA by the enzyme 3-hydroxybutyryl-CoA 

55 dehydrogenase (I-Ibd) from C/oslridiu111 acetobu1y/ic11111. 
Next, 3-1-Iydroxybutyryl-CoA is converted into Crotonyl
CoA by the enzyme crotonase (Crt) from Clostridium aceto
butylic11111 and the conversion of Crolonyl-CoA to Butyryl
CoA is controlled by the enzyme trans-enoyl-CoA 

60 reducatase (Ter) from Treponema denticola. The Butyryl
CoA is converted to 3-Ketonhexanoyl-CoA by the enzyme 
B-ketolhiolase (Bktb) from Ralstonia Eutropha. 3-Keton
hexanoyl-CoA is converted to 3-Hydroxyhexanoyl-CoA by 
the enzyme Hbd. Hydroxyhexanoyl-CoA is converted to 

65 T rans-hexa-2-enoyl-CoA by tbe enzyme Crt. Trans-hexa-2-
enoyl-CoA is converted to 1-lexanoyl-CoA by the enzyme 
Ter. Hexanoyl-CoA, with 3 malonyl-CoAs, is converted to 
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Oleviolic acid (OA) by a Polyketide synthase and cyclase, 
OA and OAC respectively. OA is then prenylated with the 
monoterpene geranyl diphosphate to cannabigerolic acid by 
au Aromatic prenyltransferase, Cs PT. Finally, cannabidiolic 
acid (CBDA) is produced by cyclizing cmmabigerolic acid 
via CBDA synthase (CBDAS). We have engineered this 
metabolic pathway into K. 111arxianus (a species of yeast) for 
the production of CBDA (FIG. 8). 

D1ere are a few key differences between plant polyketide 
10 and terpene biosynthesis when compared to yeast. Yeast 

does not conta in many of the enzymes and fatty acids 
required for the production of CBDA. Moreover, yeast do 
not express high levels of geranyl diphosphate (GPP), a 
chemical required for the production of cannabigerolic acid, 

15 
the precursor to CBDA. Yet, the inventors through genetic 
engineering created many of the required enzymes that can 
be added so the production of GPP was increased. In order 
to add the required enzymes for CBDA production in yeast 
the inventors created plasmids that contain the essential 20 

genes in tl1e CBDA biosynthetic patl1way. The inventors 
have transformed these genes into K. 111arxian11s. 

Creation of a Stable K. marxianus Strain Producing the 
Me tabolic Pathways for Hexonyl-coA and CBDA 

Two stable transfonnations of K. marxianus were created 25 

10 
The Gibson Assembly method was used to subclone the 

PCR fragment from [0057] into the plasmid HO-poly
KanMx4-HO (ATCC 87804) using the primers KmX
IRES_F and KmXIRES_R to create the plasmid pHOOSC
stKnMxHO. 

TI1e plasmid pHOOSCstKnMxHO was digested with 
Not! and transfom1ed into kMarxHexl using standard elec
troporation methods. The selection of stable integrants was 
done with yeast nitrogen base (YNB) supplemented with 
amino acid dropout mix (DO supplement- Ura Clonetech 
6304 16) 2% glucose, 1 mg/ml G418 (Gibco) and 2% Agar 
plates. 

Gene integration and fonctional gene expression of 
pHOOSCstK.nMxHO validated by genomic PCR and RT
PCR methods respec tively. The final strain produced con
taining the functional expression of Crt, Bktb, MCTI, TeR, 
Hbd, Erg20p(Kl79E) CBDAs, CsPt, OS, and OAC was 
labeled k.MarxCBDA. 

Production of CBDA in K. marxianus 
To initiate the reconstituted metabolic pathway of CB DA, 

a colony from K. marx CBDA was freshly streaked onto an 
agar plate from a frozen glycerol stock of k.MarxCBDA. A 
small culture of VscCBDA was grown in YNBA base 
(YNB) supplemented with amino acid dropout mix (DO 
supplement- Ura Clonetech 630416) 2% glucose, I mg/ml 
G418 (Gibco) and 2% Agar plates was grown overnight at 
30° C. The overnight ct~mre was transferred to I L of 
YNBA supplemented with base (YNB) supplemented with 
amino acid dropout mix (DO supplement- Ura Clonetech 

utilizing selection for uracil and G418 (Genenticin). The 
inventors first transformed an auxotrophic K. marxianus 
strain (ATCC 17555 KM5) witl1 5 difterent genes needed to 
produce high levels of hexanoyl-CoA. After fonctional 
conformation of the genes requiwd for hexanoyl-CoA the 
inventors did a second transfonnation with the genes respon
sible for CBDA production. Die molecular bio logy methods 
required for biosynthetic production of CBDA in K. marxi
anus are outlined below. 

30 630416) 2% glucose, and l mg/ml G418 (Gibco) and was 
grown at 30° C. until mid log phase. Cells were pelleted by 
centrifugation then washed with 200 ml of phosphate buff
ered saline (PBS) and repelleted. Pelleted cells were resus
pended with I L of YNBA supplemented with base (YNB) 

Gene names Crt, Bktb, MCTJ , TeR, Hbd, Erg20p(KI 79E) 
were codon optimized, synthesized and subcloned into 
puc57 and p426 ATCC witl1 the restriction enzymes Spel 
and Sall. 

35 supplemented with amino acid dropout mix (DO supple
ment- Ura Clonctech 630416) 2% galactose, and I mg/ml 
0418 (Gibco) and grown at 30° C. overnight. 

Genes Crt, Bktb, MCTJ, TeR, Hbd, and Erg20p(Kl79E) 
were amplified via PCR using the primers GPD_F and 40 

URA_R and all 6 amplicons were electroporated into K. 
marxianus ATCC 17555 KM5 at a concentration of 200 nM 
and selected onto yeast nitrogen base (YNB) supplemented 
wi th amino ac id dropout mix (DO supplement- Ura 
Clonetech 630416) 2% glucose, and 2% Agar plates. 45 

Gene integration and functional gene expression of Crt, 
Bktb, MCrI , TeR, Hbd, and Erg20p(Kl 79E) was validated 
by genomic PCR and RT-PCR methods respectively. The 
final strain produced containing the functional expression of 
Crt, Bktb, MCTI , TeR, Hbd, and Erg20p(K I 79E) was so 
labeled kMarxHex I. 

Gene names CBDAs, CsPt, OS, and OAC were codon 
optimized and synthesized by Genscript. The codon opti
mized gene sequences of CBDAs and CsPt were cloned in 
frame with a nucleotide sequence containing a self cleaving 55 

T2A peptide and designated as CstTCbds. The codon opti
m.ized gene sequences of OS and OAC were cloned in frame 
with a nucleotide sequence containing a self cleaving T2A 
peptide and designated as OSTOc. CsTCbds and OSTOc 
were cloned in frame with an S. cerevisiae internal ribo- 60 

soma! entry site (IRES), Ure2, into a galactose inducible 
vector and the final gene sequence pcen/arsGal-OSTOc
JRES-CsTCbds plasmid can be seen below. The plasmid 
pcen/arsGal-OSTOc-IRES-CstTCbds was used to synthe
size a functional gene fragment that expresses the enzymes 65 
CBDAs, CsPt, OS, and OAC by using the primers Ga ll
RES_F, Ga lTRES_R. 

Processing CBDA for A.nalysis of Cannabinoid Produc
tion 

Overnight I L cultures were pelleted by centrifugation, 
re-suspended, washed one time in PBS and pelleted. The 
process for extracting cannabinoids from the yeast genera lly 
follows the following basic steps: 

I. Remove the yeast cells from the media by centrifuga
tion or filtration. 

2. Lysis the cells using e ither chemical or mechanical 
methods or a combinat ion of methods. Mechanical 
metl1ods can include a French Press or glass bead 
milling or other standard methods. Chemical methods 
can include enzymatic cell lysis, solvent cell lysis, or 
detergent based cell lysis. 

3. Perform a liquid-liquid extraction of the callll3binoicls 
fom1 the cell lysate using the appropriate chemical 
solvent. An appropriate solvent is any solvent where 
the cmmabinoids are highly soluble in this solvent and 
the solvent is not miscible in water. Exan1ples of this 
are hexane, ethyl acetate, and cyclohexane. Preferred 
solvents can be straight or branched alkane chains 
(C5-C8) work well; mixtures of these solvents can also 
be use. 

Protocol Used for Cannabinoid Extraction from Yeast Cell 
Lysate 

I. After lysising the cells using any mechanical technique, 
add I mLof 4MKCI, pH2.0to each l mL ofcell lysate. 

2. Add 1-2 mLs of ethyl acetate for each I mL of cell 
lysate. 

3 . Rigorously mix for I min. 
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4. Centrifilge rhe mixmre for 5 min at 1 OOOxg. 
5. Remove the top ethyl acetate layer. Cannabinoids are 

presem in this layer. 
a. The ethyl acetate can be removed under vacuum if 

desired. 
b. Cannabinoids can be further purified through liquid 

chromatography methods if desired. 
Protocol Used for Cannabinoid Extraction from Growth 
Media (for Secreted Caima bino id Samples) 

I. Add 1 mL of ethy 1 acetate for every 1 mL of growth l 
0 

media. 
2. Rigorously mix for I min . 
3. Centrifuge the mixtm e for 5 min al 1 OOOxg. 
4. Remove the top ethyl acetate layer. Cannabinoids are 

present in this layer. 
a. The ethyl acetate can be removed under vacuum if 15 

desired. 
b. Cannabinoids can be further purified through liquid 

chromatography methods if desired. 
Protocol Used for GC-MS Ana lysis of Canoabinoid Extracts 
for k. M arx CBDA 20 

1. Remove solvent from samples under vacuum. 
2. Re-suspend dry samples in either 100 uL of dry hexane 

or dry ethyl acetate 

SEQUENCE LISTING 

<1 60.> NUMBER OF SEQ I D NOS: 53 

<210> SEQ ID NO 1 
<211> LENGTH : 7969 

<212> TYPE• DNA 
<213> ORGANISM: Art ificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<4 00::> SEQUE:NCE: 1 

tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg 

cagct tgtct gtaagcggat gccgggagca gacaagcccg t cagggcgcg 

ttggcgggtg tcggggctgg cttaactatg cggcat c aga gcagat tgta 

accataaatt cccgttt taa gagcttggtg agcgctagga gtcactgcca 

gaacacggca ttagtcaggg aagt cataac acagtccttt cccgcaattt 

ttactcttgg cctcctctag t acactctat attt t tttat gcctcggtaa 

tttttttttt cccctagcgg atgactcttt ttttt tctta gcgattggca 

atgaattata catta t a taa agt aatgtga tttcttcgaa gaatatacta 

aggcaagata aacgaaggca aagatgacag agcagaaagc cctagtaaag 

a t gaaaccaa gattcagat t gcgatctctt taa agggtgg t cccctagcg 

cgatcttccc agaaaaagag gcagaagcag tagcagaaca ggccacacaa 

ttaa cgtcca cacaggtata gggtttctgg a ccatatgat acatgctctg 

ccggctggtc gctaa tcgtt gagtgcattg gtgacttaca catagacgac 

ctgaagactg cgggatt gct ctcggtcaag cttt t aaaga ggccctactg 

taaaaaggtt tggatcagga tttgcgcctt tggat gaggc actttccaga 

atctt tcgaa caggccgtac gcagttgtcg aacttggttt gcaaagggag 

atctctcttg cgagatgatc ccgcattttc ttgaaagctt t gcagaggct 

ccctccacgt tgattgt ctg cgaggcaaga atgatcatca ccgta gtgag 

aggctct tgc ggttgccata agagaagcca cctcgcccaa t ggtaccaac 

12 
3. Add 20 uL of N-Me1hyl-N-(trime1hylsilyl) rrifluoroac-

etamide (MSTFA) 
4. Briefly mix 
5. Heat solution to 60° C. for I 0-15 minutes 
6. GC-MS Method 

a. lnstrnmemAgilent 6890-5975 GC-MS (Model Num
ber: Agilent 19091S-433) 

b. Co lunm HP-5MS 5% Phenyl Methyl S iloxane 
c. OVEN: 

i. Initial temp: 100° C. (On) Maximum temp: 300° C. 
ii. Initia l time: 3.00 min Equilibration time: 0.50 min 
iii. Rarnps: 

Final temp 

1 -
2 -
3 -

30.00 
70.00 

0.0 (Oil) 

iv. Post temp: 0° C. 
v. Post time: 0.00 min 
vi. Run time: 15.29 min 

gagacggtca 60 

tcagcgcgtg 1 20 

ctgagagtgc 180 

ggtatcgttt 2 4 0 

tctt tt tcta 300 

tgattt tea t 360 

tta t cacata 420 

aaaaatga gc 480 

cgtattacaa 540 

a t agagca c t 600 

tcgcaagtga 660 

gccaagcatt 720 

catcacacca 780 

gcgcgtggag 8 4 0 

gcggtggtag 900 

aaag taggag 960 

agca gaatta 1020 

agtgcgttca 1080 

gatgttccct 1140 

280 
300 

Fin.al time 

t.00 
5.00 
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ccaccaaagg tgttct tatg tagtgacacc gattatttaa agctgcagca tacgatatat 1200 

atacatgtgt atatatgtat acctatgaat gtcagtaagt atgtatacga acagtatgat 1260 

actgaagatg acaaggtaat gcatcattct atacgtgtca ttctgaacga ggcgcgcttt 1320 

ccttttttct ttttgctttt tctt tttttt tctctt gaac tcgacggatc tat gcggtgt 1390 

gaaataccgc acagatgcgt aagga gaaaa taccgcatca ggaaattgta aacgttaata 1 440 

ttttgttaaa attcgcgtta aatttttgtt aaatcagctc attttttaac caataggccg 1500 

aaatcggcaa aatcccttat aaatcaaa ag a atagaccga gatagggttg agtgt tgttc 1 560 

cagtttggaa caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa 1620 

ccgtctatca gggcgatggc ccactacgtg aaccatcacc ctaatcaagt tttttggggt 1680 

cgaggtgccg taaagcacta aatcggaacc ctaaagggag cccccgattt agagcttgac 1740 

ggggaaagcc ggcgaacgtg gcgagaaagg aagggaagaa agcgaaagga gcgggcgcta 1800 

gggcgctggc aagt g t agcg gtcacgctgc gcgt aaccac cacacccgcc gcgct t aatg 1860 

cgccgctaca gggcgcgtcg cgccatt cgc c attcaggct gcgcaactgt tgggaagggc 1920 

gatcggtgcg ggcctcttcg ctattacgcc agctggcgaa agggggatgt gctgcaaggc 1 980 

gattaagttg ggtaacgcca gggttttccc agtcacgacg ttgtaaaacg acggccagtg 2040 

agcgcgcgta atacgactca ctatagggcg aattgggtac cggccgcaaa t taaagcct t 2 100 

cgagcgtccc aaaacctt ct caagcaaggt tttcagtata atgttacatg cgtacacgcg 2160 

tctgtacaga aaaaaaagaa aaatttgaaa tataaataac gttcttaata ctaacataac 2220 

tataaaaaaa taaataggga cctagact tc aggttgtcta actccttcct tttcggttag 228 0 

agcggatgtg gggggagggc gtgaatgtaa gcgt gacata actaattaca tgact cgagg 2340 

tcgactcatt cgaaatgact gaattgttgt ctcaaaactc ttctcatgat cttgtttgtt 2400 

gcagttctag gtaaggatga caatgggaca actctagtaa ctttgaataa tgggttcaat 2460 

ttcttttgca aacccaagtt aaaggataat ctcaattggt tcaaatcaat ggttgtgtcg 2520 

tttgaatcct tcaatacgaa aaatatgacc aattgt tctg gaccaccacc caaaggtgga 2580 

acaccaatag cagtggtt tc aaaaactctg t catct actt cattacagac tctttcgat t 2640 

tcgatagaac taattttgat accaccgatg t tcatagtgt catcggctct accgtgtgca 2700 

tggt agtaac cgttagaggt caattcgaaa atgtcaccat gtcttctcaa tacttcacca 2760 

ttcaaggttg gcataccctt gaaatagaca tcgtgatgat taccgtttaa caatgttttt 2820 

gaggcaccaa acataacagg acct aatgcc aat tcaccga tacctggctt attttt aggc 2880 

att gggtaac cgttcttatc t aatatgtac aaggt gcaac ccata cattg ggatgaaaaa 2940 

gaacttaaag attgagct tg caaaaatgaa ccagcagaaa aagcaccacc gatttctgta 3000 

ccaccacaca tttctataac tggcttgtag ttagct ctac ccattaacca caaatattcg 3060 

tctacattag aggcttcacc ggatgaagaa aagcatctta tggtggacca atcgtaacct 3 120 

gaaacacaat t tgtggat tt ccatgatctt acaatagatg g tacg acacc c a acattgtg 3 180 

acctttgcat cttgaacaaa t t tagcgaaa ccagagacta aagga ctacc gttgtacaag 3240 

gcaatagatg caccat t taa caaactagca taaaccaacc aaggacccat catccaaccc 3300 

aaattagt tg gccatactat aacgtcacct tttctaatat ccaaatgaga ccaaccatca 3360 

gcagcagcct tcaatggggc ggcttgtgtc caaggaattg cttttggttc acctgtagta 342 0 

cca ctggaga a caagatgtt agtataagca tcaacaggtt gttctctggc agtaaactcg 3480 
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cagtttttaa actccttggc t ctttctaaa a agtaatccc aagatatgtc accatctctc 3540 

aattctgcac caatgttaga accactacaa gggataacta ttgccattgg ggatttagct 3600 

tcaactactc t tgaatacaa tggtattct c t ttttacctc tgatgatgtg atc t tgtgtg 3660 

aaaattgcct tagctttgga taatctc aat ctagtt gaga tttcaggg gc ggaaaatgaa 3720 

tctgctatag agacaact ac gtaaccagcc aatact atgg ccaaatatat aacaacagca 3 790 

tcaacatgc a ttggc a t atc gatggctatt gcacaacc t t tttctaaacc cattt cttcc 3840 

aatgcataac caaccaacca a act.ctctt t ctcaattgat ctaatgtcaa ctt.att.caaa 3900 

ggcaagtcat cgttaccctc gtctctccaa acgatcatag tatcgttcaa tttcttattg 3960 

gagt t tacg t tca agcaa tt t t t a g c t gag ttcaagtaac c acca ggtaa c c a ttc a g a a 4 020 

ccacct gggt tgttga tgtc atctcttctc aagatacatt ctgggtcctt aga gaaacta 4080 

attttca ttt catcca tca a tactgttctc c a atagactt cagggtttct a a c agaaaa t 4 1 40 

t c ttggaagt gagaa aaaga a gaaattgga t c tttgt act t t aca cccaa a a a ttcttta 420 0 

cctctctt t t ccaacaaagc acccaaat ta gttgacttga ctttttcagg gtctggaatc 4 260 

caa gca ggt g gggctggacc gaaat cct t g t agcaaccat a aaacaacat ttggtgtaa g 4320 

gagaaaggca aatct ggt ga caaga tatgg t tagcgatgt tgatccaagt ttgaggggtt 4380 

gca gcaccat aattacaaa c gat ttctgcc aatct accat gtaatgt t tc tgc t acttct 4440 

gaggtgatac ccaatgcga t gaaatctgag gcaacgactg a atcca agga c t tatagttt 4500 

t tacccatac t agttctaga tccgtcga aa ctaagt tctt ggtgttttaa aactaaaaaa 4560 

aagactaact ataaaagt ag aatttaagaa gtttaagaaa tagatttaca gaattacaat 4620 

caatacctac cgtctttata tacttattag t caagt aggg gaataatttc agggaactgg 4680 

t ttaa acctt ttttttcagc ttt ttccaaa t cagagagag cagaaggtaa tagaaggtgt 4740 

aagaaaatga gatagat aca tgcgtgggtc aattgccttg tgtcatcat t t a ctccaggc 4800 

aggttgcatc actccatt ga ggttgtgccc gtt t t ttgcc tgtttgtgcc ctgttctctg 486 0 

tagttgcgct aagagaat gg acct a tga ac t gatggt tgg tgaagaaaac a a tattttgg 4920 

tgctgggatt cttttttt tt ctgga tgcca gcttaaaaag cgggctccat t a tatttagt 4 980 

ggatgccagg aataaacctg t tcacccaag c a ccat cagt gttatatatt ctgtgt aacc 5040 

cgccccctat tttggc a t g t acgggttaca gcagaat t aa aaggctaat t ttttgactaa 5 1 00 

ataaagttag gaaaatcact actattaatt atttacgtat tctttgaaat ggcagtattg 5160 

ataa t gataa actcgagagc tccagctttt gttcccttta gtgagggtta attgcgcgct 5 220 

tggcgtaatc atggtcat ag ctgtttcctg t gtgaaattg ttatccgctc acaattccac 5280 

aca acatagg agccggaagc ataaagtgta a agcct gggg tgccta atga gtgaggtaac 5340 

tcacat taat tgcgttgcgc tcactgcccg ctttccagtc gggaaacctg tcgtgccagc 5400 

tgcattaatg aatcggccaa cgcgcgggga g aggcggttt gcgtattggg cgctcttccg 5 460 

cttcctcgct cactgact cg ctgcgctcgg t cgttcggct gcggcgagcg gtatcagctc 5520 

actcaaaggc ggt aatacgg ttatccacag aatcagggga taacgcagga aagaacatgt ssso 

gagca aaagg ccagc aaaag gccaggaacc gtaaaaaggc cgcgttgct g gcgtt tttcc 564 0 

ata ggctccg ccc ccct gac gagca tca ca a a aat cgacg ctcaa gtcag aggtggcgaa 5700 

acccgacagg actataaaga taccaggcgt t tccccctgg aagctccctc gtgcgctctc 5 760 

ctgttccgac cctgccgctt accggatacc t gtccgcctt tctcccttcg ggaagcgtgg 5$20 

cgctttctca tagctcacgc tgtaggta tc t cagtt cggt gtaggtcgtt cgctccaagc 5 8 80 
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tgggctgtgt gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc 5940 

gtcttgagtc caacccgg t a agacacgact tatcgccact ggcagcagcc actggtaaca 6000 

ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact 6060 

acggctacac tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg 6 1 20 

gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggtttt t 6 180 

ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct 6240 

t t tctacggg gtctga cgct c a g tggaa cg a a aact cacg t taagggatt t t ggt catga 6300 

gattatcaaa aaggatct tc acctagatcc ttttaaatta aaaatgaagt tttaaatcaa 6360 

tctaaagtat atatgagt aa acttggtctg acagttacca a tgcttaatc agtgaggcac 6420 

ctatctcagc gatctgtcta tttcgttcat ccat agttgc ctg act cccc 9tcgtgta9a 6480 

taactacgat acgggagggc ttaccatctg gcc ccagtgc tgcaatgata ccgcgagacc 6540 

c acgctcacc ggctccagat t tatcagcaa taaacca gcc a gccggaagg gccgagcgca 660 0 

gaa gtggtcc tgcaacttta t ccgcct cca t ccagtctat t aattgttgc cgggaagcta 6660 

gagtaagtag ttcgccagtt aatagtttgc gcaacgttgt tgccatt gct acaggcatcg 6720 

tggtgtcacg ctcgtcgt tt ggt atggctt c a ttcagctc cggttcccaa cgatcaa ggc 6780 

gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctccttcggt cctccgatcg 6840 

t tgtcagaag t aagttggcc g c agtgttat c a ctcatggt tatggcagca ctgcataat t 6900 

ctcttactgt catgccat cc gtaagatgct tttctgtgac tggtgagtac tcaaccaagt 6960 

cattctgaga atagtgtatg cggcgaccga gttgct cttg cccggcgtca atacgggata 7020 

ataccgcgcc acatagcaga act ttaaaag t gc t cat cat t ggaaaacgt tcttcggggc 708 0 

gaaaactctc aaggatct ta ccgctgttga gatccagttc gat gtaaccc actcgtgcac 7 140 

cca actgatc ttcagcatct t t tactttca ccagcgtttc tgggtgagca a a a ac aggaa 7200 

ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata ctcatactct 7260 

tcctttttca atattatt ga agcatttatc agggtt attg tctcatgagc ggatacatat 7320 

ttgaat gtat t tagaaaaat aaacaaatag gggtt ccgcg c acatt tccc cgaaaagtgc 7380 

cacctgggtc cttttcat ca cgtgctataa aaataattat aatttaaatt ttttaatat a 7440 

aat atat aaa ttaaaaat ag aaagt aaa aa aagaaattaa agaaaaaata gtttttgttt 7500 

tccgaagatg taaaagactc tagggggatc gccaacaaat actacctttt atcttgctct 7560 

tcctgctctc a ggtattaat gccgaattgt t tcatcttgt ctgtgtagaa gaccacacac 7620 

gaa aat cct g tgattttaca t t t tacttat cgttaat cga atgtatatct a t ttaatct g 7680 

cttttcttgt ctaataaata tatatgtaaa gtacgct ttt tgttgaaatt t t t taaacct 7740 

ttgtttattt ttttttct tc attccgta ac t cttct acct tctttattta ctttctaaaa 7800 

tccaaataca aaacataaaa ataaataaac acagagt aaa ttcccaaatt attccatcat 786 0 

taaaagatac gaggcgcgtg t aagttacag gcaagcgatc cgtcctaaga a accattatt 7920 

atcatgacat t aacctat aa aaata ggcgt atcacgaggc cctttcgtc 7969 

<210 > SEQ ID NO 2 

.::.211> LENGTH : 10004 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
.::.223 > OTHER INFORMATION : Codon opt i mi zed 

18 
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<400:> SEQUENCE: 2 

tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgcgtg 120 

t tggcgggtg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc lSO 

accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240 

gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tctttttcta 300 

tta ctcttgg cctcctttca attcatca tt ttttt tttat tctttttttt g a t.ttcggtt 360 

tctttgaaat ttttttgatt cggtaatctc cgaacagaag gaagaacgaa ggaaggagca 420 

cagacttaga ttggtata ta t acgcatatg tagtgttgaa gaaacatgaa attgcccagt 480 

attcttaacc caactgcaca gaacaaaaac ctgcaggaaa cgaagataaa tcatgtcgaa 540 

agctacatat aaggaacgtg ctgctactca tcctagtcct gttgctgcca agctatttaa 600 

t atcat gcac gaaaagcaaa caaacttg tg t gc ttcattg gatgtt cgta ccaccaagga 660 

attactggag ttagttgaag cattaggtcc caaaatttgt ttactaaaaa cacatgtgga 720 

tatcttgact gatttttcca t ggagggcac agt t aagccg ctaaaggcat tatccgccaa 780 

gtacaatttt ttact:cttcg aagacaga aa atttgctgac attggtaata c agtcaaat t 840 

gcagt:act:ct: gcgggt:gt:at: acagaat:agc a gaat:gggca gacat:t:acga a t:gcacacgg 900 

tgtggtgggc ccaggtat tg ttagcggttt g a agcaggcg gcagaagaag t a acaaagga 960 

acctagaggc cttttgat gt tagcagaatt gtcatgcaag ggctccctat ctactggaga 1020 

atatactaag ggtactgttg acattgcgaa gagcgacaaa gattttgtta tcggctttat 1080 

tgctcaaaga gacatgggtg gaagagatga aggttacgat tggttgatta tgacacccgg 1140 

tgtgggtt ta gatgacaagg gagacgcatt gggtcaacag tatagaaccg tggatgatgt 1 200 

ggtctctaca ggatctgaca ttattattgt tggaagagga ctatttgcaa agggaaggga 1260 

tgctaaggta gagggtgaac gttacagaaa agcaggctgg gaagcatatt tgagaagatg 1320 

cggccagcaa aactaatgac accgatta tt taaagct gca gcata cgata t a tatacatg 1 380 

tgtatatatg tatacctatg aatgtcagta agtatgtata cgaacagtat g a t actgaag 1440 

atgacaaggt aatgcatcat tctatacgtg t cattctgaa cgaggcgcgc tttccttttt 1500 

tctttttgct ttttcttt tt ttttctcttg aactcgacgg a tctatgcgg tgtgaaatac 1560 

cgcacagatg cgtaaggaga aaataccgca tcaggaaatt gtaaacgtta atatt ttgt t 1620 

aaaattcgcg ttaaattttt gttaaatcag ctcatttttt aaccaatagg ccgaaatcgg 1680 

caaaatccct tataaatcaa aagaatagac cgagataggg ttgagtgttg ttccagt.ttg 1740 

gaacaagagt ccactatt aa agaacgtgga ctccaacgtc aaagggcgaa aaaccgtcta 1800 

tcagggcgat ggcccactac gtgaaccatc accctaatca agttttttgg ggtcgaggtg 1 960 

ccgtaaagca ctaaatcgga accctaaagg g agcccccga tttagagct t g a cggggaaa 1920 

gccggcgaac gtggcgagaa aggaagggaa gaaagcgaaa ggagcgggcg ctagggcgct 1980 

ggcaagtgta gcggtcacgc tgcgcgtaac caccacaccc gccgcgctta atgcgccgct 2040 

acagggcgc g tcgcgccatt cgccattcag gctgcgcaac tgttgggaag ggcgatcggt 2 100 

gcgggcct c t tcgct att ac gccagctggc g a aaggggga t g tgctgcaa ggcgattaa g 2 160 

ttgggtaacg ccagggtt tt cccagtcacg acgttgtaaa acgacggcca gtgagcgcgc 2220 

gtaatacgac tcactatagg gcgaattggg taccggccgc aaattaaagc cttcgagcgt 2280 

cccaaaacct tctcaagcaa ggttt tcagt ataatgttac atgcgtacac gcgtctgtac 2340 
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agaaaaaaaa gaaaaattt g aaatataaat aacgttctta atactaacat aactataaaa 2400 

aaataaatag ggacctagac ttcaggttgt ctaact cctt ccttttcggt tagagcggat 2460 

gtgggggga g ggcgtgaatg taagcgtgac ataactaatt acatgactcg aggtcgactt 2520 

acttgtcatc gtcatctt t g tagtcaatat cgtggtcttt atagtcaccg tcatgatcct 2SBO 

tgtaatcctt tgatctcttg t a gaccttat tcaagaaagc t gtcaaaacg tcggctttaa 2640 

aacctcttga ttcatcaact tgactaatct ttgcctt taa gtctttagcg atggattctt 2700 

cgtattcat g gtacaattgt t caatcttca a atcattaaa aattttctta c actttgctt 2760 

cagcaactga gtcctttt ta ccgtagtttt c a tccaaagt ctttctttgt tcggcagatg 2820 

ctaattccaa agccttgt t a ataaccca ac t gcacttatt g t cttgaata tctgtaccga 2 8 80 

ttttacctat ttgttctgga gtaccgaaac agtctaagta gtcatcttgg atttggaagt 2940 

attcacccaa aggtatcaaa acatctcttg cttgct tcaa gtctttttca tcagtaatac 3000 

c agctacgta catagccaag gcga c t ggc a aat agaa gga g taataagca g t ttcaaagg 3060 

tgacgatga a tgaatgtttc t tcaaggaaa act tt ga caa gtcaacttta tcttcaggt g 3 1 20 

cagttatcaa atccatcaat tgacccaatt ctgttt ggaa agtaact tcg tggaataat t 3 180 

cggtaatat c gatgtagt ac ttt tcgtttc t gaaat gtga cttcaa caat ttatagatag 3240 

cggcttccaa cataaaagca tcatttatgg ctattt cacc aacttctgga actttgtacc 3300 

agcatggttg acctcttctt gttatagact tatccatcat gtcatcggca accaaaaagt 3360 

atgcttgcaa caattcaata caccaaccca agat agcgac cttttcgtat tcttcttgac 3420 

ctaattgttc aacggttt tg ttagacaaga tagca t aagt atcaactaca ctcaaacctc 348 0 

tattcaattt acc acct gga gtattgtagt t taaagagtg agcataccaa tcgcaggctt 3 5 40 

ctttaggcat a ccataagct aacaaactag cgttcaattc ttcaactaac tttgggaata 3600 

cgttcaagaa tctttctctt cttatttcct tttctgaagc cataggacct ggattttctt 3660 

caa cgtcacc acat gttaac aaagaacctc tacct t cttc gaaatgactg a a ttgttgtc 3720 

tcaaaactct tctcatgatc ttg tttgttg cagttctagg taaggatgac aatgggacaa 3780 

ctct agtaac t ttgaataat gggttcaatt t c t ttt gcaa acccaagtta aaggataatc 3840 

tcaattggtt caaatcaatg gttgtgtcgt t tgaat cctt caatacgaaa aatatgacca 3900 

attgttctgg accaccaccc aaaggtggaa c accaat agc agt ggt ttca aaaactctgt 3960 

catctacttc attacagact ctttcgattt cgatagaact aattttgata ccaccgatgt 4020 

tcatagtgtc a tcggctcta ccgtgtgcat ggtagtaacc gttagaggtc a a ttcgaaaa 409 0 

t g t c a ccat g tcttc t caa t act tcaccat t caaggttgg catacccttg a a atagacat 4 1 40 

cgtgatgatt accgtt t aac aatgtttttg aggcaccaaa cataacagga cctaatgcca 4200 

attca ccgat acctggct ta t t t ttaggca ttgggt aacc gttcttatct a a tatgtaca 4260 

aggtgcaacc cat acattgg gatgaaaaag aac ttaaaga ttgagcttgc aaaaatgaac 4320 

cagcagaaaa agcaccaccg atttctgtac c a ccacacat ttc tataact ggcttgtagt 4 380 

tagctctacc cattaaccac aaata ttcgt ctacattaga ggcttcaccg gatgaagaaa 4440 

agcatcttat ggtggaccaa tcgtaacctg aaacacaatt t gtggattt c catgat ctta 4 500 

caatagatgg t a cgacaccc aacattgtga cctttgcatc ttgaacaaat ttagcgaaac 4560 

cagagactaa aggactaccg t t g tacaa gg caatagatgc accatttaac aaactagcat 4620 

aaa ccaacca aggacccatc atccaaccca a a ttagttgg ccatactata acgtcacctt 4 680 

22 
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ttctaatatc caaatgagac caaccatcag c agcagcctt caatggggtg gcttgtgtcc 4740 

aaggaat.tgc ttttggttca cctgtagtac cactggagaa taagatgtta gtataagcat 4 800 

caacaggttg t tctctggca gtaaactcgc agtttttaaa ctccttggct ctttctaaaa 4860 

agtaatccca agatatgtca ccatctc t c a attctgcacc aatgttagaa ccactacaag 4920 

ggataactat tgccattggg gatttagctt caactactct tgaatacaat ggtattctct 4990 

ttttacctct gatgatgt ga tcttgtgtga aaattgcctt agctttggat aatct caatc 5040 

tagttgagat ttcaggggcg gaaaatgaat ctgctataga gacaa ctacg t a accagcca 5 100 

atactatggc caaatatata acaacagcat c aacatgcat tggcatatcg atggctattg 5160 

cacaaccttt ttctaaaccc atttcttcca atgcataacc aaccaaccaa actctctttc 5220 

tcaattgatc taatgtcaac t tattcaaa g gcaagtcatc gttaccctcg tctctccaaa 5280 

cgatcatagt a tcgttcaa t ttct tattgg agtttacgtt caagcaattt ttagctgagt 5340 

t ca agtaacc accaggtaac cat tcagaac c acctgggtt gttgatgtca tctcttctca 5400 

agatacattc tgggtcctta gagaaactaa t tttcatttc atccatcaat actgttctcc 5 460 

aat agacttc agggtttcta a caga aaat t c ttggaa g t g agaaaaa gaa g a aattggat 5520 

ctttgtactt tacacccaaa aattctttac ctc t c ttttc caacaaagc a cccaaatta g 5580 

t tgacttgac t ttttcaggg tctgg aatcc aagcaggtgg ggctggaccg aaatccttgt 5640 

agcaaccata aaacaac a tt tggtgtaagg agaaaggcaa atctggtgac a agatatggt 5700 

tagcgatgtt gat ccaagtt tgaggggttg c agcaccata a t tacaaacg atttctgcca 5760 

atctaccatg t aatgtttct gctacttctg aggtgatacc caatgcgatg aaatctgagg 5820 

caacgactga atccaaggac ttatagtttt tacccatact agttctagat ccgtcgaaac 5880 

taagttcttg gtgttttaaa actaaaaaaa agactaacta taaaagtaga atttaagaag 5 940 

tttaagaaat agatttacag aattacaatc aatacct acc gtctttatat acttattagt 6000 

caagtagggg aataattt ca gggaactggt ttaaaccttt tttttcagct ttttccaaat 606 0 

cagagagagc agaaggtaat agaaggtgta agaaaat gag atagatacat gcgtgggt.ca 6 1 20 

attgcct.tgt gtcatcat tt actccaggca ggttgcatca ctccattgag gttgt.gcccg 6 180 

ttttttgcct gtttgtgccc t gttctctgt agt tgcgcta agagaatgga cctatgaact 6240 

gatggttggt gaagaaaaca atattttggt gctgggattc ttttttttt c tggat gccag 6300 

cttaaaaagc gggctccatt atatttagtg gatgccagga ataaacctgt tcacccaagc 6 360 

acca t cagtg ttatatat tc tgtgtaaccc gccccctatt ttggcatgta cgggttacag 6420 

cagaattaaa aggctaattt tttgactaaa taaagttagg aaaatcacta ctattaatta 6480 

tttacgtatt ctttgaaatg gcagtattga taatgat aaa ctcga gagct ccagcttttg 6540 

t tcagt tgat tgtatgct tg gtat agct tg aaatattgtg cagaaaaaga a a caaggaag 6600 

aaagggaacg agaac aatga cgagga a a ca aaagattaat a attgcaggt ctattta t a c 6 66 0 

ttgatagcaa gacagcaaac ttttttttat ttcaaattca agtaactgga aggaaggccg 6720 

tataccgttg ctcattagag agtagtgtgc gtgaat gaag gaaggaaaaa gtttcgtgtg 67$0 

cttcgagata cccctcat ca gctctgga ac aacgacatct g ttggtgctg t cttt gtcgt 684 0 

taatttttt c c tttagt gtc ttccatcatt t tttt gtcat t gcgga tatg g t gagacaac 6900 

aacgggggag agagaaaaga aaaaaaaaga aaagaagttg catgcgcct a ttattacttc 6960 

aatagatggc aaatggaaaa agggtagtga aacttcgata tgatgatggc t a tcaagtct 7020 

agggctaca g tattagtt cg ttatgtacca ccatcaatga ggcagtgtaa ttggtgt agt 7080 

24 
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cttgtttagc ccattatgtc t t gtctggta tctgt tctat tgtatatctc ccctccgcca 7140 

cctacatgtt agggagacca acgaaggtat tataggaatc ccgatgtatg ggtttggttg 7 200 

ccagaaaaga ggaagtccat attgtacacc cggaaacaac aaaaggatgc gcgcttggcg 7 260 

taatcatggt catagctgtt tcctgtgtga aattgt tatc cgctcacaat tccacacaac 7320 

ataggagccg gaagcataaa gtgta aagcc tggggtgcct aatgagtgag gtaactcaca 7380 

ttaattgcgt tgcgc t cact gcccgctt tc cagtcgggaa acctgtcgtg ccagctgcat 7440 

taatgaatcg gccaacgcgc ggggagaggc ggtttgcgta t tgggcgctc t t ccgcttcc 7 500 

tcgctcactg actcgctgcg ctcggtcgtt cggctgcggc gagcggtatc agctcactca 7560 

aaggcggtaa tacggt tatc cacagaatca ggggat aacg caggaaagaa catgtgagca 7620 

aaaggccagc aaaaggccag gaaccgtaaa aaggccgcgt tgct9gc9tt tttccatagg 7 680 

ctccgccccc ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg gcgaaacccg 7 740 

acaggactat aaa gat acca ggcgtttccc cct ggaa gct ccctcgtgcg c t c t cctgt t 780 0 

ccgaccctgc cgcttaccgg atacctgtcc gcctt tctcc ctt cgggaag cgtggcgctt 7860 

tctcatagct cacgctgtag gtatctcagt t cggtgtagg t cgttcgctc c a agctgggc 7920 

tgtgtgcacg aaccccccgt tcagcccgac cgctgcgcct tatccggtaa c t atcgtct t 7 980 

gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg taacaggatt 8040 

agcagagcga ggtatgtagg cggtgctaca g agttcttga agtggtggcc taactacggc 8 1 00 

tacactagaa ggacagtatt tggtatctgc gctctgctga agccagt tac c t t cggaaaa 8 1 60 

agagttggta gctcttgatc cggcaaacaa accaccgctg gtagcggtgg tttttttgtt 822 0 

tgcaagcagc agattacgcg cagaaaaaaa ggat c t caag aagatcctt t g a t ct tt tct 8280 

acggggtctg a cgctcagtg gaacgaaa ac t cacgttaag ggattt tggt c a tgagatta 8340 

tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa atcaatctaa 8400 

agtatatatg agtaaact tg gtct.gaca gt taccaatgct taatcagtga ggcacct.atc 8460 

tcagcgatct gtctat t t cg ttcatccata gttgcctgac tccccgtcgt gtagataact 8520 

acgatacggg agggcttacc atctggcccc agt gct gcaa t gataccgcg agacccacgc 8580 

tcaccggctc cagatt tat.c agcaataaac cagccagccg gaagggccga gcgcagaagt 8640 

ggtcc tgcaa ctttatccgc ctccatc cag tct a ttaatt g ttgccggga agctagagta 8700 

agtagttcgc cagttaatag t ttgcgcaac gttgttgcca ttg ctacagg catcgt ggtg 8760 

tcacgctcgt cgtttggtat ggcttcat tc agctccggtt cccaacgatc aaggcgagtt 8820 

acatgat ccc ccat g ttgtg caaaaa agcg gttagct cct t cggtcctcc g a tcgttgt c 8880 

agaagtaagt tggccgcagt g t tatcactc atggtt atgg cagcactgca t aattctctt 8940 

actgtcatgc catccgtaag atgcttttct gtgact ggtg agtactcaac c a agtcattc 9 000 

tgagaatagt gtat gcggcg a ccgagttgc t ct t gcccgg cgtcaatacg ggat aatacc 9060 

gcgccacata gcagaact tt aaaagtgctc atcatt ggaa aacgttctt c ggggcgaaaa 9 1 20 

c tctcaagga tct taccgct gttgagatcc agttcgatgt aaccc actcg tgcacccaac 9 190 

tgatc ttcag catctttt ac tttcaccagc gtttct gggt gagcaaaaac aggaaggcaa 9240 

aat gccgcaa aaaagggaat aagggcgaca cggaaat gtt gaatactcat actct tcctt 9300 

tttcaatatt attgaagcat t tatcagggt tattgtctca tgagcggata c a tatttgaa 9 3 60 

tgtatt taga aaaataaaca aataggggtt ccgcgcacat ttccccgaaa agtgccacct 9420 
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gggt cctttt catcacgtgc t ataaaaata attataattt aaatttttta atataaatat 9480 

ataaattaaa aatagaaagt aaaaaaagaa attaaagaaa aaatagtttt tgttttccga 9540 

agatgtaaaa gactctaggg ggatcgccaa caaatactac cttttatctt gctcttcctg 9600 

ctctcaggta ttaatgccga a t tgtttcat cttgtctgtg tagaagacca cacacgaaaa 9660 

tcctgtgatt ttacatttta cttatcgtta atcgaatgta tatctattta atctgctttt 9720 

cttgtctaat aaatat a t at gtaaagtacg ctttt t gt tg aaatttttta aacctttgtt 9780 

tattttttt:.t tcttcattcc gtaactcttc tacct t cttt atttactttc t a aaat.ccaa 9840 

atacaaaaca taaaaataaa taaacacaga gtaaattccc aaattattcc atcattaaaa 9900 

gatacgaggc gcgtgtaagt t acaggca ag cgatccgtcc t aagaaacca t t attatcat 9960 

gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtc 1 000 4 

< 210"> SEQ ID NO 3 
<211 > LENGTH : 9508 
<21 2> TYPE : DNA 
<213> ORGANISM: .l\rtificial Sequence 
< 2 20> FEATURE : 
<223 > OTHER INFORMATION: Codon op timized 

<400> SEQUENCE: 3 

t cgcgcgttt cggtgatg a c ggtgaaaa cc t ctgacacat gcagct cccg g agacggtca 60 

cagcttgtct gtaagcggat gccgggagca g a caagcccg t cagggcgcg tcagcgcgtg 1 20 

t tggcgggtg t cggggct gg cttaactatg cggcat caga gcagattgta ctgagagtgc 180 

accataaat t cccgttttaa gagcttggtg agcgct agga gtcactgcca ggtatcgttt 240 

gaacacggca ttagtcaggg aagtcataac acagtccttt cccgcaattt tctttttcta 300 

t tac tcttgg cctcctaacg acattactat atatataata taggaagcat ttaatagaca 360 

gcatcgtaat atatgtgtac tttgcagtta t gacgccaga tggcagtagt ggaagatat t 420 

ctttattgaa aaat agct tg tcaccttacg tacaat cttg atccggagct tttctttttt 480 

tgccgattaa gaattaat t.c ggtcgaaa aa agaaaaggag a gggccaaga gggagggcat 540 

tggtgacta t tgagcacgtg agtatacgtg attaagcaca caaaggcagc ttggagtatg 600 

tctgttatta atttcacagg t a gttctggt ccatt ggtga aagtttgcgg cttgcagagc 660 

a cagaggccg cagaatgt gc tctagattcc gatgctgact tgctgggtat tatat gtgtg 720 

cccaatagaa agagaacaat tgacccggtt attgcaagga aaatttcaag tcttgtaaaa 78 0 

gcatataaaa atagttcagg cactccgaaa tacttggttg gcgtgtttcg t a atcaacct 8 40 

aaggaggatg ttttggctct ggtcaatgat tacggcattg atatcgtcca actgcatgga 900 

gatgagtcgt ggcaagaata ccaaga gt tc ctcggtt tgc cagtt a ttaa a agactcgta 960 

tttccaaaag a ctgcaacat actactcagt gcagcttcac agaaacctca ttcgtttatt 1 020 

cccttgtttg attcagaagc a ggtggga ca ggtgaacttt tggattggaa ctcgatttct 10$0 

gactgggt tg gaaggcaaga gagccccgaa agcttacatt ttatgttagc tggtggactg 1 1 40 

acgccagaaa atgttggt ga tgcgcttaga ttaaat ggcg ttattggtgt tgatgtaagc 1200 

ggaggtgtgg agacaaat gg tgtaaaagac tctaacaaaa tagcaaattt c gtcaaaaat 1260 

gct aagaaat agtgacaccg attattta aa gctgcagcat a cgatatata tacatgtgt a 1 32 0 

tatatgtata cctatgaatg tcagtaagt a t gtatacgaa cag tatgat a ctgaagatga 1380 

caaggtaatg catcattcta tacgtgtcat t ctgaacgag gcgcgctttc cttttttctt 1440 

tttgcttttt cttttttt tt ctcttgaact cgacggatct atgcggt gtg a aataccgca 150 0 



us I 0,093,949 82 
29 30 

-continued 

cagatgcgta aggagaaaat accgcatcag gaaat tgtaa acgttaatat tttgttaaaa 1560 

ttcgcgttaa atttttgt t a aatcagctca ttttttaacc aataggccga aatcggcaaa 1620 

atccct ta ta aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac 1680 

aagagtccac tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag 1 740 

ggcgatggcc cactacgtga accatcaccc taatcaagtt ttttggggtc g aggtgccg t 1 800 

aaagcactaa atcggaaccc taaaggga gc ccccgattta gagcttgacg gggaaagccg 1860 

gcgaacgtgg cgagaa agga agggaaga aa gcgaaaggag cgggcgctag ggcgctggca 1 920 

agtgtagcgg tcacgctgcg cgtaaccacc acacccgccg cgcttaatgc gccgctacag 1980 

ggcgcgtcgc gccattcgcc attcaggctg cgcaactgtt gggaagggcg atcggtgcgg 2040 

gcctcttcgc tattacgcca gctggcgaaa gggggatgtg ctgcaaggcg attaagttgg 2 100 

g t aacgccag ggttttccca g tcacgacgt tgtaaaacga cggccagtga gcgcgcgtaa 2160 

t acgactcac tatagggcga attgggtacc ggccgcaaat taaagccttc g a gcgtccca 2220 

aaa cct tctc aagcaaggtt t tcagtataa t gttacatgc gtaca cgcgt c t g tacag aa 2280 

aaaaaagaaa aatttgaaat a t aaataacg t tcttaatac taacat aact ataaaaaaat 2340 

aaatagggac ctagacttca ggt tgtctaa ctccttcctt ttcggttaga gcggatgtgg 24 0 0 

ggggagggcg tgaatgtaag cgtgacataa ctaattacat gactcgaggt cgacttacaa 2460 

atcttcttca cttattaatt t ttgttcgtg gtggtgaggt ggcaa aggtg ggatggattg 2520 

ttcgtt tctg aaaaagttgt tagggtcggc tttagtcttt actttaacta atctgttgaa 2580 

atttttacca aagtactt tt caccccaaat tcttgcttgt gtatagttat ttggagattc 2640 

agggttagtt ttacc t aagt ccaaatctct gtagt t caaa tatgccaat c t t gggtttt g 2700 

actaacgtaa ggtgtagtga agttgtaaac ggatctgacc cagttgatat gcttttcgtt 2760 

atcttcttgc ttttcccatg aggctgtgta ccataattca tacatgatac c agctctgtg 2820 

aggaaatggt atggctgatt cagatatttc t tccataata ccaccgtatg g a tacaaaac 2880 

gtacatgccg acacctacat cttcttcgta caactt ttcc aatatcttga ccattgcagt 2940 

ttcagggatt ggtttcttaa cgtagtccaa t t t aat agaa aaagcggtct ttttaccag c 3000 

ggatctatcc aacaagat tt cctttttgaa gttagcggtg ttgaagttta caacacctga 3060 

atagaagat g gttgtgtcta tccaagaaaa ttccttgcaa t c t gtc tttt taatacccaa 3120 

t tctgggaat gacttattca tcaaatcaac c a aagaatct acaccaccat ggaaaat tga 3 180 

agaaaaataa ccgtgaacag tggtctta tt t ttaccatgg ttatctgtaa tatttttagt 3240 

gat ga aatgg gtcat caaaa ccaagt cctt atcgt acttg t aagcgat gt tttgccactt 3300 

attaaacaac ttaaccaaac cgtggatt tc c atgtt cttt ttgacagaga a a atagtact 3360 

t t tggaagga a cagcgacta acttaatttt ccaagcggca atgataccga a a t tttcacc 3420 

accaccacct ctt atggccc aaaacaaatc ttcacccata gactttctgt ccaaaactt t 3480 

accatctacg t taaccaaat gggcgtctat a atatt atct gcagctaaac cgtagtttct 3540 

catcaatgca ccataaccac caccagaaaa gtgaccaccg acacc tactg ttggacagta 3600 

accaccaggg aaagaaaagt tttcattctt t tcgtt gatc cagtagtaaa cttcacccaa 3660 

ggt ggcacct get tctaccc atgctgtt tg actgtgaacg t cgatcttta t ggaatgcat 3720 

attt ctcaaa tcgactacaa cgaatggaac t tgtgagatg t aagacatgc cttctgcatc 3780 

atgaccacct gatctagttc tgatttgcaa acctactttc ttagagcac a atatagaagc 3840 
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t tgaatgtga ctaacattgg aaggtgtaac aatgactaaa ggttttggtg tagtgt caga 3900 

agtgaat.ctc aaattttgga tggtactgtt caaaacggac atgtacaatt gatcatgttg 3960 

agtatatata aactttgggt tagcagggtt gtttgggatg tattcggaga aacacttcaa 4020 

aaagttttct tgtggatt t g cgatggagat ttggatgttg aaggacaaga a g aagaagat 4080 

tattttacag acgaaccaga aagagaatgc ggagcagttc ataggacctg gattt tcttc 4140 

aacgtcacca caggtcaaca aagaacctct accttcaata aaaacgtata ccaaat attc 4200 

agcgtagtac aat tt.ccaca taaactcgta g a a t c tt c ta cctgcttcag ggt.cat.aat t 4260 

tgtcaaagcg aaatctctag tttgcaagat caaccagaaa gccaagatgg c atgtgacaa 4320 

caa cataacg ttagaattaa aggcttgtgg c c aaat gata c ctgccaaaa tggctgcgac 4 380 

gtaact taa c aaaacgat ac cggagcagaa caaagt caaa tttcttgaac cgtacttaga 4440 

agcca aggta ctaata ccga actttgtgtc accttc aacg tcaga ggcat ccttgatca a 4SOO 

ggct aatgca gaacccat ac t t t tcatgaa t gccaacaaa aatgtgaatg a aggt ctcaa 4560 

ttcgaatggc aaacctaaag cagctcttga agcgtagtag aaggtgaagt t tgtgatgat 4620 

atgagctaag aaattcaaca a aaaggcagt act agggttt t g tttccatc taaaaggtgg 4680 

tacggaatag acaataccac cgaagatacc g a aacagtaa ccgaagatgt acaatggacc 4740 

acccttcatt ttaattgt ga t gatcaaa cc gaacaaggct actatgatag acatgatcca 4800 

tgcagtat t g acggatat tt cacctgaagc c a aaggcaaa t ctggt ttgt t aattctgtc 4860 

gatgtgcaaa t cgtatat tt gattaattgt agtggt gaat gaagcgatgc acaagatggc 4920 

aactaaaaag aaaaatgcct tgaacatcaa ggaccatgaa a ttaagttag tgttatgcaa 4 980 

caattcttta ccgaataaac cgcatgcaca agaagt aaaa gcgattatgg t gtatggtct 5040 

t tgcaacttc caacatgctt taccgaagtt caaaattttt gtggcaacag agtgattatc 5 1 00 

actttcaggt ggttcagt tt gatttgtagt t gcagctctg atagagttct tagctataga 5160 

caaact ttcg gagcactt at tttgtaagtg gaaggacttg gttgaacaat gttttgatgg 5220 

aaagttgttg taagagtact taat.aggtgt ctttggatgt ctgtaacaca a caat g at.gt 5280 

ttttggattg ttgttgtgag gattcaataa ggtatgatag ttagtttgga aggagaaagt 5340 

a cagacggat gataaaccca t actagttct agatccgtcg aaactaagtt cttggtgttt 5400 

taaaactaaa aaaaagacta actataaaag tagaatttaa gaagtttaag aaatagattt 5460 

acagaattac aatcaatacc taccgtcttt a ta tact tat tagtcaagta g gggaataat 5520 

ttcagggaac tggtttaaac cttttttttc agctttttcc aaatcagaga gagcagaagg 5580 

taatagaagg tgtaagaaaa tgagatagat acatgcgtgg gtcaattgcc t tgtgtcatc 5640 

atttactcca ggcaggtt gc atcactccat t gaggttgtg cccgtttttt gcctgtttgt 570 0 

gccctgttct ctgtagtt gc gctaagagaa tggacct atg aactga t ggt tggtgaagaa 5760 

aacaatat tt tggt gctggg attctttttt t ttctggatg ccagcttaaa aagcgggctc 5820 

cattatattt agtggatgcc aggaataaac ctgttcaccc aagcaccatc agtgttatat 5880 

attctgtgta acccgccccc tattttggca t gtacgggtt acagcagaat taaaaggcta 5940 

attttttgac taaataaagt taggaaaatc actact atta a ttatttacg tattctttga 6 000 

aat ggcagta ttgat aat ga t aaactcgag agctccagct tttgttcagt tgattgtat g 6060 

cttggtatag cttgaaatat tgtgcagaaa aagaaacaag gaagaaaggg aacgagaaca 6 1 20 

atgacgagga aacaaaagat taat aattgc aggtctat tt atacttgata gcaagacagc 6 180 

aaactttttt ttatttcaaa t tcaagta ac t ggaaggaag gccgtatacc gttgctcatt 6240 
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agagagtagt gtgcgtgaat gaaggaagga aaaagtttcg tgtgcttcga gatacccctc 6300 

atcagctctg gaacaacgac atctgttggt gctgt ctttg tcgttaattt tttcct.ttag 6360 

tgtcttccat catttttttg tcattgcgga tatggt gaga caacaacggg ggagagagaa 6420 

aagaaaaaaa aagaaaagaa gttgcatgcg cctatt atta cttcaataga tggcaaatgg 6490 

aaaaagggta gtgaaact tc gatatgatga tggctatcaa gtcta gggct acagtattag 6540 

ttcgttatgt accaccatca atgaggcagt gtaat t ggtg tagtcttgtt tagcccatta 6600 

tgtcttgtct ggtatctgtt ctattgtata tctcccctcc gccacctaca tgttagggag 6660 

accaacgaag gtattatagg aatcccgatg tatgggtttg gttgccagaa aagaggaagt 6720 

ccatattgta cacccggaaa caacaaaagg atgcgcgctt ggcgtaatca tggtcatagc 6780 

tgtttcctgt gtgaaatt gt tatccgctca caattccaca caacata9ga gccggaag ca 6840 

taaagtgtaa agcctggggt gcct aatgag tgaggt aact cacattaatt gcgttgcgct 6900 

c act gcccgc tttccagtcg ggaaacctg t cgtgcca gct gcatta a t ga atcggccaac 696 0 

gcgcggggag aggcggt ttg cgtattgggc get c t tccgc ttcctcgctc actgactcgc 7020 

tgcgctcggt cgttcggctg cggcga gcgg tatcagctca ctcaaaggcg gtaatacggt 7080 

tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggc c agcaaa agg 7140 

ccaggaaccg taaaaaggcc gcgttgctgg cgtttttcca taggctccgc ccccctgacg 7 200 

agcatcacaa aaatcgacgc t c aagtcaga ggtggcgaaa cccga cagga ctataaagat 7260 

accaggcgtt tccccctgga agctccctcg tgcgctctcc tgttccgacc c t gccgctta 7320 

ccggatacct gtccgccttt ctcccttcgg gaagcgtggc gctttctcat a gc tcacgct 7380 

gtagg tatct cagttcggtg taggtcgt tc gct ccaagct gggctgtgtg cacgaacccc 7440 

ccgttcagcc cgaccgctgc gccttatccg gtaactatcg t c ttgagtcc a a cccggtaa 7500 

gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 7560 

taggcggtgc tacagagt tc ttgaagtggt ggcctaacta cggctacact a gaaggacag 7620 

tatttggtat ctgcgctctg ctgaagccag t taccttcgg aaaaagagtt ggtagctctt 7680 

gatccggcaa acaaaccacc g ctggtagcg gtggt t tttt t gtttgcaag cagcagatta 7740 

cgcgcagaaa aaaaggat ct caagaagatc ctttgatctt ttctacgggg tctgacgctc 7800 

agtggaacga aaactcacgt t aagggat t t tggtcatgag a ttatcaaaa agga tcttca 7860 

cctagatcct tttaaattaa aaatgaagt t ttaaatcaat ctaaagtat a tatgagtaaa 7920 

cttggtctga cagttaccaa tgcttaatca gtgaggcacc tatctcagcg atctgtctat 7990 

ttcgttca t c catag ttgcc t gactccccg t cgt g t agat aactacgata c gggagggct 8040 

taccatctgg ccccagt gct gcaatgatac cgcgagaccc acgctcaccg gctccagat t 8 1 00 

tatcagcaat aaaccagcca gccggaaggg ccgagcgcag aagtggtcct gcaactttat 8160 

ccgcctccat ccagtct att aattgttgcc gggaagctag agtaagtagt tcgccagtta 8220 

atagtttgcg caacgttgtt gccattgcta c aggcatcg t ggtgtcacgc tcg tcgt ttg 8280 

gtatggcttc attcagc t cc ggttcccaac gatcaaggcg agttacatga tcccccatgt 9340 

tgtgcaaaaa agcggttagc tccttcggtc ctccgatcgt tgtcagaagt aagttggccg 8400 

cagtgt tatc a ctcat ggtt atggca gcac t gcataattc t c ttactgtc atgccatccg 8460 

taagatgctt ttctgtgact ggtgagtact caaccaagtc attctgagaa t agtgtatgc 8520 

ggcgaccgag ttgctcttgc ccggcgtcaa tacgggataa taccgcgcca c a tagcagaa 8580 
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cttt aaaagt gctcatcatt ggaaa acgtt ctt cggggcg aaaactctca aggatcttac 8640 

cgctgtt.gag atccagtt cg atgtaaccca ctcgtgcacc caactgatct tcagcatct t 8700 

ttactttcac cagcgt t t ct gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg 8760 

gaata agggc gacacggaaa tgttgaatac tcatactctt cctttttcaa tattatt gaa 2820 

gcatttatca gggttattgt ctcatgagcg gatacatatt tgaatgtat t tagaaaaata 8880 

aacaaatagg ggttccgcgc acatttcccc gaaaagt gcc acctgggtcc t t ttcatcac 8940 

gtgctataaa aataat ta ta attt. aaatt t t ttaat ataa a tata taaat t a aaaataga 9000 

aagtaaaaaa agaaat taaa gaaaaaatag tttttgtttt c cgaagatgt aaaagactct 9060 

agggggatcg c c a acaa a ta c tacctttta tct tgct ctt c ctgct ctca ggtatta atg 9 1 20 

ccga a t tgtt tcatct tgtc tgtgtagaag accacacacg aaaatcctgt gattttacat 9 180 

tttacttatc gttaatcga a tgtatatcta t tt aa t ctgc ttttcttg tc taataaata t 9240 

atatg t aaag tac gcttttt gttga a a t tt t t t aaacc t t tgt t tat ttt tttttctt c a 930 0 

ttccgtaact cttctacctt ctttatttac t ttctaaaat ccaaatacaa aacataaaaa 9360 

t a a ataaaca cagag t aaat t ccca aat t a t t ccat catt a aaagatacg aggcgcgtgt 9420 

aagttacagg caagcgat cc gtccta agaa accat t atta tcatgacatt a a cctataaa 9480 

aat aggcgta tcacgaggcc ctttcgtc 9508 

<210 > SEQ ID NO 4 
<211 > LENGTH: 9505 
<212> TYPE : DNA 
<213> ORGANISM: Art ificial Sequence 
<220 > FEATURE: 
<223> OTHER INFORMATI ON: Codon optimi zed 

<400> SEQUENCE : 4 

tcgcgcgttt cggtgat gac ggtgaaaacc t ctgacacat gcagctcccg g agacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgcgtg 1 20 

ttggcgggtg tcggggct gg cttaa cta tg cggcat caga gcaga ttgt a ctgagagt.gc 180 

accataaatt cccgtttt aa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240 

gaacacggca t tagtcaggg aagtcataac acagt ccttt cccgcaattt tctttt tcta 300 

ttac t cttgg cctcctaacg acattactat atatat aata taggaagcat ttaat agaca 360 

gcatcgtaat atatgtgt ac t t tgcagtta tgacgccaga tgg cagtagt ggaagat at t 420 

ctttattgaa aaat agct tg tcaccttacg t acaat cttg atccggagct tttctt ttt t 480 

tgccgattaa gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat 540 

tggtgactat tgagcacgtg agtata cgtg attaagcaca caaaggcagc ttggagtatg 600 

tctgttatta atttcacagg tagt tctggt ccattggtga aagtttgcgg cttgc agagc 660 

aca gaggccg cagaatgt gc tctaga ttcc g a tgct gact tgctgggtat t a tatgtgtg 720 

cccaatagaa agagaacaat tgacccggtt attgcaagga aaa tttcaag tcttgtaaaa 780 

gcatataaaa atagttcagg cactccgaaa t ac t tggttg gcgtgtttcg taatcaacct 840 

aaggaggat g ttt t ggct ct ggt c a atgat tacggcattg a t atcgtcca actgcatgga 900 

gat gagtcgt ggc aagaata ccaagagtt c ctcggtttgc cagtta t t a a a agactcgt a 960 

tttccaaaag actgcaacat actactcagt gcagct tcac agaaacctca t tcgt ttat t 1020 

cccttgtttg attcagaagc aggtgggaca ggtgaacttt tggattggaa ctcgatttct 108 0 

gactgggt tg gaaggcaaga gagccccgaa agcttacatt ttatgttagc tggtggactg 1140 
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acgccagaaa atgttggtga tgcgcttaga ttaaatggcg ttattggtgt tgatgtaagc 1200 

ggaggtgtgg agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat 1260 

gctaagaaat agtgacaccg attatttaaa gctgcagcat acgatatata tacatgtgta 1320 

tatatgtata cctatgaatg tcagtaagta t gtatacgaa cagtatgata ctgaagatga 1390 

caaggtaatg catcattcta t acgtgtcat tctga acgag gcgcgctttc cttttttctt 1 440 

tttgcttttt cttttttttt ctct tgaact cgacggatct atgcggtgtg aaataccgca 1500 

cagatgcgta aggagaaaat accgcatcag g a aatt g taa acgttaatat t t tgt taaaa 1 560 

ttcgcgttaa atttttgt ta aatcagctca ttttttaacc aataggccga aatcggcaaa 1620 

atcccttata aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac 1680 

aagagtccac tattaaagaa cgtggactcc aacgt caaag ggcgaaaaac cgtctatcag 1740 

ggcgatggcc cactacgtga accatcaccc taatcaagtt ttttggggtc gaggtgccgt 1800 

aaagcactaa atcggaaccc t aaa gggagc ccccgatt ta gagcttgacg gggaaagccg 186 0 

gcgaacgtgg cgagaaagga agggaagaaa gcgaaaggag cgg gcgc tag ggcgctggca 1920 

agtgtagcgg tcacgctgcg cgtaaccacc acacccgccg cgcttaatgc gccgctacag 1 980 

ggcgcgtcgc gccattcgcc att c aggctg cgcaactgtt gggaagggcg atcggtgcgg 2040 

gcctcttcgc tattacgcca gctggcgaaa 99999at9t9 ctgcaaggcg attaagttgg 2 100 

gtaacgccag ggttttccca gtcacgacgt t gtaaaacga cggccagtga gcgcgcgtaa 2160 

tacgactcac tatagggcga attgggtacc ggccgcaaat taaagccttc gagcgtccca 2220 

aaacct tctc aagcaaggtt t tcagtataa tgttacatgc gtacacgcgt ctgtacagaa 228 0 

aaaaaagaaa aatttgaaat ata aataacg ttc ttaatac taacat aact a t aaaaa aat 2340 

aaatagggac ctagacttca ggt tgtctaa ctcct t cctt ttcggttaga gcggatgtgg 2400 

ggggagggcg tgaatgtaag cgtgacataa ctaatt acat gactcgaggt cgactta c aa 2460 

atcttcttca cttattaatt tttgttcgtg t ctatgt cta ggtaaaggtg g a atggattg 2520 

ttcgtt tcta aagaagtt gt t t gggtcaac c a atgt ctta acctttacta atctatcgaa 2580 

atttttacc g aagt a ttt tt c accccaaat t c t agcttgg g t a tagttgt taggattct t 2640 

tggatcgtta ataccgat gt ccaaatctct gtagttcaaa tatgccaa tc tagggttttt 2700 

agaaacgtat ggagtca t ga agttatagat gtttct aatc cagtttaagt gcttttcgtt 2760 

atcttcttgc ttt tcccatg aacaaatgta ccacaattcg tataagatac cagctctatg 2820 

aggaaatgga a tggcagatt cactgatt tc gtccattata ccaccgtatg gatacaaggc 2880 

gta catgcct gcaccaatat ctt ctt cgt a c a a tttttct aagatt tgga c g aaaactga 2940 

t tcaggtatt ggcttt ttaa cgtagtctaa cttaatt tta aaggcaccgt t t t gacctgc 3000 

ggatctatcc aat aatattt c t t t gttgaa gttgtctgta tcgtagttga c a acacctga 3060 

ata aaagat g atggtgt cga tccaagacaa t tgt c tacaa t cagttt tct taatacctaa 3 120 

t tctggaaaa gacttatt ca tcaagtctac taaggaatcg acaccaccca agaaaactg a 3180 

agaaaagtat gtgtggatag cagtcttatt tttaccttgg ttatc ggtga tgt t tcttgt 3240 

gatgaaatga gtcatcaaca acaagtcctt atcgtacttg tatgcgatgt tttgccactt 3300 

attgaccaat ttaac taatt catggatt tc c a ttat cttt ttgact gaga acatagtaga 3360 

cttt ggtact gcgactaatc t tatcttcca agcaact atg ataccgaatg attctgcacc 3420 

accacctctc aaagcccaaa ataagtcttc acccatagac tttctatcc a a aactttacc 3480 
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gtgaacattt accaaatgag cgtcgattat gttatcagcg gccaaaccgt agtttctcat 3540 

taaaggacca taaccaccac caccaaaatg accacctgcg caaactgttg gacagtaacc 3600 

agcagccaat gataagtt tt cattcttttc gttaacccag tag tatactt c a cccaatgt 3660 

tgcaccagct tcaacccaag cagtttgtga gtgtacgtct attttaattg atctcatgt t 3720 

tctcaaatca acgataacga atggaact tg ggagatgtat gacatgcctt cactatcatg 3 790 

accaccggat ctagt t c t aa t ttgcaaacc aacct tt t t a gaaca taaga tagt accttg 3840 

gatgtgagat acat gact ag gggt.ta c a a t g a ccaa aggt tttggagtgg t a t.cagaagt 3900 

gaatctcaaa ttatggat tg tactgttcaa gacggacatg tacaatgggt tgttttgagt 3960 

gta a a ccaac ttc aa attgg t gg cg t tatt aggtat g t a t t gtga gaagc act t c aaa a a 4 020 

gttttctctt ggg tttgcga tacttgtt t g gatgttaaag gaaaa gaaaa agaagatgat 4080 

cttgcatacg a accaaaagg agaaagttga acattt cata ggacctggat tttcttcaa c 4 1 40 

gtcaccacag gtcaacaaag a acctctacc t tcaataaaa a cgtatacca a at a t tcagc 420 0 

gtagtacaat ttccacat aa actcgtagaa t cttct acct gcttcagggt cataatttgt 4260 

caa agcgaaa tct c tagt tt gcaagat caa ccagaaagcc a agat ggcat g t gacaa c aa 4320 

cataacgtta gaat taaagg cttgtggcca a a tgat acct gccaaaatgg ctgcgacgta 4380 

acttaacaaa acgataccgg agcaga acaa a gtcaaat t t ctt g aaccgt acttagaagc 4440 

caa ggtacta ataccgaact ttgt.gtca cc t tcaacgtca gaggca tcct tgat.caa ggc 4500 

taatgcagaa cccatact tt tcatgaatgc c a acaaaaat g t gaatgaag gtctcaattc 4560 

gaat ggcaaa cctaaagcag ctcttgaagc gtagtagaag gtgaagtttg tgatgatatg 4620 

agctaagaaa ttcaacaaaa aggcagtact agggtt ttgt ttccatctaa aaggtggtac 4680 

ggaatagaca atacca ccga agataccgaa acagtaaccg aagatgtaca atggaccacc 4740 

ct teat tt ta attgtgat ga tcaaaccgaa caaggctact atgatagaca tgatccatgc 4800 

agtattgacg gatatttcac ctgaagccaa aggcaaatct ggtttgttaa t tctgtcgat 4860 

gtgcaaatcg tatatttgat. taat.tgta gt ggt.gaat gaa gcgatgcaca agatggcaac 4920 

taaaaagaa a aatgcctt ga acatcaagga ccatgaaatt aagtta gtgt t a tgcaacaa 4 980 

ttctttaccg aataaaccgc atgcacaaga agtaaaagcg attatggtgt atggtctttg 5040 

caac t tccaa catgcttt ac cgaagttcaa aat t tttgtg gcaacagagt gattatcact 5 1 00 

ttcaggtggt tcagtt tgat t tgta gttgc agctct gata gag ttcttag ctatagacaa 5160 

actttcggag cacttatt tt gtaagtggaa ggactt ggtt gaacaatgtt ttgatggaaa 5220 

gttgttgtaa gagtacttaa taggtgtctt t ggatgtctg taacacaaca atgatgt.ttt 5280 

tggattgttg ttgtgaggat tcaata aggt atgatagtta gtt tggaagg agaaagtaca 5340 

gacggatgat aaacccat ac tagt tctaga tccgtcgaaa ctaagttctt ggtgttttaa 5400 

aactaaaaaa aagactaact a taaaa gtag a a tttaagaa gtttaagaaa t agatttaca 5 460 

gaattacaat caatacct ac cgtctttata t act tat tag tcaagtaggg gaataat ttc 5520 

agggaactgg ttt aaacctt ttttttcagc t tt t tccaaa tcagagagag cagaaggta a ssso 

tagaaggtgt aagaaaat ga gat agataca t gcgt gggtc aat tgcc t t g t gtcatcat t 564 0 

tact ccaggc aggttgcatc act ccattga ggt t g t gccc gtt ttt tgcc tgttt gtgcc 5700 

ctgttctctg tagt tgcgct aagagaatgg acctat gaac tgatggttgg tgaagaaaac 5 760 

aatatt ttgg tgctgggatt cttttttttt ctggat gcca gcttaaaaag cgggctccat 5$20 

tatatttagt ggatgccagg aataa acctg t tcacccaag caccatcagt gttatatatt 5 8 80 
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ctgtgtaacc cgccccctat tttggcatgt acgggttaca gcagaattaa aaggctaat t 5940 

ttttgactaa ataaagttag gaaaatcact actattaatt atttacgtat tctttgaaat 6000 

ggcagtat tg ataatgataa actcgagagc tccagctttt gttcagttga t tgtatgct t 6060 

ggtatagctt gaaatattgt gcagaaaaag aaacaaggaa gaaagggaac gagaacaatg 6 1 20 

acgaggaaac aaaagattaa taattgcagg tctatttata cttgatagca agacagcaaa 6 180 

ctttttttta tttcaaattc aagtaactgg aaggaaggcc gtataccgtt gctcattaga 6240 

gagtagtgtg cgtgaatgaa ggaaggaa aa agtttcgtgt gcttcgagat acccctcatc 6300 

agctctggaa caacgacatc tgttggtgct gtctttgtcg ttaatttttt cctttagtgt 6360 

cttccatcat ttttttgt ca ttgcggatat ggtgagacaa caacggggga gagagaaaag 6420 

aaaaaaaaag aaaagaagtt gcatgcgcct attattactt caatagatgg caaatggaaa 6480 

aagggtagtg aaacttcgat atgatgatgg ctatcaagtc tagggctaca gtattagttc 6540 

gtt atgtacc accat caatg aggcagtgta attggt gtag tcttgtttag cccat t atgt 660 0 

ctt gtctggt atct g t t cta t tgtatatct cccct ccgcc accta catgt t agggagacc 6660 

aacgaaggta ttataggaat cccgatgtat gggttt ggtt gccagaaaag aggaagtcca 6720 

tattgtacac ccggaaacaa caaaagga tg cgcgcttggc gtaatcatgg tcatagctgt 6780 

ttcctgtgtg aaattgtt at ccgctcacaa t tccacacaa cataggagcc ggaagcataa 6840 

agtgtaaagc ctggggtgcc taatgagtga ggtaactcac attaa ttgcg t t gcgctcac 6900 

tgcccgcttt ccagtcggga aacctgtcgt gccagctgca ttaatgaatc ggccaacgcg 6960 

cggggagagg cggtttgcgt attgggcgct cttccgcttc ctcgctcact gactcgctgc 7020 

gct cggtcgt tcggc t gcgg cgagcggtat cagctcactc aaaggcggta a t acggt tat 7080 

cca cagaatc aggggataac gcaggaaaga acatgtgagc aaaaggccag caaaaggcca 7 1 40 

ggaaccgtaa aaaggccgcg ttgctggcgt ttttccatag gctccgcccc cctgacgagc 7200 

atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccc gacaggact a taaagatacc 7260 

aggcgtttcc ccctggaagc tccctcgtgc gctctcctgt tccgaccctg ccgct taccg 7320 

gatacctgtc cgcctttctc ccttcgggaa gcgtggcgct ttc tcatagc tcacgctgta 7380 

ggtatctcag ttcggtgt ag gtcgt tcgct ccaagctggg ctgtgtgcac gaaccccccg 7440 

t tcagcccga ccgctgcgcc t tatccggt a actat cgtct tgagtccaac ccggtaagac 7500 

acgact tatc gccactggca gcagccactg gtaacaggat tagcagagcg aggtat gtag 7560 

gcggtgctac agagttct tg aagtggtggc ctaactacgg ctacactaga aggacagtat 7620 

ttggtatc t g cgct c t gctg aagccagt t a ccttcggaaa aagagt tggt agctcttgat 7680 

ccggcaaaca aaccaccgct ggtagcggtg gtttttt tgt ttgcaagcag cagattacgc 7740 

gcagaaaaaa aggatctcaa gaagatcctt t gatct tttc tacggggtct gacgctcagt 7800 

ggaacgaaaa ctcacgttaa gggattttgg t cat gagatt atcaaaaagg atc ttcacct 7860 

agatcctt tt aaattaaaaa t gaagtttta aatcaatcta aagtatatat g agtaaact t 7920 

ggtctgacag ttaccaatgc t taat cagtg aggcacctat ctcagcgatc tgtctatttc 7980 

gttcatccat agttgcctga ctccccgtcg tgtagataac tacgatacgg gagggct tac 8040 

cat ctggccc cagtgct gca atgataccgc gagacccacg ctcaccggct ccagatttat 8 1 00 

cagcaataaa ccagccagcc ggaagggccg agcgcagaag tggtcctgca actttatccg 8 1 60 

cctccatcca gtctat taat tgttgccggg aagctagagt aagtagttcg ccagt t aata 8220 
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gtttgcgcaa cgttgttgcc attgctacag gcatcgt ggt gtcacgctcg tcgtttggta 8280 

tggcttcatt cagctccggt tcccaacgat caaggcgagt tacatgatcc cccatgttgt 8340 

gcaaaaaagc ggttagctcc t tcggtcctc cgatcgt tgt cagaagtaag ttggccgcag 8 40 0 

tgttatcact catggtta t g gcag cac tgc ataattctct tactgtcatg ccatccgtaa 2460 

gatgcttttc tgtgactggt gagtactcaa ccaagt catt ctgagaatag tgtatgcggc SS20 

gaccgagt t g ctcttgcccg gcgtcaatac gggataatac cgcgccacat agcagaact t ssso 

taa aagtgct catcattgga aaacgttct t cggggcgaaa actctcaagg atcttaccgc 8640 

tgttgagatc cagttcgatg taacccactc gtgcacccaa ctgatcttca gcatctttta 8700 

cttt caccag cgtttctggg t gagcaaaaa c aggaaggca aaatgccgca aaaaagggaa 8760 

taagggcga c acggaaat gt tgaatactca tactcttcct ttttcaatat t at tgaag ca 8820 

t ttatcaggg t tattgtctc a t gagcggat acatat ttga atg t a tttag aaaaat aaac B9SO 

aaataggggt t c c gcg caca t t t ccccgaa a ag t gccacc t gggtccttt tca t cacgt g 8940 

ctataaaaat aat tataatt taaatttttt aatataaata tataaattaa aaata gaaag 9000 

t a a aaaaaga aattaaagaa a aaatagttt ttgtt ttccg aagatgtaaa agactctagg 9060 

gggatcgcca acaaatacta ccttttatct tgc t c ttcct gct ctcaggt attaatgccg 9 120 

aattgttt c a tcttgt c t gt gtagaagacc acacacgaaa atcctgtgat t t tacatttt 9 180 

acttatcgtt aatcgaat gt a tatctattt a a tctgcttt t cttgt ctaa t aaatatata 9240 

tgtaaagtac gctttttgtt gaaatttttt aaacct ttgt ttattttttt ttcttcattc 930 0 

cgtaactct t ctaccttctt tatttacttt ctaaaatcca aatacaaaac ataaaaataa 9360 

ataaacacag agtaaatt cc caaat tat tc catcattaaa agatacgagg cgcgtgtaag 9420 

t tacaggcaa gcgatccg tc ctaagaaacc at tat ta tea tgacattaac ctataaaaat 9 49 0 

aggcgt atca cgaggccctt tcgtc 9505 

c:. 210 > SEQ ID NO 5 
c:. 211 > LENGTH: 9696 
<212> TYPE: DNA 
<.213> ORGANISM: Artificial sequence 
c:. 220.> FEATURE : 
-::223> OTHER INFORMATION: Codon opt imized 

c:.400 > SEQUENCE: 5 

tcgcgcgttt cggtgatgac ggtgaaaacc t ctgacacat gcagctcccg gagacgg tca 60 

cagc t tgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgcgtg 1 20 

ttggcgggtg tcggggctgg cttaactatg cggcat caga gcagattgta ctgagagtgc 180 

accataaatt cccgttttaa gagcttggtg agcgct agga gtcactgcca ggtatcgttt 240 

gaacacggca ttagtcaggg aagt cataac acagtccttt cccgcaattt tctttttcta 300 

ttactcttgg cctcctaact gtggga atac t caggt atcg taagatgcaa g agttcgaa t 360 

ctcttagcaa ccattatt tt tttcctcaac ataacgagaa c a cacagggg cgctatcgca 420 

cagaatcaaa ttcgatgact ggaaatttt t t gt taat ttc agaggtcgcc tgacgcata t 4SO 

acctttttca actgaaaaat tgggaga a aa aggaaaggtg agaggccgga accggcttt t 5 4 0 

cat atagaat agagaagcgt t catgactaa atgcttg cat cacaatactt g a agttgaca 600 

atat tattta aggacctatt gttttttcca ataggt ggtt agcaatcgtc ttactttcta 660 

acttttctta ccttttacat ttcagcaata tatatatata tttcaaggat at ace at tct 720 

aatgtctgcc cctatgtctg cccctaagaa gatcgt cgtt ttgccaggtg accacgttgg 780 
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tcaagaaatc acagccgaag ccattaaggt tcttaaagct atttctgatg t tcgttccaa 840 

tgtcaagttc gatttcgaaa atcatttaat tggtggtgct gctatcgatg ctacaggtgt 900 

cccact tcca gatgaggcgc tggaagcctc caagaaggtt gatgccgttt tgttaggtgc 960 

tgtgggtggt cctaaatggg gtaccggtag tgttagacct gaacaaggtt tactaaaaat 1020 

ccgtaaagaa cttcaattgt acgccaactt aagaccatgt aactttgcat ccgactctct 1 080 

tttagactta tctccaatca agccacaatt tgctaaaggt actgacttcg ttgttgtcag 1140 

agaattagtg ggaggtat tt actttggtaa g agaaaggaa gacgatggtg a t ggt gtcgc 1 200 

ttgggatagt gaacaataca ccgttccaga agtgcaaaga atcacaagaa tggccgcttt 1260 

catggcccta caacatgagc caccattgcc tatttggtcc ttggataaag ctaatgtttt 1320 

ggcctcttca agattatgga gaaaaactgt ggaggaaacc atcaagaacg aattccctac 1 380 

attgaaggtt caacatcaat tgattgattc tgccgccatg atcctagtta a gaacccaac 1440 

ccacctaaat ggtatta t a a tcacc agcaa catgtttggt gatatcatct ccgat gaagc 1500 

ctccgt tatc ccaggttcct t gggtttgtt gccat c t gcg t ccttggcct c t ttgccaga 1560 

caagaacacc gcatttggtt tgtacgaacc atgccacggt t ctgctccag atttgccaaa 1 620 

gaataaggtt gaccctat cg ccactatctt gtctgctgca atgatgttga a a ttgtcatt 1 680 

gaacttgcct gaagaaggta aggccattga agatgcagtt aaaaaggttt tggatgcagg 1740 

tatcagaact ggtgatttag gtggttccaa c agtaccacc g aagtcggtg atgctgtcgc 1800 

cgaagaagtt aagaaaatcc ttgcttaatg acaccgatta tttaaagctg cagcatacga 1860 

tatatataca tgtgtatata tgtataccta tgaatgtcag taagtatgta tacgaacagt 1920 

atgatactga agatgacaag gtaatgcatc attctat acg t g tcattc tg a a cgaggcgc 1980 

gctttccttt tttctttttg ctt tttcttt ttttttctct tgaactcgac ggatctatgc 2040 

ggtgtgaaat accgcacaga tgcgtaagga gaaaat accg catcaggaaa ttgtaaacgt 2 100 

taa tat tt tg ttaaaattcg cgttaaattt ttgttaaatc agctcatttt t taaccaata 2 160 

ggccgaaatc ggcaaaat cc cttataaatc aaaagaatag accgagatag ggttgagtgt 2220 

t g ttccagtt t ggaacaaga gtccactat t aaagaacgtg gactccaacg tcaaagggcg 2280 

aaaaaccgtc tatcagggcg atggcccact acgtgaacca tcaccctaat caagtttttt 2340 

ggggtcgagg tgccgtaaag cactaaatcg gaaccctaaa gggagccccc gattt agagc 2400 

ttgacgggga aagccggcga acgtggcgag aaaggaaggg aagaaagcga aaggagcggg 2460 

cgctagggcg ctggcaagtg tagcggtcac gctgcgcgta accaccacac ccgccgcgct 2520 

taatgcgccg c tacagggcg cgt cgcgcca ttcgccat tc aggct gcgca actgttggga 2580 

agggcgatcg gtgcgggcct cttcgctatt acgccagctg gcgaaagggg gatgtgctgc 2640 

aaggcgatta agttgggtaa cgccagggtt ttcccagtca cgacgttgta aaacgacggc 2700 

cagtgagcgc gcgt aatacg actcactata gggcgaattg ggtaccggcc gcaaattaaa 2760 

gccttcgagc gtcccaaaa c cttctcaa gc a aggttttca g tataatgtt acatgcgtac 2820 

acgcgtctgt acagaaaaaa aagaaaaat t tgaaatataa ataacgttct taat actaac 2880 

ataactataa aaaaataaat agggacctag acttcaggtt gtctaactcc ttcctt ttcg 2940 

gttagagcgg atgtgggggg agggcgtgaa tgtaagcgtg a cataactaa t tacatgact 3000 

cgaggtcgac ttatgc atag tctggaacat cgtaagggta ctttct tggg gtgtaatcga 3060 

agatcaacaa tttttcccag aaggatctgt aaacgtcacc aaaaccaacg tgagctggat 3 120 
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gaatgatgta atcttgga t a gtttcaactg attcgaaggt tacttcgaca atgtgt gtat 318 0 

aaccttcttc tttcttttgt g taacgtctt taccccagta tacatctttc atagcaggta 3240 

taatgttgac caaattaacg taggtcttga aaaattcttc cttttgagct tct gtgattt 330 0 

catctttaaa cttcaatact a t caaatgct t gacggccat aggacctggg ttt t cttcaa 3360 

c gtcaccaca agttaacaag gaacctctac cttcatattt aattggtact gatctgacaa 3420 

c t actctttc gacggtcaaa ccaggaccga aaccaaataa gacaccccat tcaaaaccg t 3 48 0 

caccagtagt agatttaccc tctt.ctaa tg atctc tttc t caattcatcc att.acgaac a 3540 

agacagtgga tgaagacatg ttaccgtgtt c agataaaac atgtctacta tctacaaact 3 600 

tttctttctt caaat ccaa t t tttcttcaa c ct tat ccaa aatggcttta ccacctggat 3 66 0 

gtgttatcca gaaaatagag ttccaatctg agatacctat aggagtgaat gcttct atca 372 0 

aacacttttc t atgttgtta gagattaaca ttggaacgtc tttgtgcaaa tcgaagatca 3780 

aacctgctt c tct t a t a t g a ccaccaat tg taccttcaga attaggcaa g a t ggt ttgac 3840 

ctgtactgac taattca aat a t tggtcttt cacca acaga ttcgtcaggt tctgc accaa 3900 

caataacagc agcagcac cg t caccgaaga tagcttgacc a actaacaat tcc aagt c a g 3960 

aatcacttgg a cct c taaac aagcaagcca taatgtcgca a c aaacagct a a tactctgg 4020 

caccc ttgtt g ttttc t gca atatccttag cgattct caa aacagtacca ccaccgtagc 4080 

aacctaat t g atacat catg a c tctcttaa cggat ggtga caaacctaac a a ttt ggcac 4140 

agtgg tagtc t gcaccaggc atatctgtag tagatgcact t gtaaaaatc aaatgagtga 420 0 

tctttgac t t tggttgaccc cattccttaa tggcttttgc acaagcatct ttacccaat t 4 260 

t aggaacttc g acaacta ac atgtcttgtc t ggcat ccaa tgtttgcatt tcgtgttct a 4320 

ccaatcttgg attttgc t tc aaatgttctt cgttcaagaa gcagtttctc tttctgatca 438 0 

tagacttatc acatattt tt ctaaactttt ccttcaattg ag t catgtgt tcactcttgg 4 44 0 

taactctga a gtaataatca ggaaattca t cttggat caa tatgttttct gggttggctg 450 0 

tacc tatggc taatacggag gcaggacctt cggct c t caa atggttcata c tag t tcta g 4 560 

atccgtcgaa actaagtt ct t gg tgtttta aaactaaaaa aaag actaac t a taaaag ta 4 62 0 

g aatttaaga agttta agaa atagatttac agaattacaa t caataccta ccgtct ttat 4 680 

a tacttatta gtcaagtagg ggaat aattt c agggaa ctg g t t taaacct ttttt t tcag 4 740 

ctttttccaa atcagagaga gcaga aggta atagaaggtg taagaaaatg agatagatac 4 8 0 0 

atgcgtgggt caat tgcctt gtgtcatcat t tactccagg caggttgcat c a ctcca ttg 4860 

agg ttgtgcc cgttttttgc ctgtttgtgc cctgtt ctct gtagttgcgc taagagaatg 4920 

gacctatgaa ctgatggt t g g t gaagaaaa c aatatt ttg gtgctgggat tctttttttt 4980 

tctggatgcc agcttaaa aa gcgggctcca ttatatt tag tggatgccag g a ataaacct 5040 

gttcacccaa gcaccatcag tgttatatat t ctgtgtaac ccgcccccta ttttggcatg 510 0 

tacgggttac agcagaat t a aaaggctaat tttttgacta aataaagtta ggaaaatcac 5160 

tactattaat tat t tacgta ttctttgaaa t ggcagtatt gataatgata aac t cga g a g 5220 

ctccagctt t t gt tcagt tg attgtatgct t ggtat agct t gaaatattg t gcagaaaaa 528 0 

gaa acaagga agaaagggaa cgagaac aat g acgaggaaa caaaagatta a t aattgca g 5340 

gtct a tttat acttgatagc aagacagcaa actttttt tt a tttcaaatt caa gtaactg 5 400 

gaaggaaggc cgtataccgt tgctcattag agagtagtgt gcgtgaatga aggaaggaaa 5460 

aagtttcgtg tgcttcgaga tacccctcat cagctctgga acaacgacat ctgttggtgc 552 0 

48 
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tgtctttgtc gttaattttt tcctttagtg tcttccatca tttttttgtc attgcggata 5580 

tggtgagaca acaacggggg agagagaaaa gaaaaaaaaa gaaaagaagt tgcatgcgcc 5640 

tat tat tact tcaatagatg gcaaatggaa aaagggtagt gaaacttcga tatgatgatg 5700 

gctatcaagt ctagggctac agtattagtt cgttat gtac caccatcaat gaggc agtgt 5760 

aattggtgta gtcttgttta gccca ttat g tcttgtctgg tatctgttct attgtatatc 5820 

tcccctccgc cacctacatg ttagggagac caacgaaggt attataggaa tcccgatgta 5880 

tgggtttggt tgccagaaaa gaggaagtcc atattgtaca cccggaaaca acaaaaggat 5940 

gcgcgcttgg cgtaatcatg gtcatagctg tttcctgtgt gaaattgtta tccgctcaca 6000 

attccacaca acataggagc cggaagcata aagtgtaaag cctggggtgc ctaatgagtg 6060 

a ggtaactca cattaatt gc 9tt9c9ctca ctgcccgctt tcca9tc999 aaacctgtcg 6 1 20 

tgccagctgc attaatgaat cggccaacgc gcggggagag gcggtttgcg tattgggcgc 6180 

tcttccgctt cct cgct cac tgactcgc tg c g c t cggtcg ttcggctgcg gcgagcggta 6240 

tcagctcact caaaggcggt aat acggtt a t ccacagaat cag gggataa cgcaggaaag 6300 

aacatgtgag caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgc g t t gctggcg 6360 

tttttccata ggct ccgccc ccctgacgag c a tcacaaaa atcgacgctc aagtcagagg 6420 

tggcgaaacc cgacaggact ataaagatac caggcgtttc cccctggaag ctccctcgtg 6480 

cgctctcctg t tccgaccct g c cgcttacc ggatacctgt ccgcctttct ccc ttcggga 6540 

agcgtggcgc tttctcacag ctcacgctgt aggtatctca gttcggtgta ggt cgttcgc 6600 

tccaagctgg gctgtgtgca cgaacccccc gttcagcccg accgctgcgc cttatccggt 666 0 

aactatcgtc ttgagt ccaa cccggt aaga cacgact tat cgccactggc agcagccact 6720 

ggtaacagga ttagcagagc gaggtatgta ggcggtgcta cagagt tct t g aag t ggtgg 6780 

cctaa ctacg gct acactag aagga cagta tttggt atct gcgctctgct g a agcca g t t 6840 

accttcggaa aaagagtt gg tagctcttga t ccggcaaac aaaccaccgc tggtagcggt 6900 

ggtttttttg tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct 6960 

ttgatctttt ctacggggtc t gacgctcag t ggaacgaaa actcacgtta agggatttt g 7020 

gtcatgagat tatcaaaaag gatct tcacc t agatccttt t aaattaaaa atgaagtttt 7080 

aaat caatct aaagt a t ata tgagtaaact t ggtct gaca g ttaccaatg cttaatcagt 7140 

gaggcaccta tctcagcgat ctgtctattt cgttcatcca tagttgcctg actccccgtc 7200 

gtgtagataa ctacgatacg ggagggctta ccatct ggcc ccagtgctgc aat gat accg 7260 

cga ga cccac gctcaccggc t ccagattta t cagcaataa a ccagccagc c ggaagggcc 7320 

gagcgcagaa gtggtcct gc aactttatcc gcctccatcc agtctattaa t t gttgccgg 7380 

gaa gctagag taagtagt tc gccagttaat agtttgcgca acgttgttgc c a ttgctaca 7440 

ggcat:cgt:gg t:gt: cacgctc gccgt:t:tggt atggctt cat t cagct:ccgg t t cccaa cga 7500 

tcaaggcga g t tacatgatc cccca tgttg t gcaaaaaag cggtta gct c cttcggtcct 7560 

ccgatcgttg tcagaagtaa gttggccgca gtgttatcac t:catggttat ggcagcactg 7620 

cataattctc t tactgtcat gccatccgta agatgctttt ctgtgactgg tgagtactca 7 680 

accaagtcat t:ctgagaata gtgtat:gcgg cgaccgagtt: gctctt gccc ggcgtcaat a 7 740 

cgggat aat a ccgcgc caca t:agcagaact t taaaagtgc t catcattgg aaaacgt tct: 7800 

ccggggcgaa aac tctcaag gatcttaccg ctgttgagat ccagttcgat gtaacccact 7860 
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cgtgcaccca actgatct tc agcatctttt act ttcacca gcgtttctgg gtgagcaaaa 7920 

acaggaaggc aaaatgccgc aaaaaaggga ataagggcga cacggaaatg t tgaatactc 7 980 

atactcttcc t ttttcaata ttat t gaagc atttat cagg gttattgtct c a tgagcgga 8040 

tacatatttg aatgtatt t a gaaaaataaa caaatagggg ttccgcgcac atttccccga S l OO 

aaagtgccac ctgggtcctt ttcatcacgt gctataaaaa taattataat ttaaattttt 8 160 

taatataaat atataaat ta aaaatagaaa gtaaaaaaag aaattaaaga aaaaatagt t 8220 

tttgttttcc gaagat gt aa a agactctag ggggat cgcc aacaaatact accttt.t a tc 8280 

ttgctcttcc tgctctcagg tattaatgcc gaattgtttc atcttgtctg tgtagaagac 8340 

caca cacg a a a atcc tgt ga t t t t acattt tac t tatcgt t aat cgaat g tatat ctat t 8400 

taat c t gctt ttcttgtcta ataaa t a tat atgtaaag ta cgctttttgt tgaaattttt 8460 

taaacctttg t tt a tttt tt tttcttca tt ccgtaactct tctaccttct ttattt actt BS20 

t c t a aaatcc aaatacaaaa cataa a aata a ataaacaca gagtaaa ttc ccaaattatt BS8 0 

ccatcattaa aagatacgag gcgcgtgtaa gttacaggca agcgatccgt cctaagaaac 8640 

cat tatta t c a t g ac attaa cct a t aaaaa t aggcgt atc a cgaggccct ttcgtc B696 

-:: 210 > SEQ I D NO 6 
-:: 211> LENGTH : 4322 
<212> TYPE : DUA 
..:; 213> ORGANISM: Art i ficial Sequence 
-::220 > FEATURE : 
<223> OTHER I NFORMATION: Codon opt imized 

-::400> SEQUENCE: 6 

aggaaacgaa gataaatctc gagtttatca t tatcaatac tgccatttca aagaatacgt 60 

aaat aattaa tagtagtgat tttcctaact t tatttagtc aaaaaattag cctttt aatt 1 20 

ctgctgtaac ccgtacat gc caaaataggg ggcgggt tac acagaa tata t a acactgat 180 

ggtgct tggg tgaacaggtt tattcctggc atccact aaa tataatggag cccgcttttt 240 

aagctggcat ccagaaaaaa aaaga atccc agcaccaaaa tattgttttc t tcaccaacc 300 

atcagt tea t aggtccat tc tctta gcgca actacagaga a cagggcaca a a caggcaaa 36 0 

aaacgggcac aacctcaa t g gagtgatgca acctgcctgg agtaaatgat gacacaaggc 420 

a att gaccca cgcat gtatc tatctcat t t t c t tacac c t tctattacct tctgctctct 480 

ctgatt tgga aaaagctgaa aaaaa aggtt t aaaccagtt ccctgaaatt attcccctac 540 

t tgactaata agtatataaa gacggtaggt attgattgta attctgtaaa tctatttct t 600 

aaacttctta aattctactt t tatagttag t ctttt tttt agttttaaaa caccaagaac 660 

tta gtt t c ga cggatctaga actagtatgg gtaaaaacta t aagtccttg g a ttcagtcg 720 

ttgcctcaga tttcatcgca t tgggtatca cctcagaagt agcagaaaca t tacatggta 780 

gattggcaga aatcgt t t gt a attatggtg ctgcaacccc tcaaacttgg atc aaca tcg 840 

ctaaccatat cttgtcacca gatttgcctt t ctcct taca ccaaatgttg ttttatggtt 900 

gctacaagga tttcggtcca gccccacctg cttggat tcc agaccctgaa aaagtcaagt 960 

caac t aatt t gggt gctt tg ttgg a aaa ga g aggt aaaga a tttttgggt gtaaagtaca 1020 

aagatccaat ttcttc tttt t c t c a cttcc a agaattttc t g t t a gaaac cctgaagtct 1080 

attggagaac agtattgatg gatgaaatga aaattagttt ctctaagg ac ccagaatgta 1140 

tcttgagaag agatgacatc aacaacccag gtggt t ctga atggttacct ggtggttact 120 0 

tgaactcagc taaaaatt gc t tgaa cgtaa actccaataa gaaattgaac gatactatga 1260 
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tcgtttggag agacgagggt aacgatgact tgcctttgaa taagttgaca ttagatcaat 1320 

tgagaaagag agtttggttg gttggttatg cattggaaga aatgggt tta gaaaaaggt t 1380 

gtgcaatagc catcgatatg ccaatgcatg ttgatgctgt tgttatatat ttggccatag 1440 

tattggctgg ttacgtagtt gtctctatag cagatt catt ttccgcccct gaaatct caa lSOO 

ctagattgag attatccaaa gctaa ggcaa ttttcacaca agatcacatc atcagaggt a 1 560 

aaaagagaat accattgtat tcaagagtag ttgaagctaa atccccaatg gcaatagtta 1620 

tcccttgtag tggttctaac attggtgcag aattgagaga tggtgacata tcttgggat t 1 680 

actttt taga aagagccaag gagtttaaaa actgcgagtt tactgccaga g aacaacctg 1740 

ttgatgctta tactaacatc ttattctcca gtggtactac aggtgaacca aaagcaattc 1800 

cttggacaca agccacccca t tgaaggctg ctgctgatgg ttggtctcat ttggatatta 1860 

gaaaaggtga cgttatagta tggccaacta atttgggttg gatgatgggt ccttggttgg 1920 

tttatgctag tttg ttaaat ggtgc atcta ttgccttgta caacggtagt ccttt agtct 198 0 

ctggtt t cgc taaatttgtt caagatgcaa aggtcacaat gttgggtgtc g t accatcta 2040 

ttgtaagatc atggaaatcc acaaattgtg t ttcaggtta cgattggtcc accataagat 2 100 

gcttttcttc atccggtgaa gcctctaa tg tagacgaata tttgtggtta atgggtagag 2 160 

ctaactacaa gccagt tata gaaatgtgtg gtggtacaga aatcggtggt gctttttctg 2220 

ctggttcatt t ttgcaagct caatctttaa gttctt tttc atcccaatgt atgggttgca 2280 

ccttgtacat attagataag aacggttacc caatgcctaa aaataagcca ggtatcggtg 2 340 

aattggcatt aggtcctgtt atgtttggtg cctcaaaaac attgttaaac ggtaatcatc 2 40 0 

acgatgtcta tttcaagggt atgccaacct t gaatggtga ag tattgaga agacatggt g 2460 

acattt tcga attgacctct aacggttact accatgcaca cggtagagcc gatgacacta 2520 

tgaacatcgg tggtatcaaa attagttcta tcgaaatcga aagagtctgt aatgaagtag 2580 

atgacagagt ttttgaaacc actgctat tg gtgttccacc tttgggtggt ggtccagaac 2640 

aattggtcat atttttcgta t t gaaggatt caaacgacac aaccattgat t tgaaccaat 2700 

tgagattatc ctttaact tg ggtttgcaaa agaaattgaa cccatt attc aaagttacta 2760 

gagttgtccc attgtcat cc ttacctagaa ctgcaacaaa caagatcatg agaagagttt 2820 

tgagacaaca attcagtcat ttcgaagaag gtagaggttc tttgttaaca t gtggtgacg 2880 

t tgaagaaaa tccaggtcct atggcttcag aaaaggaaat aagaagagaa agattcttga 2940 

acgtattccc aaagttagtt gaagaattga acgctagttt gttagcttat ggtatgccta 3000 

aagaagcct g cgattggtat gct cactctt taaac tacaa t actccaggt ggtaaat t g a 3060 

atagaggttt gagtgtagtt gatacttatg ctatcttgtc taacaaaacc gttgaacaat 3120 

taggtcaaga agaatacgaa aaggtcgcta tcttgggttg gtgtatt gaa ttgttgcaag 3 180 

catacttttt ggt t gccgat gacatgatgg ataagtctat a acaagaaga ggtcaaccat 3240 

gctggtacaa agttccagaa gttggtga aa tagccataaa t gatgctttt atgttggaag 3300 

ccgctatcta t aaattgt tg aagtcacatt tcagaaacga aaagtactac atcgat a tta 3360 

ccgaattatt ccacgaagtt actttccaaa cagaattggg tcaattgatg gatttgataa 3420 

ctgcacctga agataaagtt gacttgtcaa agttt t cctt gaagaaacat tcattcatcg 3480 

tcacctttga aact gcttat t actccttct atttgccagt c gcctt ggct atgtacgtag 3540 

ctggtattac tgatgaaaaa gact tgaagc aagcaagaga tgttttgata cctttgggtg 3600 
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aatacttcca aatccaagat gact acttag actgtttcgg tactccagaa c aaataggta 3660 

aaatcggtac agatattcaa gacaataagt gcagttgggt tattaacaag gctttggaat 372 0 

tagcatctgc cgaacaaaga aagactttgg atgaaaacta cggtaaaaag g a c t cagttg 3780 

ctgaagcaaa gtgtaagaaa a t t tttaatg atttgaagat tgaacaattg taccatgaat 3840 

acgaagaatc catcgctaaa gacttaaagg caaagattag tcaagttgat gaatcaagag 3900 

gttt t aaagc cgacgttt tg acagctttct t gaataaggt ctacaagaga tcaaaggatt 3960 

acaaggatca tgacggtgac tataaagacc acgatattga ctacaaagat g acgat.ga ca 4020 

agtaagtcga cctcgagt ca tgtaattagt tatgtcacgc ttacattcac gccctccccc 4080 

cacatccgct ctaaccgaaa aggaaggagt tagacaacct gaagtctagg tccctattt a 4140 

tttttt tata gttatgttag tattaagaac gttatttata tttcaaattt ttcttttttt 4200 

tctg tacaga cgcgtgtacg catgtaacat tatact gaaa accttgcttg agaaggtttt 4260 

gggacgctcg aaggctttaa tttgcgtgac a t aactaatt a cat g a c ttg actgattttt 4320 

<210> SEQ ID NO 7 
<211> LENGTH : 2522 
-:: 212 > TYPE: DNA 
-:: 213 > ORGANISM : Artificial Sequence 
<220> FEATURE: 
..:; 223> OTHER INFORMATION: Cod on optimized 

<400> SEQUENCE: 7 

4322 

a ggaaacgaa gataaatc tc gagtttatca ttatcaatac tgccatttca aagaatacgt 60 

aaataattaa tagtagtgat tttcctaact t tattt agtc aaaaaattag ccttttaatt 120 

ctgctgtaac ccgtacatgc caaaataggg ggcgggttac acagaatata taacactgat I BO 

ggtgcttggg tgaacaggtt tattcctggc atccactaaa tataatggag cccgcttttt 240 

aagctggcat ccagaaaaaa aaagaatccc agcaccaaaa tattgttttc ttcaccaacc 300 

atcagttcat aggtccat t.c tctt.agcgca actacagaga a cagggcaca aacaggcaaa 360 

aaa cgggcac aacctcaatg gagt.gatgca acctgcctgg agtaaatgat g a c acaaggc 420 

aattgaccca cgcatgtatc t atctcat t t t cttacacct t ctattacct tctgctctct 490 

ctgatt tgga aaaagctgaa aaaaaaggt t taaaccagtt ccctgaaatt attcccctac 540 

ttgactaata agtatataaa gacggtaggt attgat tgta attctgtaaa tctatttctt 600 

aaacttctta aattctactt t tatagttag t ctttttttt agttttaaaa c a ccaagaac 660 

ttagtttcga cggatct aga actagtatga accatttgag agccgaaggt cctgcctccg 720 

tattagccat aggtacagcc aacccagaaa acatattgat ccaaga tgaa tttcctgatt 78 0 

attacttcag agttaccaag agtgaacaca t gactcaatt gaaggaaaag tttagaaaaa 940 

tatgtgataa gtctatgatc a gaaagagaa actgcttctt gaacgaagaa c a tttga agc 900 

aaaatccaag attggtagaa cacgaaatgc aaacattgga tgccagacaa gacatgttag 960 

ttg tcgaagt tcct aaat t.g ggtaaagatg cttgtgcaaa agccattaag gaatggggtc 1020 

aacca aagt c aaagatcact catttgattt tta caagtgc a tctactaca g a tatgcctg 1080 

gtgcagacta ccact gtgcc aaattgttag gtt t g t cacc atccgttaag agagtcatga 1140 

tgtatcaatt aggttgc t ac ggtggtggta ctgttttgag aatcgctaag gatattgcag 1200 

aaaacaacaa gggtgccaga gtattagctg t ttgt t gcga cattatggct tgcttgttta 1260 

gaggtccaag tgattctgac ttggaat tgt tagttggtca a gctatcttc ggtgacggtg 1320 

56 
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ctgctgctgt tattgttggt gcagaacctg acgaatctgt tggtgaaaga ccaatatttg 1380 

aattagtcag tacaggtcaa accatcttgc ctaattctga aggtacaatt ggtggtcata 1440 

taagagaagc aggtttgatc ttcgatttgc acaaagacgt tccaatgtta atctctaaca 1500 

acatagaaaa gtgtttga t a gaagcattca ctcctatagg tatctcagat tggaactcta 1S60 

ttttctggat aacacatcca ggt ggtaaag ccattttgga taaggt tgaa g a aaaattgg 1 620 

atttgaagaa agaaaagttt gtagatagta gacatgtttt atctgaacac ggtaacatgt 1680 

cttcatccac tgtcttg t tc gtaatgga tg a at tgagaaa gagatcatta g a agagggta 1 740 

aatctactac tggtgacggt tttgaatggg gtgtcttatt tggtttcggt cctggtttga 1800 

ccgtcgaaag agtagt tgtc agatcagtac c aattaaata tgaaggtaga ggttccttgt 1860 

taacttgtgg tgacgttgaa gaaaacccag gtcctatggc cgtcaagcat t tgatagtat 1 920 

tgaagtttaa agatgaaa tc acagaagctc aaaaggaaga atttttcaag acctacgtta 1980 

atttggtcaa cattatacct gctatgaaag atgt a tactg gggtaaaga c g t tacacaaa 2040 

aga a ag a aga aggttataca cacattgtcg aagtaacctt cgaatcagt t g a aactatcc 2 100 

aagattacat cattcatcca gctcacgttg gttttggtga cgtttacaga tccttctggg 2 160 

aaaaattgtt gatcttcgat tacaccccaa g a aagt accc ttacga tgtt ccagactatg 2220 

cataagtcga cctcgagt ca tgtaattagt tatgtcacgc ttacattcac gccctccccc 2280 

cacatccgct ctaaccgaaa aggaaggagt tagacaacct g a agtctagg tccctattta 2340 

tttttttata gttatgttag tattaagaac gttatttata tttcaaattt t tctt ttttt 2 400 

tctgtacaga cgcgtgtacg catgtaacat tatact gaaa accttgcttg a gaaggt tt t 2 460 

ggga cgctcg aaggctttaa ttt gcgtgac ataact aatt acatgac ttg actgattttt 2520 

2522 

<210> SEQ ID NO 8 
< 211 > LENGTH: 3887 
< 212 > TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220> FEATURE: 
< 223> OTHER INFORMATI ON: Codon optimi zed 

<400> SEQUENCE: 8 

aggaaacgaa gataaatctc gagtttatc a t tatcaatac tgccatttca aagaatacgt 60 

aaataattaa tagtagtgat tttcctaact ttatttagtc aaaaaat tag ccttt t aatt 120 

ctgctgtaac ccgtacat gc caaaataggg ggcgggttac acagaatata taacactgat 180 

ggt gct t ggg tgaac aggtt t a t tcct ggc atccact aaa t a taatggag cccgcttttt 240 

aagctggcat ccagaaaaaa aaagaatccc agcaccaaaa tattgttttc t tcaccaacc 300 

atcagttcat a ggtccat tc tctt a gcgca actacagaga acagggcaca a a c aggcaaa 360 

aaacgggcac aacctcaatg gagtgatgca acc t gcctgg agtaaatgat gacacaaggc 42 0 

aattgaccca cgcatgtatc t atctcattt t cttacacct t ctattacct tctgctctct 480 

ctgatttgga aaaagctgaa aaaaaaggtt taaaccagtt ccctgaaatt attcccctac S40 

t tgactaata agtatataaa gacggtaggt attgat tgta attctgtaaa tctatttctt 600 

aaactt ct ta aat tctactt t tatagttag t cttt t tttt agtttt aaaa c a ccaagaac 660 

ttagt ttcga cggatctaga actagtatgg gtttatcatc cgtctgtact t tctcct tee 720 

aaactaacta tcatacctta ttgaatcctc acaacaacaa t ccaaaaac a tcattgt tgt 780 
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gttacagaca t ccaaagaca cctattaagt actcttacaa caactttcca tcaaaacatt 840 

gttcaaccaa gtccttccac t tacaaaata agtgctccga aagtttgtct atagctaaga 900 

actctatcag agctgcaact acaaatcaaa ctgaaccacc tgaaagtgat aatcactctg 960 

ttgccacaaa aattttgaac ttcggtaaag catgtt ggaa gttgcaaaga ccatacacca 1020 

taatcgcttt tacttcttgt gcat gcggtt t attcggtaa agaattgttg cataacacta 1090 

acttaatttc atggtcct tg atgttcaagg cattttt c tt tttagttgcc atcttgtgca 1140 

tcgcttcatt caccactaca attaatca aa tatacgattt gcacatcgac agaat t.aaca 1200 

aaccagattt gcctttggct tcaggtgaaa tatccgtcaa tactgcatgg atcatgtcta 1260 

tcatagtag c cttgt tcggt t tgatcatca c aattaaaat gaagggtggt ccattgtaca 1 320 

tcttcggtta ctgtttcggt atcttcggtg gtattgtcta ttccgtacca ccttttagat 1 380 

ggaaa c aaaa ccctagtact gcctttttgt t gaatt tctt agctcatatc atcac aaact 1440 

t ca ccttc ta ctacgcttc a agagc t gctt taggtttgcc attcg a a ttg agaccttcat 1500 

tcacattttt gttggcattc atgaaaagta tgggttctgc attagccttg atcaaggatg 1560 

cct ctgacgt tgaaggt gac a caaagttcg g t a ttagtac cttggcttct a ag tacggt t 1620 

caa gaaattt gact ttgttc tgctccggta t cgttttgtt aagttacgtc gcagccattt 1680 

t ggcaggt a t catttggcca caagccttta att c taacg t tatgttgttg tcacatgcca 1 7 40 

tcttggcttt ctggttgatc ttgcaaacta g agat ttcgc tttg acaaat t a tgaccctg 180 0 

aagcaggtag aagattct ac gagtttatgt ggaaat tgta c t acgctgaa tatttggtat 1860 

a cgtttttat tgaaggtaga ggttctttgt tgacct gtgg tgacgttgaa gaaaatccag 1920 

gtcctatgaa atgttcaact ttctcctttt ggttcgtatg caagatcatc ttctttttct 1980 

t ttcctttaa catccaaaca agtatcgcaa acccaagaga aaactttttg aagtgcttct 2040 

cacaat acat acctaataac gccaccaatt t gaagttggt ttacactcaa aacaacccat 2 1 00 

tgtacatgtc cgtcttgaac agtacaatcc ataat ttgag attcacttct g a taccactc 2160 

caa aaccttt ggtcattgta acccctagtc atgtat ctca catccaaggt actatctt.at 2220 

gtt.ct.aaaaa ggttggtt tg caaattagaa ctagat ccgg t ggtca tgat agtgaaggca 2280 

tgtcatacat ctcccaagtt ccattcgt t a t cgttgattt gagaaacatg agatcaatta 2340 

aaatagacgt acactcacaa actgcttggg ttgaagct gg tgcaacatt g ggtgaagtat 2400 

actactgggt taacgaaaag aatga aaact tatcat tggc tgctggttac tgtccaacag 2460 

tttgcgcagg tggtcatt tt ggtggtggtg gttatggtcc tttaatgaga aactacggtt 2520 

tggccgctga taacataatc gacgctcatt t ggtaaatgt t cacggtaaa gttttggata 2580 

gaaagtctat gggtgaagac ttattttggg ctttgagagg tggtggtgca g a atcattcg 2640 

gtatcatagt tgcttggaag a t aagattag tcgcagtacc aaagtctact atgttctcag 270 0 

tcaaaaagat aatggaaatc catgaa ttag ttaaattggt caataagtgg c a a aac a tcg 2760 

catacaagta cgataaggac ttgttgttga t gactcattt catcacaaga aacatcaccg 2820 

ataaccaa gg taaaaataag actgctatcc acacat actt ttcttcagtt ttcttgggtg 2890 

gtgt cgattc cttagtagac ttgatgaata agtcttttcc agaattaggt attaagaaaa 2940 

ctgattgtag acaattgt ct t gga tcga ca ccat catctt ttattcaggt g t tgtcaact 3000 

acgatacaga caacttcaac aaagaaatat t attggatag atccgcaggt caaaacggtg 3060 

cctttaaaat taagttagac tacgttaaaa agccaatacc tgaatcagtt ttcgtccaaa 3 1 20 

tcttagaaaa attgtacgaa gaagatattg gtgcaggcat gtacgccttg tatccatacg 3 180 

60 
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gtggtataat ggacgaaatc agtgaatctg ccattccatt tcctcataga gctggtatc t 3240 

tatacgaatt gtggtacatt tgttcatggg aaaagcaaga agataacgaa aagcacttaa 3300 

actggattag aaacatctat aacttcatga ctccatacgt ttctaaaaac cctagattgg 3 360 

catatttgaa ctacagagat t t ggacatcg gtattaacga tccaaagaat cct aacaact 3420 

atacccaagc tagaatttgg ggt g a aaaat acttcggtaa aaatttcgat agattagtaa 3480 

aggttaagac attggt t gac ccaaa caact tctttagaaa cgaacaatcc attccacctt 3540 

t acctagaca tag acacgaa c aaaaattaa taagtgaaga agatttgtaa g t cgacctcg 3600 

agtcatgtaa ttagttat gt cacgcttaca ttcacgccct ccccccacat ccgctctaac 3660 

cgaaaaggaa ggagttagac aacctgaagt ctaggt ccct a t ttattttt t tatagt tat 3720 

gttagtat ta agaacgttat ttatatttca aat ttttctt ttttttctgt acagacgcgt 378 0 

g t acgcatgt aacattatac tgaaaacctt gcttgagaag gttttgggac gctcgaaggc 3840 

tttaatttgc gtgacat aac t aattacatg acttgact ga tttttcc 3887 

..::210 > SEQ ID NO 9 
<211 > LENGTH : 8963 
<212 > TYPE : DNA 
-:: 213 > ORGANISM: Artificial Sequence 
-:: 220> FEATURE: 
<223> OTHER INFORMATION: Codon opt i mi zed 

";:400 ::. SEQUENCE : 9 

tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg 1 2 0 

ttggcgggtg tcggggct gg cttaactatg cggcat caga gcagattgta c t gagagtgc 1 8 0 

accataaacg a cattac tat atatataata taggaagcat ttaatagaca gcatcgtaat 240 

ata tgtgtac tttgcagt ta tgacgccaga t ggcagtagt ggaaga tatt c t t tattgaa 300 

aaa tagcttg tcacct tacg tacaatct tg atccggagct tttctttttt tgccgattaa 360 

gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 420 

t gagcacgt g agtatacgtg attaa g caca c a aaggcagc ttggagtat g tctgttatta 480 

atttcacagg tagttctggt ccattggtga aagttt gcgg cttgcagagc acagaggccg 5 40 

cagaat gtgc tctagattcc gatgctgact t g ctgggtat t a t atgtgtg cccaatag aa 600 

agagaacaat tgacccggtt attgcaagga a a atttcaag tcttgtaaaa gcatat aaaa 660 

atagttcagg cactccgaaa tacttggt t g gcgtgtttcg taatca acct aaggaggatg 720 

ttttggct c t ggtcaat g a t t acggcat t g a t a t cgt cca a c t gcatgga g a tgagtcgt 78 0 

ggcaagaata ccaagagt tc ctcggtttgc c agttat taa aagactcgta t t tccaaaag 840 

actgcaacat a ctactcagt gcagcttcac agaaacctca ttcgtttatt cccttgtttg 900 

att cagaagc aggt gggaca ggtgaact tt tggattggaa ctcgatt t ct gac t gggtt g 960 

gaa ggcaaga gagccccgaa agcttaca tt t tatgttagc t ggtggact g acgccagaaa 1 020 

atgttggtga t gcgcttaga ttaaa tggcg ttattggtgt tgatgtaagc ggaggt gtgg 1 080 

agacaaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gctaagaaat 1140 

aggttattac tgagtagt at ttat ttaagt attgt ttgtg cacttgccta tgc ggtgtga 1 200 

aataccgcac agatgcgtaa ggagaaaata ccgcatcagg aaattgtaaa cgttaatatt 1 260 

t tgttaaaat tcgcgt taaa tttttgtt:aa at:cagctcat ttttt:aacc a ataggccgaa 1320 
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atcggcaaaa t cccttat aa atcaaaagaa tagaccgaga tagggttgag tgttgttcca 1380 

gtttggaaca agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc 1440 

gtctatcagg gcgatggccc actacgtgaa ccatcaccct aatcaagttt tttggggtcg 150 0 

aggtgccgta aagcactaaa tcggaaccct aaagggagcc cccgatttag agcttgacgg 1560 

ggaaagccgg cgaacgtggc gagaaaggaa gggaagaaag cgaaaggagc gggcgct agg 1620 

gcgc tggcaa gtgtagcggt cacgctgcgc gtaaccacca cacccgccgc gcttaatgcg 1680 

ccgctacagg gcgcgtcgcg ccat.tcgcca ttcaggctgc gcaactgttg ggaagggcga 1740 

tcggtgcggg cctcttcgct attacgccag ctggcgaaag ggggatgtgc tgcaaggcga 1800 

ttaagttggg taacgcc agg gttttcccag tcacgacgtt g taaaacgac ggccagtgag 1 860 

cgcgcgtaat acgactcact atagggcgaa ttgggtaccg gccgcaaatt aaagccttcg 1 920 

agcgtcccaa a accttctca agcaaggt tt tcagtataat gttacatg cg t a c acgcgtc 1980 

t gtacagaaa aaaaagaaaa atttga aata taaat aacgt tcttaatact a a cataacta 2040 

taaaaaaata aatagggacc tagacttcag gttgtctaac tccttccttt tcggttagag 2100 

cggatgtggg ggg agggcgt gaatgtaagc g t gacat aac t aattacat g actcgaggt c 2160 

gacttacttg tcat cgtcat. cttt.gtagt.c aatatcgtgg tctttatagt c a ccgt.catg 2220 

at.ccttgt a a tcctttgatc tcttgtagac cttattcaag aaagctgtca aaacgtcggc 2280 

tttaaaacct cttgat teat caacttgact a a tct ttgcc tttaagtctt t agcgatgga 2340 

ttcttcgtat t catggtaca attgttcaat cttcaaatca ttaaaaattt tcttacact t 24 0 0 

tgcttcagca actgagtcct tttt accgta gttttcatcc aaagtctttc tttgttcggc 2460 

agatgctaat tccaaagcct tgttaataac ccaactgcac ttattgtctt gaatatctgt 2520 

accgatttta cctatttgtt ctggagtacc gaaacagtct aagtagtcat cttggatttg 2580 

gaa gtattca cccaaaggt.a tcaaaacat.c t cttgcttgc ttcaagtct t t.ttcatcagt. 2640 

aataccagct acgt acat ag ccaaggcgac t ggcaaatag aaggagtaat a agcagtttc 2700 

aaa ggtgacg atg aatgaat. gttt.cttcaa ggaaaacttt gacaa gtcaa ctttat.ct.tc 2760 

aggtgcagtt atcaaatcca tcaattgacc c aattctgtt t ggaaagtaa cttcgtggaa 2820 

taattcggta atatcgat gt agtacttt t c gtttctgaaa t gtgacttca acaatttata 2880 

gatagcggct tccaacat aa aagcatcat t tatggctatt tcaccaact t ctggaacttt 2940 

gtaccagcat ggttgacc tc ttcttgttat agactt atcc atcatgtcat cggcaaccaa 3000 

aaagtatgct tgcaacaatt caatacacca acccaagata gcgacctttt cgtattcttc 3060 

ttgacctaat tgttcaacgg t tttgttaga caagat agca taagtatcaa ctacactcaa 3 120 

acct.ct at tc aatttaccac ctggagt att gtagtttaaa gagtgagcat accaatcgca 3 180 

ggcttctt ta ggcataccat aagctaacaa actagcgttc aattcttcaa ctaactttgg 3240 

gaatacgttc aagaatc t tt ctcttcttat t tcct tttct gaagccatag g a cctggat t 330 0 

ttcttcaacg tcaccacatg ttaacaaaga acctctacct tcttcgaaat gactgaattg 336 0 

ttgtctcaaa actcttct ca tgatcttgt t t gt t gcagtt ctaggtaagg atgacaatgg 3420 

gacaact c ta gtaactttga ataatgggtt c aattt cttt tgcaaaccca agttaaagga 3 480 

taatctcaat tggtt caaat caatggttgt gtcgtttgaa t ccttcaata cgaaaaatat 3540 

gaccaattgt tctggaccac cacccaaagg tggaacacca atagcagtgg tttcaaaaac 3600 

tctgtcatct act.teat.tac agactctt tc gatttcgata gaactaattt tgataccacc 3660 

gatgttcata gtgtcatcgg ctctaccgtg t gcatggtag taaccgttag aggtcaattc 3720 
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gaaaatgtca ccatgtcttc tcaatact tc ace at tcaag gttggcatac ccttgaaata 3780 

gacatcgtga tgattaccgt t taacaatgt ttttgaggca ccaaacataa caggacctaa 3840 

tgccaattca ccgatacctg gcttattttt aggcattggg taaccgttct tatctaatat 3900 

gtacaaggtg caacccatac a t tgggatga aaaagaactt aaagattgag cttgcaaaaa 3960 

tgaaccagca gaaaaagcac caccgatt c c tgtaccacca cacatttcta t a actggct t 4020 

gtagttagct ctacccatta accacaaata ttcgtctaca ttagaggctt caccggatga 4080 

agaaaagcat cttat ggt gg accaatcgta acctgaaaca caatttgtgg atttccatga 4140 

tcttacaata gatggtacga cacccaacat tgtgaccttt gcatcttgaa c aaatttagc 4200 

gaaaccagag actaaaggac taccgttgta caaggcaata gatgcaccat t taacaaact 4260 

agcataaacc aaccaaggac ccatcatcca acccaaatta gttggccata ctataacgtc 4320 

accttttcta atatccaaat gagaccaacc atcagcagca gccttcaatg gggtggcttg 4380 

tgtccaagga attgcttttg gtt cacctgt agtaccactg gagaataaga tgttagtata 4440 

agcatcaaca ggttgt t ctc t ggcagtaaa ctcgcagttt t taaactcct tggctcttt c 4500 

taaaaagtaa tcccaagata tgtcaccatc t ctcaat tct gcaccaatgt tagaaccact 4560 

acaagggata actattgcca t tggggattt a gcttcaact actcttgaat acaatggtat 4 620 

tctctt ttta cctctgatga tgtgatct tg tgtgaaaatt gccttagctt tggataatct 4680 

caatctagtt gagatttcag gggcggaaaa tgaatctgct ataga gacaa ctacgtaacc 4740 

agccaatact acggccaaat atataacaac agcatcaaca tgcattggca tatcgacggc 4800 

tattgcacaa cctttttcta aacccatt tc t tccaatgca taaccaacca accaaactct 4860 

ctttc tcaat tgat c t aacg tcaacttat t caaaggcaag tcatcgt tac cctcgtctct 4920 

ccaaacgatc atagtatcgt tcaatttctt attggagttt acgttcaagc aatttttagc 4980 

tga gttcaag taaccaccag gtaaccat tc agaaccacct gggttgttga tgtcatctct 5040 

tctcaagata cattctgggt ccttagagaa actaattttc atttcatcca tcaatactgt 5 1 00 

tctccaatag acttcagggt t tctaacaga aaattcttgg aagtgagaaa aagaagaaat 5 1 60 

t ggatcttt g t actttacac c c aaa aat c c t t t acctctc tt ttccaaca aagcacccaa 5220 

attagttgac ttgacttt tt cagggtctgg aatccaagca ggtggggctg gaccgaaatc 5280 

cttgtagcaa ccataaaaca acatttggtg taaggagaaa ggcaaatctg gtgacaagat 5340 

acggttagcg atgttgatcc aagtttgagg ggttgcagca ccataat tac aaacgatttc 5400 

tgccaatcta ccatgtaatg tttctgctac ttctgaggtg atacccaatg cgatgaaatc 5460 

tgaggcaacg act gaatcca aggacttat a gtt tttaccc atac tagttc tagatccgtc 5520 

gaaactaagt tcttggt gtt t taaaactaa aaaaaagact aactataaaa gtagaat t ta 5580 

agaagtttaa gaaatagatt tacagaat ta c aatcaatac ctaccgtctt t a tatactta 5640 

ttagtcaagt aggggaataa tttcagggaa ctggt ttaaa cctttttttt c agctttttc 5 7 00 

caaa tcagag agagcagaag gtaataga ag gtgtaagaaa atgagataga t a catgcgt g 5760 

ggtcaattgc cttgtgtcat catt t actcc aggcaggttg catca ctcca ttgaggttgt 5920 

gcccgttttt tgcctgttt g tgccctgttc t ctgtagttg cgc taagaga atggacctat 5a00 

gaactgatgg ttggtgaaga aaacaatatt ttggtgctgg gattct t ttt ttttctggat 5940 

gccagcttaa aaagcgggct ccattatatt tagtggatgc caggaataaa cctgt tcacc 6000 

caagcaccat cagtgt tat a tatt ctgtgt aacccgcccc ctattttggc atgtacgggt 6060 
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tacagcagaa ttaaaaggct aattttttga ctaaataaag ttaggaaaat cactactatt 6120 

aattatt.tac gtattctttg aaatggcagt attgataatg ataaactcga gagctccagc 6180 

t tttgttccc tttagtgagg gttaattgcg cgcttggcgt aatcatggtc atagctgttt 6240 

cctgtgtgaa attgttatcc gctcacaatt ccacacaaca taggagccgg aagcataaag 6300 

tgtaaagcct ggggtgccta atgagtgagg taactcacat taattgcgtt gcgctcactg 6360 

cccgct ttcc agtcgggaaa cctgtcgtgc cagctgcatt aatgaatcgg ccaacgcgcg 6420 

gggagaggcg gtttgcgtat. tgggcgctct t ccgcttcct cgctca ctga ctcgct.gcgc 6480 

tcggtcgttc ggctgcggcg agcggtatca gctcactcaa aggcggtaat acggttatcc 6540 

aca gaa tcag gggataacgc aggaaaga ac atgtgagcaa aaggccagca aaaggccagg 6600 

aaccgtaaaa aggccgcgtt gctggcgt tt ttccataggc tccgcccccc tgacgagcat 6660 

cacaa aaatc gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag 6720 

gcgtttcccc ctggaagct:c cct:cgt gcgc t:c t cct:g ttc cgaccctgcc gcttaccgga 678 0 

tacctgtccg cctttctccc ttcgggaagc gtggcgcttt ctcatagctc acgctgtagg 6840 

tatctcagtt cggt g t aggt cgttcgctcc aagctgggct gtgtgcacga accccccgt t 6900 

cagcccgacc gctgcgcc't't atccggta ac tatcgtcttg a g t ccaaccc ggtaagacac 6960 

gacttatcgc cactggcagc agccactggt aacaggatta gcagagcgag gtatgtaggc 7020 

ggtgctacag agt tc ttgaa gtggtggcct a a ctacggct acactagaag g a cag'tattt 7080 

ggtatctgcg ctctgctgaa gccagttacc t tcggaaaaa gagttggtag ctcttgatcc 7140 

ggcaaacaaa ccaccgctgg tagcggtggt ttttttgttt gcaagcagca gattacgcgc 7200 

agaaaaaaag gatctcaaga agatcctt tg atcttttcta cggggtctga cgctcagtgg 7260 

aacgaaaact cacgttaagg gat tttggtc atgagattat caaaaaggat cttcacctag 7320 

atccttttaa attaaaaatg aagttttaaa t caatct aaa gtatatatga gtaaact tgg 7380 

tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttcgt 7440 

tcatccatag ttgcctgact. ccccgtcgtg tagataacta cgatacggga gggctt.acca 7500 

tctggcccca gtgctgcaat gataccgcga g acccacgct caccggctcc agatttatca 7560 

gcaataaacc agccagccgg aagggccgag cgcagaagtg gtcctgcaac tttatccgcc 7620 

tccatccagt ctattaat tg ttgccgggaa gctagagtaa gtagttcgcc agttaatagt 7 680 

ttgcgcaacg ttgttgccat tgctacaggc atcgtggtgt cacgctcgtc gtttggt atg 7740 

gcttcattca gctccggttc ccaacgatca aggcgagtta catgatcccc catgtt gtgc 7800 

aaaaaagcgg ttagctcctt cggtcctccg atcgttgtca gaagtaagtt ggccgcagtg 7860 

ttatcactca tggttatggc agcactgcat aattct ctta ctgtcatgcc atccgtaaga 7920 

tgcttttctg tgactggtga gtactcaa cc aagtcattct gagaatagtg t a t gc ggcga 79BO 

ccgagttgct cttgcccggc gtcaatacgg gataataccg cgccacatag c agaacttta 9040 

aaagtgctca tcattggaaa acgttcttcg gggcgaaaac tctcaaggat cttaccgctg 9 100 

ttgagatcca gttcgatgt.a acccactcgt gcacccaact gatcttcagc atcttttact 9 160 

ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa atgccgcaaa aaagggaata 8220 

agggcgacac ggaaatgt tg aatactcat a ctcttccttt ttcaatatta t t gaagcat t 8280 

tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa 8340 

ataggggttc cgcgcacatt tccccgaaaa gtgccacctg ggtccttttc atcacgtgct 8400 

ataaaaataa ttataatt ta aattttttaa tataaatata taaattaaaa atagaaagta 9 4 60 
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aaaaaagaaa ttaaagaaaa aatagttttt gttttccgaa gatgtaaaag actctagggg 8520 

gatcgccaac aaatactacc ttttatcttg ctctt cctgc tctcaggtat taatgccgaa 8580 

ttgtttcatc ttgtctgtgt agaagaccac acacgaaaat cctgtgattt tacattttac 8640 

ttatcgttaa tcgaatgtat a t cta tttaa tctgct tttc ttgtctaata aatatatatg 8700 

t aaag tacgc tttttgttga aattttttaa acctttgttt attttttttt cttcattccg 8760 

taactcttct accttcttta tttactttct aaaatccaaa tacaaaacat aaaaataaat 8820 

aaacacagag taaattccca aattattcca t cattaaaag atacgaggcg cgtgt aagt t 8880 

acaggcaagc gatccgtcct aagaaaccat tattatcatg a cattaacct ataaaaatag 8940 

gcgtatcacg aggccctt tc gtc 8963 

c210 :.. S EQ ID NO 1 0 
< 211 > LENGTH: 7163 
<212 > TYPE: DNA 
<213> ORGANISM: Ar t i ficial Sequence 
<220> FEATURE : 
<223> OTHER INFORMATION: Codon optimized 

<400> SEQUENCE: 1 0 

tcgcgcgttt cggtgat gac ggtgaaaa cc t ctgacacat gcagct cccg g ag acggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg 1 20 

ttggcgggtg t cggggct gg cttaa ctatg cggcat caga gcaga ttgta ctgagagtgc 180 

accataaacg acattact at atatataata taggaagcat ttaatagaca gcatcgtaat 240 

atatgtgtac tttgcagtta tgacgccaga tggcagtagt ggaagatatt ctttattgaa 30 0 

aaatagctt g tcacc t t acg tac aatct tg atccggagct tttctt t ttt tgccgattaa 360 

gaattaattc ggtcgaaaaa agaaaaggag agggccaaga gggagggcat tggtgactat 4 20 

tga gcacgtg a gtatacgtg attaa gca ca c a aaggcagc ttggagtatg tctgtta t ta 480 

atttcacagg tagttct ggt ccattggtga a agtt t gcgg cttgcagagc acagaggccg 540 

cagaatgtgc tctagatt cc gatgctgact t gctgggtat tatatgtgtg cccaata gaa 600 

agagaacaat t gacccggtt attgcaagga aaatttcaag t ctt g t aaaa gcatataaaa 660 

atagttcagg cactccgaaa t acttggt tg gcgtgtttcg t aatcaacct aaggaggatg 720 

t t ttggctct ggtcaatgat t a cggcattg atatcgtcca act gcatgga g a tgagtcgt 780 

ggcaagaata ccaagagt tc ctcggtttgc c agtt attaa aagactc gta tttccaaaag 840 

actgcaacat a ctactcagt gcagcttcac agaaacctca ttcgtttatt cccttgtttg 900 

att c agaagc aggtgggaca ggt g aac t tt t ggattggaa c t cgatttct g a ctgggttg 960 

gaaggcaaga gagccccgaa agcttacatt t tatgttagc tggtggactg acgccagaaa 1020 

atgttggtga tgcgcttaga t t aaatggcg ttattggtgt tgatgtaagc ggaggtg tgg 1080 

aga caaatgg tgtaaaagac tctaacaaaa tagcaaattt cgtcaaaaat gct aagaaat 1140 

aggttattac t g a g tagt at t tat t taa gt attg tttgtg cact tgccta t gcggtgtga 1200 

aataccgcac agatgcgtaa ggaga aaata ccgcatcagg aaattgtaaa cgt t aatatt 1260 

t tgttaaaat tcgcgt taaa tttttgttaa atcagctcat tttttaacca ataggccgaa 1320 

atcggcaaaa tccct t a t aa atcaaaagaa tagaccgaga tagggt tgag tgttgttcca 1380 

gttt ggaaca agagtccact attaaagaac gtggactcca acgtcaaagg gcgaaaaacc 1440 

gtctatcagg gcgatggccc actacgtgaa ccatcaccct aatc aagtt t t t tggggtcg 1500 
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aggtgccgta aagcactaaa t cggaaccct aaagggagcc cccgatttag agcttgacgg 1560 

ggaaagccgg cgaacgtggc gagaaaggaa gggaagaaag cgaaaggagc gggcgctagg 1620 

gcgctggcaa gtgtagcggt cacgctgcgc gtaaccacca cacccgccgc gcttaatgcg 1680 

ccgctacagg gcgcgtcgcg ccat tcgcca ttcaggctgc gcaactgttg ggaagggcga 1740 

tcggtgcggg cctcttcgct attacgccag ctggcgaaag ggggatgtgc tgcaaggcga 1800 

ttaagttggg taacgccagg gttttcccag t cacgacgtt gtaaaacgac ggccagtgag 1860 

cgcgcgtaat acgactcact. a tagggcgaa ttgggtaccg gccgcaaatt a a agcctt.cg 1920 

agcgtcccaa aaccttctca agcaaggt tt tcagtataat gttacatgcg tacacgcgtc 1980 

tgtacagaaa aaaaagaaaa atttgaaata taaataacgt t cttaatact aacataacta 2040 

taaaaaaata aatagggacc tagacttcag gttgtctaac tccttccttt tcggttagag 2 100 

cggatgtggg gggagggcgt gaatgtaagc gtgacataac taattacatg actcgaggtc 2160 

gact tatgca tagtctggaa cat cgt aagg gtactttctt ggggtgtaat cgaagatcaa 2220 

caatttttcc cagaaggatc tgtaaacgtc accaaaacca acgtgagctg gatgaatgat 2280 

gta atcttgg atagtttcaa ctgattcgaa ggt t acttcg a caatgtgtg tataacctt c 2340 

ttctttcttt tgtgtaacgt. cttt.acccca gtatacatct ttcatagcag gtataat.gt t 2400 

gaccaaatta acgtaggt ct tgaaaaat tc t tccttttga gcttctgtga t t tcatcttt 2460 

aaa cttcaat actatcaaat gctt.gacggc c a taggacct gggttttctt c a acgt.cacc 2520 

acaagttaac aaggaacctc taccttcata t ttaat tggt actgatctga caactactct 2580 

ttcgacggtc aaaccaggac cgaaaccaaa t aagacaccc cattcaaaac cgtcaccagt 2640 

agtagattta ccctct tcta atgatctctt t ctcaattca tccattacga acaagacagt 2700 

ggatgaagac atgttaccgt gttcagataa aacatgtcta ctatctacaa acttttcttt 2760 

cttcaaatcc aatttttctt caaccttatc caaaatggct ttaccacctg gatgtgt tat 2820 

ccagaaaata gagttccaat ctgagatacc tataggagtg aatgcttcta tcaaacact t 2SSO 

ttctatgttg ttagagatt.a acat.tgga ac gtctttgtgc aaatcgaaga tcaaacctgc 2940 

ttctct ta ta tgaccaccaa ttgtacct tc agaattaggc aagatggtt t g acctgtact 3000 

gactaattca aatattggtc t ttcaccaac agattcgtca ggttctgcac caacaataac 3060 

agcagcagca ccgtcaccga agatagct tg accaactaac aattccaagt cagaatcact 3120 

tggacctcta aacaagcaag ccataatgtc gcaacaaaca gctaatactc tggcaccct t 3180 

gttgttttct gcaatatcct tagcgattct caaaacagta ccaccaccgt agcaacctaa 3240 

ttgatacatc atgactctct taacggatgg tgacaaacct aacaatttgg cacagtggta 3300 

gtctgcacca ggcatatctg tagt agatgc acttgt aaaa atcaaatgag tgatctttga 3360 

ctttggttga ccccattcct taatggcttt tgcacaagca tctttaccca atttaggaac 3420 

ttcgacaact aacatgtctt gtctggcatc c aatgtttgc atttcgtgtt ctaccaatct 3480 

tggatt ttgc ttcaaatgtt cttcgttcaa gaagcagttt ctctttctga tcatagact t 3540 

atcacatatt tttctaaact tttccttcaa t tgagtcatg tgttcactct tggtaactct 3600 

gaagtaataa tcaggaaatt catcttggat caatat gttt tctgggttgg ctgtacctat 3660 

ggctaatacg gaggcaggac ctt cggctct c a aat ggttc atactagttc t a gatccgt c 3720 

gaaactaagt tcttggtgtt t taaaactaa aaaaaagact aactataaaa gtagaattta 3780 

agaagt ttaa gaaatagatt tacagaat ta caatcaatac ctaccgtctt tatatactta 3840 

t tagtcaagt aggggaat aa tttcagggaa ctggtt taaa cctttttttt cagctttttc 3900 
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caaatcagag agagcagaag gtaatagaag gtgtaagaaa atgagataga tacatgcgtg 3960 

ggtcaattgc cttgtgtcat catttactcc aggcaggttg catcactcca ttgaggttgt 4020 

gcccgt tt tt tgcctgtt tg tgccctgt tc tctgtagttg cgctaagaga atggacctat 4080 

gaactgatgg ttggtgaaga aaacaatatt ttggtgctgg gattcttttt ttttctggat 4 1 40 

gccagcttaa aaagcgggct ccattatatt tagtggatgc caggaataaa cctgttcacc 4200 

caagcaccat cagtgt ta ta tattctgtgt aacccgcccc ctattttggc atgtacgggt 4260 

tacagcagaa ttaaaaggct aattttttga ctaaat aaag t taggaaaat c a c t actat t 4320 

aattat ttac gtattctttg aaatggcagt attgataatg ataaactcga g agctccagc 4380 

ttttgttccc tttagtgagg gttaattgcg cgcttggcgt aatcatggtc atagctgttt 4440 

cctgtgtgaa attgttat cc gct cacaatt ccacacaaca taggagccgg aagcataaag 4500 

tgtaaagcct ggggtgccta atgagtgagg taactcacat taattgcgtt gcgctcactg 4560 

cccgctttcc agtcgggaaa cctgtcgtgc cagct gcatt aatgaatcgg ccaacgcgcg 4620 

gggagaggcg gtt t gcgtat t gggcgctct t ccgcttcct cgctcactga c t cgctgcgc 4680 

tcggtcgt tc ggctgcggcg agcggtatca gctcact caa aggcggtaat acggttatcc 4740 

acagaa tcag gggataacgc aggaaaga ac atgtgagcaa aaggccagca a a aggccagg 4800 

aaccgtaaaa aggccgcgtt gctggcgt tt t tccataggc tccgcccccc tgacgagcat 4860 

cacaa aaatc gacgctcaag tcagaggtgg cgaaacccga caggactata aagataccag 4920 

gcgtttcccc ctggaagctc cctcgtgcgc tctcctgttc cgaccctgcc gcttaccgga 4980 

tacctgtccg cctttctccc ttcgggaagc gtggcgcttt ctcatagctc acgctgtagg 5040 

tat ctcagtt cggt g t aggt cgt tcgctcc aagctgggct gtgtgcacga accccccgt t 5 1 00 

cagcccgacc gctgcgcctt atccggtaac tatcgtcttg agtccaaccc ggtaagacac 5160 

gacttatcgc cactggcagc agccactggt aacaggatta gcagagcgag g t atgtaggc 5220 

ggtgctacag agttct t gaa gtggtggcct a a ctacggct acactagaag g acagtattt 5280 

ggtatctgcg ctctgctgaa gccagttacc t tcggaaaaa gagttggtag ctcttgatcc 5340 

ggcaaacaaa ccaccgct gg t agcggtggt t t t t ttgttt gcaagcagca g attacgcgc 5400 

agaaaaaaag gatctcaaga agatcctt tg atcttttcta cggggtctga cgctcagtgg 5460 

aacgaaaact cacgttaagg gattttggt c atgagattat caaaaaggat ct tea cc tag 5520 

atccttttaa attaaaaatg aagttttaaa tcaatctaaa gtatatatga gtaaact tgg 5580 

tctgacagtt accaatgctt aatcagtgag gcacctatct cagcgatctg tctatttcgt 5640 

t catccat ag t t gcc t gact ccccgtcgt g tagataac ta cgata cggga gggcttacca 5700 

tctggcccca gtgctgcaat gataccgcga gacccacgct caccggctcc agatttatca 5760 

gcaataaacc agccagccgg aagggccgag cgcagaagtg gtcctgcaac tttatccgcc 5820 

tccatccagt ctat taattg ttgccgggaa gctagagtaa gtagttcgcc agt taatagt 5880 

ttgcgcaacg t tgttgccat t gctacaggc atcgtggtgt cacgctcgtc gtttggtat g 5940 

gcttcattca gctccggttc ccaacgatca aggcgagtta catgatcccc catgtt gtgc 6000 

aaaaaagcgg t tagctcc t t cggtcctccg atcgtt gtca gaagtaagtt ggccgcagtg 6060 

t tatcactca tggttat ggc agcactgcat aattct ctta ctgtcatgcc atccgtaaga 6 120 

tgcttttctg tgactggtga gtactcaacc aagtcattct gagaat agtg tatgcggcga 6 180 

ccgagttgct cttgcccggc gtcaatacgg gataataccg cgccacatag c agaacttta 6240 
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aaagtgctca t cattggaaa acgttcttcg gggcgaaaac t ctcaaggat cttaccgctg 6300 

ttgagat.cca gttcgatgta acccactcgt gcacccaact gatcttcagc atcttttact 6360 

ttcaccagcg tttctgggtg agcaaaaaca ggaaggcaaa atg ccgcaaa aaagggaata 6 4 20 

agggcgacac ggaaatgt t g aatactcata ctcttccttt ttcaatatta ttgaagcatt 6480 

tatcagggtt attgtctcat gagcggatac atatttgaat gtatttagaa aaataaacaa 6540 

ataggggttc cgcgcacatt tccccgaaaa gtgccacctg ggtccttttc atcacgtgct 6600 

ata aaaataa ttataattta aatt.ttttaa tataaatata taaattaaaa atagaaagta 6660 

aaaaaagaaa ttaaagaaaa aatagttttt gttttccgaa gatgtaaaag actctagggg 6720 

gatcgccaac aaatactacc t tttatct tg ctctt cctgc t c tcaggtat taatgccga a 6780 

ttgttt catc ttgtctgtgt agaagaccac acacgaaaat c ctgtga tt t t acattttac 6840 

ttatcgttaa t cgaatgtat atct atttaa t ctgct tttc ttg tctaata aatatat atg 6900 

t aa agtacgc ttt ttgttg a a a t t ttttaa acctttg ttt attttttttt c ttcattc cg 696 0 

taactcttct accttctt ta tttactttct aaaatccaaa tacaaaacat aaaaataaat 7020 

aaa cacagag taaat t ccca a a t t attcca t cattaaaag atacgaggcg cgtgtaagt t 7080 

aca ggcaagc gatccgtcct aagaaaccat tattatcatg a cattaacct ataaaaatag 7 140 

gcgt atcacg aggccctttc gtc 7 163 

<210 > SEQ ID NO 11 
<211 > LENGTH: 8710 
<21 2 > TYPE: DNA 
<213> ORGANISM: Artificial Seque nce 
<220 > FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

.. ;:400> SEQUENCE : 11 

tcgcgcgttt cggtgatgac ggtgaaaacc t ctgacacat gcagctcccg g agacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgcgtg 120 

ttg gcgggtg tcggggct gg cttaa cta tg cggcat caga g c aga ttgt a ctgagagtg c 180 

accataaatt cccgttttaa gagcttggtg agcgctagga gtcactgcca ggtatcgttt 240 

gaacacggca t tagtcaggg a a gtcataac aca g t ccttt cccgcaattt tctttt tcta 30 0 

ttac t cttgg cctcctct ag tacactctat atttt tttat gcct cggtaa tgatt ttcat 360 

t ttttttttt cccctagcgg a t gactcttt t ttttt ctta gcg attgg ca t tatc acata 4 20 

atgaattata cat t atat aa agtaatgtga t ttctt c gaa gaatatacta a a aaat gag c 480 

aggcaaga ta aacgaaggca aagatgacag agcagaaagc cctagtaaag c g tattac aa 540 

atgaaaccaa gattcagatt gcgatctctt taaagggtgg tcccctagcg atagagcact 6 0 0 

c gatct tcc c agaaaaagag g c agaagcag tagcagaaca ggcc acacaa tcgcaagt ga 660 

ttaacgtcca cacaggta t a gggtttctgg accatatgat a catgctctg gcc aagcat t 720 

ccggctggtc gctaatcgtt gagtgcat tg gtgacttaca catagacgac catcacacca 780 

ctgaagactg cgggat tgct ctcggtcaag ctt t taaag a ggcc ctactg gcgcgtgga g 840 

taaaa aggt t t ggatcagga tttgcgcctt t ggatgaggc actttc c aga gcggt ggtag 900 

atctttcgaa caggccgtac g c agttgtcg a acttggt t t g c aaa gggag a a agtagga g 960 

a tct ctcttg cgagatga t c ccgcattttc ttgaaagctt tgcagaggct agc agaatta 102 0 

ccctccacgt tgattgtc t g cgaggcaaga atgatcatca ccgtagt gag agtgcgttca 108 0 

aggctcttgc ggttgcca t a agagaagcca cctcgcccaa t ggtaccaac gat gttccct 1140 
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ccaccaaagg tgttct tat g tagtgacacc gattatttaa agctgcagca tacgatatat 1200 

atacatgtgt atatatgtat acctatgaat gtcagtaagt atgtatacga acagtatgat 1260 

actgaagatg acaaggtaat gcatcattct atacgtgtca ttctgaacga ggcgcgcttt 1320 

ccttttttct ttttgctttt tctttttttt tctctt gaac tcgacggatc tatgcggtgt 1390 

gaaataccgc acagat gcgt aagga gaaaa taccgcatca ggaaattgta aacgttaata 1 440 

ttttgttaaa attcgcgtta aatttttgtt aaatcagctc attttttaac caataggccg 1500 

aaatcggcaa aatcccttat aaatcaaa ag a atagaccga gatagggttg agtgt tgttc 1 560 

cagtttggaa caagagtcca ctattaaaga acgtggactc caacgtcaaa gggcgaaaaa 1620 

ccgtctatca gggcgatggc ccactacgtg aaccatcacc c t aatcaagt tttttggggt 1680 

cgaggtgccg taaagcacta aatcggaacc ctaaaggg ag cccccgattt agagcttg ac 1 740 

ggggaaagcc ggcgaac g tg gcgagaaagg aagggaagaa agcgaaagga gcgggcgcta 1800 

gggcgctggc aagt g t agcg gtca cgct gc gcgt aaccac cacacccgcc gcgct t a a t g 1 86 0 

cgccgctaca gggcgcgtcg cgccatt cgc c attcaggct gcgcaactgt tgggaagggc 1920 

gatcggtgcg ggcctcttcg ctattacgcc agctggcgaa agggggatgt gctgcaaggc 1 980 

gattaagttg ggtaacgcca gggttttccc agtcacgacg ttgtaaaacg acggccagtg 2040 

agcgcgcgta atacgact ca ctatagggcg aattgggtac cggccgcaaa t taaagcct t 2 100 

cgagcgtccc aaaacctt ct caagcaaggt tttcagtata atgttacat g cgtacacgcg 2160 

tctgtacaga aaaaaaagaa aaatttgaaa tataaataac gttcttaata c t aacataac 2220 

tataaaaaaa taaataggga cctagact tc aggttgtcta actccttcct tttcggttag 228 0 

agcggatgt g gggggagggc gtgaatgtaa gcgt gacata actaattaca tgact cgagg 2340 

tcgacttaca aatcttct tc acttattaat t tttgtt cgt gtctat gtct aggtaaaggt 2400 

gga atggatt gttcgtttct aaagaagttg tttgggtcaa ccaatgtctt a acctttact 2460 

aat ctatcga aatttttacc gaagtatttt t caccccaaa ttctagcttg ggtat agttg 2520 

ttaggattct ttggatcgtt aataccgatg t ccaaatctc tgtagttcaa atatgccaat 2580 

ctagggtttt t agaaacgta t ggagtcatg aagtt ataga t gtttctaat ccagtttaag 2640 

tgcttttcgt tatcttct tg cttttcccat gaacaaatgt accacaattc gtataagata 2700 

ccagctctat gaggaaat gg aatggcagat tca ctgattt cgtccattat accaccgtat 2760 

ggatacaagg cgtacatgcc tgcaccaata t cttcttcgt acaatttttc taagat ttgg 2820 

acgaa aactg a ttcaggt at tggcttttta acgtagtcta acttaa tttt aaaggcaccg 2880 

ttttgacct g cggatctatc caataatatt t c tttgttga ag ttg t c t gt a t cgtag ttg 2940 

aca acacctg aataaaagat gatggtgtcg atccaagaca attgtctaca atcagttttc 3000 

t t a ataccta attctggaaa agacttat tc atcaagtcta ctaaggaatc gacaccaccc 3060 

aagaaaact g aagaaaagta tgtgtggat a gcagtct tat ttttaccttg gtt a tcggt g 3 120 

atgtttcttg t gatg aaa tg agtcatca ac a a caagtcct t atcgtact t g tatgcgat g 3 180 

ttttgccact t attga ccaa t t taactaat tcatggattt ccattatctt tttgactgag 3240 

aacatagtag actttggt ac tgcgactaat cttatcttcc aagcaactat gataccgaat 3300 

gat tctgcac caccacct ct caaagcccaa a a taagt ctt cacccataga c t t t ctatcc 336 0 

aaaactttac cgtgaacatt t accaaatga gcgtcgatta t gttat cagc ggccaaaccg 3420 

tagtttctca ttaaaggacc ataaccacca ccaccaaaat gaccacctgc gcaaactgt t 3480 
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ggacagtaac cagcagccaa tgat aagttt tcattctttt cgttaaccca g tagtatact 3540 

tcacccaatg ttgcaccagc ttcaacccaa gcagtttgtg agtgtacgtc tattttaatt 3600 

gatctcatgt ttctcaaatc aacgataacg aatggaactt gggagatgta tgacatgcct 3660 

tcactatcat gaccaccgga tctagttcta atttgcaaac caaccttttt agaacat aag 3720 

atagtacctt ggatgtgaga tacatgacta ggggttacaa tgaccaaagg ttttggagtg 3790 

gtatcagaag tgaatctcaa attatggatt gtactgttca agacggacat gtacaatggg 3840 

ttgttttgag tgtaaaccaa cttcaaattg gtggcgttat taggtatgta ttgtgagaag 3900 

cacttcaaaa agttttctct tgggtttgcg atacttgttt ggatgttaaa ggaaaagaaa 3960 

aagaagatga tcttgcatac gaaccaaaag g agaaagttg aacatttcat aggacctgga 4020 

ttttct tcaa cgtcaccaca ggtcaacaaa gaacctctac cttcaataaa aacgtatacc 4080 

aaata ttcag cgtagtacaa tttccaca ta aactcgtaga atcttctacc tgc t tcaggg 4 140 

t cataatttg tcaaagcgaa atctct agtt tgcaagatca a ccag a aagc c a agatggca 4200 

tgtgacaaca acat aacgtt agaattaaag gcttgtggcc aaatgatacc tgccaaaatg 4260 

gctgcgacgt aacttaacaa a acgataccg gagcagaaca a agtcaaatt tcttgaa ccg 4320 

tacttagaag ccaaggtact. aataccgaac tttgtgt cac cttcaacgtc agaggcatcc 4380 

ttgatcaagg ctaatgcaga acccatactt t tcatgaatg ccaacaaaaa tgtgaatgaa 4440 

ggtctcaatt cgaatggcaa acct.aaagca gctct t gaag cgtagtagaa ggtgaagttt 4500 

gtgatgatat gagctaagaa attcaaca aa aaggcagtac tagggttttg tttccatcta 4560 

aaaggtggt a cggaatagac aataccaccg aagataccga aacagtaacc gaagatgtac 4620 

aatggaccac ccttcatttt aattgtgatg atcaaaccga acaaggctac tatgatagac 4680 

atgatccatg cagtattgac ggatatttca cctgaagcca aaggcaaatc tggttt gtta 4740 

attctgtcga tgtgcaaatc gtatatttga ttaat t gtag tggtgaatga agcgatgcac 4800 

aagatggcaa ctaaaaagaa aaatgccttg aacatcaagg accatgaaat t a agttagtg 4860 

ttatgcaaca attctttacc gaataaaccg c atgcacaag aagtaaaagc g a ttat.ggtg 4920 

tatggtcttt gcaacttcca acatgcttta ccgaagttca aaatttttgt ggcaacagag 4 980 

tgattatcac t ttcaggt gg t tcagtttga tttg t agttg cagctctgat agagtt ctta 5040 

gctatagaca aactttcgga gcacttattt tgtaagtgga aggacttggt tgaacaatgt 5 100 

tttgatggaa agttgttg t a agagtactta ataggt gtct ttggatgtct gtaacacaac 5 160 

aatgatgttt ttggattgtt gttgtgagga ttcaat aagg tatgatagtt agtttggaag 5220 

gagaaagtac agacggatga taaacccata ctagtt ctag atccgtcgaa actaagttct 5280 

tggtgtttta aaactaaaaa aaagactaac t ataaaagta gaatttaaga agtttaagaa 5340 

atagatttac agaattacaa tcaataccta ccgtctttat atac ttatta gtc aagt agg 5400 

ggaa taattt cagggaactg gtttaa acct t tttt ttcag ctttttccaa atcagagaga 5 460 

gcagaaggta atagaaggtg taagaaaatg agatagatac atgcgtgggt caattgcctt 5520 

gtgtcatcat ttactccagg caggttgcat cac t ccattg aggttgtgcc cgttttttgc 5580 

ctgt ttgtgc cctgttctct gtagttgcgc taagagaatg gacctatgaa ctgatggttg 5640 

gtgaagaaaa caat a ttttg gtgctgggat t ctttttttt t c tgg a tgcc agcttaaaaa 5700 

gcgggctcca ttatatttag tggatgccag gaataaacct gttcacccaa gcaccatcag 5 760 

tgttatatat tctgtgtaac ccgcccccta t tttggcatg tacgggttac agcagaatta 5820 

aaaggctaat tttttgacta aataaagtta ggaaaatcac tactattaat tatttacgta 5880 
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ttctttgaaa tggcagtatt gataatgata aactcgagag ctccagcttt tgttcccttt 5940 

agtgagggtt aattgcgcgc t tggcgtaat catggtcata gctgtttcct gtgtgaaatt 6000 

gttatccgct cacaattcca cacaacatag gagccggaag cataaagtgt aaagcctggg 6060 

gtgcctaatg agtgaggtaa c t cacattaa ttgcgttgcg ctcactgccc gct t tccagt 6 1 20 

cgggaaacct gtcgtgccag ctgca ttaat gaatcggcca acgcgcgggg agaggcggt t 6 180 

tgcgtattgg gcgctcttcc gcttcctcgc tcactgactc gctgcgctcg gtcgttcggc 6240 

tgcggcgagc ggtat cagct cactcaaa gg cggtaat acg gttatccaca g a atcagggg 6300 

ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg 6360 

ccgcgttgct ggcgtttt tc cataggctcc gcccccctga cgagcatcac aaaaatcgac 6420 

gctcaagtca 9a99t99cga aacccgacag gactataaag ataccagg cg tttccccctg 6480 

gaagctccct cgtgcgctct cctgttccga ccctgccgct taccggatac ctgtccgcct 6540 

ttc t cccttc gggaagcgtg gcgctttc t c a t agct cacg c tgtaggtat c t cagttcgg 660 0 

tgtaggt cgt tcgctccaag ctgggctgt g t gcac ga acc ccccgt tcag cccgaccgct 6660 

gcgcctta tc cggtaactat cgtcttgagt ccaacccggt aagacacgac ttatcgcca c 6720 

tggcagcagc cact ggtaac aggattagca g agcgaggta tgtaggcggt gct acagagt 6780 

tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt atctgcgctc 6840 

tgctgaagcc agt taccttc ggaaa aagag ttggtagctc ttgatccggc aaacaaacca 6900 

ccgctggcag cggtggtttt tttgtttgca agcagcagat tacgcgcaga aaaaaaggat 6960 

ctcaagaaga tcctttgatc ttttctacgg ggtctgacgc tcagtggaac gaaaactcac 7020 

gtt aagggat tttggt catg agattatcaa aaaggat ctt cacctagat c c t ttt aaatt 708 0 

aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct g a cagttacc 7 1 40 

aatgcttaat cagtgaggca cctatctcag cgatct gtct a tttcgttca tccatagttg 7200 

cct gactccc cgtcgtgtag ataactacga tacgggaggg cttaccatct ggccccagtg 7260 

ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca ataaaccagc 7320 

cagccggaag ggccgagcgc agaagtggt c ctgcaacttt a t ccgcctcc a t ccagtct a 7380 

ttaattgttg ccgggaa gct agagtaagta gttcgccagt t aatagtttg cgcaacgttg 7440 

ttgccattgc t acaggcatc gtggt g tcac gctcgt cgtt tggtatggct tcattca gct 7500 

ccggttccca acg a tcaagg cgagttacat g a tcccccat gttgtgcaaa aaagcggtta 7560 

gctccttcgg tcctccga tc gttgtcagaa gtaagttggc cgcagtgtta tcactcatgg 7620 

ttatggcagc actgcat a a t t c t ctt ac tg t cat gccat c cgtaagat gc ttttctgt g a 7680 

ctggtgagta ctcaaccaag tcattctgag a at agt gtat gcggcgaccg agttgctctt 7740 

gcccggcgtc aatacgggat aataccgcgc c a catagcag aactttaaaa gtgctcatca 7800 

ttggaaaacg ttcttcgggg cgaaaactct caaggat ctt a ccgctgttg agat ccagt t 786 0 

cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttacttt c accagcgttt 7920 

ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg gcgacacgga 7980 

aatgttgaat actcatactc ttcctttttc aatatt attg aagcatttat cagggttatt 8040 

gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata ggggttccgc 8 1 00 

gca cat ttcc ccgaaaagtg ccacctgggt ccttttcatc acgtgctata aaaataatta 8 1 60 

taatttaaat tttttaatat aaatatataa attaaaaata gaaagtaaaa a aagaaatta 8220 
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aag aaaaaat agtttttgtt ttccgaagat gtaaaagact ctagggggat cgccaacaaa 8280 

tactaccttt tatcttgctc t tcctgctct caggtattaa tgccgaattg tttcatcttg 8340 

tctgtgtaga agaccacaca cgaaaatcct gtgattttac attttactta tcgttaatcg 8 4 0 0 

aatgtatatc tatttaatct gcttttcttg tctaataaat atatatgtaa a gtacgcttt 2 46 0 

ttgttgaaat tttttaaacc tttgtttatt t ttttttctt cattcc gtaa ctcttctacc SS20 

ttc tttattt actttct aaa a tccaaatac aaaacataaa aataaataaa cacagagtaa ssso 

attcccaaat tattccatca ttaaaaga ta cgaggcgcgt gtaagttaca ggcaagcgat 8640 

ccgtcctaag aaaccatt at tatcatgaca ttaacct ata aaaataggcg t a tcacgagg 8700 

ccct ttcgtc 871 0 

< 210> S EQ ID NO 12 
c 211 > LENGTH : 9 617 
< 212"> TYPE: DNA 
<213 > ORGANISM: Ar tificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<400 > SEQUENCE: 1 2 

tta tcatgac attaacctat. aaaaataggc gtatcacgag gccctttcgt ctcgcgcgt t 60 

t. cggt.gat.ga cggtgaaaac c tctgacaca t gcagctccc ggaga cggtc acagcttgtc 120 

tgtaagcgga tgccgggagc agacaagccc gtcagggcgc g t cagcgggt gt tggcgggt 1 8 0 

gtcggggctg gcttaact at g cggc atcag agc agattg t actgagagt g caccacgct t 240 

ttcaattcaa ttcatcat tt t t t t tttatt c ttttttttg a tttcggttt ctttgaaat t 30 0 

tttttgattc ggtaatct cc gaacagaagg aagaacgaag gaaggagcac agacttagat 360 

tggtatatat a cgcatat gt agtgt tgaag aaacatgaaa ttgcc cagta t t cttaa ccc 42 0 

aactgcacag aacaaaaacc tgcaggaaac gaagat aaat catgtcgaaa gctacat.ata 4S O 

aggaacgtgc tgctactcat cctagtcctg t tgctgccaa gctatttaat atcatgcacg 540 

aaa agcaaac aaac ttgt gt. gctt.cattgg atgttcgtac caccaaggaa ttactggagt 600 

tagttg aagc attaggtccc aaaatttg tt tactaaaaac acatg t ggat atcttg a c t g 660 

atttttccat ggagggcaca gttaagccgc t a a aggcatt a t ccgccaag tacaat tttt 720 

tact.ct tcga agacagaaaa tttgctgaca ttgg t aatac agtcaaatt g cagtactctg 780 

c gggtgtat a cagaatagca gaatgggcag acattacgaa tgcacacggt g t ggtgggcc 8 4 0 

caggtattgt tagcggtt tg aagcaggcgg c agaaga agt aacaaaggaa cctagaggcc 9 0 0 

ttttgatgtt agc agaattg tcatgcaagg gctccctatc tactggaga a tat actaagg 960 

g t ac tgttga cattgcgaag agcgacaaag attttgtta t cggctttat t gctcaaagag 1020 

aca tgggtgg aagag atgaa ggt t a cga tt ggttgattat gacacccggt gtgggt t t a g l OS O 

a t gac aaggg agacgcat tg ggtcaaca gt atagaaccgt ggatgat gtg g t c tct a c a g 1140 

gatctgacat tattattgtt ggaagaggac tatttgcaaa gggaagggat gctaaggtag 120 0 

agggtgaacg ttacagaaaa gcaggctggg aagcat attt gagaagatgc ggccagcaaa 1260 

a ctaaa aaac tgtatta t aa gtaaatgcat gtatactaaa ctcacaaatt agagct.tcaa 1320 

tttaat.tata tcagtta t ta ccctgcggtg t gaaat accg cacaga tgcg taaggagaaa 1380 

ataccgca tc aggaaattgt aaacgttaat attttgttaa aattcgcgtt aaatt t.ttgt 1440 

taaatcagct catttttt aa c caataggcc gaaatcggca aaatccctta t aaat c aaaa 150 0 

gaatagaccg agatagggtt gag t gttgtt ccagtt t gga acaagagtcc actattaaag 1560 
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aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt 1620 

gaaccatcac cctaatcaag ttttttgggg tcgaggtgcc gtaaagcact aaatcggaac 1680 

cctaaaggga gcccccgatt tagagcttga cggggaaagc cggcgaacgt ggcgagaaag 1740 

gaagggaaga aagcgaaagg agcgggcgct agggcgctgg caagtgtagc ggt cacgctg 1 900 

cgcgtaacca ccacacccgc cgcgcttaat gcgccgctac agggcgcgtc gcgccattcg 1 860 

ccattcaggc tgcgcaactg ttgggaaggg cgatcggtgc gggcctcttc gctattacgc 1920 

cagctggcga aggggggatg t gctgcaag g cgattaagtt gggtaacgcc agggt tttcc 1 980 

cagtcacgac gttgtaaaac gacggccagt gaattgtaat a cgactcact atagggcgaa 2040 

ttggagctct agtacggatt agaagccgcc g agcgggcga cagccctccg acggaagact 2 1 0 0 

ctcctccgtg cgtcctcgtc ttcaccggtc gcgttcctga aacgcagatg tgcctcgcgc 2160 

c gcactgctc cgaacaataa agattctaca atactagctt ttatggttat gaagaggaaa 2220 

aattggcagt aac c t ggccc cacaaacctt caaattaacg aatc aaa tta acaaccatag 2280 

gat gataat g cgattagttt t t t agcctt a t ttct ggggt aattaatcag cgaagcgat g 2340 

a t ttttgatc tattaacaga tatataaatg gaaaagctgc ataaccactt t a actaata c 2400 

tttcaacatt ttcagttt gt att acttctt attcaaatgt cataaaagta tcaacaaaaa 2460 

attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tctagaacta 2520 

gtggatcccc catcatgaac catttgagag ccgaaggtcc tgcctccgta ttagccatag 2580 

gtacagccaa cccagaaaac atattgatcc aagatgaatt tcctgattat tacttcagag 2640 

ttaccaagag tgaacacatg actcaattga aggaaaagtt tagaaaaata tgtgataagt 2700 

ctatgatcag aaagagaaac tgcttcttga acgaagaaca tttgaagcaa a a t ccaagat 2 76 0 

tggtagaaca cgaaatgcaa acattggatg ccagacaaga catgttagtt g t cgaagtt c 2820 

cta a a ttggg taaagatgct tgtgcaaaag ccattaagga a tggggtcaa ccaaagtcaa 2880 

agatcactca tttgattt tt acaagtgcat ctactacaga tatgcctggt gcagactacc 2940 

actgtgccaa attgttaggt ttg tcaccat ccgttaagag agtcatgatg tatcaattag 300 0 

gtt gct acgg t ggt ggt act gttttgagaa t cgctaagga t att gcagaa aacaacaagg 3060 

gtgccagagt attagctgtt tgttgcgaca t tatggcttg cttgtttaga ggtccaagtg 3 120 

attc tgact t ggaattgt ta gttggtcaag ctatcttcgg tgacggtgct gctgctgtta 318 0 

ttgt tggtgc agaacctgac gaatctgttg gtgaaagacc aatattt gaa ttagtcagta 3240 

caggtcaaac catcttgcct aattctgaag gtacaattgg tggtcatata agagaagcag 3300 

gtttgat c tt cgatttgca c aaagacgt t c c a a t g ttaat ctctaacaac a t agaaaagt 3360 

gtttgataga agcattcact cctataggta t ctcagattg gaactctatt ttctggataa 3420 

cacatccagg tggtaaagcc attttgga ta aggttgaaga aaaattggat ttgaagaaa g 3480 

aaaagt t tgt agat agtaga catgtttta t ctgaacacgg t aacatg t ct tcat cca c t g 3540 

tcttg ttcg t aatggatgaa t tgagaaa ga gatcat taga agagggtaaa tctactactg 3600 

gtgacggttt tgaatggggt gtct t atttg gtttcggtcc tggtttgacc gtcgaaagag 3660 

tagttgtcag atcagtacca attaaatatg aaggtagagg ttccttgtta acttgt ggtg 3720 

acgttgaaga aaacccaggt cctatggcc g t caagcattt gatagt attg aagtttaaag 3780 

atgaaatcac agaagctcaa aaggaagaat ttttcaagac ctacgttaat ttggtcaaca 3840 

ttatacctgc tatgaaagat gtatactggg gtaaagacgt tacacaaaag a a agaagaag 3900 
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gttatacaca cattgtcgaa gtaaccttcg aatcagttga aactatccaa g a ttacatca 3960 

ttcatccagc tcacgttggt t ttggtgacg tttacagatc cttctgggaa aaattgttga 4020 

tcttcgatta caccccaaga aagt t aaagc caaaataatg ataacgagaa taatatcaag 4080 

aataccttag aacaacatcg acaacaacaa caggcatttt cggatatgag tcacgtggag 4 1 40 

tattccagaa ttacaaaatt ttttcaagaa caaccactgg agggatatac ccttttctct 4200 

cacaggtctg cgccatgggt ttatcatccg t ctgtacttt ctccttccaa actaactatc 4260 

ataccttatt gaatcctcac aacaa caat c c a aaaa catc attgttgtgt tacagacatc 4320 

caaagacacc tattaagt ac tcttacaaca actttccatc aaaacattgt tcaaccaagt 4380 

ccttccactt acaaaataag t gctccgaaa gtttgt ctat agctaagaac tctatc a gag 44 40 

ctgcaacta c aaatcaaact gaaccacctg aaagtgataa tcactctgtt gccacaaaaa 4500 

ttt tgaactt cggtaaagca tgttggaagt t gc aaagacc ataca ccata atcgctttta 4S60 

cttcttgtgc atgcggttta ttcgg t a aag a attg ttgca taacactaac t t aat ttc a t 4620 

ggtccttgat gttcaaggca tttttctttt tagttgccat cttgtgcatc gcttcattca 4680 

ccactacaat taatcaaata t acgatttgc acatcgacag a a ttaacaaa ccagatttgc 4740 

ctttggcttc aggtgaaata tccgtcaata ctgcat ggat cat gtctatc atagtagcct 4800 

t g ttcggttt gatcat caca attaaaatga agggt ggtcc attgtacatc ttcggttact 4860 

gtttcggtat cttcggtggt a t t gtctatt ccgtaccacc ttttagatgg aaacaaaacc 4920 

ctagtactgc ctttttgt tg aatttcttag ctcatatcat cacaaacttc accttctact 4980 

a cgcttcaag agctgctt t a ggtttgccat t cgaat tgag accttcattc acatttttgt 5040 

tggcattcat gaaaagtatg ggttctgcat tagccttgat caaggatgcc tctgacgttg 510 0 

aaggtgacac aaagttcggt attagtacct t ggcttctaa gtacggttca agaaatttga 5 160 

ctttgttctg ctccggtatc gttttgttaa gttacgt cgc agccattttg gcaggtatca 5220 

tttggccaca agcctt t aat tctaacgtta tgttgttgtc acatgccatc ttggctttct 5280 

ggttgatctt gcaaactaga gatttcgctt t gacaaatta t gaccctgaa gcaggtagaa 5340 

gattctacga gtttatgt gg aaattgtact acgctgaata tttggtatac gtttttattg 5400 

aaggtagagg t tctttgt t g acctgtggtg acgtt gaaga aaatccaggt cctatgaaat 5460 

gttcaacttt ctcctttt gg ttcgtatgca agatcatctt ctttttcttt tcctt taaca 5520 

tccaaacaag tatcgcaaac ccaagagaaa actttt tgaa gtg cttctca caatacatac 5580 

ctaa t aacgc caccaatt tg aagttggttt acactcaaaa caacccattg t a catgtccg 5 6 40 

tcttgaacag tacaatccat aatttgagat t cactt ctga taccactcca aaacctttgg 5700 

tcattgtaac ccctagt cat gtatctcaca t ccaaggtac tatcttatgt tctaaaaagg 576 0 

t tggtt tgca aat tagaact agat ccggtg gtcatgatag tgaaggcatg tcatacatct 5920 

cccaagttcc attcgttatc gttgatttga g a aacatgag atcaattaaa atagacgtac 5880 

actcacaaac tgcttgggtt gaagctggtg caacattggg tgaagtatac tactgggtta 5940 

acgaaaagaa tgaaaact ta tcattggctg ctggt t actg tccaacagtt tgcgcaggtg 6000 

gtcattttgg t ggtggtggt tatggtcc t t taatgagaaa ctacggtttg gccgctgata 6060 

acataatcga cgctcatttg gtaaatgtt c acggt aaag t tttggataga aagtctatgg 6 1 20 

gtgaagactt attttgggct ttgagaggtg gtggtgcaga atcattcggt atcatagttg 6 180 

cttggaagat aagattag tc gcagtaccaa agtctactat gttctcagtc aaaaagataa 6240 

tggaaatcca tgaattagtt aaattggtca ataagtggca aaacatcgca tacaagt acg 6300 

88 
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ataaggactt gttgttgatg actcatttca t cacaagaaa catcaccgat aaccaaggta 6360 

aaaataagac tgctatccac acatactttt cttcagtttt cttgggtggt gtcgat.tcct 6420 

tagtagactt gatgaataag tcttttccag aattaggtat taagaaaact gattgtagac 648 0 

aattgtcttg gatcgacacc a tcatctttt attcaggtgt tgtca ac tac gat acagaca 6S40 

acttcaacaa agaaatatta ttgga tagat ccgcaggtca aaacggt gcc tttaaaatta 6600 

agttagacta cgttaaaaag ccaatacctg aatcagtttt cgtccaaatc t tagaaaaat 6660 

tgtacgaaga agatatt ggt gcaggcatgt acgcct tgta tccatacggt ggtat aatgg 672 0 

acgaaatcag tgaatctgcc a t tccatttc ctcatagagc t ggtatctta tacgaattgt 6780 

ggtacatttg ttcatgggaa aagcaagaag ataacgaaaa gcacttaaac tggattagaa 6840 

a catctataa cttcatgact ccatacgttt ctaaaaaccc ta9attg9ca tatttgaact 690 0 

acagagat tt ggacatc ggt a ttaa cgatc caaagaatcc taacaactat a cccaagcta 696 0 

gaat ttgggg tgaaaaat ac ttcggtaaaa att t cgatag attagtaaag g t taagacat 7020 

tgg ttgaccc a aacaacttc t t t agaaacg aacaatccat t ccaccttt a cctagacat a 7080 

gacactgatg ggctgcagga a t tcgatatc aagctt atcg ataccgtcga cctcgagtca 7 1 40 

tgtaattagt tatg tcacgc t tacattcac gccctccccc cacatccgct ctaaccgaaa 720 0 

aggaaggagt tagacaacct g aagtctagg tccctattta tttttttata gttatgttag 7 260 

tattaagaac gttatttata tttcaaattt ttctt t tttt t ctgtacaga cgcgtgtacg 7 320 

catgtaacat tat actgaaa accttgct tg agaaggtttt gggacgctcg aaggctttaa 7 380 

t ttgcggccg gtaccca gct tttgttccct ttagtgaggg ttaattccga gcttggcgta 7 4 40 

atcatggtca tagctgtttc ctgtgtgaaa t tgt tat ccg ctcacaa ttc cacacaacat 7500 

aggagccgga agcataaagt gtaaagcctg gggtgcctaa t gagtgaggt aactcacat t 7560 

aattgcgttg cgctcactgc ccgctttcca gtcgggaaac ctgtcgtg cc agctgcatta 7620 

atgaatcggc caacgcgcgg ggagaggcgg tttgcgt a tt gggcgctctt ccgcttcctc 7680 

gctcactgac tcgctgcgct cggtcgttcg gctgcggcga gcggtatcag c t cactcaaa 7740 

ggcgg taata cgg ttatcca cagaatc a gg ggataacgca ggaaa gaaca t gtgagcaaa 7800 

a ggccagcaa aaggccagga accgtaaaaa ggccgcgttg ctggcgtttt t ccat aggct 7860 

cggcccccct gacgagca tc acaaaaatcg acgct caagt cagaggtggc gaaacccgac 792 0 

aggactataa agataccagg cgttcccccc t ggaagctcc c tcgtgcgct etc ct gt tee 7980 

gaccctgccg cttaccggat acctgtccgc ctttctccct tcgggaagcg tggcgctttc 8 040 

t c a atgct c a cgctgt aggt atctcagt t c ggtgt aggtc gtt cgctcca a g ctggg c t g 8 1 0 0 

tgtgcacgaa ccccccgt tc agcccgaccg c tgcgcct ta tccggtaact atcgtct tga 8 1 60 

gtccaacccg gtaag acacg acttatcgcc actggcagca gccactggta acaggattag 8220 

cagagcgagg tatg taggcg gtgctacaga gttcttgaag t ggtggccta act acggcta 8280 

cactag aagg acagtatt tg gtatctgcgc t ctgct gaag ccagttacct tcggaaaaag 8340 

agttggtag c t ct t gatccg gcaaacaaa c caccgctggt agcggtggtt ttt ttgtttg 8400 

caagcagcag attacgcgca gaaaaaaagg atctc aagaa gatcctttga tctttt ctac 8460 

ggggtctgac gctcagt gga a cgaaaactc acgttaaggg attttggt c a t g agattatc 8520 

aaaaaggatc ttcacctaga tccttttaaa t taaaaatga agttttaaat caatctaaag 858 0 

tatatatgag taaact tggt ctgacagtta ccaatgctta atcagtgagg c a cctatctc 8640 
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agcgatctgt ctatttcgtt catccatagt t gcct gactg cccgtcgtgt agataactac 8700 

gatacgggag ggcttaccat ctggccccag tgctgcaatg ataccgcgag acccacgctc 8760 

accggctcca gatttatcag caataaacca gccagccgga agg gccgagc gcagaagtgg 8820 

tcctgcaact ttatccgcct ccatccagtc tattaattgt tgccgggaag ctagagt aag 2880 

tagttcgcca gttaatagtt tgcgcaacgt tgt tgccatt gctacaggca tcgtggtgtc 8940 

acgc tcg tcg tttggtat gg cttcattcag ctccggttcc caacgatcaa ggcgagt tac 9000 

atgatccccc atgttgtgaa aaaaagcggt tagctccttc ggtcct ccga tcgttgtcag 9060 

aagtaagttg gccgcagt gt tatcactcat ggttatggca gcactgcata attctcttac 9 1 20 

t g tcatgcca tccg taaga t gcttttctgt g ac tggtgag t actcaacca a gtcattct g 9 180 

agaatagtgt atgcggcgac cgagttgctc ttgcccggcg tcaatacggg ataataccgc 9240 

gccacatagc agaactttaa aagt gctcat c a ttggaaaa cgttcttcgg ggcgaaaact 9300 

ctcaaggat c ttaccgctgt t gagatccag t tcgat gtaa cccactcgtg c a cccaact g 9360 

atcttcagca tct tttactt tcaccagcgt ttctgggtga gcaaaaacag gaaggcaaaa 9420 

tgccgcaaaa aagggaataa gggcgacacg g a aat gt tga atac t catac tcttccttt t 9480 

tcaatattat tgaagcattt atcagggtta ttgtct catg a gcggataca t a tttgaatg 9540 

t a tt taga a a aataaacaaa taggggtt cc gcgcacattt ccccgaaaag tgccacctga 9600 

cgt ctaagaa accatta 961 7 

<210> SEQ ID NO 13 
<211> LENGTH: 7879 
<212 > TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<400> SEQUENCE : 13 

aacctataaa aataggcgta tcacgaggcc ctt t cgt ctc gcgcgtttcg gtgatgacgg 6 0 

tgaaaacctc tgacacat gc agctcccgga g a cggt caca gcttgtctgt a agcggat.gc 1 20 

cgggagcaga caagcccgt.c agggcgcgt.c agcgggt.gt.t ggcgggtgtc ggggctggct 180 

taactatgcg gcatcagagc agattgtact gagagt gcac cacgcttttc aattcaattc 240 

a tcatttttt ttttattctt ttttttgatt tcgg tttc t t tgaaatttt t t tga t tcggt 300 

aatctccgaa cagaaggaag aacga aggaa ggagcacaga cttagattgg tatatatacg 360 

cata t gtagt gttgaagaaa catgaaat t g cccagtattc ttaacccaac tgcacagaac 420 

aaaaacctgc aggaaacgaa gataaatcat gtcgaaagct a catataagg aacgtgctgc 480 

tactcatcct agtcctgt tg ctgcca agct atttaatatc atgcacgaaa agcaaacaaa 540 

cttgtgtgct t cattggatg t tcgtaccac c a aggaatta ctggagttag ttgaagcatt 600 

aggtcccaaa att t gttt ac taaaaa c a ca t gtggatatc ttgactgatt tttccatgga 660 

gggcacagtt aagccgctaa aggcattatc cgccaagtac aattttttac tcttcgaaga 720 

cagaaaattt gctgacat t.g gtaatacagt. caaat t gcag tactctgcgg gtgtat.aca g 780 

aatagcagaa t gggc agaca ttacgaatgc acacggtgtg g tgggcccag gtatt gttag 8 40 

cggtttgaag caggcggcag aagaagtaac a a aggaacct agaggccttt tgatgttagc 900 

a gaattgtca tgcaagggct ccctatctac tggagaata t actaagggta ctgttgacat 960 

tgc gaagagc gacaaagatt ttgttatcgg ctttattgct caaagagaca tgggtggaag 1020 

agatgaaggt tacgattggt tgattatgac acccggtgtg ggttta gatg acaagggaga 1080 
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cgcattgggt caacagtata gaaccgtgga tgatgtggtc tctacaggat ctgacattat 1140 

tattgttgga agaggactat ttgcaaaggg aagggatgct aaggtagagg gtgaacgtta 1200 

cagaaaagca ggctgggaag catatttgag aagatgcggc cagcaaa act aaaaaactgt 1260 

attataagta aatgcatg t a tactaaactc acaaat taga gcttcaattt aat t atatca 1320 

gttattaccc tgcggtgtga aataccgcac agatgcgtaa ggagaaaata ccgcatcagg 1 380 

aaattgtaaa cgttaatatt ttgttaaa at tcgcgttaaa tttttgttaa atcagctcat 1440 

tttttaacca ataggccgaa atcggcaa aa t ccctt ataa atcaaaagaa tagaccgaga 1 500 

tagggttgag tgttgttcca gtttggaaca agagtccact attaaagaac gtggactcca 1560 

acgtcaaagg gcgaaaaacc gtctatcagg gcgatggccc actacgtgaa ccatcaccct 1620 

aatcaagttt tttggggt cg agg tgccgta aagcact aaa tcggaaccct aaagggag cc 1 68 0 

cccgatttag agcttgacgg ggaaagccgg cgaacgtggc gagaaaggaa gggaagaaag 1740 

c gaaagg agc gggcgct agg gcgctggcaa gtgt agcggt cacgctgcgc g t aacca cca 1 80 0 

cacccgccgc gct t a atgcg ccgctacagg gcgcgtcgcg ccattcgcca t t caggctgc 1 860 

gcaactgt tg ggaagggcga tcggtgcggg cctctt cgct attacgccag ctggcgaagg 1 920 

ggggatgtgc tgcaaggcga ttaagttggg taacgccagg gttttcccag tcacgacgtt 1 980 

gtaaaacgac ggccagtgaa ttgtaatacg actcactata gggcgaattg gagctctagt 2040 

a egg at tag a agccgccgag cgggcgacag ccctccgacg g a agactctc ctccgtgcgt 2 100 

cctcgtcttc accggtcgcg ttcctgaaac gcagacgcgc cccgcgccgc actgctccga 2 160 

acaataaaga ttctacaata ctagctttta tggttatgaa gaggaaaaat tggcagtaac 2220 

ctggccccac aaacc t t caa attaacgaat caaat t aaca accataggat g a taatgcga 228 0 

ttagtttttt agccttat tt ctggggtaat taatcagcga agcgatgatt tttgatctat 2340 

taacagatat ataaatggaa aagctgcata accact ttaa ctaatacttt c aacattttc 2400 

agtt tgtatt acttcttatt caaatgtcat a a aagt atca acaaaaaatt g ttaatatac 2460 

ctctatactt taacgtcaag gagaaaaaac cccggattct agaactagtg gatcatgaac 2520 

catttgagag ccgaaggt cc t gcctccg t a t tagccatag g t acagccaa cccagaaaac 2580 

atattgatcc aagatgaatt tcctgattat t acttcagag ttaccaagag tgaacacatg 2640 

actcaa ttga aggaaaagtt t agaa aaata t gtgat aagt ctatgatcag aaagagaaac 2700 

tgcttcttga acg aagaaca tttgaagcaa aatccaagat tggta gaaca cgaaat g c aa 2760 

acattggatg ccagacaaga catgttagtt gtcgaagttc ctaaattggg taaagatgct 2820 

t g t gcaaaag ccattaagga atggggt caa ccaaagt c aa agatcac t c a tttgatt ttt 2880 

aca agtgcat ctactacaga tatgcctggt gcagact acc actgtgccaa a t t gtt aggt 2940 

t tgtcaccat ccgttaagag agtcatg a tg tatcaattag gttgctacgg tggtggtact 3000 

gttttgagaa tcgctaagga tat tgcag aa aacaacaagg gtgccagagt att agctgtt 3060 

t gtt gcgaca t tatggct tg cttgttta ga ggtccaagtg a t tctgact t ggaattgtta 3 120 

gttggtcaag ctatct tcgg tgacggtgct gctgctgtta ttgttggtgc agaacctgac 3 180 

gaatctgt tg gtgaaagacc aatatttgaa t tagtcagta caggtcaaac catctt gcct 3240 

aat tctgaag gtacaattgg tggtcatata agagaagcag gtttgatct t cgatt tgcac 3300 

aaagacgttc caatgttaat ctctaacaac atagaaaagt gtttgataga a g e a t tcact 3360 

cctataggta tctcagattg gaactctatt ttctggataa cacatccagg tggtaaagcc 3420 
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attttggata aggttgaaga aaaattggat t tgaagaaag aaaagtttgt agatagtaga 3480 

catgttt.tat ctgaacacgg t aacatgtct t catccactg tcttgttcgt a a tggatgaa 3540 

t tgagaaaga gatcat t aga agagggtaaa t ctact actg gtg acggttt tgaatggggt 3600 

gtcttatttg gtttcggt cc tggtttga c c gtcgaaagag tagttgtcag atcagtacca 3660 

attaaatatg aaggtagagg ttccttgtta acttgt ggtg acgttgaaga aaacccaggt 3 720 

ccta t ggccg tcaagcat tt gatagtat tg aagtt t aaag atgaaatcac agaagctcaa 3780 

aaggaagaat ttt t caagac ctacgtta a t t tggtcaaca ttata cctgc t a t.gaaagat 3840 

gtatactggg gtaaagacgt tacacaaaag aaagaagaag gttatacaca cattgtcgaa 3900 

gtaaccttcg aatcagttga aactatccaa gat tacat ca ttcatc cagc tcacgttggt 3960 

tttggt gacg ttt ac agatc cttctgggaa aaattgttga t c ttcga tt a c a c cccaaga 4020 

aagtgataac gagaataata tcaagaatac cttagaacaa catcgacaac a a c aacaggc 4080 

attt tcggat atgag t cacg t gga g t a t t c c agaattaca a aatttt ttc a agaaca acc 4 140 

actggaggga tataccct tt tctctcacag gtctgcgcca tgggtttatc atccgtctgt 4 200 

act ttct cct tccaaac t aa ctatcatacc tta ttgaatc c t cacaacaa c a a t cca a aa 4260 

aca tcattgt tgtgt t acag acat.ccaa ag acacct atta a g t act c t t a c a acaactt t 4320 

ccatcaaa ac a t tgttcaa c caagt cct t c c actt acaaa ataagt gctc cgaaagttt g 4380 

tct atagcta agaactctat cag agctgca actacaaatc a aactgaacc acctgaa agt 4440 

gataatcact ctgttgccac aaaaattt t g a a cttcggta aagcatgttg g a agttgcaa 4500 

agaccataca ccataatcgc ttttacttct t gtgcatgcg gtttattcgg taaagaattg 4 560 

ttgcataaca ctaact taat ttcatggtcc t tgatgttca aggcattttt ctttttagtt 4620 

gccatcttgt gcatcgcttc attca ccact acaattaatc aaatatacga tttgcacat c 4680 

gacagaat ta acaaaccaga tttgcctttg gcttcaggtg aaatatccgt caatactgca 4740 

tggatcatgt ctat cat agt agccttgt tc ggt t tgatca tcacaattaa a a tgaagggt 4900 

ggtccattgt acatct t cgg ttactgtttc ggtatct tcg gtggtattgt ctattccgta 4960 

cca cct ttta gatggaaaca aaaccctagt actgcctttt tgttgaattt cttagctcat 4 920 

atcatcacaa acttcacctt ctactacgct t caagagctg ctttaggttt gccatt cgaa 4990 

ttgagacct t cat t cacatt tttgttggca t t c a t gaaaa g t a t gggtt c tgcat tag cc 5040 

t tgatcaagg atgcctct ga cgttgaaggt gacacaaagt tcggtattag tac ct tggct 5 100 

tctaagtacg gttcaagaaa tttgac tttg t tctgctccg gtatcgtttt g t taagttac 5 160 

gtcgcagcca t t t tggcagg tatcatttgg ccacaagcct ttaattctaa cgttatgttg 5220 

ttgtcaca tg ccatct t ggc tttctggttg atcttgcaaa ctagagattt cgctt tgaca 5280 

aattatgacc ctgaagcagg tagaagat tc t a cgagttta tgtggaaat t gtactacgct 5340 

gaa tatttgg tat acgtt tt tattta acga taccgt cgac ctcgagtcat gtaatta gt t 5 400 

atgtcacgct tacattcacg ccctcccccc acatccgctc t aaccgaaaa ggaaggagt t 5460 

aga caacctg aagt ctaggt ccctatttat t tt t t t atag ttatgttagt attaagaacg 5520 

ttatttatat t tcaaatt tt t ctt t ttt tt c t gtacagac gcgtgtacgc atgtaacat t 5580 

ata ctgaaaa cct t gcttga gaaggtttt g ggacgct cga aggctt taat t t gcggccgg 5640 

tacccagctt ttgt tccctt tag tgagggt t aattccgag cttggcgtaa tcatggtcat 5 700 

agctgt ttc c tgtgtgaaat tgttatccgc t cacaattcc acacaacata ggagccggaa 5760 

gcataaagtg taaagcct gg ggtgcctaat g agtgaggta actcacatta attgcgt tgc 5 9 20 
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gctcactgcc cgctttccag tcgggaaacc tgtcgtgcca gctgcattaa tgaatcggcc 5880 

aacgcgcggg gagaggcggt t tgcgtat tg ggcgctcttc cgcttcctcg ctcactgact 5940 

cgctgcgctc ggtcgttcgg ctgcggcgag cggtatcagc tcactcaaag gcggtaatac 6000 

ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaaaa g gccagcaaa 6060 

aggccaggaa ccgtaaaaag gccgcgttgc tggcgttttt ccataggctc ggcccccctg 6 120 

acgagcatca caaaaatcga cgctcaagtc agaggtggcg aaacccgaca ggactataaa 6180 

gataccaggc gttcccccct ggaagctccc t cgtgcgctc t cct g t tccg accct gccgc 6240 

ttaccggata cctgtccgcc tttctccctt cgggaagcgt ggcgctttct c aatgctcac 6300 

gctgtaggta tctcagtt cg gtgtaggtcg t tcgct ccaa gctgggctgt gtgcacgaac 6360 

cccccgttca gcccgaccgc tgcgccttat ccggtaacta tcgtcttgag tccaacccgg 6420 

taagacacga cttatcgcca ctggcagcag ccactggtaa caggattagc a gagcgaggt 6480 

atgt aggcgg tgctacagag ttcttgaagt ggtggcctaa c tacggc tac actagaagga 6540 

cagtatttgg tat c tgcgct ctgctgaagc c ag ttacctt cggaaaaaga g t tggtagct 6600 

cttgatccgg caaacaaacc accgctggta gcggtggttt t tttgt t tgc aagcagcag a 6660 

ttacgcgcag aaaaaaagga tct c aaga ag atcctttgat cttttctacg gggt ctgacg 6720 

ctcagtggaa cgaaaact ca cgttaaggga ttttggtcat gagattatca aaaaggatct 6780 

tcacctagat ccttttaaat taaaaatgaa gttttaaatc a a tctaaagt atatatgagt 6840 

aaacttggtc tgacagttac caatgcttaa tcagtgaggc acctatctca gcgatctgtc 6900 

tatttcgttc atccatagtt gcctgactgc ccgtcgtgta gataactacg atacgggagg 6960 

gcttaccat c tggccccagt gct gcaatga t accgcgaga cccacgctca ccggctccag 7020 

atttatcagc aataaaccag ccagccggaa gggccgagcg cagaagtggt cctgcaactt 7080 

tatccgcctc catccagt ct attaattgtt gccgggaagc tagagtaagt agttcgccag 7 140 

ttaatagttt gcgcaacgtt gttgccattg ctacaggcat cgtggtgtca cgctcgtcgt 7200 

ttggtatggc ttcattcagc tccggttccc aacgat caag gcgagttaca t g atccccca 7260 

t g ttg t gaaa aaaagcggtt agctccttcg gtcct ccgat cgtt g t caga agtaagttgg 7320 

ccgcagtgtt atcactcatg gttatggcag cactgcataa ttctcttact gtcatgccat 7380 

ccgt aagat g cttttctgtg actggtgagt actcaaccaa g tcattctga g aatagtgta 7440 

tgcggcgacc gagttgctct tgcccggcgt c a atacggga taataccgcg ccacat agca 7500 

gaactttaaa a gtgc tcatc a ttggaaaac gttcttcggg gcgaaaactc tcaaggatct 7560 

t accgct g tt gagatccagt t cgatgtaac ccact cgt gc a cccaac t g a tcttcagcat 7620 

cttttacttt caccagcgtt tctgggtgag c a aaaacagg aaggcaaaat gccgcaaaaa 7680 

aggga ataag ggcgacacgg aaatgttgaa tactcatact cttccttttt c aatattatt 7740 

gaagcat t ta tcagggttat tgt c t catga gcggataca t atttgaatgt att t agaaaa 780 0 

ataaacaaat aggggttccg cgcaca tttc cccgaaaagt gccacctgac g t c taagaaa 7860 

ccattattat catgacat t 7879 

<210 > SEQ ID NO 14 
.::.211> LENGTH : 3353 
<212 > TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
.::.223> OTHER INFORMATION : Codon opt i mi zed 

98 
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<400:> SEQUENCE: 14 

actagtatgg gtaaaaacta taagtcct tg gattcagtcg ttgcctcaga tttcatcgca 60 

t tgggtatca cctcagaagt agcagaaaca t tacatggta gattggcaga aatcgtt tgt 120 

aattatggtg ctgcaacccc tcaaacttgg atcaacatcg ctaaccatat cttgtcacca lSO 

gatttgcctt tctcct taca ccaaatgt tg ttttatggtt gctacaagga tttcggtcca 240 

gccccacctg cttggattcc agaccctgaa aaagtcaagt caactaattt gggtgctttg 300 

t tggaaaaga gaggtaaaga a ttt.ttgggt gtaaagtaca aagatccaat ttcttctt.tt 360 

tctcacttcc aagaat tttc tgttagaaac cctgaagtct attggagaac agtattgatg 420 

gatgaaatga aaattagt tt ctctaaggac ccagaatgta t cttgagaag agatgacatc 480 

aacaacccag gtggttct ga atggttacct ggtggttact tgaactcagc taaaaattgc 540 

t tgaa cgtaa a ctccaataa gaaattgaac gatact atga tcgtttggag agacgagggt 600 

aacgat gact tgc c tt tgaa t aagtt gaca t tagatcaat tgagaaagag agtttggtt g 660 

gttggttatg cattggaaga aatgggtt ta gaaaaaggtt gtgcaatagc catcgatatg 720 

cca atgcatg ttgatgc t gt t gttatatat ttggccatag t attggctgg t t acgtagt t 780 

gtctctatag cagat.tcat.t. t tccgcccct gaaatctcaa ctagattgag attatccaaa 840 

gctaaggcaa ttttcacaca agatcacatc atcagaggta aaaagagaat accattgtat 900 

tca agagtag ttgaagctaa a tccccaatg gcaatagtta tcccttgtag tggttct.aac 960 

attggtgcag aattgagaga tggtgacata t cttgggatt actttttaga aagagccaag 1020 

gagtttaaaa actgcgagtt tactgccaga gaacaacctg ttgatgctta tactaacatc 1080 

ttattctcca gtggtact ac aggtgaacca aaagcaattc cttggacaca agccacccca 1140 

t tgaaggctg ctgctgatgg t t ggt ctcat t tggatatta gaaaaggtga cgttat agta 1 200 

tggccaacta atttgggttg gatgatgggt ccttggttgg tttatgctag tttgttaaat 1260 

ggtgcatcta ttgccttgta caacggtagt cct ttagtct ctggtttcgc taaatttgtt 1320 

caa gatgcaa aggtcacaat. gttgggtgtc gtaccat cta ttgtaagatc atggaaat.cc 1 380 

acaaattgtg tttca ggt ta cgattggtcc accataagat gcttttcttc atccggtgaa 1440 

gcct.ctaat.g tagacgaata t t.tgtggt t.a atgggt agag ctaactacaa gccagttata 1500 

gaaatgtgtg gtggtacaga aatcggtggt gctttttctg ctggttcat t tttgcaagct 1560 

caatct ttaa gttctt tt tc atcccaatgt atgggttgca ccttgtacat attagat aag 1620 

aacggttacc caatgcctaa aaataagcca ggtatcggtg aattggcatt aggtcctgtt 1680 

atgtttggtg cctcaaaaac attgttaaac ggtaatcatc acgatgtcta tttcaagggt 1740 

atgccaacct tgaatggt ga agtattgaga agacat ggtg acattttcga attgacctct 180 0 

aacggt tact accatgcaca cggtagagcc gatgacac ta tgaaca tcgg tggtatcaaa 1 960 

attagttcta tcgaaatcga aagagtctgt aatgaagtag atgac agagt ttttgaaacc 1920 

act.get at tg gt gt tccacc tttgggtggt ggtccagaac aattggtcat atttttcgta 1980 

ttgaaggatt caaacgacac aaccattgat t tgaaccaat tgagattatc ctttaacttg 2040 

ggtttgcaaa agaaatt gaa cccattat t c aaagtt acta gagttgtccc attgt catcc 2 100 

ttacctagaa ctgcaacaaa caagatcatg agaagagttt t gaga caaca attcagtcat 2 160 

t tcgaagaag gtagaggt tc tttgttaaca tgtggtgacg ttgaagaaaa tcc aggtcct 2220 

a tggct tcag aaaaggaaat aagaagagaa agattcttga acgtattccc aaagt t agt t 2280 

gaagaattga acgctagt tt gttagcttat ggtatgccta aagaagcctg cgattggtat 2340 
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gctcactctt taaactacaa tactccaggt ggtaaattga atagaggttt gagtgtagt t 2400 

gatacttatg ctatcttgtc taacaaaacc gttgaacaat taggtcaaga agaatacgaa 2460 

aaggtcgcta tcttgggt tg gtgtattgaa ttgttgcaag catacttttt ggttgccgat 2520 

gacatgatgg ataagtc tat aacaagaaga ggtcaaccat gctggtacaa agttccagaa 2SB O 

gttggtgaaa tagccataaa tgatgctt t t atgttggaag ccgcta tcta t aaattgttg 2640 

aagtcacatt tcagaaacga aaagtactac atcgat atta ccgaattatt ccacgaagt t 2700 

actttccaaa cagaatt ggg tcaattga tg g a tttgataa ctgcacctga agataaagtt 2760 

gacttgtcaa agttttcctt gaagaaacat tcattcatcg tcacctttga aactgct tat 2820 

tactccttct atttgccagt cgcct tggct atgtacgtag ctggtattac tgatgaaaaa 2880 

gacttgaagc aagcaagaga tgttttgata cctttgggtg aatacttcca aatccaagat 2940 

gactacttag actgtttcgg tactccagaa caaataggta aaatcggtac a gatattcaa 3000 

gacaataagt gcagttgggt t a t taa caag gct ttggaat t agca tctgc cgaacaaaga 3060 

aagact ttgg atgaa aacta cggtaaaaag gactcagttg ctgaagcaaa g t gtaagaa a 3 120 

a t ttttaatg atttgaagat tgaacaat tg t accat gaat a cgaagaatc catcgctaaa 3 180 

gacttaaagg caaagatt ag tcaagttgat g a atcaagag gttttaaagc cgacgttttg 3240 

acagct ttct tgaataaggt ctacaagaga tcaaaggatt acaaggatca tgacggtgac 3300 

tataa agacc acgatattga ctacaaagat gacgat gaca agtaa gcggc cgc 3353 

<210> SEQ ID NO 15 
<211 > LENGTH: 1553 
<212> TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220> FEATURE: 
<223> OTHER I NFORMATI ON: Codon optimized 

<400 > SEQUENCE: 1 5 

actagtatga accatt tgag agccgaaggt cctgcctccg tattagccat a ggtacagcc 60 

aacccagaaa acatat tgat ccaagatgaa t ttcct gatt attacttcag agttaccaag 120 

agt gaacaca t gactcaatt gaaggaaaag t t t agaaaaa t atgtgataa g t ctatgatc 180 

a gaaagagaa act.get tctt gaacgaagaa catttgaagc aaaatccaag attggtagaa 240 

cacgaaatgc aaacattgga tgccagacaa gac a t gttag ttgtcgaagt tcctaaattg 300 

ggtaaagatg cttgtgcaaa agccattaag gaatggggtc aaccaaagt c aaagat cact 360 

catttgattt ttacaagtgc a tctactaca gatatgcctg gtgcagacta ccactgtgcc 420 

aaat tgtt ag gtttgt cacc atccgttaag agagt catga t g t atcaat t a ggt t gcta c 480 

ggtggtggta ctgttt t gag aatcgctaag gatatt gcag aaaacaacaa gggtgccaga 540 

gtattagctg tttgttgcga cattatggct tgcttgttta gaggtccaag tgattctgac 600 

ttggaattgt tagt tggtca agctatct tc ggtgacggtg ctgctgctgt tattgttggt 660 

gca gaacct g acgaatct gt t ggtgaaa ga ccaatatttg aatta gtcag t a caggtcaa 720 

accatcttgc ctaattctga aggtacaatt ggtggtcata taagagaagc aggttt gatc 780 

t tcgatttgc acaaagacgt tccaatgt ta atctctaaca acatagaaaa gtgttt gata 840 

gaagcattca ctcctatagg tatc tcagat tggaactcta ttttctggat aacacatcca 900 

ggtggtaaag ccattttgga taaggttgaa gaaaaattgg atttgaagaa agaaaagttt 960 

gtagatagta gac atgtttt atctgaacac ggtaacatgt cttcatccac tgtct t gttc 1020 
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gtaatggatg aattgagaaa gagatcat ta g aagagggta aatctactac tggtgacggt 1080 

tttgaat.ggg gtgtcttatt tggtttcggt cctggt ttga ccgtcgaaag agtagttgtc 1 140 

agatcagtac caattaaata tgaaggtaga ggttcct tgt taacttgtgg tgacgttgaa 120 0 

gaaaacccag gtcctatggc cgtcaagcat t tgatagtat tgaagtttaa agatgaaatc 1260 

acagaagctc aaaaggaaga atttttcaag acctacgtta atttggtcaa cattatacct 1320 

gcta tgaaag atgtat actg gggtaaagac gttacacaaa agaaagaaga aggttataca 1380 

cacattgtcg aagtaacctt. cgaatcagtt g a aactatcc aagattacat c a t.tcatcca 1440 

gctcacgttg gttttggt ga cgtttacaga tccttctggg aaaaattgtt gatcttcgat 1500 

tacaccccaa gaaagtaccc t tacgat g tt ccagactatg cataagcggc cgc 1 553 

<210 > SEQ ID NO 16 
c 211 > LENGTH : 2919 
<212"> TYPE: DNA 
<213 > ORGANISM: Ar tificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

..::400 > SEQUENCE: 1 6 

actagtatgg gtt t atcatc cgtctgta c t ttc t ccttcc aaactaacta tcatacctta 60 

t tgaatcctc acaacaacaa tccaaaaaca t cattgttgt gttac agac a tccaaagaca 120 

cctattaagt actcttacaa caactttcca t caaaacatt g ttc aaccaa g t cct tccac 180 

t tacaaaata agt gc tccga aagtttgtct atagct aaga actctatcag a gctgcaact 240 

a caaatcaaa ctgaaccacc tgaaagtgat aatcactctg ttgccacaaa aattttgaac 300 

ttcggtaaag catgttggaa gttgcaaaga ccatacacca taatcgctt t tacttct tgt 360 

gcatgcggtt tattcggtaa agaat tgt t g cataacacta acttaatttc atggtccttg 42 0 

atgttcaagg catttttctt tttagttgcc atcttgt gca tcgcttcat t caccactaca 480 

attaatcaaa tatacgat tt gcacatcgac agaat t aaca aaccagatt t gcctt tggct 540 

tcagg tgaaa tatccgtcaa tactgcatgg atcatgt cta t cata gtagc cttgttcggt 600 

ttgatcatca caattaaaat gaagggtggt ccattgtaca tcttcggtta ctgtttcggt 660 

atcttcggtg gtattgtcta t tccgtacca cct t ttagat ggaaacaaaa ccctagtact 720 

gcctttttgt tgaatt tctt agctcatat c atc acaaact tcaccttct a ctacgct tea 780 

agagctgctt taggtttgcc attcgaattg agacct tcat tcacattttt gtt ggcattc 840 

atgaaaagta tgggttctgc a ttagccttg atcaaggatg cctctgacgt tgaaggtgac 900 

acaaagttcg gtattagtac cttggcttct aagtacggtt caagaaattt gactttgttc 960 

tgctccggta tcgttttgtt aagttacgtc gcagccattt tggcaggtat c a tttggcca 1020 

caagcctt ta attctaacgt tatgttgt tg tcacatgcca tcttggcttt ctggt tgatc 1 080 

ttgcaaacta gagatttcgc tttgacaaat tatgaccctg aagcaggtag aagattctac 1140 

gagtttatgt ggaaattgta ctacgctgaa tatttggtat acgtttttat t gaaggtaga 120 0 

ggttctttgt tgacctgt gg tgacgttgaa gaaaat ccag gtcctatgaa atgttcaact 1260 

ttctccttt t ggttcgt atg caagatcatc ttctttttct tttcctttaa catccaaaca 1320 

agtatcgcaa acccaagaga aaactttttg a ag t gcttct cacaatacat acctaataac 1380 

gccaccaatt tgaagttggt t tacactcaa aacaacccat tgtacatgtc cgtctt gaac 1440 

agtacaatcc ataatttgag attcacttct gataccactc caaaaccttt ggtcattgta 150 0 

acccctagtc atgtatct ca catccaaggt actatct tat gttctaaaaa ggttggtttg 1560 
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caaattagaa ctagatccgg tggtcatgat agtgaaggca tgtcatacat ctcccaagt t 1620 

ccattcgtta tcgttgattt gagaaacatg agatcaatta aaatagacgt acactcacaa 1680 

actgcttggg ttgaagctgg tgcaacat tg ggtgaagtat actactgggt taacgaaaag 1740 

aatgaaaact tatcattggc t gct ggttac tgtccaacag tttgcgcagg t ggt c a tttt 1900 

ggtggtggtg gttatggtcc tttaatgaga aactacggtt t ggccgctga t a acataatc 1 860 

gacgctcatt tggtaaatgt tcacggtaaa gttttggata gaaagtctat gggtgaagac 1920 

ttattttggg ctttga gagg tggtggtgca g a atcat tcg gtatcatagt tgcttggaag 1 980 

ataagattag tcgcagtacc aaagtctact atgttctcag tcaaaaagat aatggaaatc 2040 

catgaattag ttaaattggt caataagtgg caaaacatcg catacaagta cgataaggac 2100 

t tgttgttga tgactca t tt catcacaaga aacatcaccg ataaccaagg taaaaataag 2160 

actgctatcc acacatactt t tct tcagtt ttc ttgggtg gtgtcgattc ctt agtagac 2220 

ttgatgaata agtcttttcc agaattaggt attaagaaaa c tgattgtag acaat tgtct 2280 

tgga tcgaca ccatcatctt t tattcaggt gttgt caact a cgatacaga c a acttcaac 2340 

aaagaaatat tattggatag a t ccgcaggt caaaacggtg c c tttaaaat taagtt agac 24 0 0 

tacgttaaaa agccaatacc tgaatcagtt t tcgtccaaa tcttagaaaa attgtacgaa 2460 

gaagatattg gtgcaggcat gtacgcct tg tatccatacg gtggtataat ggacgaaatc 2520 

agtga atctg ccattccatt tcctcataga gctggt atct tatacgaatt gtggtacatt 2580 

tgttcatggg aaaagcaaga agataacgaa aagcacttaa actggattag aaacat ctat 2640 

aacttcatga ctccatacgt t tctaaaaac cctagattgg catatttgaa ctacagagat 2700 

ttggacatcg gtattaacga tccaaagaat cct aacaact atacccaagc tagaatttgg 276 0 

ggtgaaaaat a cttcggtaa aaatttcgat agattagtaa aggttaagac attggttgac 2820 

ccaaacaact tctttagaaa cgaacaatcc attccacctt tacctagaca tagac acgaa 2880 

caa aaattaa taag tgaaga agatttgtaa gcggccgc 2918 

<210 > SEQ ID NO 17 
<211> LENGTH: 167 
<212> TYPE : DNA 
<213> ORGANISM: Art ificia l Sequence 
<220 > FEATURE: 
<223 :.. OTHER I NFORMATI ON: Codon optimized 

<400:> SEQUENCE : 17 

agccaaaata atgataacga gaat aatatc aagaatacct tagaacaaca tcgac aacaa 6 0 

caa caggcat t ttcggatat gagtcacgtg gagt att c ca gaattacaaa a t tttttcaa 1 20 

gaaca accac tggagggata tacccttttc t ctcacagg t ctgcgcc 1 67 

<210 > SEQ ID NO 19 

<211 :> LENGTH: 1518 
<212 > TYPE: DNA 
<213 > ORGANISM: Artificial Sequence 
<220 > FEATURE: 
..:223> OTHER INFORMATION· Codon optimized 

..: 400 > SEQUENCE : 19 

atggtttcc a atcact t gtt tgac gcaatg agagccgc tg c c c c tggtaa cgc ccct ttc 60 

ataagaatag ataat act ag aact tggaca tacgatg acg cctttgcttt atctgg tag a 1 20 

atagcatcag ctatggatgc t t tgggtatc agaccaggtg a c agagtcgc agt t c aagta 1 9 0 
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gaaaaatccg ctgaagcatt gatcttgtat t tggct tgtt tgagaagtgg tgcagtttat 240 

ttgccat.tga atactgccta cacattagct gaattggatt acttcatagg tgacgcagaa 300 

cctagattgg t tgtagtcgc ctct t cagcc agagct ggtg tag aaacaat tgc t aaacca 360 

agaggtgcaa tagtcgaaac cttagatgct gctggt tctg gtagtttg tt agatttggcc 420 

agagacgaac ctgctgat tt tgtt gacgct t caagatcag ccgatgactt agccgctatt 4SO 

t tgt acacct ctggtact ac aggtagatca aagggt gc t a tgttgactca tggt aat ttg 540 

ttgtcaaacg cat t aacctt. gagaga tttc t ggagagtta ctgccggtga c agatt.aa tc 600 

cacgct ttgc caattttt ca tactcacggt ttattcgttg ctaccaacgt aactttgtta 660 

gca ggtgc c t c c a t gtt ctt gtt g ag taa g ttcgat ccag aag a aatatt atc t ttgatg 720 

cctcaagcta ctatgt tgat gggtgtccca acattct acg ttaga tt9 tt aca atcacct 780 

agattagata a gcaagctgt tgcaa aca tc agattgttta tatccggtag tgctccattg 8 40 

t t a gca gaaa cccatac t g a a t t tca agca agaacaggt c a cgccat ttt agaaagatac 90 0 

ggtatgacag aaaccaat at gaacacttct aaccct tatg aaggtaaaag aatagctggt 960 

aca gtt ggtt t tccat t gcc t gatgt c a ca g ttagagtaa ccgacccagc c a c t ggttta 1020 

gctttgccac ctgaacaaac tggt. a tga t.c g a aat t aaag gtccaaacgt ttttaagggt 1080 

t actggagaa tgcct gaaa a gactgctgct g agttt actg ctgatggttt c t ttatctct 1140 

ggt ga c t tag gtaaaatt ga tag agacggt tatgt ccata ttgttggtcg tggtaaa gat 1200 

t tggttatat ccggtggt ta taacatctac cctaaggaag tagaaggtga aatagatcaa 1260 

atcgaaggt g t tgtagaatc agctgtaata ggtgtcccac atcctgattt tggtgaaggt 1320 

gttacagcag tcgttgtaag aaaaccaggt gctgcattag atgaaaaggc aattgtt tct 1380 

gccttacaag acagattggc tagat acaag caaccaaaga gaataatctt cgcagaagat 1440 

t tgcct agaa atactat ggg taaagtacaa aagaacatct tgagacaaca atacgccgac 1500 

ttatacacca gaacctga 1518 

<210> SEQ ID NO 19 
<211:> LENGTH: 2092 
<212:> TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220:> FEATURE: 
<223> OTHER I NFORMATION: Codon optimized 

<400> SEQUENCE: 19 

actagtatgg gtt t atcatc cgtctgtact t tctccttcc aaactaacta tcat acctta 60 

ttgaatcctc acaacaacaa tccaaaaaca t cattgttgt gttacagaca tccaaagaca 120 

cctattaagt actcttacaa caactttcca t caaaacatt gtt caa ccaa gtcct tccac l SO 

t tacaaaata agtgctccga aagt ttgtct atagctaaga a c t ctatcag agc tgcaact 240 

aca aat caaa ctgaaccacc tgaaagtgat a a tcactctg ttgccacaaa a a ttttgaa c 300 

ttcggtaaag catgttggaa gttgcaaaga ccatacacca taa tcgctt t tacttct tgt 360 

gcatgcggtt tat t cggt aa agaattgt tg cataacacta acttaatttc atggtcctat 420 

gaactgctc c gcattctctt t ctggttcgt c t gtaaaata a t cttcttct t cttgtcctt 480 

caa catccaa atct ccat cg caaatcca ca agaaaact t t t tgaagtgtt tctccgaat a 540 

catcccaaac aaccctgcta acccaaagtt t at a tatact caacatgatc aattgtacat 600 

gtccgt tt tg aacagtacca tccaaaattt gag at t cact tctgacacta caccaaaacc 660 

tttagtcatt gttacacctt ccaatgttag t cacat tcaa gcttctatat tgtgctctaa 720 
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gaaagtaggt ttgcaaat ca gaactagatc aggtggtcat gatgcagaag gcatgtctta 78 0 

catctcacaa gttccattcg t t g t agtcga tttgagaaat atgcattcca taaagatcga 840 

cgttcacagt caaacagcat gggtagaagc aggtgccacc ttgggtgaag ttt actac tg 900 

gatcaacgaa aagaatgaaa actt ttcttt ccctggtggt tactgtccaa c a g t a ggtgt 960 

cgg t ggtcac ttt tctggtg gtggttatgg tgc a ttgatg agaaact acg gtttagctgc 1 020 

agataa tatt atagacgccc a tttggttaa cgtagatgg t aaagttt tgg acagaaagtc 1080 

tatgggtgaa gattt g tt tt gggccata ag aggtggtgg t g g tgaaaatt tcggt atcat 1140 

t gccgcttgg aaaattaagt tagtcgctgt t cctt ccaaa a g tactattt tctctgtcaa 1200 

aaagaaca t g gaaatccacg g t ttggttaa gttgtttaat aagtggcaaa acatcgct ta 1260 

caagtacgat aaggacttgg tttt9at9ac ccatt tcatc actaaaaata ttaca gataa 1 32 0 

ccatggtaaa aataagacca ctg ttcacgg t tatt t ttct tcaattttcc a tggtggtgt 1380 

agat tcttt g gttga tttg a tgaataagtc a ttccc agaa ttggg t a tta a a aagacaga 1 4 40 

ttgcaaggaa ttt tcttgga t agacacaa c c at c t tctat t c aggt gttg t a aacttcaa 150 0 

caccgctaac ttcaaaaagg aaat cttgtt gg atagatcc gctggt aaaa a gacc gct t t 1 560 

ttctattaaa ttggactacg t t aagaaa cc a a tccc tgaa actgcaatgg tcaagatat t 1 62 0 

ggaaaagttg tacgaagaag atgtaggtgt cggcat g t ac gttttgtatc c a tacggtgg 1 680 

tatta tggaa gaaatatctg aatcagccat accatt tcct c a c agagc tg gtatcat gta 1740 

tgaattatgg tac acagcct catgggaaaa gcaagaagat aacgaaaagc atatcaactg 1 800 

ggtcagatcc gtttacaact tcactacacc ttacgttagt caaaacccaa gattggcata 1860 

ttt gaactac aga ga tttgg actt aggtaa aac t aaccct gaatct ccaa a t aactatac 1920 

acaagcaaga atttgggg tg aaaagtactt t ggtaaaaat ttcaacagat tagttaaagt 1 980 

aaa gactaaa gccgacccta acaacttt tt c agaaacgaa caatccatcc c a cctttgcc 2040 

acct c accac cacgaacaaa aatt aataag t gaagaagat ttgtaagtcg 2092 

<210> SEQ ID NO 20 
< 211> LENGTH : 7904 
<212> TYPE: DNA 
<2 13> ORGANISM: Art ificia l Sequence 
<220 > FEATURE: 
<223:.. OTHER I NFORMATION: Codon optimized 

<400 :> SEQUENCE : 20 

tcgcgcgttt cggtgatgac ggtgaaaa cc tctgacacat gcagctcccg gagac ggtca 6 0 

cagcttg t c t gtaagcggat g ccgggagc a g a caagcccg t c agggc g c g tcagcgggt g 120 

t tggcgggtg tcggggct gg cttaacta tg cggcat caga gcagattgta c t gagagtgc 180 

accatatcga ctacgtc gta aggccgtt tc t gacagagta aaattcttga gggaactttc 240 

accattatgg gaaa tggttc a a gaaggtat t gact taaac t ccatcaaat ggtcaggtca 30 0 

t tgagt g ttt t ttatttgtt gtattttttt t ttttt agag aaaatcctcc a a t atcaaat 360 

taggaatcgt agtttcat ga ttt tctgt ta cacctaactt tt tgtgtggt gccctcctcc 420 

t tgtcaatat t aatgt taaa gtgcaattct t tttc cttat cacgtt gagc cattagtatc 480 

aat ttgctta cctgtattcc tttactatcc t cctttt tct ccttct t gat aaatgtatg t 540 

agat tgcgt a tat ag t ttcg tctaccctat g a acatattc catt ttgtaa tttcgtgtcg 600 

tttctattat gaatttcatt tataaagttt atgtacaaat atcataaaaa a agagaatct 660 
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tttt aagcaa ggattttctt aacttcttcg gcgacagcat caccgacttc ggtggtactg 720 

ttggaaccac ctaaatcacc agttctgata cctgcatcca aaaccttttt aactgcatct 780 

tcaatggcct t accttct tc aggcaagttc aatgacaatt tcaacatcat tgcagcagac 840 

aagatagtgg cgatagggtc aaccttat t c t ttggcaaat ctggagcaga accgtggcat 900 

ggttcgtaca aaccaaatgc ggtgttct tg t ctggcaaag aggccaagga cgcagatggc 960 

aacaaaccca aggaacct gg gataacggag get teat egg agatgatatc accaaacatg 1020 

ttgctggtga ttataatacc a ttt.aggtgg gttgggttct taacta ggat c a t.ggcggca 1080 

gaatcaatca attgatgt tg aaccttcaat gtagggaatt cgttcttgat ggtttcctcc 1140 

aca gtttttc tccataatct t gaagaggcc aaaacattag ctttatccaa ggaccaaa t a 1200 

ggca a tggtg gctcatgt tg tagggccatg aaagcggcca ttcttgtgat tctttgcact 1 260 

tct ggaacgg tgtattgttc actatcccaa gcgacaccat cacca t cgtc ttcctttctc 1320 

t taccaaagt aaatacc t cc cactaattct c t gacaacaa cgaagt cagt acctttagca 1380 

aattgtggct tgattggaga taagtctaaa agagagtcgg atgcaaagtt acatggtctt 1440 

aagttggcgt acaattgaag t tctttacgg a tttttagta a acctt gttc aggtctaaca 1500 

cta ccggtac cccat. ttagg accaccca ca gcacctaaca aaacggcatc a accttcttg 1560 

gaggct.t.cca gcgcc t catc t ggaagtggg acacct gtag catcgatagc agcaccacca 1 620 

attaaa tgat tttcgaaatc gaacttga ca t tggaacgaa catcagaaat agctttaaga 1680 

accttaatgg cttcggct gt gatttcttga ccaacgtggt cacctggcaa aacgacgatc 1740 

ttcttagggg cagacatagg ggcagacatt agaatggtat atccttgaaa tatatatata 1800 

tattgctgaa atgtaaaagg taagaaaagt tagaaagtaa gacgattgct aaccacctat 1860 

tggaaaaaac aataggtcct taaat aatat tgtcaacttc aagtattgtg atgcaagcat 1 920 

tta gtcatga acgctt.ctct attctatatg aaaagccggt t ccggcctct cacctttcct 1980 

ttttctccca att tttcagt tgaaaaaggt atat gcgtca ggcgacctct g a aat taaca 2040 

aaa aat ttcc agtcatcgaa tttgattctg t gcgat agcg cccctgtgtg t tctcgt tat 2 100 

gttgaggaaa aaaataat gg ttgctaagag attcgaactc ttgcatctta cgatacctga 2 160 

gtattcccac agttaac t gc ggtcaagat a t ttctt gaat caggcgcctt agaccgct.cg 2220 

gccaaacaac caattact tg ttgagaaata gagtataatt a t cctataaa tataacgttt 2280 

ttgaacacac atgaacaagg aagta cagga caattgattt tgaagagaat gtggattttg 2340 

atgtaattgt tgggattcca t ttttaataa ggcaat aata ttaggtatgt ggat atacta 2400 

gaagttctcc tcgagggt cg atatgcggtg t gaaat accg cacagatgcg taaggagaaa 2460 

ataccgcatc aggaaatt gt aaacgttaat attttgttaa aattcgcgtt a aatttttgt 2520 

taaatcagct catttttt aa ccaataggcc g a aatcggca aaatccctta t a aatcaaaa 25BO 

gaatagaccg agatagggtt gagtgttgtt ccagtttgga a caagagtcc actat t a a a g 2640 

aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt 2700 

gaaccatcac cctaatcaag ttttttgggg t cgaggtgcc gtaaagcact aaatcggaac 2760 

cctaaaggga gcccccgatt tagagcttga cggggaaagc cggcgaacgt ggcgagaaag 2820 

gaa gggaaga aagcgaaagg agcgggcgct agggcgctgg caagtgtagc ggtcacgct g 2880 

cgcgtaacca ccacacccgc cgcgcttaat gcgccgctac agg gcgcgtc gcgccattcg 2940 

ccattcaggc tgcgcaac tg ttgggaaggg cgatcggtgc gggcctcttc gctattacgc 3000 

cagctggcga aggggggatg tgctgcaa gg cgattaagtt gggtaacgcc agggttttcc 3060 
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cagtcacgac gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa 3120 

ttggagctct agtacggatt agaagccgcc gagcgggcga cagccctccg acggaagact 3180 

ctcctccgtg cgtcctcgtc t tcaccggtc gcgttcctga aacgcagatg tgcctcgcgc 3240 

cgcactgctc cgaacaataa agattctaca atactagctt ttatggttat gaagaggaaa 3300 

aattggcagt aacctggccc cacaa a c c tt caaattaacg aatcaaatta acaaccatag 3360 

gatgataatg cgattagttt tttagcctta tttctggggt aattaatcag cgaagcgatg 3420 

atttttgat c tattaacaga tatataaatg gaaaagctgc ataaccactt taact aatac 3490 

tttcaacatt ttcagtttgt a ttacttctt attcaaatgt cataaaagta tcaacaaaaa 3540 

attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tctagaacta 3600 

gtggatcccc catcacaagt t tgtacaaaa aagctgaacg agaaacgt aa aatgatataa 3660 

atatcaatat attaaattag attttgcata aaaaacagac tacataatac tgtaaaacac 3720 

aacatatcca gtcac t a t gg cggccgcatt aggcacccca ggctttacac t t tat gctt c 3780 

cggctcgtat aatgtgtgga t t t tgagtta ggatccgtcg agattt tcag g agctaagga 3840 

agctaaaatg gagaaaaaaa tcactggata taccaccgtt gatatatccc aatggcatcg 3900 

taaagaacat tttgaggcat ttcagtca gt t gctcaatgt acctataacc agaccgttca 3960 

gctggatatt acggcctt tt taaagaccgt aaagaaaaat aagcacaagt tttatccggc 4020 

ctttattcac attcttgccc g c ctgatgaa tgctcatccg g aattccgta tggcaatgaa 4080 

agacggtgag ccggtgatat gggacagtgt tcacccttgt tacaccgtt t tee at gage a 4140 

aactgaaacg ttttcatcgc tctggagtga ataccacgac gatttccggc agtttctaca 4200 

cata tattcg caagat gtgg cgtgttacgg t gaaaacctg gcctatttcc c t aaagggtt 4260 

tattgagaat atgtttttcg tctcagccaa t ccctgggtg agtttcacca gttttgattt 4320 

aaa cgtggcc aatatggaca acttcttcgc ccccgt tttc accatgggca aatatt atac 4380 

gca aggcgac aaggtgctga tgccgctggc g a ttcaggtt catcatgccg tctgtgatgg 4440 

cttccatgtc ggcagaatgc ttaatgaatt acaacagtac tgcgatgagt ggcagggcgg 450 0 

ggcgtaaacg ccgcgtggat ccggcttac t aaaagccaga t aacagtatg cgtatttgcg 4560 

cgctgatttt tgcggtataa gaatatatac tgatat gtat acccgaagta tgtcaaaaag 4620 

aggt atgct a tgaagcagcg tattacagtg acagttgaca gcgacagcta tcagttgctc 4680 

aaggcatata tgatgtcaat atctccggtc tggtaagcac aaccatgcag aatgaagcc c 4740 

gtcgtctgcg tgccgaacgc tggaaagcgg aaaatcagga agggatggct gaggtcgccc 4800 

ggtttattga aatgaacggc t c t tttgctg acgagaacag gggctggtga a a tgcagttt 4860 

aaggtttaca cctataaaag agagagccgt tatcgt ctgt ttgtggatgt acagagtgat 4920 

attattgaca cgcccgggcg acggatggtg atccccctgg ccagtgcacg tctgctgtca 4980 

gataaagtct cccgtgaact ttacccggtg gtgcatatcg gggatgaaag ctggcgcat g 5040 

atgaccaccg atatggccag t gtgccggtc t ccgttatcg gggaa gaagt ggctgatctc 5 1 00 

agccaccgcg aaaatgacat caaaaacgcc attaacctga tgttctgggg aatataaatg 5160 

tcaggctccc t tatacacag ccagtctgca ggtcgaccat agtgactgga tatgtt gtgt 5220 

tttacagtat tatgtagt ct gttttttatg c a aaat ctaa tttaatatat tgatatttat 5280 

atcattttac gtttctcgtt cagctttctt gtacaaagtg gtgatgggct gcaggaattc 5340 

gatatcaagc ttatcgacac cgtcgacctc gagtcatgta attagttatg tcacgcttac 5400 
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attcacgccc t ccccccaca t ccgctctaa ccgaaaagga aggagttaga caacctgaag 5460 

tctaggt.ccc tatttatttt tttatagtta tgttagtatt aagaacgtta tttatatttc 5520 

aaatttttct tttttttctg tacagacgcg tgtacgcatg taacattata ctgaaaacct 5580 

tgcttgagaa ggttttggga cgctcgaagg ctttaatttg cggccggtac ccagctt ttg 5640 

ttccctttag tgagggttaa ttccgagctt ggcgtaatca tggtcatagc tgtttcctgt 5700 

gtgaaattgt tatccgctca caattccaca caacat agga gccggaagca taaagtgtaa 5760 

agcctggggt gcctaatgag tgaggtaa c t c a cat taatt gcgttgcgct c actgcccgc 5820 

tttccagtcg ggaaacctgt cgtgccagct gcattaatga atcggccaac gcgcggggag 5880 

aggcggtttg cgtat tgggc gctcttccgc ttcc t cgctc actgactcgc tgcgctcggt 5940 

cgttcggctg cggcgagcgg tatcagctca ctcaaaggcg gtaatacggt tatccacaga 6000 

atcaggggat a acgcaggaa agaacatgtg agcaaaaggc cag c aaaagg ccaggaaccg 6060 

t aa aaa ggc c gcgttgctgg cgtttttc c a taggct cggc ccccctgacg agcatcacaa 6 1 2 0 

aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggcgt t 6180 

cccccctgga agctccctcg t gcgctctcc tgttccgacc ctgccgctta ccggatacct 6240 

gtccgccttt ctcccttcgg gaagcgtggc gctttct caa tgctcacgct gtaggtatct 6300 

cagt tcggt g taggt cgt tc gctccaagct gggctgtgtg cacgaacccc ccgttc a gcc 6360 

cga ccgctgc gccttatccg gtaactatcg t cttgagtcc aacccggtaa g a cacgactt 6420 

atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg taggcggtgc 6480 

tacagagtt c t tgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 6540 

ctgcgctctg ctgaagccag ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa 6600 

acaaaccacc gctggtagcg g t ggt ttttt tgtttgcaag cagcagatta cgcgcagaaa 6660 

aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgctc agtggaacga 6720 

aaactcacgt taagggat tt tggtcatgag attatcaaaa aggatcttca cctagatcct 6780 

tttaaattaa aaatgaagtt ttaaatcaat ctaaagt ata tatgagtaaa cttggtct.ga 6840 

cagt.taccaa t.gcttaat ca gtgaggcacc tatctcagcg atctgtctat ttcgttcatc 690 0 

catagttgcc tgactgcccg t cgtgtagat aactacgata cgggagggct taccat ctgg 6960 

ccccagtgct gcaatgat ac cgcgagaccc acgctcaccg gctccagat t tatcagcaat 7020 

aaaccagcca gccggaaggg ccgagcgcag aagtggtcct gcaactttat ccgcctccat 7080 

ccagtctatt aattgttgcc gggaagctag agtaagtagt tcgccagtta atagtt tgcg 7 1 40 

caacgttgtt gccattgcta caggcatcgt ggtgtcacgc tcgtcgtttg gtatggcttc 7200 

attcagctcc ggttcccaac gatcaaggcg agttacatga tcccccatgt tgtgaaaaaa 7260 

agcggttagc tccttcggtc ctcc gatcgt tgtcagaagt aagttggccg c agtgttatc 7320 

actcatggtt atggc agcac tgcataattc t cttactgtc atgccatccg t a agatgctt 7380 

ttctgtgact ggtgagtact caaccaagtc attctgagaa tagtgtatgc ggcgaccgag 7440 

ttgctcttgc ccggcgtcaa tacgggataa taccgcgcca catagcagaa ctttaaaagt 7500 

gct catca tt ggaaaacgtt cttcggggcg aaaact ctca aggatct t ac cgctgt.tgag 7560 

atccagtt cg atgt aaccca ctcgtgca cc c a act gatct t cagca tctt ttactttcac 7620 

cagcgtttct gggtgagcaa aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc 7 680 

gacacggaaa tgttgaatac tcatactctt cctttttcaa tattattgaa gcatttatca 7 740 

gggttattgt ctcatgagcg gatacata tt t gaatgtatt tagaaaaata aacaaat agg 7800 

116 
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ggttccgcgc acatttcccc gaaaagtgcc acctgacgtc taagaaacca ttattatcat 7860 

gacattaacc tataaaaata ggcgtatcac gaggcccttt cgtc 790 4 

<210> SEQ ID NO 21 
<211> LENGTH: 6773 
<212> TYPE: DNA 
< 213 > ORGANISM: Artificial Sequence 
<220 > FEATURE : 
<223 > OTHER INFORMATION: Codon optimized 

< 400 > SEQUENCE: 21 

tcgcgcgttt cggtgatgac ggtgaaaacc t ctgacacat gcagctcccg g agacggtca 60 

cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg 120 

tt99c99gt9 tcg999ct 99 cttaactatg cggcatcaga gcagattgta ctgagagtgc 180 

accacgcttt tcaattcaat tcatcatttt ttttttattc ttttttttga tttcggtttc 2 40 

ttt gaaattt ttt t gattcg gtaatctccg aacagaagga agaacgaagg a aggagcaca 300 

gacttagatt ggtatatata cgcatatgt a gtgtt gaaga aacatgaaat tgccc agtat 360 

tcttaaccca actgcacaga acaaaaacct gcaggaaacg aagataaatc atgtcgaaag 420 

ctacatataa ggaacgtgct gct actca tc ctagtcctgt t gctgccaag ctatttaata 480 

tcatg cac ga aaagcaaaca aacttgtgtg cttcattgga tgttcgtacc accaaggaat 540 

tactggagtt agt tgaagca t taggtccca aaattt gttt actaa a aaca c a tgtggata 600 

tcttgactga tttttccatg gagggcacag t taagccgct aaaggcatta tccgccaagt 660 

acaatt tt tt actcttcgaa gacagaaaat t tgctgacat tggtaataca gtcaaat tgc 720 

agt a c tctgc gggt g t atac aga atagcag aatgggcaga cattacgaat gcacacggt g 78 0 

tggtgggccc aggtattgtt agcggtttga agcaggcggc agaagaagta acaaaggaac 840 

ctagaggcct tttgatgtta gcagaattgt catgcaaggg ctccctatct actggagaat 900 

ata ctaaggg tactgt tgac attgcgaa ga gcgacaaaga ttttgttatc ggctttatt g 960 

ctcaaagaga catgggtgga agagatgaag gttacgattg gttgattatg a cacccggtg 1020 

tgggtttaga t gacaaggga gacgcattgg gtcaacagta t agaaccgtg g atgatgtgg 1080 

tctctacagg atctgacatt attattgttg gaagaggact a tttgcaaag ggaagggatg 1140 

ctaaggtaga gggtgaacgt tacagaaaag caggct ggga agcatatttg agaagatgcg 120 0 

gccagcaaaa ctaaaaaact gtattataag taaatgcatg tatactaaac tcacaaatta 1260 

gagcttcaat ttaattat at cagttattac cctgcggtgt gaaataccgc acagatgcgt 1320 

aaggag aaaa taccgcatca ggaaatt g t a aacgt ta a ta t tttgt taaa a t tcgcgt t a 1 38 0 

aatttttgtt aaatcagctc attttttaac c aataggccg aaatcggcaa aatccct tat 1 440 

aaatcaaaag aat ag accga gatagggttg a gtgtt gt t c cagtttggaa caagagtcca 1 500 

ctattaaaga acgt ggactc caacgtcaaa gggcgaaaaa ccgtcta tca gggcgatggc 1560 

ccactacgt g aaccatcacc ctaatcaa g t t ttttggggt cgaggtgccg taaagcacta 1 620 

aatcggaacc ctaaagggag cccccgat t t agagcttgac ggggaaagcc ggcgaacgtg 1690 

gcgagaaagg aagggaagaa agcgaaagga gcgggcgcta gggcgctggc aagtgt agcg 1740 

gtcacgctgc gcgtaaccac cacacccgcc gcgct taatg cgccgctaca gggcgcgtcg 180 0 

cgccattcgc cattcaggct gcgcaactgt t gggaagggc gatcggtgcg ggcctct tcg 1 860 

ctattacgcc agc tggcgaa ggggggat.gt gct.gcaaggc gattaagttg ggtaacgcca 1920 
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gggttttccc agtcacgacg ttgta aaa cg acggccagtg aattgtaata cgactcacta 1980 

tagggcgaat tggagctcta gtacggatta gaagccgccg agcgggcgac agccctccga 2040 

cggaagactc t cctccgt gc gtcct cgtct t caccggtcg cgttcctgaa acgcagatgt 2 100 

gcctcgcgcc gcactgct cc gaacaataaa gattct acaa tactagcttt tatggtt atg 2160 

aagaggaaaa attggcagta acctggcccc acaaaccttc aaattaacga atcaaat taa 2220 

caaccatagg atgataat gc gattagtttt t tagc c t tat ttctggggta a t taatcagc 2280 

gaa gcgatga ttt t tgat ct. attaa cagat atat a a atgg aaaagctgca t a accact.tt 2340 

aactaatact ttcaacat tt tcagtttgta ttacttctta ttcaaatgtc ataaaagtat 2400 

caa c a a a a aa ttgttaa tat acctctatac tttaacgt ca agg agaaaaa accccggat t 2460 

ctagaacta g tggat c cccc atca caagtt tgtacaaaaa agctgaa cga gaaacgtaaa 2520 

atgatataaa t atcaa ta t a t taaa tta ga t tttgcataa aaaacagact acataat act 2S80 

gta aaaca ca acata t ccag t c a c tatggc ggccgcatta ggcacccca g gctttacact 2640 

ttatgcttcc ggctcgt ata atgtgtggat t ttgagt tag gatccgtcga gattttcagg 2700 

agctaaggaa g c taaaa t gg a gaaa aaa a t c a c t ggatat a ccaccgttg a t a t atccca 2760 

atggcatcgt aaagaacatt t tgaggca t t t cagtcagtt gct c aatgt a cctataacca 2820 

gaccgttcag c t ggat a t ta cggcct t t tt aaagaccgta aagaaaaata agcacaa g t t 2880 

ttatccggcc tttat tcaca ttcttgcccg cctgat gaat gctcatccgg a a ttccgtat 2940 

ggcaatgaaa gacggtgagc tggtgatat g ggatagtgtt cacccttgt t acaccgtttt 3000 

ccat gagcaa actgaaacgt tttcatcgct ctggagtgaa taccacgacg atttccggca 3060 

gtttctacac atatat tcgc aagatgtggc gtgttacggt gaaaacctgg cctatttccc 3 120 

taaagggttt attgagaata tgt ttttcgt ctcagccaat ccctgggtga gtttcaccag :n 00 

ttttgattta aacgtggcca atatggacaa cttct t cgcc cccgttttca ccatgggcaa 3240 

atattatacg caaggcgaca aggtgctgat gccgct ggcg attcaggttc atcatgccgt 3300 

ctgtgatggc ttccatgt cg gcaga atgct taatgaatta caaca gtact gcgatgagtg 3360 

gca gggcggg gcgtaaacgc cgcgtgga tc cggctt acta aaagccagat a a cagtatgc 3420 

gtatttgcgc gctgattt tt gcggt ataag aatat atact gatatgtata cccgaagtat 3480 

gtcaaaaaga ggtat gct at gaagcagcgt att acagtga cagt tgacag cgacagctat 3 540 

cagttg ctca aggcatat a t gatgtcaata t ctccggtct ggtaagcaca accatgcaga 3600 

atgaagcccg tcgtctgcgt gccgaacgct ggaaagcgga aaatcaggaa gggatggctg 3660 

aggtcgcccg gtttat t gaa atgaacggct cttttgctga cgagaacagg ggctggtgaa 3 720 

atgcagttta aggtttacac ctataaa a ga g agagccgtt atcgtctgtt tgtggatgta 3 78 0 

cagagtgata ttattgacac gcccgggcga cggatggtga tccccctggc c agtgcacgt 3840 

ctgctgtcag ataaagtctc ccgtgaactt tacccggtgg tgcatatcgg ggatgaa agc 3900 

tggcgcatga tgaccaccga tatggccagt gtgccggtct ccgttatcgg ggaagaagtg 3960 

gctgatctca gccaccgcga aaatgacatc aaaaacgcca ttaacctgat gttctgggga 4020 

atataaatgt caggctccct tat acacagc c ag tctgcag g t cga c c a ta gtgactggat 4080 

atgt tgtgtt ttacagt att atgta gtc t g t tt tttatgc aaaatctaat t t aatatat t 4 140 

gatatttata tcattttacg tttctcgttc agcttt cttg tacaaagtgg tgatgggctg 4200 

caggaattcg atatcaagct tatcgatacc gtcgacctcg agtcatgtaa t tagttatgt 426 0 

cacgcttaca ttcacgccct ccccccacat ccgctctaac cgaaaaggaa ggagt tagac 4320 
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aacctgaagt ctaggtccct atttattttt ttatagttat gttagtatta agaacgttat 4380 

ttatatttca aatttttctt ttttttctgt acagacgcgt gtacgcatgt aacattatac 4 440 

tgaaaacctt gcttgagaag gttttgggac gctcgaaggc tttaatttgc ggccggtacc 4500 

cagcttttgt tccctt tagt gagggttaat tccgagcttg gcgtaatcat ggtcatagct 4S60 

gtttcctgtg tgaaattgtt atccgctcac aattccacac aacata ggag ccggaagcat 4620 

aaagtgtaaa gcctggggtg cctaatgagt gaggtaactc acattaattg cgttgcgctc 4680 

actgcccgct ttccagtcgg gaaacctgtc gtgccagctg cattaatgaa tcggccaacg 4740 

cgcggggaga ggcggt ttgc gtattgggcg ctcttccgct tcctcgctca ctgactcgct 4800 

gcgctcggtc gttcggct gc ggcgagcggt atcagctcac tcaaaggcgg taatacggt t 4860 

atccacagaa tcaggggata acgcaggaaa gaacatgtga gcaaaaggcc agcaaaaggc 4920 

caggaaccgt aaaaaggccg cgttgctggc gtttttccat aggctcggcc cccctgacga 4980 

gcatcacaaa aatcgacgct caagtcagag gtggcgaaac ccgacaggac t a taaagata 5040 

cca ggcgt tc ccccctggaa gct ccct cgt gcgct c t cct gtt ccgaccc tgccgctta c 5100 

cggatacctg tccgcctttc tcccttcggg aagcgt ggcg ctttctcaat gctcacgctg 5 1 60 

taggtatctc agt t cggt gt aggtcgttcg ctccaagctg ggctgtgtgc acgaaccccc 5220 

cgttcagccc gaccgctgcg ccttatccgg taactatcgt cttgagtcca acccggtaag 52$0 

acacgactta t cgccactgg cagca gccac t ggtaacagg attagcagag cgaggtatgt 5340 

aggcggtgct acagagttct tgaagtggtg gcctaactac ggctacacta gaaggacagt 5 400 

atttggtatc tgcgctctgc tgaagccagt taccttcgga aaaagagttg gtagctcttg 5 4 60 

atccggcaaa caaaccaccg ctggtagcgg t ggtt ttttt gtttgcaagc agcagattac 5520 

gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca 5580 

gtggaacgaa aactcacgtt aagggatttt ggtcat gaga ttatcaaaaa ggatcttcac 5640 

cta gatcctt ttaaattaaa aatgaagt tt taaatcaatc taaagtatat atgagtaaac 5700 

ttggtctgac agttaccaat get taatcag t gaggcacct atctcagcga tctgtctatt 5760 

tcg t tcatcc atagttgcct gactgcccgt cgt g t agata actacgatac gggagggct t 5820 

accatctggc cccagtgctg caatgatacc gcgagaccca cgctcaccgg ctccagattt 5880 

atcagcaat a aaccagccag ccggaagggc cgagcgcaga agtggtcctg caactttatc 5940 

cgcctccatc cagtctat t a attgttgccg ggaagctaga gtaagtagtt cgccagttaa 6000 

tagtttgcgc aacgttgt tg ccat tgctac aggcatcgtg gtgtcacgct cgtcgtttgg 6060 

tatggcttca t tcagctccg gtt cccaa cg atcaaggcga gtt acatgat cccccatgt t 6 1 20 

gtgaaaaaaa gcggttagct ccttcggtcc t ccgat cgtt gtcaga agta agttggccgc 6 180 

agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt 6240 

aagatgcttt tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgcg 6300 

gcgaccgagt t gctct tgcc cggcgtcaat acgggataat accgcgccac atagcagaac 6360 

t t taaaagtg ctcatcattg gaaaa cgttc ttcggggcga aaactctcaa ggatcttacc 6420 

gctgttgaga tccagttcga tgtaacccac t cgtgcaccc aac tgatctt cagcatcttt 6480 

tactttcacc agcgtttctg ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 6540 

aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat attattgaag 6600 

catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa 6660 
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acaaataggg gttccgcgca catttccccg a a aagt gcca cctgacgtct a agaaaccat 6720 

tattatcatg acattaacct ataaaaatag gcgtat cacg aggccctttc gtc 6773 

<210> SEQ ID NO 22 
<211> LENGTH: 7690 
<212> TYPE : DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER I NFORMATION: Codon opt imi zed 

<.400> SEQUENCE: 22 

ttatcatgac attaacctat aaaaataggc gtatcacgag gccctttcgt ctcgcgcgt t 60 

t cggtgatg a c g gtga a aac c tctgacaca t g c agct ccc ggagacggtc acagcttgt c 1 20 

tgtaagcgga tgccgggagc agacaagccc gtcagggcgc 9tca9c999t gt tg9c999t 180 

gtcggggctg gcttaacta t gcggcatcag agc agat tgt actga gag tg caccacgct t 240 

t tcaattcaa ttcatcat tt t t t t tttatt cttttttttg attt c ggttt c tttgaa a tt 30 0 

tttttgattc ggtaatct cc gaacagaagg aagaacgaag gaaggagcac agacttagat 360 

t ggt a t a t a t acgcat a t gt a g t g ttgaag a a acat gaaa t tgcccagta ttc t taa ccc 420 

aactgcacag aacaaaaacc tgcaggaa ac g a agat aaat catgtcgaaa gctacatata 480 

aggaa cgtgc tgctact c a t c c tagt cctg t tgct gccaa gct att taat a t cat gcacg 540 

aaa agcaaac aaact tgt gt gct tca ttgg atgtt cgtac caccaaggaa t t actggagt 600 

tagttgaagc attaggtccc aaaatttgt t tactaaaaac acatgtggat atcttgactg 660 

attt ttccat ggagggcaca gttaagccgc t aaaggcatt atccgccaag tacaattttt 720 

tactct tcga agacagaaaa tttgctgaca t tggtaatac agtcaaattg cagtactctg 780 

cgggtgtata cagaatagca gaatgggcag acattacgaa tgcacacggt gtggtgggcc S40 

caggtattgt tagcggtt tg aagcaggcgg cagaagaagt aacaaaggaa cctagaggcc 900 

ttttgatgtt agcagaat tg tcatgcaa gg gctccct atc tactggagaa t a tactaagg 960 

gta ctgttga cattgcgaag agcga caa ag attttgt tat cggctttat t gctcaaagag 1 020 

aca tgggtgg aagagatgaa ggtta cga tt ggttgattat gacacccggt gtgggtttag 1080 

atgacaaggg agacgcat t g ggtcaacagt atagaaccgt ggatgatgtg gtctctacag 1140 

gatc t gacat tat t attgtt ggaagaggac t a t t t gcaaa gggaagggat gctaaggtag 1 200 

agggtgaacg ttacagaaaa gcaggctggg aagcat attt gag aagatgc ggccagcaaa 1260 

actaaaaaac tgtattat aa gtaaatgcat gtatactaaa ctcacaaatt agagcttcaa 1 320 

tttaattata tcagttat ta ccctgcggtg t gaaat accg cacagatgcg taaggagaaa 1380 

ata ccgcatc aggaaatt gt aaacgtta at attttgt taa aat tcgcgtt a aatttttgt 1440 

taaatcagct catttttt aa ccaataggcc gaaatcggca aaatccctta t a aatcaaaa 1 500 

gaa tagaccg agatagggtt gagtgttgtt ccagt t tgga acaagagtcc actatta a a g 1560 

aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg cccactacgt 1620 

gaaccatcac cctaatcaag ttttttgggg t cgaggtgcc gtaaagcact aaatcggaac 16$0 

cct a a aggga gcccccgatt tag agcttga cggggaaagc cggcgaacgt ggcgagaaag 1 7 4 0 

gaa gggaaga aagcgaaagg agcgggcgct agggcgctgg caagtgtagc ggtcacgct g 1 800 

cgcgtaacca ccacacccgc cgcgcttaat gcgccgctac agg gcgcg tc gcgccattcg 1860 

ccattcaggc tgcgcaactg ttgggaaggg cgatcggtgc gggcctcttc gctattacgc 1920 

cagctggcga aggggggatg tgctgcaa gg cgattaagtt gggtaacgcc agggttttcc 1 980 
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cagtcacgac gttgtaaaac gacggccagt gaattgtaat acgactcact atagggcgaa 2040 

ttggagctct agtacggatt agaagccgcc gagcgggcga cagccctccg acggaagact 2100 

ctcctccgtg cgtcctcgtc t tcaccggtc gcgttcctga aacgcagatg tgcctcgcgc 2 1 60 

cgcactgctc cgaacaataa agat tctaca atactagctt ttatggt tat gaagaggaaa 2220 

aattggcagt aacctggccc cacaa a c c tt caaattaacg aatcaaatta acaaccatag 2280 

gatgataatg cgattagttt tttagcctta tttctggggt aattaatcag cgaagcgatg 2340 

atttttgat c tattaacaga tatataaatg gaaaagctgc ataaccactt taact aatac 2400 

tttcaacatt ttcagtttgt a ttacttctt attcaaatgt cataaaagta tcaacaaaaa 2460 

attgttaata tacctctata ctttaacgtc aaggagaaaa aaccccggat tctagaacta 2520 

gtggatcccc catcatggtt tccaatcact tgtttgacgc aatgagagcc gctgcccctg 258 0 

gtaacgcccc tttcataaga atagataata ctagaacttg gacatacgat gacgcctttg 2640 

ctttatctgg tagaat agca tcagc tatgg atgctttggg tatcagacca ggtgacaga g 2700 

tcgcagttca agtaga aaaa t ccgctgaag c attgatctt gtattt ggct tgtttgagaa 2760 

gtggtgcagt ttatttgcca ttgaatactg cctacacatt agctgaattg gattact tea 2820 

taggtgacgc agaacctaga ttggttgtag t cgcct cttc agccagagct ggtgtagaaa 2880 

caattgctaa accaagaggt gcaatagtcg aaaccttaga tgctgctggt tctggtagt t 2940 

tgttagattt ggccagagac gaacctgctg attttgttga cgcttcaaga tcagccgatg 3000 

acttagccgc tattttgt ac acctctggta ctacaggtag atcaaagggt get at gt tga 3060 

ctcatggtaa tttgttgtca aacgcattaa ccttgagaga tttctggaga gttactgccg 3 1 20 

gtgacagatt aat ccacgct ttgccaatt t t tcatactca cggtttattc g t tgctacca 3 180 

acgtaacttt gttagcaggt gcctccatgt tcttgttgag taagttcgat ccagaagaaa 3240 

tattatcttt gatgcctcaa get act at gt t gatgggtgt cccaacattc tacgtt agat 3300 

tgttacaatc acctagatta gataagca ag ctgttgcaaa catca gattg tttatatccg 3360 

gtagtgctcc attgttagca gaaacccata ctgaat ttca agcaagaaca ggtcacgcca 3420 

ttttagaaag atacggtatg acagaaacca atatgaacac ttc taaccct tatgaaggta 3480 

aaagaatagc tggtacagtt ggttttccat tgcctgatgt cacagttaga gtaaccgacc 3540 

cagccactgg tttagctt tg ccacctgaac aaact ggtat gatcgaaatt aaaggtccaa 3600 

acgt ttttaa gggttactgg agaatgcctg aaaagactgc tgctgagttt a ctgctgatg 3660 

gtttctttat ctctggtgac t taggtaaaa t tgatagaga cggttatgtc catattgttg 3720 

gtcgtggtaa agatttggtt atatccggtg gttat aacat ctaccctaag g a agtagaag 3780 

gtgaaataga tcaaatcgaa ggtgttgtag aatcagctgt aataggtgtc ccacatcctg 3840 

attttggtga aggtgttaca gcagtcgttg taagaaaacc aggtgct gca ttagatgaaa 3900 

aggcaattgt ttctgcctta caagacagat tggctagata caagcaacca aagagaataa 3960 

tcttcgcaga agatttgcct agaaatacta t gggtaaagt acaaaagaac atcttgagac 4020 

aacaatacgc cgacttatac accagaaccg aaggtagagg ttctttgtta acatgt ggtg 4090 

acgttgaaga aaatccaggt cctatggctt cagaaaagga aataagaaga gaaagat tct 4140 

tgaacgtatt cccaaagt ta gttgaagaat tgaacgctag tttgttagct tatggtatgc 4200 

ctaaagaagc ctgcgattgg t atgctcact ctttaaacta caatactcca ggtggtaaat 4260 

tgaatagagg tttgagtg t a gttgatactt atgctat c tt gtctaacaaa accgt tgaac 4320 
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aatt aggtca agaagaatac gaaaaggtcg ctatcttggg ttggtgtatt g aattgttgc 4380 

aagcatactt tttggttgcc gatgacatga tggataagtc tataacaaga agaggtcaac 4440 

catgctggta caaagt tcca gaagt tggtg aaatagccat aaatgatgct t ttatgt tgg 4500 

aagccgctat ctataaattg ttgaagtcac atttcagaaa cgaaaagtac tacatcgata 4560 

ttaccgaatt attccacgaa gttactttcc aaacagaatt gggtcaattg atggatttga 4620 

taactgcacc tgaagat aaa gttgacttgt caaagtt ttc cttgaagaaa cattcattca 4680 

tcgtcacctt tgaaactgct. tatt.actcct t ctat ttgcc agtcgccttg gct.atgtacg 4740 

tagctggtat tactgatgaa aaagacttga agcaagcaag agatgttttg atacctttgg 4800 

gtgaatactt ccaaatcca a gatgactact tagact gttt cggtactcca g a acaaatag 4860 

gtaaaatcgg tacagatatt caagacaata agtgcagttg ggttattaac aaggctttgg 4920 

aattagcatc tgccgaacaa agaaagactt tggatgaaaa ctacggtaaa aaggactcag 4980 

t tgctgaagc aaagtgtaag aaaattttta atgatttgaa gattga acaa ttgtaccat g 5040 

aatacgaaga atccatcgct aaagacttaa aggcaaagat tagtcaagtt gatgaatcaa 5100 

gaggttttaa agccgacgtt t tgacagctt tcttgaataa ggtctacaag agatcaaagt 5160 

gatgggctgc aggaattcga tatcaagct t atcgataccg tcgacctcga gtcatgtaat 5220 

tag t tatgtc acgcttacat tcacgccctc cccccacatc cgctctaacc gaaaaggaag 5280 

gagttagaca acct gaagtc taggtcccta t ttat tt ttt tatagttatg t t agtattaa 5340 

gaacgttatt t atatttcaa atttttcttt t ttttctgta cagacgcgtg tacgcatgta 5400 

acattatact gaaaaccttg cttgagaagg ttttgggacg ctcgaaggct ttaatttgcg 5460 

gccggtaccc agcttttgtt ccctttagtg agggtt aatt ccgagcttgg cgtaatcatg 5520 

gtcatagctg tttcctgtgt gaaat tgtta t ccgctcaca attccacaca acataggagc 5580 

cggaagcata aagtgtaaag cctggggtgc ctaatgagtg aggtaactca cattaattgc 5640 

gttgcgctca ctgcccgctt tccagtcggg aaacctgtcg tgccagctgc attaatgaat 5700 

cggccaacgc gcggggagag gcggtttgcg tattgggcgc tcttccgctt cctcgctcac 5760 

tgactcgctg cgctcggtcg ttcggctgcg gcgagcggta tcagctcact c a aaggcggt 5820 

aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag caaaaggcca 5880 

gcaaaaggcc aggaaccgta aaaaggccgc gttgctggcg tttttccat a ggctcggccc 5940 

ccctgacgag catcacaaaa atcgacgctc aagtcagagg tgg cgaaacc cgacaggact 6000 

ataaagatac caggcgttcc cccctggaag ctccct cgtg cgctctcctg ttccgaccct 6060 

gccgcttacc ggatacctgt ccgcctttct cccttcggga agcgtggcgc tttctcaatg 6 120 

ctcacgctgt aggtatct ca gttcggtgta ggtcgttcgc tccaagctgg gctgtgtgca 6 180 

cgaacccccc gttcagcccg accgctgcgc cttatccggt aactatcgtc ttgagt ccaa 6240 

cccggtaaga cacgacttat cgccactggc agcagccact ggtaacagga t tagcagagc 6300 

gaggtatgta ggcggtgcta cagagttctt gaagtggtgg cctaactacg gctacactag 6360 

aaggacagta tttggtatct gcgctctgct gaagccagtt accttcggaa aaagagttgg 6420 

tagctcttga tccggcaaac aaaccaccgc t ggtagcggt ggtttttttg tttgcaagca 6480 

gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt ctacggggt c 6540 

tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat tatcaaaaag 6600 

gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct aaagtatata 6660 

tgagtaaact tggtctgaca gttaccaatg cttaat cagt gaggcaccta tctcagcgat 6720 

128 
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ctgtctattt cgttcatcca tagttg cctg actgcccgtc gtgtagataa ctacgatacg 678 0 

ggagggctta ccatctggcc ccagtgctgc aatgataccg cgagacccac gctcaccggc 6840 

tccagatt ta tcagcaataa a c cagccagc cggaagggcc gagcgcagaa gtggtcctgc 690 0 

aact ttatcc gcctccatcc agtctattaa t tgttgccgg gaagctagag taagtagt tc 6960 

gccag ttaat agtttgcgca a c gttgttgc cattgctaca ggcatcgtgg tgtcacgctc 7020 

gtcgtttggt atggc t teat tcagctccgg t t cccaacga tcaaggcgag t tacatgatc 7080 

ccccatgttg tgaaaaaaag cggt tagctc cttcggt cct c cgatcgttg tcagaagtaa 7140 

gttggccgca gtgttatcac tcatggttat ggcagcactg cataattctc ttactgtcat 7200 

gccatccgta agatgctt tt c t g tgactgg tgagtactca accaagtcat tctgagaata 7260 

gtgtatgcgg cgaccga g tt gctcttgccc ggcgtcaata cgggataata ccgcgccaca 7 32 0 

tagcagaact ttaaaagtgc tcatcattgg aaaacgttct tcggggcgaa aactctcaag 7 38 0 

gat cttaccg ctgttgagat c c agttcgat gtaacccact cgtgca ccca a c tgat ctt c 7440 

agcatctt t t act ttcacca g c gtttctgg gtgagcaaaa a c a ggaaggc a a aatgccgc 7500 

aaaaaaggga ataagggcga cacggaaatg t tgaat actc atactct t cc tttttcaata 7560 

t t attgaagc att t atcagg g t t attg tct c a tgagcgga tacata t ttg a a tgtattta 7 62 0 

gaaaaataaa caaatagggg ttccgcgcac atttccccga aaagtgccac c tgacgtcta 7 690 

agaaa ccatt 7690 

<210> SEQ ID NO 23 
<211 > LENGTH: 2163 
<212> TYPE: DNA 
<213 > ORGANISM: Ar t ificia l Sequence 
<220> FEATURE: 
<223> OTHER I NFORMAT I ON: Codon optimized 

<400 > SEQUENCE: 23 

atgggtaaaa actataagtc cttggattca gtcgt t gcct c agatttcat c g c a t tgggt 60 

atcacctcag aagtagcaga a acattacat ggtagattgg cagaaatcgt t tgtaat tat 1 20 

ggtgc t g caa cccctcaaac t tggatc a ac atcgct aacc a t a tct tgtc accagatttg 180 

cctttctcct tacaccaaat gttgttttat ggttgctaca aggatttcgg tccagcccca 240 

cctgct tgga ttccagaccc tgaaaaagt c aagtcaacta atttgggtgc tttgt tggaa 30 0 

aagagaggta aagaattt tt gggtgtaaag tac aaagatc caatttcttc tttttctcac 360 

ttccaagaat tttctgtt ag aaaccctgaa gtctattgga gaacagtatt gatggatgaa 420 

a t gaa aat t a gtttc t c taa ggacccagaa tgtat c t t ga gaaga gatga c a tcaacaa c 480 

ccaggtggtt ctgaatggtt a cctggtggt t acttgaact cag cta aaaa t tgcttgaac 540 

gtaaactcca ataag aaatt gaacgatact atgatcgttt ggaga gacga gggtaacgat 600 

gacttgcctt tgaa taa g tt g acattagat caat tgagaa agagagtttg gttggttggt 660 

tatgcattgg aagaaatggg t ttagaaa aa ggttgt gcaa tagcc a tcga t a tgccaat g 720 

catgttgatg ctgttgttat atat t tggcc atagtattgg ctggttacgt agttgtctct 780 

atagcagatt cattttccgc ccctgaaatc t caact agat tgagattatc caaagctaag 840 

gcaatt ttc a cacaagatca cat c atcaga ggtaaaaaga gaataccatt gtattcaaga 900 

gtagt t gaag ctaaatcccc aatggcaata g t tatccctt g t agtggtt c taacattgg t 960 

gcagaattga gag atgg tga catat c ttgg gattactttt tagaaagagc c aaggagtt t 1020 
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aaaaactgcg agtttactgc cagagaacaa cct gtt gatg cttatactaa c a tcttattc 1080 

tccagtggta ctacaggtga accaaaagca attccttgga cacaagccac cccattgaag 1 140 

gctgctgctg atggttggtc tcatttggat attagaaaag gtgacgttat agtatggcca 120 0 

actaatttgg gttggatgat gggtccttgg t tggtttatg ctagtttg tt aaatggtgca 1260 

tctattgcct tgtacaacgg tagtcctt ta gtctctggtt tcgctaaatt tgttcaagat 1320 

gcaaaggtca caatgt t ggg tgtcgtacca t ctat t gtaa gatcatggaa atccacaaat 1380 

tgtgtttcag gttacgat tg gtccacca ta agatgctttt cttcatccgg tgaagcct.ct 1440 

aatgtagacg aatatt tgtg g ttaatgggt agagctaact acaagccagt tatagaaatg 1500 

t g tggtggta cagaaatcgg t g g t gctttt tctgct ggtt catttttgca agctcaatct 1 560 

t taagt tctt tttcatccca atgtatgggt tgcaccttgt acatattaga t aagaacggt 1 620 

tacccaatgc ctaaaaataa gccaggta tc ggtgaattgg catta ggtcc tgt t atgttt 1680 

ggtgcct caa aaa cat t gtt a a acggtaat c atcacgat g t c tatttc aa gggtatgcca 1740 

accttgaatg gtgaagtatt gagaagacat ggtgacattt tcgaattgac ctctaacggt 1800 

t actaccat g cacacggt ag a gccgatgac act a t gaaca t cg g t ggtat c a aaattagt 1860 

tctatcgaaa tcgaaagagt ctgt.aatgaa gtagat gaca gag ttt ttga a a ccact.gct 1920 

attggtgttc c a cctttggg t ggtggtcca gaacaattgg t catatt ttt cgtat tgaa g 1 980 

gattcaaacg acacaaccat tgat.ttgaac c a attgagat tatcct ttaa c t tgggt.t t g 2040 

caaaagaaat t gaacccatt attcaaagt t actagagttg tcccattgtc atccttacct 210 0 

a gaactgcaa caaacaagat catgagaaga gttttgagac aacaattcag tcatttcgaa 2160 

tga 2163 

<:210> SEQ ID NO 24 

<:211 > LENGTH: 1059 
<212> TYPE: DNA 
<213> ORGANISM : .r..rtificial Sequence 
< 220 > FEATURE: 
<. 223 > OTHER INFORMATION: Codon optimized 

<:400> SEQUENCE: 2 4 

a tggct tcag aaaaggaaat aagaagagaa agatt c ttga acgtattccc aaagttagt t 60 

gaagaattga acgct agt tt gttagcttat ggtatgccta aagaagcct g cgatt ggtat 120 

gctcactctt taaactacaa tactccaggt ggtaaattga atagaggttt gagtgtagt t 180 

gatacttatg ctat cttgtc taacaaaacc gttgaacaat taggtcaaga agaatacgaa 2 40 

aaggtcgcta tcttgggt tg gtgtattgaa ttgttgcaag catacttttt ggttgccgat 300 

gacatgatgg ataagtct at aacaagaaga ggtcaaccat gctggt acaa agttccagaa 360 

gttggtgaaa tagccataaa tgatgctttt atgttggaag ccgcta tct a t aaattgttg 420 

aagtcacatt tcagaaacga a aagta ctac atcgatatta ccgaattatt ccacgaagtt 480 

actttccaaa cagaat tggg tcaat tgatg gatttgataa ctg cacctga agataaagt t 540 

gacttgtcaa agt tttcctt gaagaaacat t cat tcatcg tcacctttga aactgct t a t 600 

tactccttct att t g c cagt cgccttggct atgtacgtag ctggtattac t gatgaaaaa 660 

gacttgaagc aagcaagaga t g tt ttgata cctttgggtg aatacttcca a a tcc aagat 72 0 

gactacttag actgtttcgg tactccagaa caaataggta aaatcggtac agatattcaa 780 

gacaataagt gcagttgggt tattaacaag gctttggaat tagcatctgc cgaacaaaga 840 

aagactttgg atgaaaacta cggtaaaaa g gactcagttg ctgaa gcaaa gtgtaagaaa 900 
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atttttaatg atttgaagat tgaacaattg taccatgaat acgaagaatc catcgctaaa 960 

gacttaaagg caaagattag tcaagttgat gaatcaagag gttttaaagc cgacgt.tttg 1020 

acagct ttct tgaataaggt ctacaagaga tcaaagtag 1059 

<210> SEQ ID NO 25 
<211> LENGTH: 11 58 
<212 > TYPE: DNA 
<213 > ORGANISM: .r..rtificial Sequence 
<. 220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<.400> SEQUENCE: 2 5 

atgaaccatt tgagagccga aggtcctgcc t ccgtattag ccataggtac agccaaccca 60 

gaaaacatat tgatccaaga tgaatttcct gattattact tcagagttac caagagtgaa 120 

cacatgactc aattgaagga aaagtttaga aaaatatgtg ataagtctat gatcagaaag 180 

agaaactgct tct t gaacga agaac att tg aagcaaaatc caagattggt agaacacgaa 2 40 

atgcaaacat tggatgccag acaagacatg t tagt t g t cg aagttcctaa attgggtaaa 300 

gatgcttgtg caaaagccat taaggaatgg ggtcaaccaa agtcaaagat c a ctcatttg 360 

atttttacaa gtgcatct ac tacagata tg cctggt gcag actaccactg tgccaaattg 420 

tta9gttt9t caccatccgt taagagagtc atgatgtatc aattaggttg ctacggtggt 480 

ggtactgttt tgagaatcgc taaggatatt gcagaaaaca acaagggtgc c agagtatta 540 

gctgtt tgtt gcgacattat ggcttgct tg tttagaggtc caagtgattc tgact tggaa 600 

ttgttagttg gtcaagctat cttcggtgac ggtgctgctg ctgttattgt tggtgcagaa 660 

cct gacgaat ctgttggtga aagaccaata t ttgaat tag tcagtacagg tcaaaccatc 720 

ttgcctaatt ctgaaggtac aattggtggt c atataagag aagcaggtt t g a tct tcgat 780 

t tgcacaaag acgttccaat gttaatctct aacaacatag a aaagtgttt g a t agaagca 840 

ttcactccta taggtatctc agat.tgga ac t ctattt tct ggataacaca tccaggtggt 900 

aaagccat tt tggataaggt tgaagaaaaa t tggat ttga agaaagaaaa gtttgtagat 960 

agtagacatg t tttatct ga acacggtaac atgtcttcat c cactgtctt g t tcgtaat g 1 020 

gatgaattga gaaagagatc attagaagag ggtaaatcta ctactggtga cggttttgaa 1080 

tggggt gtct t a tttggt tt cggtcctggt t tgaccgtcg aaagagtagt t gtcagatca 1140 

gtaccaat t a aatattag 1158 

<210> SEQ ID NO 26 
.:: 211 > LENGTH: 3 1 5 
<212> TYPE: DNA 
<213> ORGANISM : .1\rtificial Sequence 
.::220> FEATURE : 
< 223 > OTHER INFORMATION: Codon optimized 

<400> SEQUENCE: 26 

atggccgtca agcatttgat agtattg a ag t ttaaagatg aaatca caga a gc tcaaaag 60 

gaagaatttt tcaagaccta cgt t aatttg gtcaacatta tacctgctat gaaagatgta 120 

tactggggta aagacgtt ac acaaaagaaa gaagaaggtt atacacacat tgtcgaagta 180 

accttcgaat cagttgaaac tatccaagat tacatcattc atccagc t ca cgt t ggtttt 240 

ggtgacgttt acagatcctt ctgggaaaaa ttgttgatct t cgattacac cccaagaaag 300 

ttaaagccaa aataa 315 
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<210> SEQ ID NO 27 
<211> LENGTH: 1188 
<212> TYPE : DNA 
<213> ORGANISM: Artif icial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<400> SEQUENCE: 27 

atgggtttat catccgt ctg tactttctcc t tccaaacta act a tea tac ct tat tgaat 60 

cctcacaaca acaat:.ccaaa aacatcattg ttgtgttaca gacatccaaa g a cacctat t 120 

aagtactctt acaacaactt tccatcaaaa cattgttcaa ccaagtcctt ccacttacaa 180 

aataagtgct ccgaaagttt gtctatag c t aagaactcta t cagagctgc aactacaaat 240 

caaactgaac cacctgaaag tgataatcac tctgt tgcca caaaaatttt gaacttcggt 300 

aaagcatgtt ggaagttgca aagaccatac accataatcg cttttacttc ttgtgcatgc 360 

ggtttattcg gtaaagaatt gttgc ataac act aacttaa tttcatggtc cttgatgtt c 420 

aaggcatt tt tctttttagt tgccatct tg t gcatcgctt cattcaccac tacaattaat 480 

caaatat acg att t gcacat cgacagaat t aacaaaccag atttgccttt ggc t tcaggt 540 

gaa atatccg tcaatactgc atggatca tg tctatcatag tagccttgtt cggtt tgatc 600 

at.cacaatta aaatgaaggg tggtccat tg tacatcttcg gttactgttt cggtatcttc 660 

ggtggtattg tctattccgt accacctttt agatggaaac aaaaccctag t a ctgccttt 720 

ttgttgaatt t cttagct ca tatcatcaca aacttcacct tctactacgc t tcaagagct 780 

gctttaggtt tgccattcga attgagacct t cattcacat ttttgttggc attcatgaaa 840 

agtatgggtt ctgcattagc cttgatcaag gatgcctctg acgttgaagg tgacacaaag 900 

t tcggtat ta gtacct tggc ttctaagtac ggttcaagaa atttgacttt gttctgctcc 960 

ggtatcgt tt tgttaagt ta cgtcgcagcc attttggcag gtatcatttg gccacaagcc 1020 

tttaattcta acgttatgtt gttgtcacat gccatcttgg ctttctggt t gatct tgcaa 1090 

actagagatt tcgctt tgac aaattatgac cctgaagcag gtagaagatt ctacgagttt 1140 

atgtggaaat tgtactacgc tgaatatt tg gtatacgttt ttatttag 1188 

<210> SEQ ID NO 28 

<211 > L ENGTH: 1635 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Codon optimized 

<400> SEQUENCE: 28 

atgaaatgtt caactt t ctc cttttggttc gtatgcaaga tcatcttct t tttcttttcc 60 

tttaacatcc aaacaagtat cgcaaaccca agagaaaact ttttgaagtg cttctcacaa 120 

tacataccta ataacgccac caatttgaag ttggtttaca ctcaaaacaa cccattgtac 180 

atgtccgtct tgaacagt ac aatccataat ttgagattca cttctgatac cactccaaaa 240 

cctttggtca ttgtaacccc tagtcatgta t ctcacatcc aaggtactat cttatgttct 300 

aaaaaggtt g gtt t gcaaat tagaactaga tccggt ggtc atgatagtga aggcatgtca 360 

tacatctccc aagtt ccatt cgt tatcgtt g a ttt gagaa acatga gatc a a ttaaaat a 420 

gacgtacact cacaaactgc ttgggttgaa gctggtgcaa cattgggtga agtatactac 480 

tgggttaacg aaaagaatga aaacttatca t tggctgctg gttactgtcc aacagtttgc 540 

gcaggtggtc attttggt gg tggtggttat ggtcct ttaa tgagaaacta cggtttggcc 600 
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gctgataaca taatcgacgc tcatttggta aatgt tcacg gtaaagtttt ggatagaaag 660 

tctatgggtg aagacttatt t tgggctt tg agaggt ggtg gtgcagaatc attcggtatc 720 

atagttgctt ggaagataag attagtcgca gtaccaaagt ctactat gt t ctcagtcaaa 780 

aagataatgg aaatccatga attagttaaa ttggtcaata agtggcaaaa catcgcatac 840 

aagtacgata aggact tgtt gttga tgact c atttcatca caagaaac a t caccg ataac 900 

caaggtaaaa ataagactgc tatcca c a ca tactttt c t t cagttttctt gggtggtgtc 96 0 

gattccttag tag acttgat gaataagtct tttccagaat taggtat taa g a aaactgat 1 020 

tgtagacaat tgtcttggat cgaca ccat c atcttttatt caggtgttgt c aactacgat 1080 

acagacaact tcaacaaaga aatat tat tg gatagatccg caggtcaaaa cggtgccttt 1140 

aaaattaagt tagactacgt taaaaagcca atacctgaat cagttttcgt ccaaatctt a 1200 

gaaaaattgt acgaagaaga tattggtgca ggc atgtacg ccttgtatcc a tacggtggt 1260 

ataatggacg aaatcagtg a atctgccatt ccatttc ctc atagagc t gg t a tct t atac 1320 

gaattg tggt acatttgttc atgggaaaag c a aga agata a cgaaaa gca c t taaactgg 1 380 

a ttagaaaca tctataactt catgactcca tacgttt c ta aaaaccctag att ggcat at 1 440 

ttgaactaca gagatttgga cat cggta t t aacgat ccaa agaatcctaa c a actatacc 1 500 

caagctagaa tttggggt ga aaaatact tc ggtaaaaatt tcgatagatt agtaaaggtt 1560 

aagacattgg t tgacccaaa caact tcttt agaaacgaac a a tccattcc acctttacc t 1620 

agacatagac actga 1 635 

<210> SEQ ID NO 29 
<211> LENGTH: 1638 
<212> TYPE: DNA 
<:213> ORGANISM: Artificial Sequence 
<:220> FEATURE : 
<223> OTHER INFORMATION : Codon optimi z ed 

c:. 4 00 > SEQUENCE: 29 

atgaactgct ccgcat tc tc tttctggttc gtctgt aaaa taatcttctt cttct tgtcc 60 

ttcaacatc c aaatctccat cgcaaatcc a c a agaaaact tt ttgaagtg tttctccgaa 120 

tacatcccaa acaaccct gc taacccaaag t ttatatata ctcaacatga tcaattgtac 180 

atgt ccgtt t t gaac agt ac catccaaaat t tgagattca cttctgacac tacaccaaaa 240 

cctttagtca ttgttacacc t tccaatgt t agtcacattc aagcttctat attgtgctct 300 

aagaa agtag gtttgcaaat cagaa cta ga tcaggt ggtc atgatgcaga a ggcatgtct 3 6 0 

t aca t c t cac aagttccatt cgt tgtagt c gatttgagaa ata t gcattc c a taaagat c 420 

gacgttcaca gtcaaacagc a t gggtagaa gcaggt gcca ccttgggtga agtttactac 480 

tggatcaacg aaaag aa tga aaacttttct ttccct ggtg gttactgtcc a a c agtaggt 540 

gtcggtggt c act t ttctgg tggtggtta t ggtgcat tga tgagaaacta cggtt tagct 600 

gca gataata t tatagacgc ccatttggtt a a cgtagatg g t aaagttt t ggacagaaa g 660 

tctatgggtg aagatttgtt ttgggccata agaggtggt g gtggtgaaaa tttcggtatc 720 

attgccgctt ggaaaatt aa gttagtcgct gttcct tcca aaagtactat tttctctgtc 780 

aaaaagaaca tggaaatcca cggtttggtt a agttgt tta ataagt ggca aaacatcgct 840 

tacaagtacg ataaggactt ggttttgatg acccatttca t cactaaaaa t a ttacagat 900 

aaccatggta aaaat aagac cactgttcac ggttattttt cttcaatttt ccatggtggt 960 
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gtagattctt tggttgat tt 

gattgcaagg aattttc t tg 

aacaccgcta acttcaaaaa 

ttttctatta aattggac t a 

ttggaaaagt tgtacgaaga 

ggta ttatgg aagaaat atc 

tatgaattat ggtacac agc 

tgggtcagat ccgtttacaa 

tatttgaact acagagat tt 

acacaa9caa gaattt9999 

gtaaagacta a agccgaccc 

ccacc tcacc accactaa 

< 210 > SEQ ID NO 30 
<211 > LENGTH: 42 
<21 2> TYPE: DNA 

139 

gatgaataag tcattcccag 

gatagacaca accatcttct 

ggaaatct tg ttgga tagat 

cgttaagaaa ccaatccctg 

agat gtaggt gtc ggcatgt 

tgaatcagcc ataccatttc 

ctc atgggaa aagcaagaag 

cttcactaca ccttacgtta 

ggacttaggt aaaactaa cc 

tgaaaagtac tttggtaaaa 

taacaacttt ttc agaaacg 

<213> ORGANISM: Artificial Sequence 
< 2 20 > FEATURE: 
< 2 23 > OTHER INFORMATION : Pri mer 

<400> SEQUENCE: 30 

-continued 

aattgggt at taaaaagaca 

attcaggtgt tgtaaacttc 

ccgctggtaa aaagaccgc t 

aaactgcaat g gtcaagata 

acgttttgta tccatacggt 

ctcacagagc tggtatcatg 

ataacgaaaa gcatat.caac 

gtcaaaaccc a agatt ggca 

ctgaatctcc aaata actat 

atttc aaca9 attagttaaa 

aacaa t c cat cccacctttg 

aggaaacga a gataaatctc gagtttatca t tatcaatac t g 

<210 > SEQ ID NO 31 
<211> LENGTH: 37 
<212 > TYPE: : DNA 
<213> ORGANISM: Artificial Se quence 
<220> FEATURE: 
<223> OTHER INFORMATION: Primer 

<400 > SEQUENCE : 31 

gga aaaatca g tcaaggcaa attaaagcct t cgagcg 

< 210 > SEQ ID NO 32 
<211 > LENGTH: 2 7 
<2 12> TYPE : DNA 
< 213> ORGANI SM: Artific i a l Sequence 
<220 > FEATURE : 
<223 > OTHER INFORMATION: Primer 

< 400 > SEQUENCE: 32 

gatgggggat ccactagt tc tagaatc 

<210 > SEQ ID NO 33 
<211 > LENGTH: 25 
< 212 > TYPE: DNA 
< 213 > ORGANISM : Artific ial Sequence 
<220 > FEATURE: 
<223 > OTHER INFORMATI ON: Primer 

< 4 0 0 > SEQUENCE: 33 

tgat gggct g caggaattcg atatc 

<210 > SEQ ID NO 34 
<211> LENGTH: 38 
<212 > TYPE : DNA 
<213 > ORGANISM: Artificial Sequenc e 

<220> FEATURE: 
< 223 > OTHER I NFORMATION : Primer 

140 

102 0 

1080 

1140 

120 0 

1260 

1320 

1380 

1440 

1 500 

1 560 

1620 

1638 

42 

37 

27 

2 5 
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<400> SEQUENCE: 34 

gaactagtgg atccccca t c atgaaccatt tgagagcc 

<210> SEQ ID NO 35 
<211 > LENGTH: 32 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223 > OTHER INFORMATION: Primer 

<400 > SEQUENCE: 35 

tattttggct ttaactttct tggggtgtaa tc 

<210 > SEQ ID NO 36 

<211 > LENGTH: 43 
< 212 :> TYPE: DNA 
< 213> ORGANISM: Artificia l Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Primer 

<400> SEQUENCE: 36 
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-continued 

agaaagttaa agccaaaata a t gataacga gaataatatc aag 

<210 > SEQ ID NO 37 
<211 > LENGTH: 20 
< 212> TYPE: DNA 
< 213 > ORGANISM : Artificial Sequence 
<220 > FEATURE: 
<223 > OTHER INFORMATI ON: Primer 

<400 > SEQUENCE: 37 

ataaacccat ggcgcagacc tgtgagag 

<210> SEQ ID NO 38 
<211 > LENGTH: 28 
<212 > TYPE: DNA 
c:. 213 > ORGANISM: Artificial Sequence 
<. 220 > FEATURE: 
<223 > OTHER INFORMATION: Primer 

<. 400> SEQUENCE: 38 

ggtctgcgcc atgggt ttat catccgtc 

<210 > SEQ ID NO 39 
<.211> LENGTH: 41 
<21 2 > TYPE: DNA 
<213 > ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223 > OTHER INFORMATION: Pri mer 

<400 > SEQUENCE: 39 

cga attcctg cagcccatca g t gtctatgt ctaggtaaag g 

.:210 > SEQ ID NO 40 
< 211 > LENGTH : 25 

<. 212 > TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<.220 > FEATURE : 

< 223 > OTHER INFORMATION: Primer 

.:.400 > SEQUENCE: 40 

tgatg ggct g caggaattcg atatc 

<210 > SEQ ID NO 41 
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38 

3 2 

43 

28 

28 

41 

25 



<211> LENGTH; 27 
<212> TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
<220 > FEATURE: 
<223 > OTHER INFORMATION: Primer 

<400> SEQUENCE : 41 

gatgggggat ccactagt tc tagaatc 

<210 > SEQ ID NO 42 
<. 211 > LENGTH: 33 
<212> TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<.220> FEATURE: 
<223> OTHER INFORMATI ON: Primer 

<400> SEQUENCE : 42 

caccagaacc gaaggtagag gttctttgtt aac 

<210 > SEQ ID NO 43 
<211> LENGTH: 45 
<212 > TYPE: DNA 
..::213 > ORGANISM: Artificial Sequence 
<220> FEATURE: 
<.223> OTHER INFORMATION : Primer 

< 400> SEQUENCE: 43 
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cgaattcct g cagcccatca cttt.gatctc ttgtagacct tattc 

<21 0> S EQ ID NO 44 
<211> LENGTH: 42 
<212 > TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Pri mer 

<400> SEQUENCE: 44 

gaacta9tgg atcccccatc atggtttcca atcacttgtt tg 

<210> SEQ ID NO 45 
<211> LENGTH: 29 
< 212> TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220> FEATURE: 
<22 3> OTHER INFORMATI ON: Prime r 

<400> SEQUENCE: 45 

ctctaccttc ggttctggtg tataagtcg 

< 210 > SEQ ID NO 46 
<211> LENGTH : 22 
<212> TYPE: DNA 
<21 3> ORGANISM: Art ificial Sequence 
< 220 > FEATURE: 
<223 > OTHER INFORMATION: Pri mer 

.:400> SEQUENCE: 46 

gatccactag ttctagaatc cg 

< 210 > SEQ ID NO 47 
< 211 > LENGTH: 35 

.::.212> TYPE: DNA 
<213 > ORGANISM: Artificial Sequence 

<220 > FEATURE: 
<223> OTHER INFORMATION: Primer 

<400 > SEQUENCE: 47 

144 

27 

33 

45 

42 

29 

22 
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tctagaacta gtggatcat g aaccatttga gagcc 

<210 > SEQ ID NO 48 
<211 > LENGTH: 28 
<212> TYPE: DNA 
<213 > ORGANISM : Art ific i a l Sequence 
<220> FEATURE: 
< 223 > OTHER INFORMATION: Pri mer 

<400 > SEQUENCE: 48 

tcg ttatcac ttt c ttgggg t g taatcg 

< 210 > SEQ ID NO 49 
<211 > LENGTH: 36 
<212 > TYPE : DNA 
<21 3> ORGANI SM: Artific i a l Se quence 
< 220 :> FEATURE: 

< 223> OTHER I NFORMATION: P r imer 

<400> SEQUENCE: 49 

cca agaaagt gat aacgaga ataatat c aa g a a tac 

<210 > SEQ ID NO 50 
< 211 > LENGTH: 44 
< 212 > TYPE: DNA 
<213 > ORGANISM: Artificial Sequence 
< 220> FEATURE: 
<223 > OTHER I NFORMATI ON : Primer 

<400 > SEQUENCE: 50 

aggtcgacgg tatcgttaaa taaaaacgta taccaaatat tcag 

<210> SEQ ID NO 5 1 
<211> LENGTH: 18 
<212 > TYPE: DNA 
<213 > ORGANISM: Artificial Sequence 
<220 > FEATURE : 
< 223 > OTHER INFORMATION: Pri mer 

<40 0 > SEQUENCE : 5 1 

cgataccgt c gacctcga 

< 210 > SEQ ID NO 5 2 
< 211 > LENGTH: 32 
<212 > TYPE: DNA 
<213 > ORGANISM : Art ificial sequence 
< 220 > FEATURE: 
<223 > OTHER INFORMATION: P r i mer 

< 4 00> SEQUENCE: 52 

ggtt aaacta gtatgggt aa aaactataag t c 

< 210 > SEQ ID NO 53 

<211> LENGTH : 33 
< 212 > TYPE: DNA 
<213 > ORGANI SM: Art ificial Sequence 
< 220 > FEATURE: 
< 223 > OTHER INFORMATION: P r imer 

<400> SEQUENCE : 53 

gtgcccgtcg actcattcga aatgact gaa t tg 

Whal is claimed is: 

1. A method for making cannabidiolic acid, the method 
comprising: 

65 

35 

28 

36 

44 

18 

32 

33 

transforming S. cervisiae with a first nucleotide sequence 

comprising the nucleotide sequence of SEQ. ID. NO.I 
expressing an acyl-activating enzyme; 
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rransfonning the S. cervisiae with a second nucleotide 
sequence comprising the nucleotide sequence of SEQ. 
ID. N0.22 expressing a mutam prenyltransferase; 

transforming the S. cervisiae with a third nucleotide 
sequence comprising the nucleotide sequence of SEQ. 
JD. N0.25 expressing oliveto lic synthase; 

transforming the S. cervisiae with a fourth nucleotide 
sequence comprising the nucleotide sequence of SEQ. 
ID. N0.26 expressing olivetolic acid cyclase; 

transforming the S. cervisiae with a fifth nucleotide to 
sequence comprising the nucleotide sequence of SEQ. 
ID. N0.27 expressing aromatic prenyltransferase; and 

transforming the S. cervisiae with a sixth nucleotide 
sequence comprising the nucleotide sequence of SEQ. 
ID. N0.28 expressing cannabidiolic acid synthase. t5 

148 
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The new extract is made from humulus, a variety of hop plant that 
naturally cross-pollinated with wild cannabis in India, and thus is 
entirely legal to sell. 

Goods 

Cannabtdiol, more popularly known as CBD. is one o; the hones: new trends in 

med1c1ne and wellness, and patients and phys1c1ans across 1he country are 

uncovenng ne.N uses "or this natural eJtract, ranging from the treatment o7 

~p~ps_y to pain rehe" and anxiety Although the medical evidence confirming the 
safety and efficacy of these treatments 1s overwhelm1n9 t he DEA st11l class1f1es 
CBD as a Schedule I drug m the US, since ifs fyp1cally derived from proh1b1ted 

cannabis or hemp plan;s Th!S has le't CBD on a legal grey area, as It has been 
approved in some form by 30 US states. and 1s widely available for sale throughout 
the rest of the country despite the federal ban 

The US Food and Drug Adm1mstrat1on has even approved a CBD-based epilepsy 
med1cat1on. but it seems hkely that the pnce of :his drug will be exponentially 
higher than other commerc1ally-ava1lable CBD products There are currently several 
different bills circulating in Congress tha: would authorize mos: "orms a" CBD 

federally by way of ~al1.: ng herr)_p. protecting states rights to l_~ahze ma_njuana. 
or by corf!_plete!y leg_altztng cannabis nauonw1de but conservauve Qepubhcans 
have been finding ways to block all avenues of cannabis re"orm 

While these bills slowly make their way through the leg1slat1ve process. a San 
Francisco-based company JUSt d1!;Covered another tmeresung way around the 
problem - by creating a new CBD ertract sourced "ram unquest1onably legal 

~s 

Peak Health Foundation JU-St unvelled Pea! Sch:nti"•c Humulus 011 {RHSO-K). a CBD 
011 de~1ved from a new stra~n of tti_e -~~ulus plant Humulus 1s a vanety of hop. not 
cannabis or hemp. and hence this oil is entirely legal 1n the US Dr Bom1 Joseph 
d1rector o& Peak Health. discovered the plant in the Siik Road region o~ India 
Although hop plants do nm. :radmonally contain cannab1no1ds, this pamcular 
variety a" humulus has na;:urally cross·polhnated with w ild cannab1s. lead1ng to 
some humulus strains with high concentrations o" CBO and even THC 

Joseph told ~esn!O~dthat John Sullivan, a British governor of India in the m1d-
1800s. ordered his soldiers to collect and "arm a variecy o" plants used "or natural 
medicine. including hops. from around the country This bit of history provided a 
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clue. and Joseph headed to India to locate rhe noted plant 'I knew that there was a 
chance o:- this {cannab1s-humulus cross-polhnanon] actually happening. said 
Joseph. who began to take samples o" humulus plants 1n order to :est his 
hypothesis. ·we looked at thousands of samples be'"ore we ~ound one or two ~hat 
had CBD 1n it." Joseph said but once 1dent1)'mg them. ·we were m good shape· 

Peak Health selec:.ed the humulus strains with the larges.t natural quant1t1~ of 
CBD. and then cross-bred them 1n order to arnve at a new varie:y o" hops with even 
higher amounts of cannab1d1ol, the knya brand humulus This specific plant. wh1ch 
1s parented by Joseph, has an 18% concentrar1on of CBD. makmg 1t npe '"or 

produc-:.1on of medicinal oils lh1s 1s certainly going to help change the d ialogue for 

not only many parents whose children have epilepsy, but various other world 
markets which still. of course. consider cannabis part of the United Nattons. single 

C<?_0yem10.!:!_ treaty o_r:t narcotics. Stuart Titus. CEO of Medical Marijuana Inc .. t he 
company that is d1stnbuung this new product. s~_1d _to We~~o_rd 
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on with lotions, gulp it down in capsules and, of course. puff it the old

fashioned way with high-CBD pot strains. But while the CBD craze 

consumes Colorado, CBD remains illegal in many American markets, since 

it is still labeled by the DEA's Schedule l as having "no currently accepted 

medical use and a high potential for abuse." 

But there is a loophole: for CBD that is not derived from cannabis. And the 

Peak Health Foundation took advantage of that loophole to create Real 

Scientific Htunulus Oil {RHSO-K), a CBD oil derived from the kriya brand 

humulus plant. Because that plant is a variety of hop, not cannabis, the oil 

is legal in this count1y. 

RELATED STORIES 

The Clear Comes to Colorado - in CBD form 

Eight Denver Spots Where You Can Add CBD to Food and Drinks 

The FDA Just Approved a CBD Drug. What Does That Mean for Colorado? 

Discovered by Bomi Joseph in the Silk Road region of northern India. kriya 

brand humulus is naturally endowed with a high concentration of CBD 

because the hop plants cross-pollinate with wild cannabis plants that grow 

nearby. Peak Health, a San Francisco holistic medicine center where Joseph 

is the director, extracts a CBD oil from these plants that's dubbed 

ImmunAG. 

Though his discove1y and cross

breeding of kriya brand humulus 

may be a fresh development, the 

plant's sto1y dates back to the mid-

1800s when John Sullivan was a 

British governor in the southern 

part of India. Sullivan was ahead of 

II . 
I 
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his time, Joseph says: "He believed 

in natural health; he believed in 

natural curing. And he was 

powerful. right, he had the British 

government, they ruled India. He 
Or Boml Joseph KathrynRemhordt, CMWMedio could do what he wanted. He n1ade 

an estate called Stone House in a 

place called Ooty - it's a cool-climate, hmed station in the southern part of 

India - and he had the British soldiers bring plants from all over the 

country and plant them there." 

Sullivan's Stone House became a sanatorium for the British. When they felt 

sick or in need of some rest and relaxation. they would go there, taking 

solace in the hills. Years later, researchers identified a variety of humulus 

yunnanensis at Stone House that was useful in treating malaria. 

"That got my attention," Joseph says, "because normally when people talk 

about yunnanensis, they talk about China, the Yurman province. So the fact 

that in the southern part of India, where my family is historically from, you 

fmd thls humulus yunnanensis, I was like, 'How the hell did it get there?'" 

He was determined to fmd out. Then Ari Cohen, one of hls colleagues at 

Peak Health. found a reference to the yunannensis plant at a symposium 

given by India's Central Food Technological Research Institute. Their 

analysis of the plant discovered traces of cannabinoids. 

Joseph cites this as his first tip. "I knew that there was a chance of thls 

[cannabis-humulus cross-pollination) actually happenlng," Joseph recalls, 

so he headed to northern India and started searching. "In the beginning it 

was hard, because the native tribes people there, they're all sitting and 

looking at me like, 'What is this crazy guy doing?' They're like the porters, 

we had hired them and they're wandering around chewing betel nut, 

drinking their rice wine and sitting around looking at me. For a few weeks it 

was crazy, but then I finally showed them what we're looking for. Once they 

got it, they were just taking me here, taking me there, showing me this, 

showing me that. I was like,' io 1 1101 no,' but then we found it. It started 

getting faster and faster. Once they found some and we found some, then 

we started getting samples. But we looked at thousands of samples before 

we found one or two that had CBD in it." 

A mature pod on a knya humulus plant 

After that, though, "We were in 

good shape," Joseph says. "Then 

it was just a matter of grunt work 

and effort," cross-breeding the 

plants (in which CBD is a 

recessive trait) until they'd 

created a dependable, hlgh-CBD 

concentration vaiiety. 

kothryn Rolnhardt, CMW Modia 

Joseph's kriya brand humulus is 

a van e!)• of hwnulus 

yunnanensis, one of three species 

of the humulus genus. Distinct 

from humulus lupulus - a 

different species of hop, the one 

from which the female flowers 

(known as hops, plural) are used 

IF YOU LIKE THIS STORY, 
CONSIDER SIGNING UP FOR OUR 
EMAIL NEWSLETTERS. 

MjlJ.i?f ''IB·l/M 

to make beer - humulus ywmanensis 

is native to the Yunnan province in 

southern China, along the Indian 

border. Here, the plant was able to 

cross-pollinate with wild cannabis, as 

both genera are members of the same family of flowering plants, 

ca1mabaceae. This endowed kriya brand humulus with trace amotmts of 

CBD and, in some cases, THC. Avoiding the latter, Joseph and hls team 

meticulously selected and cross-bred plants with high concentrations of 

CBD until they arnved at a variety - kriya brand hwnulus - with an 18 

percent CBD concentration. Joseph holds a patent for this as well as the 
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modification of any other humulus plant to produce CBD and 

ca1mabinoids. 

Through a partnership with distributor Medical Marijuana Inc. (which 

previously made headlines as the first publicly traded cannabis company in 

the U.S.). what's now known as InununAG is combined with mediwn-chain 

triglyceride oil to form RSHO-K. Last month. Medical Marijuana Inc. made 

the product available to conswners nationwide via its online store. 

Since it's free of THC and the cumbersome legal baggage of cannabis, 

RSHO- K gives Stuart Titus, CEO of Medical Marijuana Inc., high hopes. 

Beyond simply filling gaps in the U.S. CBD market, he expects the product 

to have an international impact. "This is certainly going to help change the 

dialogue for not only many parents whose children have epilepsy; he says, 

"but various other world markets which still, of course, consider cannabis 

part of the United Nations single convention treaty on narcotics." 

Looking back, Joseph is grateful for his luck. "If John Sullivan hadn't 

planted it and if a mention had not been made of it, I don't know if we 

would have had a clue," he says. "He did something that made it stick out 

and that led us to it. I'm sitting here in my office Jn Los Gatos, a fancy little 

place. I've got 500 megabit WiFi speeds; I can Google anything. But the 

reality is, we haven't studied more than 4 percent of all the plants that ar e 

out there. If I want to go beyond the 4 percent, I've got to go to the Amazon 

jungles, the Himalayan mountains; there's no other way. We've got to go get 

bitten by mosquitoes, chewed up by leeches and deal with the heat and 

humidity, there's no other way." 

Nick Maahs is on editoria l Intern forWestword dunng summer 
2018 Raised 1n Denver, he attends Whrtmon College 1n Wallo 
Wallo, Washington. where he Ines to e scape his small-town blues 
by studying English and wnting for ttie student-run paper, The 
Wife 
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Tokers of the Old-School: Dispensaries 
Carrying Classic strains 
HERBERTFUEGO I OCTOBER 22. 2018 I '1:25AM 

Thanks to legalization, we've never had more choices when buying pot; 

commercial breeders are constantly toymg with the boundless 

combinations of cannabis genetics, looking for a way to get an edge up on 

ti1e competition. But all these new options can make strain shopping tricky. 

especially for newcomers to this state encountering an embarrassment of 

riches. 

Unlike in Colorado, tokers in non-legal states have had to purchase 

whatever was available where they grnw up, giving someone from Illinois 

or ebraska a larger affinity for Northern Lights, for example, than 

someone from the West Coast. And for anyone getting back into cannabis 

use aftertaking off for a few decades, such classic strains as AK-47, Hindu 

Kush or Maui Wowie provide a sense of comfort ... if they can find them. 

RELATED STORIES 

Hemp Sold in Di1pen1arie1? DORA Recommends That and More! 

Colorado Marijuana Will likely Require Heavy Metals Testing in 2019 

Ghostly Ganja : Ten Weed Strains for Halloween lovers 

Fortunately, despite the wide array of strains available in Colorado, a lot of 

the old, reliable strains are more available than you might think. Here are 

ten dispensaries that carry a boatload of classic buds, from Colombian 

Gold to East Coast Sour Diesel. 

Botanico 

3054 Larimer Street 
303-297-2273 

botaniconunj.com 

Diego Pellicer 

2949 West Alameda Avenue 

720-787-4909 

co.diego-pellicer.cmn 

Good ChemisU·y 

Three metro locations 

goodchem.org 

Gr een Crnss of Cherry Creek 

3400 South Oneida Way 

303-321-4201 

greencrosscc.con1 

Healing House Denver 

2383 South Downing Street 

720-379-3816 

healinghousefamily.com 
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The Kind Room c-an1es a lono hst of old-schOOI strains 

The Joint by Cannabis 

4735 West 38th Avenue 

303-455-0079 

thejoint.life 

The Kind Room 

1881 South Broadway 

720-266-3136 

thekindroom.org 

L'Eagle 

380 Qulvas Street 

303-825-0497 

leagledenver.com 

IF YOU LIKE THIS STORY, 
CONSIDER SIGNING UP FOR OUR 
EMAIL NEWSLETIERS. 
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Seven n1etro locauons 

silverstemcannabis.com 

Oasis Caunabis Superstore 

5440 West 44th Avenue 

303-333-3338 

6359 East Evans Avenue 

303-756-1494 

oasissuperstore.com 

Sacred Seed 

5885 East Evans Avenue 

303-756-3762 

sacredseed.co 

Silver Stem Fine Caunabis 

Scott Lontz 

Herbert Fuego ~ tile resident stoner at Wes/word. reody to 
answer all your ma n1uana questions 
CONTACT: f-!01berl Fuego 
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ABSTRACT 

Described herein, inter alia, are processes, n1ethods, and 
compositions useful for the extraction of natural products 
from source materials. 
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SYSTEMS AND METHODS FOR 
EXTRACTION OF NATURAL PRODUCTS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

(0001( ] l 1is application claims the benefit of U.S. Provi
sional Applicat ion No. 62/431 ,351, filed Dec. 7, 2016, which 
is incorporated herein by reference in entirety and for all 
purposes. 

BACKGROUND OF THE INVENTION 

(0002( A major problem in pharmaceutical chemistry 
relates to extraction of usefo l substances from plants or 
animals where such useful substances are employed for the 
formulation of a pharmaceutical or a nutraceutical. Various 
processes exist for the ext raction of natural products from 
plant, anllnal, fungi, bacteria, or vin1s, but each of these 
processes suffer from one or more deficiencies. There is an 
unmet need for a new methodology which can safely and 
selectively extract desired medicinally or nutritionally valu
able components from natura l materials. 

BRIEF SUMMARY OF THE INVENT ION 

(0003( In a first aspect, is prov ided a method of extracting 
a nan1ral organic compound from a nan1ral material, the 
method including contacting the natural material with an 
extraction fluid thereby extracting the natural organic com
pound from the natural material into the extraction flu id to 
form an extracted fluid solution. The extraction Jluid 
includes a fluorophilic comporn1d and a hydrofluorocarbon. 
( 0004] In another aspect, is provided a lluid including 
chlorodifluoromethane and dimethylether. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 Graph depicting the efficiency of mixtures 
of fluorocarbon R22 and dimethyl ether (DME) to extract 
total calUlabinoids in a single 30-minute extraction at 26° C. 
[0006] FIG. 2 Graph demonstrating that the elliciency of 
pure niaterials to extract cannabinoids in a single 30-minute 
procedure at 26° C. can be detem1ined. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. DEFINTTIONS 

(0007] The abbreviations used herein have their conven
tional meaning within the chemical and biological arts. The 
chemical stnictures and fom1ulae set forth herein are con
structed according to t.he standard rules of chemical valency 
known in the chemical arts. 
(0008] Where substituent groups are specified by their 
conventional chemjcal fonnulae, wrinen from left to right, 
they equally encompass the chemically identical substitu
ents that would result from writing the strucn1re from right 
to left, e .g., - Cl-1,0- is equivalent to - OC!-12- . 

[0009] TI1e term "alkyl," by itself or as part of a nother 
substituent, means, unless otherwise stated, a straight (i.e ., 
unbranched) or branched carbon chain (or carbon), or com
bination thereof, which may be fu lly saturated, mono- or 
polyunsaturated and cm1 include mono-, di- mid multivalent 
radicals, having the number of carbon atoms designated (i.e., 
C 1-C10 means one to ten ca rbotis). Alk)'I is an uncyclized 

Jun. 7,201 8 

cha in. Examples of saturated hydrocarbon radicals include, 
but are not limited to, groups such as methyl, ethyl, n-propyl, 
isopropyl, n-butyl, !-butyl, isobutyl, sec-butyl, (cyclohexyl) 
methyl, homologs and is0111ers of, for example, n -pentyl, 
n-hexyl, n-heptyl, n-octyl, and the like . An unsaturated alkyl 
group is one having one or more double bonds or triple 
bonds. Examples of unsaturated alkyl groups include, but 
are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 
2-(butadienyl), 2,4-pentadienyl, 3-(1 ,4-pentadienyl), ethy
nyl, I- and 3-propynyl, 3-butynyl, and the higher homo logs 
and isomers. An alkoxy is an alkyl attached to the remainder 
of the molecule via an oxygen linker (- 0--). An alkyl 
moiety may be an a lkenyl moiety. An alkyl moiety may be 
an alkynyl moiety. An alkyl moiety may be fully saturated. 
An alkenyl may include more than one double bond and/or 
one or more triple bonds in addition to the one or more 
double bonds. An alkynyl may include more than one tr iple 
bond a nd/or one or more double bonds in addition to the one 
or more triple bonds. 

(0010] The term "alkylene," by itself or as part of another 
substituent, means, tmless otherwise stated, a divalent radi
cal derived from an alkyl, as exemplified, but not limited by, 
-CH2CH2CH2Cl-12- . Typically, an a lkyl (or alkylene) 
group will have from I to 24 carbon atoms, with those 
groups having I 0 or fewer carbon atoms being preferred 
herein. A "lower alky I" or "lower alkylene" is a shoner chain 
alkyl or alkylene group, generally having eight or fewer 
carbon atoms. The term "alkenylene," by itself or as part of 
another substituent, means, unless otherwise stated, a diva
lent radica l derived from an alkene . 

(0011] The term "heteroalkyl," by itself or in combination 
with another tem1, means, unless otherwise stated, a stable 
straight or branched chain, or combinations thereof; includ
ing at least one carbon atom and at least one heteroatom 
(e.g., 0 , N, P, Si, and S), and wherein the 11itrogen and sulfur 
atoms may optionally be oxidized, and the nitrogen heteroa
tom may optionally be quatemized. The heteroatom(s) (e.g., 
N, S, Si, or P) may be placed at any interior position of the 
heteroalk)'l group or at the position at which the alkyl group 
is attached to the remainder of the molecule. Heteroalk-yl is 
an uncyclized chain. Examples include, but are not limited 
to: -CH2-CH2- 0 -CH3 , - CH2-CH2- Nl-l-CH3 , 

- CH2- CH2- N(CH3)- CH3 , - CH2- S- CH2-CH3 , 

-CH2-CH2 , -S(O)-CH,, -CH2-CH2-S(0)2 -

Cl-13, -Cl-I= Cl-1- 0--Cl-13 , -Si(Cl-13 ) ,, -Cl-12-

Cl-l= N- OCI-13- CH= CI-l- N(Cl-!3)-Cl-13, - O-Cl-13, 
-O-Cf-12-Cf-l,, and -CN. Up to two or three heteroa
toms may be consecutive, such as, for example, -CH2-

NI-1-0CH3 and - CH2-0- Si(CH3)y A heteroalkyl moi
ety may include one heteroatom (e.g., 0 , N, S, Si, or P). A 
beteroalkyl moiety may include two optionally different 
heteroatoms (e.g., 0 , N, S, Si, or P). A heteroalkyl moiety 
may include three optionally different beteroatoms (e.g., 0 , 
N, S, Si , or P). A heteroalkyl moiety may include four 
optionally dillerent heteroatoms (e.g., 0 , N, S, Si, or P). A 
heteroalkyl moiety may include five optionally different 
heteroatoms (e.g., 0 , N, S, Si, or P). A heteroalkyl moiety 
may include up to 8 optionally different heteroatoms (e.g., 
0 , N, S, Si, or P). The term "heteroalkeny l," by itself or in 
combination with another term, means, LmJess otherwise 
stated, a heteroalkyl including at least one double bond. A 
heteroalkenyl may optionally inc lude more than one double 
bond a nd/or one or more triple bonds in additional to the one 
or more double bonds. The term "heteroalk)'nyl," by itself or 
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in combination with another tenn, means, unless otherwise 
stated, a heteroalkyl includ.ing at least one triple bond. A 
heteroalkynyl may optionally include more than one triple 
bond and/or one or more double bonds in additional lo the 
one or more triple bonds. 
(0012) Similarly, the term "heteroalkylene," by itselfor as 
part of another substituent, means, unless otherwise stated, 
a divalent radical derived from heteroalkyl, as exemplified, 
but not limited by, - Cl-12-Cl-12- S-Cl-12- Cl-!2- and 
- CH2- S- CH2- CH2- NH-CH2 - . For heteroalky
lene groups, heteroatoms can also occupy either or both of 
the chain tennini (e.g., alkyleneoxy, alk)'lenedioxy, alkyle
neamino, alk)'lenediamino, and the like). Still farther, for 
a lkylene and heteroalkylene linking groups, no orientation 
of the linking group is implied by the direction in which the 
formula of the linking group is written. For example, the 
formula -C(O),R'- represents both -C(0)2R'- and 
- R'C(0)2- . As described above, heteroalkyl groups, as 
used herein, include those groups that are attached to the 
remainder of the molecule through a heteroatom, such as 
- C(O)R', - C(O)NR', - NR'R", - OR', - SR', and/or 
- S0 2R'. Where "heteroalkyl" is recited, followed by reci-
tations of specific heteroalkyl groups, such as - NR'R" or 
the like, it will be understood tha t the terms heteroalkyl and 
- NR'R" are not redundant or mutually exclusive. Rather, 
the specific heteroalkyl groups are recited to add clarity. 
Thus, the term "heteroalkyl" should not be inrerpreted 
herein as excluding specific heteroalkyl groups, such as 
-NR'R" or the like. 
[0013] The tenns "cycloalkyl" and "heterocyc loalkyl," by 
themselves or in crnnbination with other terms, mean, unless 
otherwise stated, cyclic versions of "alkyl" and "het
eroalkyl," respectively. Cycloalkyl and heterocycloalkyl are 
not aromatic. Additionally, for heterocycloalky l, a heteroa
lom can occupy the position at which the heterocycle is 
att ached to the remainder of the molecule. Examples of 
cycloalkyl include, but are not limited to, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclobexyl, 1-cyclohexenyl, 3-cy
clohexenyl, cycloheptyl, and the like. Examples of hetero
cycloalkyl include, but are not limited to, 1-(1 ,2,5,6-tetra
bydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 
4-morpholinyl, 3-morpholinyl, tetrahydroforan-2-yl, tetra
hydrofuran-3-yl , tetrahydrothien-2-yl, tetrahydrothien-3-yl, 
1-piperazinyl, 2-piperazinyl, and the like. A "cycloalkylene" 
and a "heterocycloalk)'lene," alone or as part of another 
substituenl, means a divalent radical derived from a 
cycloalkyl and heterocycloalkyl, respective ly. 
)0014] 111e terms "halo" or "halogen," by themselves or as 
part of ano ther substituent, mean, unless o therwise stated, a 
fluorine, chlorine, bromine, or iodine atom. Additionally, 
terms such as "haloalkyl" are meant to include monoha
loalkyl and polyhaloalkyl. For example, the tenn "balo(C1 -

c.)alkyl" includes, bur is nor limited to, fluoromethyl, 
dilluorornethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlo
robutyl, 3-bromopropyl, and the like. 
(0015] 1l1e tenn "acyl" means, unless otherwise stated, 
- C(O)R where R is a substit111ed or unsubstituted alkyl, 
substituted or unsubstituted cycloalk)'l, substituted or unsub
stiruted heteroalkyl, substintted or unsubstituted heterocy
cloalk)'l, substituted or u11Substituted aryl, or substituted or 
unsubstituted heteroaryl. 
[0016] 1l1e tenn "aryl" means, unless otherwise stated, a 
polyunsaturated, aromatic, hydrocarbon substin1ent, which 
can be a single ring or multiple rings (preferably from I to 
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3 rings) that are fused together (i.e. , a fused ring aryl) or 
linked covalently. A fused ring aryl refers to multiple rings 
fused together wherein at least one of the fused rings is an 
aryl ring. ll1e tem1 "heteroaryl" refers to aryl groups (or 
rings) that contain at least one heteroatom such as N, 0 , or 
S, wherein the nitrogen and sulfur atoms are optionally 
oxidized, and the nitrogen atom(s) are optionally quater
nized. Thus, the term "heteroary I" includes fused ring het
eroaryl groups (i.e., multiple rings fo sed together wherein at 
least one of the fused rings is a heteroaromatic ring). A 
5,6-fused ring heteroarylene refers to two rings fosed 
together, where in one ring has 5 members and the other ring 
has G members, and wherein at least one ring is a beteroaryl 
ring. Likewise, a 6,6-fused ring heteroarylene refers to two 
rings fosed together, wherein one ring has 6 members and 
the other ring has 6 members, and wherein at least one ring 
is a heteroaryl ring. And a 6,5-fused ring heteroarylene 
refers to two rings fused together, wherein one ring has 6 
members and the other ring has 5 members, and wherein at 
least one ring is a beteroaryl ring. A heteroaryl group can be 
attached to the remainder of the molecule through a carbon 
or heteroatom. Non-limiting examples of aryl and heteroaryl 
groups include phenyl, naphthyl, pyrrolyl, pyrazolyl, 
pyridazinyl, triazi.nyl, pyrimidinyl, imidazolyl , pyrazinyl, 
purinyl, oxazolyl, isoxazolyl, thiazolyl, fury), thienyl, 
pyridyl, pyrimidyl, benzothiazolyl, benzoxazoyl benzimida
zolyl, benzofuran, isobenzofuranyl, indolyl, isoindolyl, ben
zothiophenyl, isoquinolyl, quinoxali.nyl, quinolyl, 1-naph
thyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazi
nyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-ox
azolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 
4-thiazolyl, 5-thiazolyl, 2-furyl, 3-foryl, 2-thienyl, 3-thienyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 
5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 
1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxali 
nyl, 3-quinolyl, and 6-quinolyl. Substit11ems for each of the 
above noted aryl and heteroaryl ring systems are selected 
from the group of acceptable substintents described below. 
An "arylenc" and a "'he teroarylene," alone or as part of 
another substituent, mean a divalent radical derived from an 
aryl and heteroaryl, respectively. A heteroaryl group sub
stituent may be - 0 - bonded to a ring heteromom nitrogen. 

(0017] Spirocycl ic rings are two or more rings wherein 
adjacent rings are attached through a single atom. The 
individual rings within spirocyclic rings may be identical or 
different. Individual rings in spirocyclic rings may be sub
stituted or unsubstinned and may have different substituents 
from other individual rings within a set of spirocyclic rings. 
Possible substituents for individual rings within spirocyclic 
rings are the possible substituents for the same ring when not 
part of spirocyclic rings (e.g. subs1in1ems for cycloalb.)'l or 
heterocycloalky l rings). Spirocylic rings may be substituted 
or unsubstituted cycloalkyl, substituted or unsubstituted 
cycloalkylene, substituted or nnsubstituted heterocycloalkyl 
or substituted or w1substituted heterocycloalk)'lene and indi
vidual rings with.in a spirocyclic ring group may be any of 
the immediately previous list, inc luding having all rings of 
one type (e.g. all rings being substituted heterocycloalkylene 
wherein each ring may be the same or different substituted 
heterocycloalkylene). When referring to a spirocyclic ring 
system, heterocycl ic spirocyclic rings means a spirocyclic 
rings wherein at least one ring is a heterocyclic ring and 
wherein each ring may be a different ring. When referring to 
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a spirocycl ic r ing system, substituted spirocyclic rings 
means that at least one ring is substituted and each substitu
ent may optionally be different. 
[0018] The 1em1 "oxo," as used herein, means an oxygen 
that is double bonded to a carbon atom. 
(0019] TI1e tenn "alkylarylene" as an arylene moiety cova
lently bonded 10 an alkylene moiety (also referred to herein 
as an alkJilene linker). ln embodiments, the alkylarylene 
group has the formula: 

[0020] An a lkylarylene moiety may be substituted (e.g. 
with a subs1i1uent group) on the alky lene moiety or the 
arylene linker (e.g. at carbons 2, 3, 4, or 6) with halogen, 
oxo, - N3, - CF3, - CCl3 , --CBr3, --CI3, --CN, - CHO, 
-OH, - NH,, - COOi-I, - CONI-12, - N02 , - SH, 
- S0 2CH 3 - S03 H, -OS03 H, --S0 2NH2 , - NHNH2 , 

- ONI-12, - NHC(O)NHNl-1 2, substi\l!led or unsubstituted 
C1-C5 alkyl or substituted or unsubstituted 2 to 5 membered 
heteroalkyl). Jn embodiments, the alkylarylene is unsubsti
tuted. 
(0021] Each of the above terms (e.g., "alk]'l," "hel
eroaU.,)'l," "cyclall,)'l," "heterocycloalkyl," "aryl," and "het
eroaryl") includes both substituted and unsubstituted fonns 
of the indicated radical. Preferred substituents for each type 
of radical are provided below. 
(0022] Substituents for the alkyl and heteroall.Jil radicals 
(including those groups often referred to as alkylene, alk
enyl, heteroalkylene, heteroalkenyl , alkynyl, cycloalkyl, 
heterocycloalky l, cycloalkenyl, and heterocycloalkenyl) can 
be one or more of a variety of groups selected from, but not 
limited to, -OR', = 0 , = NR', = N- OR', - NR'R", -SR', 
-halogen, --SiR'R"R"', - OC(O)R', - C(O)R', - C02R', 
- CONR'R", --OC(O)NR'R", - NR"C(O)R', - NR'--C 
(O)NR"R'", - NR"C(O),R', - NR--C(NR'R"R"')= NR"", 
- NR- C(NR'R")= NR"', - S(O)R', - S(O)iR', - S(O) 
, NR'R", - NRSO, R', -NR'NR"R"', - ONR'R", - NR'C 
(O)NR"NR"'R"", .::...CN, - N02, - NR'S02R", - NR'C(O) 
R", - NR'C(O)--OR", - NR'OR", in a number ranging 
from zero lo (2 m'+I), where m' is the total number of carbon 
atoms in suchradkaL R, R', R", R111

, and R'111 each preferably 
independently refor to hydrogen, substitnted or unsubsti
tuted heteroalkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstitu ted heterocycloalkJil, substinned or 
unsubstituted aryl (e.g., ary l substin1ted with 1-3 halogens), 
substituted or unsubstituted heteroaryl, substituted or tmsub
stituted alkyl, alkoxy, or lhioalkoxy groups, or arylalkyl 
groups . When a compound described herein includes more 
than one R group, for example, each of the R groups is 
independently selected as are each R', R", R"', andR111

' group 
when more than one of these groups is present. When R' and 
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R" are attached to the same nitrogen alom, Ibey can be 
combined w ith the nitrogen atom to form a 4-, 5-, 6-, or 
? -membered ring. For example, - N R1R11 incJudes, but is not 
limited lo, 1-pyrrolidinyl and 4-morpholinyl. From the 
above discussion of substituents, one of skill in the an will 
understand that the term "alkyl" is meant 10 include groups 
including carbon atoms bound to groups other than hydro
gen groups, such as haloalkyl (e.g., - CF3 and --CH2CF3 ) 

and acyl (e.g., --C(O)CH,, --C(O)CF,, - C(O)CH20CH3 , 

ancl the like). 

10023] Similar lo the substituents described for the alkyl 
radical, substituents for the aryl and beteroaryl groups are 
varied and are selected from, for example: - OR', - NR'R", 
-SR', -halogen, - SiR'R"R"', - OC(O)R', --C(O)R', 
--C02R', --CONR'R", - OC(O)NR'R", - NR"C(O)R', 
- NR'- C(O)NR"R"', - NR"C(O),R', - NR--C 
(NR'R"R"')= NR'"', - NR- C(NR'R")= NR"', --S(O)R', 
--S(0)2 R', - S(O),NR'R", - NRS0 2R', - NR'NR"R"', 
--ONR1R", - NR'C(O)NR11NR111R"", ---CN, - N0

2
, - R', 

- N3 , - Cl-I(Ph)z, fluoro(Ci·C4 )alkoxy, and fluoro(C1-C4 ) 

alkyl, - NR'S02 R", - NR'C(O)R", - NR'C(O)-OR", 
- NR10R", in a number ranging from zero to the total 
number of open valences on the aromatic ring system; and 
where R', R", R"', and R"" are preferably independently 
selected from hydrogen, substituted or rn1subst ituted alkyl, 
substituted or unsubstituted heteroalkyl, substituted or 
unsubstituted cycloalkyl, substituted or unsubstituted hel
erocycloalk)'l, substituted or unsubstituted aryl, and substi
lllled or unsubstituted heteroaryl. When a compound 
d.escribed herein includes more than one R group, for 
example, each of the R groups is independently selected as 
arc each R', R", R"', and R111 groups when more than one of 
these groups is present. 

10024) Substituents fo r rings (e.g. cycloalk)'l, heterocy
cloalk)'l, aryl, heteroaryl, cycloalkylene, heterocycloalky
lene, arylene, or heteroarylene) may be depicted as substitu
ents on the ring rather tlum on a spec ific atom of a ring 
(commonly referred to as a float ing substituent). In such a 
case, the substituent may be attached to any of the ring atoms 
(obeying the mies of chemical valency) and in tbe case of 
fused rings or spirocyclic rings, a substituent depicted as 
associated with one member of the fused rings or spirocyclic 
rings (a floating substituent on a single ring), may be a 
subslituent on any of the fused rings or spirocyclic ri ngs (a 
floating substituent on multiple rings). When a substituent is 
attached to a ring, but not a specific atom (a floating 
substituenl), and a subscript for the substituent is an integer 
greater than one, the multiple substituents may be on the 
srune atom, same ring, dHferent atoms, different fused rings, 
different spirocyclic rings, and each substituent may option
ally be different. Where a point ofanaclm1ent of a ring to the 
remainder of a molecule is not limited to a single atom (a 
floating substituent), the attachment point may be any atom 
of the ring and in the case of a fused ring or spirocycl ic ring, 
any atom of any of lhe fused rings or spirocyclic rings while 
obeying the m ies of chemical valency. Where a ring, fused 
rings, or spirocyclic rings contain one or more ring beteroa
toms and the ring, fused rings, or spirocyclic rings are shown 
with one more floating substituents (including, but not 
limited 10, points of altaclunent to the remainder of the 
molecule), the floating substiments may be bonded to the 
heteroatoms. Where the ring beteroatoms are shown bound 
to one o r more hydrogens (e.g. a ring nitrogen with two 
bonds to ring atoms and a tl1ird bond to a hydrogen) in the 
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structure or fo rmula with the floating substituent, when the 
heteroatom is bonded to the floating substiruent, the sub
stiment will be understood to replace the hydrogen, while 
obeying the rules of chemical valency. 

[0025] Two or more substirnents may optionally be joined 
to fom1 aryl, he teroaryl, cycloalkyl, or heterocycloalkyl 
groups. Such so-called ring-forming substituents are typi
cally, though not necessarily, found attached to a cyclic base 
structure. ln one embodiment, the ring-forming substituents 
are attached to adjacent members of the base structure. For 
example, two ring-forming substituents anached to adjacent 
members of a cyclic base structure create a fused ring 
structure. Jn another embodiment, the ring-fanning substitu
ents are attached to a single member of the base structure. 
For example, two ring-forming substituents attached to a 
s ingle member of a cyclic base strucrure create a spirocyclic 
structure. In yet another embodiment, the ring-forming 
substituents are attached to non-adjacent members of the 
base structure. 
(0026( Two of the substituents on adjacent atoms of the 
aryl or heteroaryl ring may optionally form a ring of the 
formula -T-C(O)- (CRR')q-U-, wherein T and U are inde
pendently -NR-, --0-, - CRR'- , or a single bond, and 
q is an integer of from 0 to 3. Alternatively, two of the 
substituents on adjacent atoms of the aryl or heteroaryl ring 
may optionally be replaced with a substituent of the formula 
-A-(CH2)r-B- , wherein A and B are independently 
- CRR'- , - 0 - , - NR- , -S- , -S(O) - , - S(0)2- , 
- S(0)2NR'- , or a single bond, and r is an integer of from 
l to 4. One of the single bonds of the new ring so formed 
may optionally be replaced with a double bond. Alterna
tively, two o f the substituents on adjacent atoms of the aryl 
or heteroaryl ring may optional ly be replaced with a sub
st iment of the fonnula - (CRR'),- X'- (C''R"R'"),,--, 
where s and dare independently integers of from 0 to 3, and 
X' is --0-, - S- , -S(O)- , -S(O),- , or -S(O) 

2NR'-. llle substin1ents R, R', R", and R111 are preferably 
independently selected from hydrogen, substituted or unsub
stituted alkyl, substituted or unsubstituted heteroalkyl, sub
st in11ed or unsubstiruted cycloalkyl, substiruted or unsubsti
tuted hetcrocycloalkyl , substituted or unsubstituted aryl, and 
substituted or unsubstituted heteroaryl. 
[0027] As used herein, the tem1s "beteroatom" or " ring 
heteroatom" are meant to include oxygen (0), nitrogen (N), 
sulfur (S), phosphoms (P), and silicon (Si) . 

(0028] A "substituent group," as used herein, means a 
group selected from the following moieties: 
(0029] (A) oxo, halogen, CF3 , CN, 01-1, Nl-12, COOl-1, 

CONH,, NO,, SH, -S0,1-1, - so.1-1, - S02NH,, 
- NHNH,, --ONl-12, -NHC=(O)NHNH,, - NHC= 
(O)NH2, - NT-!S02H, - NT-!C= (O)H, - Nl-IC(O)-Ol-1, 
NHOH, OCF 3 , OCHF 2, unsubstituted alkyl, unsubstituted 
heteroalkyl, unsubstituted cycloalkyl, unsubstituted het
erocycloalkyl, unsubstiruted aryl, unsubstitllled het
eroaryl, and 

(0030] (B) alkyl, heteroalkyl, cyc loalk')' l, heterocy
cloalkyl, aryl, heteroaryl, substituted with at least one 
substirnent selected from: 

(0031] (i) oxo, halogen, CF,, CN, OH, Nl-12 , COOi-I, 
CONl'J,, N02, SH, -SO,H, - so. H, - S02NT-I,, 
- NHNH,, --ONH2, - NHC=(O)NHNH,, - NHC= 
(0) NI-12, - NHS02H, - NHC=(O)J-l, - NJ-IC(O)
OH, NHOH, OCF,, OCHF2 , unsubstitmed alkJ>l, unsub-
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stiruted heteroalkyl, unsubstituted cycloalkyl, 
unsubstirnted heterocycloalk')'l, unsubstituted aryl, unsub
stintted heteroaryl, and 

[0032] (ii) alk')'l, heteroalkyl, cycloalkyl, heterocy
cloalkyl, aryl, heteroaryl, substituted with at least one 
substituent selected from: 

[0033] (a) oxo, halogen, CF3 , CN, OH, NH,, COOH, 
CONl-I,, NO,, SH, -SO,H, - s o.II, --S0 2NH2, 
- NHNH2, --ONH,, - NHC=(O)NHNH2, - NHC= 
(0) NH,, - NJ-IS021-l, - NHC=(O)H, - NHC(O)
OH, NHOH, OCF,, OCHF2 , unsubstirnted alk')'l, tmsub
stituted heteroalkyl, unsubstituted cycloalkyl, 
unsubstirnted heterocycloalk]'l, unsubstituted aryl, unsub
stituted heteroaryl, and 

[0034] (b) alkyl, heteroalkyl, cycloalkyl, heterocycloaU.J'I, 
aryl, heteroaryl, substituted with at least one substituent 
selected from: oxo, halogen, CF,, CN, 01-!, NH 2 , COOH, 
CONH,, N02, SH, -SO,H, - so.H, - S02NH2, 
- NHNH2, --ONH,, - Nl-IC= (O)Nl-!NT-12, - NHC= 
(0) Nl-12, - NHS02H, - NHC= (O)H, - NHC(O)
OH, NHOH, OCF,, OCHF,, tmsubstituted alky l, tmsub
stituted heteroalkyl, unsubstituted cycloalk]'l, 
unsubstituted heterocycloalkyl, unsubstituted aryl, unsub
stintted heteroaryl. 

[0035] A "size-limited substit11ent" or " size-limited sub
stituent group," as used herein, means a group selected from 
all of the substituents described above for a "substituent 
group," wherein each substitut~'Cl or unsubstituted alkyl is a 
substituted or unsubstituted C1-C20 a lkyl, each substituted or 
unsubstituted heteroalkyl is a substituted or unsubstituted 2 
to 20 membered heteroalkyl, each substituted or unsubsti
tuted cycloalkyl is a substituted or unsubsti tuted C3 -C8 

cycloalkyl, each substituted or unsubstituted heterocy
cloalk]'l is a substinited or unsubstin11ed 3 to 8 membered 
heterocycloalk')'l, each substituted or unsubstituted aryl is a 
substituted or unsubstit111ed C6-C10 aryl, and each substi
n1ted or unsubstituted heteroaryl is a substin1ted or unsub
stituted 5 to l 0 membered heteroaryl. 
[0036] A "lower substituent" or "lower substituent group," 
as used herein, means a group sekcted from all of the 
substin1ents described above for a "substituent group," 
wherein each substituted or unsubstitu ted alkyl is a substi
lllled or unsubstituted C 1-C8 alkyl, each substintted or 
unsubstituted heteroalkyl is a substiruted or tmsubstituted 2 
to 8 membered beteroalkyl, each substitu ted or unsubstituted 
cycloalkJ'I is a s11bstitutedorunsubstin1ted C3-C7 cycloalkyl, 
each substituted or tmsubstituted heterocycloalkyl is a sub
stituted or unsubstituted 3 to 7 membered heterocycloalkyl, 
each substituted or uns11bstin1ted aryl is a substituted or 
unsubstituted C6-C10 ary l, and each substituted or unsubsti
tuted heteroaryl is a substituted or unsubstituted 5 to 9 
membered heteroaryl. 
[0037] In some embodiments, each substi n1ted group 
described in the compounds herein is substituted with at 
least one substituent group. More specifically, in some 
embodiments, each substin1ted alkyl, substituted het
eroalkyl, substilllted cycloa.lkyl, substill1ted beterocy
cloalk')'l, subst ituted aryl, substirnted heteroaryl, s11bstin1ted 
alkylene, substituted heteroalkylene, substituted cycloalky
lene, substituted heterocycloalkylene, substituted arylene, 
and/or substituted heteroarylene described in the compounds 
herein are substituted with at least one substituent group. In 
other embodiments, at least one or all of these groups are 
substituted with at least one size-limited substiment group. 
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In other embod iments, at least one or all of lhese groups are 
substituted with at least one lower substituent group. 

[0038] In other embodiments of the compounds herein, 
each substituted or unsubstituted alkyl may be a substituted 
or unsubstituted C1-C20 alkyl, each substituted or unsubsti
tuted heleroalky l is a substituted or unsubstituted 2 lo 20 
membered heteroalkyl, each substimted or unsubstituted 
cycloalkyl is a substirured orunsubstin11ed C3 -C8 cycloalkyl, 
each substituted or unsubstituted heterocycloalkyl is a sub
st inned or unsubstituted 3 to 8 membered heterocycloalkyl, 
each substituted or unsubstinned aryl is a substimted or 
unsubstituted C6 -C10 aryl, ancVor each substituted or unsub
st inned hereroaryl is a substituted or unsubstituted 5 to JO 
membered heteroaryl. ln some embodin1euts of the cmn
pounds herein, each substituted or unsubstituted alkylene is 
a substituted or unsubstituted C1-C20 alk)'lene, each substi
ruled or unsubstituted he teroalkylene is a substituted or 
unsubstituted 2 10 20 membered he1eroalkylene, each sub
stituted or unsubstituted cycloalkylene is a substituted or 
unsubstituted C3 -C8 cycloalkylene, each substituted or 
unsubstituted heterocycloalkylene is a substituted or unsub
stituted 3 to 8 membered heterocycloalk)' lene, each substi
tut~-d or unsubstituted arylene is a substituted or unsubsti
IUled C6 -C10 arylene, ancVor each substituted or 
unsubstituted heteroarylene is a substituted or m1substituted 
5 to 1 0 membered heteroarylene. 

(0039] In some embodiments, each substituted or unsub
stiruted alkyl is a substituted or unsubstitut~-d C1-C8 alkyl, 
each substituted or unsubstituted heleroalky l is a substituted 
or unsubstituted 2 to 8 membered heteroalk)'l, each substi
tuted or unsu bstituted cycloalkyl is a substin1ted or unsub
stitllted C3-C7 cycloalkyl, each substit1ued or unsubstituted 
heterocycloalkyl is a substituted or unsubstituted 3 to 7 
membered heterocycloalk)'l, each substituted or unsubsti
tuled aryl is a substituted or unsubstituted C6-C 10 aryl, 
and/or each s11bstit11ted or unsubstituted heteroaryl is a 
substituted or unsubstituted 5 to 9 membered heteroaryl. Jn 
some embodiments, each substituted or unsubstituted alky
lene is a substituted or unsubstituted C1-C8 alkylene, each 
substituted or unsubstimted heteroalkylene is a substituted 
or unsubstituted 2 to 8 membered heteroalk)'lene, each 
substituted or unsubstituted cycloalkylene is a subs tituted or 
unsubstituted C3 -C7 cycloalkylene, each substituted or 
unsubstituted heterocycloalkylene is a substituted or unsub
stituted 3 to 7 membered heterocycloalkylene, each substi
tuled or unsubstituted arylene is a substitu ted or unsubsti
IUled c.-clO arylene, ancVor each substilUled or 
unsubstituted heteroarylene is a substitu ted or Lmsubstituted 
5 to 9 membered heteroarylene. In some embodiments, the 
compound is a chemical species set forth in the Examples 
section, figures, or tables below. 

(0040] In embodiments, a substi11ned or Lmsubstituted 
moiety (e.g., substituted or unsubstituted alk)'I, substituted 
or unsubstituted heteroa lky l, substituted or Lmsubstituted 
cycloalkyl, substiruted or m1substituted heterocycloalkyl, 
substin1ted or unsubstinued aryl, substituted or m1substituted 
heteroaryl , substinued or unsubstituted alkylene, substituted 
or unsubstituted heteroalk)'lene, substin1ted or unsubstituted 
cycloalkylene, substituted or unsubstituted helerocycloalky
lene, substituted or unsubstitu ted arylene, ancVor substituted 
or unsubstituted heteroarylene) is tu1Substin1ted (e.g., is an 
unsubstituted a lkyl, m1substit1ned heteroalkyl, Lmsubstituted 
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted 
aryl, unsubstin1ted heteroaryl, unsubstituted alkylene, 
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unsubstituted heteroalkylene, unsubstituted cycloalkylene, 
unsubstituted heterocycloalkylene, unsubstituted arylene, 
and/or w1substituted heteroarylene, respectively). In 
embodiments, a substituted or unsubstituted moiety (e.g., 
subst inned or unsubstituted alkyl, substin1ted or unsubsti
tuted heteroalkyl, substituted or unsubstintted cycloalkyl, 
substituted or unsubstituted heterocycloalkyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, 
substituted or unsubstin1ted alkylene, substituted or unsub
stituted heteroalkylene, substituted or unsubstituted 
cycloalkylene, substituted or unsubstituted heterocycloalky
lene, substituted or unsubstituted arylene, and/or substituted 
or unsubstinned heteroarylene) is substinned (e.g ., is a 
substituted alk)'l, substi tuted heleroalkyl, subslitutc'<I 
cycloalkyl, substituted helerocycloalkyl, substituted aryl, 
substin11ed heteroaryl, subsrin1ted alkyl ene, subst il11ted het
eroalkylene, substituted cycloalk)'lene, substituted hetero
cycloalk)'lene , substin1ted arylene, ancVor substituted het
eroarylene, respectively). 
[0041) In embodiments, a substituted moiety (e.g., subsli
IUled a lky l, substit11ted heteroalkyl, substituted cycloalkyl, 
substin1ted heterocycloa lkyl, substin1ted aryl, substin1ted 
heteroaryl, substituted alkylene, substituted heteroalkylene, 
subst imted cycloalk)'lene, substin1ted heterocycloalkylene, 
substituted arylene, ancVor substin11ed heteroarylene) is sub
stituted with a t least one substituenl group, wherein if the 
substin1ted moiety is subst in1ted with a plurality of substitu
enl groups, each substituent group may optionally be dif
ferent. In embodiments, if the substitu ted moiety is subs1i
t11ted with a p lurality o f substill1ent groups, each substituent 
group is d iJJerent. 
[0042] Jn embodiments, a substituted moiety (e.g., substi
tuted a lkyl, substituted heteroalkyl, substi tuted cycloalkyl, 
substiruted beterocycloalkyl, substituted aryl, substituted 
heteroaryl, substituted alkylene, substituted heteroalkylene, 
substituted cycloalk)'lene, substituted heterocycloalkylene, 
substituted arylene, ancVor substituted heleroarylene) is sub
stituted \Vith at least one size-limited substituent group, 
wherein if the substitu ted moiety is substituted with a 
p lurality o f size-limited substituent groups, each size-limited 
subst in1ent grou p may optionally be different. Jn embodi 
ments, if the substituted moiety is substi tuted with a plurality 
of size-limited subs1i1uent groups, each size-limited sub
stituent group is different. 

(0043) In embodiments, a substituted moiety (e.g., substi
IUled alkyl, substituted heteroalkyl, substituted cycloalkyl, 
subst in11ed heterocycloa lkyl, substin1ted aryl, substin1ted 
heleroaryl, substituted alkylene, subs1itmed heteroalkylene, 
substituted cycloalkylene, substituted heterocycloalkylene, 
substituted arylene, ancVor substituted heleroarylene) is sub
stituted with al least one lower substitueut group, wherein if 
the substituted moiety is substituted with a plurality oflower 
substituent groups, each lower substituent group may 
optionally be diJJerent. Jn embodiments, if the substituted 
moiety is su bstin1ted with a plu rality of lower subsrituent 
groups, each lower substituent group is different. 
(0044] In embodiments, a substituted moiety (e.g., substi
tuted a lk)'l, substinned heteroalkyl, substituted cycloalk)'I, 
substituted heterocycloalkyl, substituted aryl, substituted 
heleroaryl, substituted alkylene, substitu ted heteroalkylene, 
substin1ted cycloalk)'lene, substin1ted heterocycloalkylene, 
substiruted arylene, and/or substil11ted beleroarylene) is sub
stituted wid1 at least one substin1ent group, size-limited 
substituent group, or lower substituent group; w here in if the 



US 2018/0153948 Al 

substituted moiety is substituted with a plurality of groups 
selected from substituent groups, size-limited substituent 
groups, and lower substituent groups; each substituent 
group, size-1inllted substituent group, and/or lower substitu
ent group may optionally be different. In embodiments, if the 
substituted moiety is substitmed with a plurality of groups 
selected from substituelll groups, size-limited substituent 
groups, and lower substituent groups; each substituent 
group, size-lim.ited substituent group, and/or lower substitu
ent group is different. 
I 0045] Certain compounds of the preselll invelllion pos
sess asymmetric carbon atoms (optical or chiral centers) or 
double bonds; the enantiomers1 racemates, diastereomers, 
tautomers, geometric isomers, stereoisometric :10rms thut 
may be defined, in terms of absolute stereochemistry, as 
(R)-or (S)- or, as (D)- or (L)- fo r amino acids, and individual 
isomers are encompassed within the scope of the present 
invention. The compounds of the present invention do not 
include those tha t are known in an to be too unstable to 
synthesize and/or isolate. The present invention is meant lo 
include compounds in racemic <md optically pure limns. 
Oprically acrive (R)- and (S)-, or (D)- and (L)-isomers may 
be prepared using chiral synth.ons or chiral reagents, or 
resolved using conventional techniques. When the com
pmmds described herein contain o lefinic bonds or other 
centers of geometric asymmetry, and unless specified oth
erwise, it is intended that the compotmds include both E and 
Z geometric isomers. 
(0046] As used herein, the tenn "isomers" refers to com
pmmds having the same number and kind of atoms, and 
hence the same molecular weight, but diJforing in respect to 
the structural arrangement or configuration of the atoms. 
(0047] 111e term "tautomer," as used herein, refers to one 
of two or more strnctuml isomers which exist in equilibrium 
and which are readily converted from one isomeric fom1 to 
another. It will be apparent to one skilled in the art that 
certain compounds of this inve ntion may exist in tautomeric 
forms, all such tautomeric fonns o f the compounds being 
within the scope of the invention. 
(0048( Unless otherwise slated, strnctures depicted herein 
are also meant to include all stereochemical forms of the 
structure; i.e., the R and S configurations for each asym
metric center. ·n1erefore, single stereochemical isomers as 
well as enantiomeric and diastereomeric mixtures of the 
present compounds are within the scope of the invention. 
(0049( Unless otherwise stated, strnctu res depicted herein 
are also me<ml lo include compounds which differ only in the 
presence of one or more isotopically enriched atoms. For 
example, compounds having the present stn 1cn1res except 
for the replacement of a hydrogen by a deuterium or tritium, 
or the replacement of a carbon by 13C- or 14C-enriched 
carbon are within the scope of this invention. 
(0050] 'TI1e compounds of the present invention may also 
contai n unnatural proportions of atomic isotopes at one or 
more of the atoms that constitute such compounds. For 
example, the compounds may be radiolabeled with radio
active isotopes, such as for example tritium (3H), iodine- 125 
(1251), or carbon-14 (14C). All isotopic variations of the 
compounds of the present invention, whether radioactive or 
not, are encompassed within the scope o f the present inven
tion. 
[0051] Tt sl10 uld be noted that throughout the application 
that alternatives are written in Markush groups, for example, 
each amino acid position that contains more than one 
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possible amino acid. It is specifically contemplated that each 
member of the Markush group should be considered sepa
rately, thereby comprising another embodiment, and the 
Markush group is not lo be read as a single unit. 
[0052] The terms "a" or "an," as used inherein means one 
or more. In addition, the phrase "substituted with a [n]," as 
used herein, means the specified group may be substituted 
with one or more of any or all of the named substituents. For 
example, where a group, such as an alkyl or heteroaryl 
group, is "substituted with an lUlSubstituted C 1-C20 alkyl, or 
unsubstituted 2 to 20 membered heteroalkyl," the group may 
contain one or more unsubstinned C 1-C20 alk;tls, ancVor one 
or more unsubstituted 2 to 20 membered heteroalkyls. 
[0053] Moreover, where a moiety is substituted with an R 
substituent, the group may be referred to as "R-substituted." 
Where a moiety is R-substituted, the moiety is substin1ted 
with at least one R substituent and each R substituent is 
optionally different. Where a partfrular R group is present in 
the description of a chemical genus (such as Fonn ula (I)), a 
Roman alphabetic symbol may be used lo distinguish each 
appearance of that particular R group. For example, where 
multiple R 13 substituents are present, each R 13 substituent 
may be distinguished as R 13

A, R138
, R13c, R 130

, etc., 
wherein each of R13A, R 138

, R"c, R 13n, etc . is defined 
within the scope of the definition of R 13 and optionally 
differently. 
(0054] Descriptions of compounds of the preselll inven
tion are limited by principles of chemical bonding known to 
those skilled in the art. Accordingly, where a group may be 
substituted by one or more of a number o f s11bstit11ellls, such 
substitutions are selected so as to comply with principles of 
chemical bonding and to give compounds which arc not 
inherently unstable and/or would be known to one of ordi
nary skill in the art as likely to be unstable under anibient 
conditions, such as aqueous, neutral, and several known 
physiological conditions. For example, a heterocycloalkyl or 
heteroaryl is anached to the remainder of the molecule via 
a ring heteroatom in compliance with principles o f chemical 
bonding known to those skilled in the art thereby avoiding 
inherently unstable compounds. 
[0055] The compounds of the present invention may exist 
as salts, such as with pharmaceutically acceptable acids. The 
present invention includes such salts. Non-limiting 
examples of such salts include hydrochlorides, hydrobro
mides, phosphates, sulfates, methanesulfonates, nitrates, 
maleates, acetates, citrates, fumarates, proprionates, tanrates 
(e.g., (+)-tartrates, (-)-tan rates, or mixtures thereof includ
ing racemic mixtures), succinates, benzoates, and salts with 
amino acids such as glutamic acid, and quaternary ammo
nium salts (e.g. methyl iodide, ethyl iodide, and the like). 
These salts may be prepared by methods known to those 
skilled in the art. 
[0056] The neutral forms of the compounds are preferably 
regenerated by contacting the salt with a base or acid and 
isolating the parent compound in the conventional manner. 
The parelll form of the compound may differ from the 
various salt fonns in certain physical properties, such as 
solubility in polar solvents. 
10057] Certain compounds of the present invention c<m 
exist in unsolvated forms as well as solvated forms, includ
ing hydrated forms. In general, the solvated forms are 
equivalent to unsolvated fom1s and are encompassed within 
the scope of the present invention. Certain compounds of the 
present invention may exist in multiple crystalline or amor-
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phous forms . In general, all physical fonns are equivalent 
for the uses contemplated by the present invention and are 
intended to be within the scope of the present invention. 
(0058] "Contacting" is used in accordance with its plain 
ordinary meaning and refers to the process of allowing at 
least two distinct species (e.g. chemical compounds includ
ing biomolecules or cells) to become sufficiently proximal to 
react, interact or physically touch. It should be appreciated; 
however, the resulting reaction product can be produced 
directly from a reaction between the added reagents or from 
an intermediate from one or more of the added reagents that 
can be produced in the reaction mixture. 

(0059] The term "contacting" may include allowing two 
species to react, interact, or physically touch, wherein the 
two species may be a compound as described herein and a 
protein or enzyme. In some embodiments contacting 
includes allowing a compound described herein to interact 
with a protein or enzyme that is involved in a signaling 
pathway. 
(0060] "Selective" or "selectivity" or the like of a com
pound refers to the compound's ability to discriminate 
between molecular targets. 
(0061] "Specific", "specifically", "specificity", or the like 
of a compound refers to the compound's ability to cause a 
particular action, such as inhibition, to a particular molecular 
taf'6et with minimal or no action to other proteins in the cel l. 
(0062] "Ftmgi" are defined as any ofa kingdom (Fungi) of 
saprophytic and parasitic spore-producing eukaryotic typi
cally filamentous organisms formerly classified as plants 
that lack chlorophyll and include molds, rusts, mildews, 
smuts, mushrooms, and yeasts. Several other groups that 
historica lly have been associated with fwigi, such as the 
slime molds and water molds are now not considered to be 
fungi. The phyla of fungi are distinguished primarily by their 
sexual reproduct ive stmctlrres. Yeasts do not fonn a single 
taxonomic or phylogenetic grouping. Some yeast such as 
Candida albicans are htunan pathogens. 
(0063] Bacteria constitute a large domain of prokaryotic 
microorganisms. Bacteria have a number of shapes, ranging 
from spheres to rods and spirals. Bacterial cells are typically 
0.5-5. µmin length. The bacterial cell is surrounded by a cell 
membrane, which encloses the contents of the cell and acts 
as a barrier to bold nutrients, prote ins and other essential 
components of the cytoplasm witl1in the cell. ln some 
bacteria, a eel I wall is present on the outside of the cell 
membrane. As they are prokaryotes, bacteria do not usually 
have membrane-bound organelles in their cytoplasm, and 
thus contain few large intracellular strnctures. They lack a 
true nucleus, mitochondria, chloroplasts and the other organ
e lles present in eukaryotic cells. 
(0064] A virus is a small infectious agent that replicates 
only inside the living cells of other organisms. Vimses can 
infect all types of life fom1s, from animals and plants to 
microorganisms, including bacteria and archaea. 
[0065] The tenn "animal" is used in accordance with its 
well understood conm1on meaning and represents a multi
cellular, eukaryotic organism of the kingdom Animalia (also 
called Metazoa). Animals are divided into various sub
groups, some of which are: vertebrates (birds, mammals, 
amphibians, reptiles, fish); molluscs (clams, oysters, octo
puses, squid, snails); arthropods (millipedes, centipedes, 
insects, spiders, scorpions , crabs, lobsters, shrimp); annelids 
(earthworms, leeches); sponges; and jellyfish. 

7 
Jun. 7,2018 

(0066) The term "aromatic compound" refers to an 
organic compound including at least one aromatic moiety 
(e.g., aryl or heteroaryl). 
(0067] As used herein, a "fluorophilic" component is any 
fluorinated compound such as a linear, branched, cycl ic , 
saturated, or unsaturated fluorinated hydrocarbon. The fluo
rophilic component can optiona lly include at least one 
heteroatom (e.g., 0 , N, S, P, Si; in the backbone of the 
component). ht some cases, the ftuorophi lic compound may 
be highly fluorinated, i.e., at least 30%, at least 50%, at least 
70%, or at least 90% of the hydrogen atoms of the compo
nent are replaced by fluorine atoms. The fluorophilic com
ponent may include a fluorine to hydrogen ratio of, for 
example, at least 0.2: I, at least 0.5: I, at least I: I, at least 2: I, 
at least 5:1, or at least 10:1. In some such embodiments, at 
least 30%, at least 50%, at least 70%, or at least 90% but Jess 
than I 00% of the hydrogen atoms of the component are 
replaced by fluorine atoms. Jn other cases, the fluorophilic 
component is perfluorinated, i.e., the component contains 
fluorine atoms but contains no hydrogen atoms. Fluorophilic 
components compatible with the present invention may have 
low toxicity, low surface tension, and the ability to dissolve 
and transport gases. Examples of types of fluorophilic com
ponents include but are not limited to hydrofluorocarbons, 
chlorotluorocarbons, and perfluorocarbons. 
10068) As used herein, a " fluorophilic compound" refers 
to a class of compow1ds that includes hydrocarbon and 
fluorocarbon. In embodiments, fluorophilic compounds does 
not include the chlorofluorocarbon (e.g. R-J l (Trichlorotluo
romethane), CCl3F; R-12 (Dichlorodilluoromethane), 
CCl2 F2 ; or R-13 (Chlorotrifluoromethane),CCIF3) . In 
embodiments, the fluorophi lic compound is dimethyl ether, 
methyl ethyl ether, methyl n-propyl ether, methyl isopropyl 
ether, methyl-n-butyl ether, diethyl ether, methyl tert-butyl 
ether, or ethyl tert-butyl ether. 
(0069] A "fluorocarbon compound" is a compound includ
ing fluorine and carbon, but not hydrogen (e.g., no carbon
bydrogen bonds). Jn embodiments, a fluorocarbon com
pound is an FC- fluorocarbon compound ("FC"), which 
consists solely of fluorine and carbon. In embodiments, a 
fluorocarbon compound is a chlorofluorocarbon (CFC) com
pound, wherein FC and CFC are conunon terms used to 
defme refrigerants [see, for example, Downing, Ralph C. 
Fluorocarbon refrigerants handbook Prentice Hall (l 988)]. 
Examples of fluorocarbon compounds include fluoroether 
compounds, fluoroketone c01npounds, fluoroaromatic com
pounds and fluoroolefin compounds. In embodiments, fluo
rocarbon compounds also include compounds wherein one 
or more optional substituents therein may be selected from 
one or more of bromine, chlorine and iodine. Fluorocarbon 
molecules may have various strucnires, including straight or 
branched chain or cyclic structures. The chemical properties 
of certain of these compotmds, because o f the unusual 
polarity of the carbon-fluorine bond, are unexpecred. For 
example, perlluorotrimethyl iodide, a gas which boils at 
- 22.5° C., is relatively stable in the absence of light (which 
can produce beterolysis and subsequent free radical fom1a
tion) even in the presence of water below I 00° C. or 
moderately basic solutions. Brominated perftuorocarbons 
such as 1 -bromo-heptad~'Caflurooctane (C8 F 17 Br), some
times designated perfluorooctyl bromide a , w-dibromo-F
butane; 1-bromopenta-decafluoroheptane (C7F ,5 Br); 
1-bromo-nonafluorobutane (C4 F9 Br); and 1-bromotrideca
fluorohexane (C6F 13Br) are quite stable under extraction 
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conditions. ll is also contemplated that fluorocarbons having 
nonfluorinated substituents, such as perfluorooctyl chloride, 
or perfluorooctyl hydride may be used in the apparams, 
methods, and con1positions described herein, as well as 
similar compounds having different numbers of carbon 
atoms, e.g., 2-8 carbon atoms. Those skilled in the art will 
appreciate that esters, thioesters, am.ines, ainides, and other 
variously modified fluorocarbon-hydrocarbon compounds 
are also encompassed within the definition of fluorocarbon 
materials suitable for use in the present invention. Certain 
perfluorinated compounds are relatively inert and have 
unexpected properties; for example perfluorotributylamine 
is not at all basic . See, for example, Hong, Angela C., Cora 
J. Young, Michael D. Hurley, Timothy J. Wallington, and 
Scott A. Mabury. "Perfluorotributylamine: A novel long
lived greenhouse gas." Geophysical Research Letters 40, no. 
22 (2013): 6010-6015, which is incorporated herein by 
reference fo r all purposes. 

(0070] A "hydrofluorocarbon compound" is a compound 
including fluorine, carbon and at least one hydrogen atom 
(e.g., at least one carbon-hydrogen bond). In embodiments, 
a hydrofluorocarbon compound is an 1-JFC-hydrofluorocar
bon compound ("HFC"), which consists solely o f fluorine, 
carbon and hydrogen. In embodiments, a hydrofluorocarbon 
compound is a hydrocl1lorofluorocarbon (HCFC) com
pound. HFC and HCFC are common terms used to define 
refrigerants (see Downing, Ralph C. supra.). Non-limiting 
examples of hydrofluorocarbons include trifluoromethane 
(HFC-23), clifluoromelhane (HFC-32), pentafluoroelhane 
(HFC-1 25), 1, 1,2,2-tetrafluoroethane (HFC-134), l, 1, 1,2-
tetrafluoroethane (HFC-134a), 1,1 ,I -trifluoroethane (HFC
l43a), 1,1-difluoroethane (HFC-1 52a) and fluoroelhanc 
(l-IFC-1 61). Hydrofluorocarbon compotmds may be hydro
fluoroether compounds, hydrofluoroketone compounds, 
hydrofluoroaromatic compounds or hydrofluoroolefin com
pounds. Non-limiting examples of hydrofluorocarbon com
pounds include methyl nonafluoroisobutyl ether, methyl 
nonafluorobutyl ether, ethyl nonafluoroisobutyl ether, ethyl 
nonaftuorobmyl ether, and 3-ethoxy-l, 1, 1,2,3,4,4,5,5,6,6,6-
dodecafluoro-2-trifluoromethylhexane. In embodiments, 
hydrofluorocarbon compounds include compounds wherein 
one or more optional substituents may be one or more 
bromine, chlorine, or iodine. In embodiments, the hydro
flurocarbon is chlorodifluoromethane, methyl nonafluor
oisobutyl ether, methyl nonafluorobutyl ether, ethyl nonaflu
oroisobutyl ether, ethyl nonafluorobutyl ether, 3-ethoxy- l , 
I, 1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-trifluoromethylhexane. 
trifluoromethane (l-IFC-23), difluoromethane (HFC-32), 
pentafluoroethane (HFC-125), 1,l ,2,2-tetrafluoroethane 
(HFC-134), J,J ,1,2-tetrafluoroethane (HFC-1 34a), J, l , J-tri
fluoroelhane (HFC-J 43a ), 1, 1-difluoroelhane (HFC-l 52a), 
(I , l , l ,3.3,3-hexaftuoro-2-(ftuoromethoxy)propane, l ,2,2,2-
tetrafluoroethyl clifluoromethyl ether, 2-chloro-I , 1,2,-trif
luoroethyl difluoromethyl ether, l -chloro-2,2,2-trilluoro
ethyl diftuoromethyl ether, 2,2-<lichloro- l , 1-difluoromethyl 
ether, or fluoroethane (HFC- 161). 

(0071] Within the class oflluorophilic compounds, hydro
fluorocarbon compounds, and fluorocarbon compounds, 
"optionally substituted" indicates that one or more fluorine 
or hydrogen atoms may be replaced with an independently 
selected alkane, alkene, alkoxy, fluoroalkoxy, perfluoro
a lkoxy, fluoroalkyl, perfluoroaJl..')' l, aryl or heteroary l group 
or compound (e.g., one or more hydrogens on the carbon 
chain of the group or compound may be independently 
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substituted with one or more of independently selected 
substitutents (e.g., substiment groups). For example, a sub
stituted C2 1-15 group may, without limitation, be -CF2CF30 
-CH,CH,01-l or -CF2CF2l. 

(0072] A "refrigerant" is a substance that is capable of 
ren1oving heat from its surroundings (e.g., w hen it changes 
phase from liquid to vapor (i.e. when it evaporates)). Refrig
erants may add heal to its surroundings in a complementary 
reaction (e.g., when it ch;mges phase from vapor to liquid 
(i.e . when it condenses)) (e.g., FC-fluorocarbon, an HFC
hydrofluorocarbon, a chlorofluorocarbon, a hydrochloro
fl.uorocarbon, an alkane, an alkene, or an aromatic com
pound; or ammonia, carbon diox ide or other gases such as 
hydrogen, oxygen, nitrogen and argon). Refrigerant sub
stances may contain oxygen, or bromine, chlorine o r iodine, 
as described above, for exmnple, in relation to hydrofluo
rocarbon and fluorocarbon compounds. 

10073) An "azeotrope", or an "azeotropic" or "constant 
boiling" is a mixture of two or n1ore components whose 
proportions cannot be altered by simple distillation. When 
boiled, the vapor has the same proportions of the constitu
ents as the un-boiled mixture. fo embodiments, a constant 
boiling mixn1re is a " near-azeotropic" mixture, which is a 
mixture that maintains a substantially constant vapor pres
sure even after evaporative losses, thereby exhibiting con
stant boiling behavior. Azeotropic mid constant boiling 
mixtures also include mixtures \\'herein the boiling points of 
two or more of the components thereof are separated by only 
about 5° C. or less. 

(0074) The "critical pressure" of a substance is tl1e pres
sure required to liquefy a gas at its critical temperature, 
which is the temperature at and above which vapor of the 
substance cannot be liquefied, regardless of how much 
pressure is applied. 

(0075) As used herein, " nonaqueous" is meant to define 
material such as a fluid that is inuniscible with water. That 
is, a liquid that when mixed with water will form a stable 
two-phase mixture. The non-aqueous phase need not be 
liquid, but can be a solid or semi-solid lipid or other 
nonpolar substance that is not soluble in water. In some 
instances, the nonaqueous phase can include a lipophilic 
component (e.g., a hydrocarbon) or a fluorinated component 
(e.g., a fluorocarbon). Tbe aqueous phase can be any liquid 
miscible with water; that is, any liquid that, whe n admixed 
with water, can fonn a room-temperature, single-phase 
solution thlll is stable. In some cases, the aqueous phase can 
comprise one or more physiologically acceptable reagents 
and/or solvents, etc. Non-limiting examples of aqueous 
plmse materials include (besides water itself) metlmnol, 
ethanol, DMF (dimethylfom1amide), or DMSO (dimethyl 
sulfoxide ). 

(0076] The tenn "chirality" refers to the geometric prop
erty of a rigid object (or spatial arrangement of points or 
atoms) of being non-superimposable on its mirror image. If 
the object is superimposable on its mirror image the object 
is described as being achiral. 

[0077] The term "chiral center" refers to an atom holding 
a set of ligands in a spatial arrangement, which is not 
superpimosable on its mirror image. A chirality center may 
be considered a generalized extension of the concept of the 
asymmetric carbon atom to central atoms of any element. 
Each chiral center (*C) is labeled R or S according to a 
system by which its substituents are each designated a 
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priority according to the Cairn Ingold Prelog priority rules 
(CJP), based on atomic muuber. 

(0078] ·111e tenu, "enantiomer" refers to one of a pair of 
optical isomers containing one or more asymmetric carbons 
whose molecular configurations have left- and right-hand 
(chiral) forms. Enantiomers have identical physical proper
ties, except for the direction of rotation of the plane of 
polarized light. Enantiomers have identical chemical prop
erties except toward optically active reagents. 

(0079] An " ionic liquid" is a salt in liquid form. Jn 
embodiments, an ionic liquid includes an organic compound 
(e .g., and counter ion), typically a salt of an organic acid and 
an organic base, wllich may exist in a zwitterionic form, 
which is present in a liquid state (e.g., at room temperature 
or substantially close to roon1 te mperature, w herein roon1 
temperature is defined as a range of temperatures from about 
4 ° C. to about 50° C., and most typically between 15° C. and 
30° C., and more typically about 25° C.). Jn embodiments, 
an ionic liquid d iffers from most salts in that it bas a very low 
melting point, and tends to be liquid over a wide temperature 
range. In embodiments, an ionic liquid is not soluble in 
non-po lar hydrocarbons; is immiscible with water, depend
ing on the anion; or is l1ighly ionizing (but has a low 
d ielectric strength). ln embodiments, an ionic liquid bas 
essentially no vapor pressure, most are air and \\'ater stable, 
and they ca n either be neutral, acidic or basic. In embodi
ments, the properties of an ionic liquid can be tailored by 
varying the cation and anion. In embodiments, the cation or 
anion of an ionic liquid can be any cation or anion such that 
the cation and anion together form an organic salt that is 
liquid at or below about I 00° C. In embodiments, an ionic 
liquid is formed by reacting a nitrogen-containing hetero
cyclic ring, preferably a heteroaromatic ring, with an all;y
Iating agent (for example, an alkyl halide) to form a qua
ternary ammonium salt, and perfonuing ion exchange or 
othe r suitable reactions with various Lewis acids or their 
conjugate bases to form the ionic liquid. Examples of 
suitable heteroaromatic rings include substituted pyrid ines, 
imidazole, substiruted imidazole, pyrrole and substiruted 
pyrroles. Jn embodiments, these rings can be alkylated with 
virtually any straight, branched or cyclic C 1-C20 alkyl group 
(e.g., the alkyl groups are C 1-C16 groups). In embodiments, 
various triarylphosphines, thioethers and cyclic and non
cyclic quaternary ammonium salts may also be used for this 
purpose. In embodiments, com1terions that may be used 
include cWoroaluminate, bromoaluminate, gallium chloride, 
tetrafluoroborate, tetrachloroborate, hexafluorophosphate, 
nitrate, trifluorometlrnne sul fonate, methylsu lfonate, p-to lu
enesulfonate, hexafluoroantimonate, hexafluoroarsenate, 
tetrachloroaluminate, tetrabromoalurninate, perchlorate, 
hydroxide anion, copper d ichloride anion, iron trichloride 
anion, zinc trichloride anion, as well as various lanthanmn, 
potassium, lithium, nickel, cobalt, manganese, or other 
metal-conta ining anions. Jn embodiments, ionic liquids may 
be synthesized by salt metathesis, by an acid-base neutral
ization reaction or by quatern izing a selected nitrogen
containing compound; or they may be obtained commer
cially from several companies such as Merck (Darmstadt, 
Gennany) or BASF (Mount Olive, N .J.). Representative 
examples of useful ionic liquids are described in sources 
such as Clare, Bronya, Amal Sirwardana, and Douglas R. 
Macfarlane. "Synthesis, purification and characterization of 
ionic liquids." In Ionic Liquids, pp. 1-40. Springer Berlin 
Heidelberg, 2010; Valderrama, J. 0., and P. A. Robles. 
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"Critical properties, normal bo iling temperatures, and acen
tric factors of fifty ionic liquids." Industrial & Engineering 
Chemistry Research 46, no. 4 (2007): 1338-1344; Kan, 
Huang-Chuan, Ming-Chung Tseng, and Yen-Ho Chu. "Bicy
clic imidazolium-based ionic liquids: sy nthesis and c harac
terization." Tetrahedron 63, no. 7 (2007): 1644-1653; Tsu
nasl1ima, Katsuhiko, Yuki Sakai, and Masahiko Matsumiya. 
"Physical and electrochemical properties of phosphonium 
ionic liquids derived from tr imethylphosphine." Electro
cbemistry Col1llmmications 39 (2014): 30-33; Poole, Colin 
F., and Salwa K. Poole. "Extraction of organic compounds 
with room temperature ionic liquids." Journal of Chroma
tography A 1217, no. 16 (201 0): 2268-2286; Rabari, Dbara
mashi, and Tamai Banerjee. " Biobutanol and n-propanol 
recovery using a low density phosphonitun based ionic 
liquid at T=298.l 5 K and p=Jatm." Fluid Phase Equilibria 
355 (20 13): 26-33; Gonzalez, Begoiia, and Sandra Corderi. 
"Capacity o f two l -butyl-J-methylpyrrolidinitm1-based 
ionic liquids for the extraction o f ethanol from its mixtures 
with heptane and hexane." Fluid Phase Equilibria 354 
(2013): 89-94; Lago, Sara, Hector Rodriguez, Alberto Arce, 
and Ana Soto. "Jmproved concentration o f c itrus essential 
oil by solvent extraction with acetate ionic liquids." Fluid 
Phase Equilibria 36 1 (2014): 37-44; see a lso Jiao, Jiao, 
Qing-Yan Gai, Yu-.Jie Fu, Yuan-Gang Zu, Meng Luo, Wei 
Wang, and Chun-Jian Zhao. "Microwave-assisted ionic liq
uids pretreatment fo llowed by hydro-distillation for the 
efficient extraction of essential o il from Dryopteris fragrans 
and evaluation o f its antioxidant efficacy in su11flower oil 
storage." Journal of Food Engineering 11 7, no. 4 (201 3): 
477-485; Shillett, Mark B., Mark A. Harn1er, Christopher P. 
Junk, and A. Yokozeki. "Solubility and diffosivity of 1, 1,1, 
2 -tetrafluoroethane in room-temperarure ionic liquids." 
Fluid phase equilibria 242, no. 2 (2006): 220-232, which are 
incorporated herein by reference for all purposes . A library, 
i.e. a combinatorial library, of ionic liquids may be prepared, 
for example, by preparing various alkyl derivatives of the 
quatemary ainmonium cation, and varying the associated 
anions. The acidity of the ionic liquids can be adjusted by 
varying the molar equivalents and type and combinations of 
Lewis acids. 

[0080) The tern1 "non-ideal mixture" or "non-ideal Ouid" 
refers to a fluid mixture wherein the enthalpy of mixing is 
non-zero and the volume change upon inixing is non-zero. 
Jn embodiments, a non-ideal mixn1re displays a vapor pres
sure lower than expected from Raoult' s Jaw (negative devia
tion), which may be evidence of adhesive fo rces between 
different components of the mixture being stronger than the 
average cohesive force s between the like compone nts . When 
cohesive forces between like components are stronger than 
between different componen ts, the vapor pressure is greater 
than expected from Raoult's Jaw (positive deviation). 

[0081) The term "supercritical fluid" refers to any sub
stance at a te111perature and pressure abo ve its critical point, 
where distinct liquid and gas phases do not exist . It can 
effi.1se through solids like a gas, and dissolve materials like 
a liquid. 

[0082] The term "essential oil" refers to a concentrated 
liquid (e.g., hydrophobic) containing volatile aroma com
pounds from plants. Essential oils may also be called volatile 
o ils, ethereal oils, aetl1erolea, or simply as the oil of the plant 
from which they were extracted, such as o il of clove. An oil 
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is "essential" in the sense that it contains the "essence of' the 
plant's fragrance---the characteristic fragrance of the plant 
from which it is derived. 

(0083] The term " naniral" as used for "natural product" 
and "natural organic compound" refers to something that is 
found in, or isolated from, nature and is not itself synthetic, 
artificial, and/or man-made. In some embodiments, a "natu
ral product" is a molecule, compound, or substance that is 
produced by a living organism, i.e., is found in nature. Jn 
some embodiments, natural products are isolated fron1 natu
raJ sources that are produced by pathways of primary and 
secondary metabolism. In some embodiments, natural prod
ucts are isolated from natural sources that are produced 
where expression of the product is influenced artificially. In 
some embodiments, natural products are iso lated from natu
ral sources that are produced through over-expression of the 
nah1ral product. Jn some embodiments, a "nah1ral organic 
compound" is a purified organic (carbon-containing chemi
cal) compound isolated from nanira l sources. In some 
e mbodiments, a natural organic compound is isolated from 
natural sources including p lant, animal, fungus, virus, and 
bacteria. In some embodiments, natural organic compolUlds 
a re isolated from natural sources that have been genetically 
modified or engineered, including plant, animal, fungus, 
vims, and bacteria. Jn some embodiments, natura l organic 
compounds are isolated from natural sources through extrac
tion. In some embodin1ents, natural organic compounds are 
isolated from natural sources through extraction methods as 
described herein. 

(0084] TI1e term "flavonoid" (or biotlavonoid) refers to a 
class o f plant and frn1gus secondary metabolites. Flavonoids 
have the general stmcture of a 15-carbon skeleton, which 
consists of two phenyl rings and a heterocyclic ring. In some 
embodiments, flavonoids are c lassified as flavonoids (or 
bioftavonoids), isoflavonoids (derived from 3-phenyl
chromen-4-one (3-pheny 1-1,4-benzopyrone) structme ), and 
neoflavonoids (derived from 4-phenylcoumarine (4-phenyl-
1,2-benzopyrone) structure). The tem1 "prenylflavonoid" (or 
prenylated ftavonoids) refers to a subclass of ftavonoids. 
Chemically, they have a prenyl group attached to the 11a
vonoid backbone. 

(0085] TI1e tenu "kavalactone" refers to a class oflactone 
compounds found in the kava plant. In some embodiments, 
kavalactones possess a wide varie ty of pharmacological 
effects including analgesic, anticonvulsant, amnestic, noot
ropic , and sedative activity. 

[0086] TI1e tem1 "salvorin" refers to a terpenoid with 
psychotropic properties found in the Salvia divinoru111 plant 

( 0087] ]lie tem1 "terpene" refers to a large class of hydro
carbon organic compound found in a variety of plants, 
including conifers, and some insects, such as termites and 
swallowtail butterflies. Terpenes are derived biosyntheti
cally from units of isoprene, which has the molecular 
formula C 5l-18 . 'TI1e basic molecular fOrmulae of terpenes are 
multiples of that, (C5 l-18),, where n is the ntllllber of linked 
isoprene units. TI1is is called the isoprene rule or the CS mle. 
Tn some embodiments, terpenes are the primary constih1ents 
of the essential oils of many 11owers and plants . Terpenes 
may include monoterpenes, diterpenesi sesquiterpenes, trit
erpenes, sesterterpenes, norterpenes1 nortriterpenes1 and 
norsesquiterpenes. Diterpenes refers to diterpene acids, 
esters, alka loids (such as indolo-terpenes) which are com
posed of two isoprene units. 
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(0088] In embodiments, the terpene is a camphor or a 
derivative, analog, or prodrug thereof 

(e.g .,. 

170 
) 

10089] In embodiments, the terpene is a carvone or a 
derivative, analog, or prodmg thereof 

,:oy 
(e.g., ). 

(0090] In embodiments, the terpene is a limonene or a 
derivative, analog, or prodrug thereof 

Uy 
(e.g., ). 

(0091] In embodiments, the terpene is a linaJool or a 
derivative, analog, or prodrug thereof 

HO\ I I 
(e.g. ,~)-

10092] In embodiments, the terpene is a geraniol or a 
derivative, analog, or prodrug thereof 

rH<?,,__./ r 
~ (e.g. RO ) . 

[0093] In embodiments, the terpene is a pinene or a 
derivative, analog, or prodrug thereof 

6) 
(e.g. ). 
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[0094] In embodiments, the terpene is a ionone or a 
derivative, analog, or prodrug thereof 

~ (e.g. , ). 

(0095( In embodiments, the terpene is a iridoid or a 
derivative, analog, or prodrug thereof (e.g., 

R 

I OR' 

W1 HO•"""" AY 

COOCH3 ) . 

[0096( Jn embodiments, the terpene is a abietane or a 
derivative, analog, or prodrug thereof 

(0097] In embodiments, the terpene is a atisane or a 
derivative, analog, or prodrug thereof 

~ 
~o 

(e.g ., HiC \~CH3 ). 

I 0098] In embodiments, the terpene is a basmane or a 
derivative, analog, or prodn1g thereof 

/ .L 
, ... 

(c g , 

11 
Jun. 7,201 8 

[0099] In embodiments, the terpene is a briarane or a 
derivative, analog, or prodmg thereof 

R1 

(e.g., ), 

wherein Ac refers to an acetyl group; u V v v refers to a 
bond designating a mix of stereoisomers; R , refers to a 
moiety selected from -Cl and - OAc (acetic acid) and R2 

is a moiety selected from - OH, -OAc, -OCOCH2CH 
(CH3 ) 2 , - OCOCH" - OCOCT-I2CH3 (propionate). 

[0100] In embodiments, the terpene is a carophyllene or a 
derivative, analog, or prodmg thereof 

(0101] Jn embodiments, the terpene is a casbane or a 
derivative, analog, or prodrug thereof 

OH 

f 

(e.g. ) . 

[0102] Jn embodiments, the terpene is a cassane or a 
derivative, analog, or prodrug thereof 
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[0103] Jn embodiments, the terpene is a cembranoid or a 
derivative, analog, or prodrug thereof 

HO fH

3 

"'""C' 
CH3 

. 

""::::: 
(e.g., 

(OJ 04( In embodiments, the terpene is a norcembranoid or 
a derivative, analog, or prodrug thereof 

0 

(e.g. ). 

I 0105] In embodiments, the terpene is a bicembrane or a 
derivative, analog, or prodrug thereof 

(e.g. ). 

(0106] In embodiments, the terpene is a cladie llane or a 
derivative, ru1alog, or prodrug thereof 

(eg. 
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[0107] In embodiments, the terpene is a clerodane or a 
derivative, analog, or prodrug thereof 

C H3 

H3C 

(e.g. 

[0108] Jn embodiments, the terpene is a curcusone or a 
derivative, analog, or prodrug then.'Of 

CH2 

(e.g. CH, ). 

[0109] Jn embodiments, the terpene is a cyathane or a 
derivative, analog, or prodrng thereof 

OH 

(e.g. ). 

[0110] In embodimems, the terpene is a daphnane or a 
derivative, analog, or prodrug thereof 

(e.g. ). 
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[0111] In embodiments, the terpene is a dolabellane or a 
derivative, analog, or prodrug thereof 

CH; 

(e.g. 

(Oll2] In embodiments, the terpene is a drimane or a 
derivative, analog, or prodrug thereof 

(e.g . 

[0113) In embodimems, the terpene is a pimane or a 
derivative, analog, or prodmg thereof 

(e.g. 

wherein Risa moiety selected from - I-I, - OH, --CI-1201-1, 
- C02CI-130 - CHO, - CH2 0Ac, - COOH, and - CH 3 . 

[0114( In embodiments, the terpene is a ent-pimane or a 
derivative, analog, or prodmg thereof 

0 

0 

......... 0 

(e.g. 
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(0115) In embodiments, the terpene is a eudesmane or a 
derivative, analog, or prodmg thereof 

(e.g. 

(0116( In embodiments, the terpene is a eunicellin or a 
derivative, analog, or prodmg thereof 

0 

H3C 
)=o 

(e.g. ). 

(0117] In embodiments, the terpene is a franchetine or a 
derivative, analog, or prodmg thereof 

(e.g. ,), 

wherein R represents a benzyl group. 

[0118) In embodiments, the terpene is a gibberelin or a 
derivative, analog, or prodrug thereof 

17 

(e.g. ). 
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[0119) In embodiments, the terpene is a grayane or a 
derivative, analog, or prodrug thereof 

OH 

(e.g ., , ). 

(0120( In embodiments, the terpene is a guaiene or a 
derivative, analog, or prodrug thereof 

,,0 C~CH, 
(e.g. , H,C ). 

(01 21) In embodiments, the terpene is a Guanacastane or 
a derivative, analog, or prodmg thereof 

HO 

(e.g., 

(0122] In embodiments, the terpene is a icetaxane or a 
derivative, analog, or prod.mg thereof 
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(0123) In embodiments, the terpene is a isofregenedane or 
a derivative, analog, or prodrug thereof 

CH3 

CH3 

CH3 

(0124] In embodiments, the terpene is a jatrophane or a 
derivative, analog, or prodmg thereof 

(e.g. 

(0125) In embodiments, the terpene is a kalihinene or a 
derivative, analog, or prodn1g thereof 

CH, 

(e.g., 

en, 

""""tN:=C 
CH3 ). 

[0126] In embodiments, the terpene is a kaurane or a 
derivative, analog, or prodmg thereof 

C H3 

(e.g., CH3 CH, ). 
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[0127] Jn embodiments, the terpene is a kempane or a 
derivative, analog, or prodrug thereof 

(e.g. , 

[0128[ Jn embodiments, the terpene is a labdane or a 
derivative, analog, or prodrug thereof 

(e.g ., ) . 

[ 0129] In embodiments, the terpene is a grindelane lab
dane or a derivat ive, analog, or prodrng rhereof 

(e.g., ). 

[0130] Jn embodiments, the terpene is a lathyrane or a 
derivative, analog, or prodrug thereof 

CH, 

CH, 

(e.g. , n,c 0 
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[0131] In embodiments, the terpene is a laurenene or a 
derivarive, analog, or prodmg thereof 

[0132] In embodiments, the terpene is a lobane (e.g., 
lobatriene) or a derivative, analog, or prodrug thereof 

;fxo 
H ,,,,,<CH, 0 ,,, 

OH 
(e.g., CH3 ). 

[0133] In embodiments, the terpene is a mulinane or a 
derivarive, analog, or prodrug thereof 

CH3 

ll3C 
(e.g. , CH3 

[0134] Jn embodiments, the terpene is a myrsinol or a 
derivative, analog, or prodrug thereof 

CH, 

(e.g., 
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[0135] In embodiments, the terpene is a pepluane or a 
derivative, analog, or prodrug thereof 

(e.g., ) . 

(0136] In embodiments, the terpene is a phorbol or a 
derivative, analog, or prodrug thereof 

OH 

(e.g., 
0 

phorbol 

(0137] In embodiments, the terpene is a rosane or a 
derivative, analog, or prodmg thereof 

I 0138] In embodiments, me terpene is a sclaerol or a 
derivative, analog, or prodrug then .. 'Of 

(e.g., ). 
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[0139) In embodiments, the terpene is a scopadulnne or a 
derivative, analog, or prodmg thereof 

(e.g., 

[0140] In embodiments, the terpene is a sem1latane or a 
derivative, analog, or prodrug thereof 

OR2 

(e.g., ). 

wherein R1 is a moiety selected from - H, -OH, - N, 
- NH, -NOH, -Cl-13 , - CO-heteroaryl, 
-Cl-l20COC4 H3N2 , -CNOH, -CH2, and 

and R2 is a moiety selected from - 1-1, - N02 , -Cf-I,. and 
halogen. 

[0141] In embodiments, the terpene is a spatane or a 
derivative, analog, or prodrug thereof 

wherein Risa moiety selected from - H, -OH, -Cl-!2CH, 
(CH2MCH3 ),, and - CH,. 
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[0142] Jn embodiments, the terpene is a stemodane or a 
derivative, analog, or prodrug thereof 

(e.g_, ), 

wherein R is a moiety selected from - H, -OH, -CI-I,, 
and -OCH3 ; R1 is a moiety selected from - H, -01-1, 
- CH20 H, and - CI-13 ; and R2 is a moiety selected from 
-H, -OH, and -0. 

(0143] Jn embodiments, the terpene is a taxane or a 
derivative, analog, or prodrug thernof (e.g., 

OAc 

0" '"" 

[0144] Jn embodiments, the terpene is a tigliane or a 
derivative, analog, or prodrug thereof 

(e.g., 

wherein R1 is a moiety selected from - 1-1, -Cl-130 

- COC, ,J-12,, --CI-1201-l, - Bz, -OAc, 2-methylbutryrl, 
and 

R2 is a moiety selected from --Cl-13, - COC:I-13, - Bz, 
- OAc, isobutryryl, and 2-methylbutryrl; and R3 is a moiety 
selected from - 0 , and -Cl-12 . 
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(0145) Jn embodiments, the terpene is a tom1esane (e.g., 
tom1esolane) or a derivative, analog, or prodrug thereof 

H3C 

(e.g., CH3 ). 

[0.146] In embodiments, the terpene is a valparane or a 
derivative, analog, or prodrug thereof 

(0147) In embodiments, the terpene is a vibsane or a 
derivative, analog, or prodrug thereof 

(- )-5-cpi-Vibsanin E [(- )-2] 

(0148] In embodiments, the terpene is a xenicane or a 
derivative, analog, or prodrug thereof 

HO 

H3C 

(e.g., 
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[0149] In embodiments, the terpene is a bakkane or a 
derivative, analog, or prodrug thereof 

qq) 
(e.g., CH2 ). 

[0150) 101441 ln embodiments, the terpene is a bisabo
lane or a derivative, analog, or prodmg thereof 

"·'~·0 
(e.g., H en, ). 

)0151] In embodiments, the terpene is a zizanoic acid or a 
derivative, analog, or prodrug theR'Of 

~ 
(e.g., H01C ). 

[0152] In embodiments, the terpene is a drimenol or a 
dcrivalivc, analog, or prodrug thereof 

~ ~ en 

(e.g., H3C CH3 

)0153) In embodiments, the terpene is a isolongifolene or 
a derivative, analog, or prodrug thereof 

~~"' 
(e.g.. en, ). 
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[0154) In embodiments, the terpene is a tirotundin or a 
derivative, analog, or prodrng thereof 

[0155] In embodiments, the terpene is a clovane or a 
derivative, analog, or prodrug thereof 

(e.g. , 

[0156] In embodiments, the terpene is a gennacrane or a 
derivative, analog, or prodrug thereof 

(e.g., 

15 
R1 

D-5 

. I rOJ2 
.; l () .: ,,,,.1" 0 

HO ':x'§ d iJ 
' 

5' 
R1 4' 

wherein R, is a moiety selected from - H, - OH, and 
- CH3 and R2 is a moiety selected from - CH3 • 

[0157) In embodiments, the terpene is a sesterterpene or a 
derivative, analog, or prodrug thereof 

(e.g., 

Ophiobolin A 
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-cominued 

rm,c 
G:iscardic acid 

Ceroplasto!) 

(0158] Jn embodiments, the terpene is a triterpene or a 
derivative, analog, or prodrug thereof 

HO 

(e.g., la.nosterol: lanostcrol Jubogenin 

OH ~ 

HO 

[0159] The tem1 "humulone" (or a -lupulic acid) refers to 
a prevalent member of the class of compounds known as 
a lpha acids, which provide a characteristically bitter flavor. 
Humulone is a phloroglucinol derivative with three iso
prenoid side-chains. Two side-chains are prenyl groups and 
one is an isovalery l group. The acidity of the ring enol 
moieties that give rise to its designation as an acid lie in the 
vinylogous relationship with the ring and side chain carbo
nyl functional groups. 
(0160] ·111e term "humulene" (also known as a-humulene 
or a-caryophyllene), refers to a monocyclic sesquiterpene 
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(C1 5H24) , containing an I I-membered ring and consisting of 
three isoprene units containing three non-conjugated C=C 
double bonds, rwo of them being triply substimted and one 
being doubly substituted. Jt is found in the essential oils of 
Humulus /upulus. Humulene is an isomer of ~-caryophyl

lene, and the two are often found together as a mixmre in 
many aromatic plants. 
(0161] The term "caryophyllene" (or (-)-~-caryophyl 

lene), refers to a bicyclic sesquiterpene that is a constituent 
of many essential oils, especially clove oil, the oil from the 
stems and flowers of Syzygiu111 aromaticum (cloves), the 
essential oil of Cannabis saliva, rosemary, and hops. h is 
usually found as a mixmre with isocaryophyllene (the cis 
double bond isomer) and a-hnmulene. Caryophyl lene pos
sesses both a cyclobutane ring and as a trans-double bond in 
an 8-membered ring. 
(0162] The tem1 " lupulone" (or ~-lupulic acid) rerers to a 
beta acid found in Humulus lupulus (Hops). Lupulones are 
sensitive to oxidative decomposition; their break down 
creates flavors U1at may adversely affect the taste of beer. 
[0163] The term "myrcene" (or ~-myrcene) refers to an 
o lefinic organic hydrocarbon, classified as a monoterpene. It 
is a component of the essential oil of several plants including 
bay, cannabis, ylang-ylang, wild thyme, parsley, and hops. 
[0164) The term "alkaloid" refers to a group of naturally 
occurring chemical compounds that mostly contain basic 
nitrogen atoms. This group also includes some related 
compounds with neutral and even weakly acidic properties. 
In addition to carbon, hydrogen and nitrogen, alkaloids may 
also contain oxygen, sulrur, chlorine, bromine, and phos
phorus. Alkaloids are produced by a large variety of organ
isms including bacteria, fungi, plants, and animals. 
[0165] The term "cannabinoid" refers to a class of chemi
cal compounds that act on cannabinoid receptors. These are 
G-protein-coupled receptors denoted by the terms CB, and 
CB2 receptors. The structme of the CB! receptor has been 
detennined; see Hua, T., Vernuri, K., Pu, M., Qu, L., Han, G. 
W., Wu, Y., Zhao, S., Shui, W., Li, S., Korde, A. and 
Laprairie, R. B., 2016. Crystal strncture of the human 
cannabinoid receptor CB I. Cell, 167(3), pp. 750-'762, 
which is incorporated herein by reference for all purposes. 
The anatomical distribution of these receptors is complex, 
but broadly CBI receptors in the central nervous system 
mediate many of the effects of cannabinoids in the brain, 
whereas CB2 receptors in the periphery mediate anti-inflam
matory and related actions of cam1abinoids. See Mtmro, S., 
Thomas, K. L. and Abu-Shaar, M., 1993. Molecular char
acterization of a peripheral receptor for cannabinoids. 
Nature, 365(6441), p. 61. which is incorporated herein by 
reference for all purposes 
[0166) There are at least 113 different cannabinoids iso
lated from cannabis, exhibiting varied effects. Many of these 
compounds are strncturally related to t.9-tetrabydrocannabi
nol (THC). Classes of natural cannabinoids isolated from 
cannabis include ca1mabigerol, cannabichromene, canna
bidiol, tetrahydrocannabinol, cannabinol, cannabielsoin, 
iso-tetrahydrocannabinol, cannabicyclol, and cannabicitran. 
Examples of well-studied cannabinoids include cannabinol 
(CBN), tetrahydrocamiabinol (THC), and cannabinol 
(CBN). 

Jl . METHODS 

[0167] The methods provided herein include processes, 
methods, and compositions for the extraction of nan1ral 
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products from plant material employing pure fluorocarbon 
liquids or gases and optionally admixmres of fluorocarbon 
and non-fluorocarbon gases and liquids. Jn some embodi
ments, the extraction may be carried out in a highly selective 
manner such that specific components consisting of pure 
compounds or defined mixtures thereof may be extracted 
from plant or animal material without extracting undesired 
materials, obviating the need for subsequent purification 
steps following the extraction, wherein said specific con1-
ponents are valuable in the preparation of pharmaceutical 
and nutraceutical compositions which are usefol in the 
prevention and treatment of various diseases and syndromes 
in humans and animals. 

(0168] In a first aspect, is provided a method of extracting 
a namral organic compmrnd from a namral material, the 
method including contacting the natural material with an 
extraction flu id thereby extracting the namral organic com
pow1d from the natural material into the extraction fluid to 
from an extracted fluid solution. In an embodiment, the 
extraction fluid includes a fluorophilic compound and a 
hydrofluorocarbon. In another embodiment, the extraction 
fluid is a non-ideal fluid. 
(0169] Jn one embodiment, the natural material is a mate
rial derived from a plant, an animal, a fungi, a bacteria or a 
virus. In another embodiment, the natural material is a 
mate rial derived from a plant. In another embodime nt, the 
nan1ral material is a material derived from an animal. In 
another embodilnent, the natural material is a material 
derived from a fimgus. In another embodiment, the natural 
material is a material derived from a bacteria. Jn another 
embodiment, the natural 1nateria l is a material derived fron1 
a virus. 
[0170] Jn one embodiment, the plant is Piper 111elhyslicu111, 
Cannabis spp., Salvia spp., Banisteriopsis caapi, Psychotria 
v iridis (chacnma), Diplopterys cabrerana, Peganum har
mala, Hu111ulus /upulus or mixture thereo f. Jn another 
embodiment, the plant is Piper methysticum. Jn another 
embodiment, the plant is Cannabis spp. In another embodi
ment, the plant is Salvia spp. Jn another embodiment, the 
plant is Banisleriopsis caapi. In another embodiment, the 
plant is Psycholria viridis (chacruna). In another embodi
ment, the plant is Diplopterys cabrerana. In another embodi
ment, the plant is Peganum harmafa. In another embodi
ment, the plant is Humulus lup ulus. In another embodiment, 
the Cannabis spp. plant is Cannabis Saliva. 
(0171] Jn one embodiment, the plant is Echinacea purpu
rea, Echinacea angustifolia, Acme/la oleracea! Helichrysum 
w 11brac11ligeru111, or Radula marginata. In another embodi
ment the plant is an Echinacea spp. h1 another embodimem, 
the plant is Echinacea purpurea. In another embodiment, the 
plant is Echinacea anguslifolia. In another embodiment, the 
plant is Acme/la o/eracea. Jn another embodiment, the plant 
is Helichrysu111 u111bracu/igen 1111. Jn another embodiment, 
the plant is Jladula marginala. 
( 0172 J Jn one embodiment, the nan1ral organic compound 
is a biologically acti ve organic compound. Jn another 
embodin1ent, the namral organic compound is an aromatic 
compound. Jn another embodiment, the natural organic 
compound fonns part of an aromatic oil or essential oil. Jn 
another embodiment, the natural organic compound forms 
an aromatic o il. In another embodiment, the naniral organic 
compound fom1s an essentia l oi l. In another embodiment, 
the nan1ral organ ic compound is a component of an aromatic 
oil. Jn another embodiment, the nan1ral organic compound is 
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a component of an essential oil. Jn another embodiment, the 
natural organic compound is caffeine. In one embodiment, 
the natural organic compound is a terpene , a humulone, a 
lupulone, a myrcene, a humulene, a caryophyllene, an 
alkaloid, a ftavono id, a cannabinoid, me nthol, capsaicin, 
anise or camphor. In another embodiment, the namral 
organic compound is a terpene. Jn another embodiment, the 
natnral organic compound is a hwnnlone. Jn another 
embodiment, the natural organic compound is a lupulonc. Jn 
another embodiment, the nan1ral organic compound is a 
myreene. Jn another embodiment, the natural organic com
pound is a humulene. In another embodiment, the natural 
organic compound is a caryophyllene. Jn another embodi
ment, the natural organic compound is an alkaloid. Jn 
another embodiment, the natural organic compound is a 
flavonoid. Jn another embodiment, the natural organic com
pound is menthol. In another embodiment, the natural 
organic compound is capsaicin. In another embodiment, the 
natural organic compound is anise. In another embodiment, 
the natural organic compoltlld is camphor. Jn one embodi
me nt, the natural organic compound is xanthohumol, 8-pre 
nylnaringenin or isoxanthohnmol. Tu another embodiment, 
the nan1ral organic compound is xanthohumol. In another 
embodiment, the naniral organic compound is 8-prenylnar
ingenin. In another embodimem, the natural organic com
pound is isoxanthohumol. Jn another embodiment, the natu
ral organic compound is a pre nylflavonoid. ln another 
embodiment, the natural organic compound is a kavalactone 
or a salvorin . 

[0173] In one embodiment, the natural organic compoltlld 
is a cannibinoid. In another embodiment, the natural organic 
compound is tetrahydrocannabinol, cannabidiol or cannabi 
nol. In another embodiment , the natural organic compound 
is cannabidiol. In another embodiment, the natural organic 
compound is cannabinol. ln another embodiment, the natural 
organic compound is tetrahydrocannabinol. 
[0174] In another embodiment, the natural organic com
poltlld is cannabigerol, cannabichromene, cannabicyclol, 
cannabivarin, tetrahydmcairnabivarin , cannabidivarin, can
nabichromevarin, cannabigerovarin, cannabigero l monom
ethyl ether, tctrahydrocarn1binolic acid, or camiabidiolic 
acid. Jn another embodiment, the natural organic compound 
is cannabigerol. In another embodiment, the namral organic 
compound is cannabichromene. In another embodiment, the 
natural organic compoltlld is cannabicyclol. Jn another 
embodiment, the natural organic compound is carn1abivarin. 
Jn another embodiment, the natural organic compound is 
tetrahydrocannabivarin. Jn another embodiment, the natural 
organic compound is cam1abidivarin . In another embodi
me nt, the naniral organic compound is cannabichromevarin. 
In another embodiment, the namral organic compoltlld is 
cannabigerovarin . In another embodiment, the natural 
organic compound is cannabigerol monomethyl ether. Jn 
another embodiment, the natural organic compound is tet
rahydrocam1binolic acid. Jn another embodiment, the natural 
organic comporn1d is cannabidiolic acid. 
(0175] In embodiments, at least 20 Kg of the natural 
organic compound is present in the extracted fluid solution. 
In embodiments, at least IO Kg of the natural organic 
compound is present in the extracted fluid solution. Jn 
embodiments, at least 5 Kg of the nah1ral organic compound 
is present in the extracted fluid solution. ht embodiments, at 
least 4 Kg of the natural organic compound is present in the 
extracted fluid solution. Jn embodiments, at least 3 Kg of the 
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natural organic compolmd is present in lhe extracled lhtid 
solution. Jn embodiments, at least 2 Kg of the narural 
organic compound is present in the extracted fluid solntion. 
In embodiments, at least I Kg of the natural organic com
pound is present in the extracted fluid solution. In embodi
ments, at least 500 g of the natural organic compound is 
presem in the extracted fluid solu1ion. In embocliments, at 
least 400 g of the naniral organic compound is present in the 
extracted fluid solution. In embodiments, at least 300 g of 
the natmal organic compound is present in the extracted 
fluid solu1ion. Jn embodiments, at least 200 g of the nan1ral 
organic compound is present in the exlracted fluid solution.. 
In embodiments, at least 100 g of the namral organic 
compound is present in lhe extracled fluid solulion. Jn 
embodiments, about 20 Kg of the narural organic compound 
is present in the extracted fluid solution. Jn embodiments, 
about 10 Kg of the nalllral organic compound is present in 
the extracted fluid solution. In embodiments, about 5 Kg of 
the natural organic compound is present in the extracted 
fluid solution. In embodiments, about 4 Kg of the natural 
organic compound is present in the extracted fluid solution. 
In embodiments, about 3 Kg of the natural organic com
pound is present in the extracted fluid solution. In embodi
ments, about 2 Kg of the naniral organic compound is 
present in the extracted fluid sohnion. In embodiments, 
about I Kg of the nan1ral organic compound is present in the 
extracted fluid solution. Jn embodiments, about 500 g of the 
natural organic compound is present in the extracted fluid 
solution. Jn embodimems, about 400 g of the namral organic 
compound is present in lhe extracled fluid solution. In 
embodiments, about 300 g of the natural organic compound 
is present in the extracted fluid solution. In embodiments, 
about 200 g of the natmal organic compow1d is present in 
the extracted fluid solution. In embodiments, aboul IOO g of 
the natmal organic compound is present in lhe extracted 
fluid solution. In embodiments, about 100 g to about 15 Kg 
of the naniral organic compound is present in the extracted 
fluid solution. Jn embodiments, about 100 g to about 10 Kg 
of the natural organic compound is present in the extracted 
fluid solution. In embodiments, about 100 g to about 5 Kg 
of the natural orgai1ic compound is present in the extracted 
fluid solution. In embodiments, about 100 g lo about 1 Kg 
of the nanrral organic compound is present in the extracted 
fluid solution. Jn embodiments, about 500 g to about J5 Kg 
of the natural organic compound is present in the extracted 
fluid solution. hi embodiments, about I Kg lo about IO Kg 
of the natural organic compound is present in the extracted 
fluid solution. Jn embodiments, about 1 Kg to about 5 Kg of 
the natural organic compound is present in lhe extracted 
fluid solution. 
[0176] Jn embodiments, the extraction fluid does not 
include supercritical C02 . In embodiments, extraction fluid 
does not include argon. In embodiments, the extraction fluid 
does not include xenon. Jn embodiments, the extraclion lluid 
does not include nitrous oxide. 
[0177] In an embodiment, the extraction fluid includes 
trifluoroethanol or hexafluoroisopropanol. In an embodi
ment, the extraction fluid includes trifluorethanol. Jn an 
embodiment, the extraction fluid includes hexafluoroisopro
panol. 
[0178] Jn embodiments, the extraction flu id is above about 
15° C. hi embodiments, the extraction flu id is above about 
20° C. Jn embodiments, the extraction fluid is from about 
l 5° C. to about 35° C. I11 embodiments, the extraction fluid 
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is from about 20° C. to about 30° C. Jn embodiments, the 
extraction fluid is about 15° C. Jn embodiments, the extrac
tion fluid is about 16° C. Jn another embodiment, the 
extraction tluid is about I 7° C. Jn another embodiment, the 
extraction flu id is about 18° C. Jn another embodiment, the 
extraction fluid is about I9° C. In another embodiment, the 
extraction fluid is about 20° C. Jn another embodiment, the 
extraction flu id is about 21 ° C. Jn another embodiment, the 
extraction tluid is about 22° C. Jn another embodiment, the 
extraction fluid is about 23° C. In another embodiment, the 
extraction fluid is about 24° C. In another embodiment, the 
extraction fluid is about 25° C. In another embodiment, the 
extraction fluid is about 26° C. ln another embodiment, the 
extraction fluid is about 27° C. Jn anolher embodiment, the 
extraction tluid is about 28° C. Jn auother embodiment, the 
extraction flu id is about 29° C. Jn another embodiment, the 
extraction fluid is about 30° C. In another embodiment, the 
extraction flu id is about 31° C. Jn another embodiment, the 
extraction fluid is about 32° C. Jn another embodiment, the 
extraction fluid is about 33° C. In another embodiment, the 
extraction flu id is about 34° C. Jn another embodiment, the 
extraction fluid is about 35° C. 
10179] In one embodiment, the hydrofluorocarbon is a 
hydrofluoroether, a hydrofluoroketone, a hydrofluoroaro
matic or a hydrofluoroolefin. Jn another embodiment, the 
hydrofluorocarbon is a hydrofluoroether. In another embodi
ment, the hydrofluorocarbon is a hydrofluoroketone. Jn 
anolher embodiment, the hydro fluorocarbon is a hydrofluo
roaromatic. In another embodiment, lhe hydrofluorocarbon 
is a hydrofluoroolefin. 
10180) Jn one embodiment, the hydrofluorocarbon is chlo
roditluoromcthane, mclhyl nonafluoroisobutyl ether, methyl 
nonafluorobutyl ether, ethyl nonaf1uoroisobutyl ether, ethyl 
nonaftuorobutyl ether, 3-ethoxy-l, 1, 1,2,3,4,4,5,5,6,6,6-do
decafluoro-2-trifluoromethylhexanc.trifluoromethane (HFC-
23), dilluoromethane (HFC-32), pentaf1uoroethane (HFC-
125), l ,l ,2,2-tetrafluoroelhane (HFC-134), J , l ,J ,2-
tetrafluoroethane (HFC-l 34a), I, 1,1-trifluoroethane (HFC
l 43a), 1,1-difluoroethane (l-IFC-152a) or fluoroe1hane 
(HFC-161). Jn another embodiment, the hydrofluorocarbon 
is chlorod.ifluoromethane. Jn another embodiment, the 
bydrofluorocarbon is methyl nonafluoroisobutyl elher. In 
another embodiment, lhe hydrofluorocarbon is methyl non
afluorobutyl ether. Jn another embodiment, the hydrofluo
rocarbon is ethyl nonafluoroisobutyl ether. In another 
embodiment, the hydrofluorocarbon is ethyl nonafluorobutyl 
ether. In another embodiment, the hydrofluorocarbon is 
3-ethoxy-l , l, 1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-trifluorom
elhylhexane.trifluoromethane (HFC-23). In another embodi
ment, the hydroiluorocarbon is difluoromethane (HFC-32). 
In another embodiment, the hydrofluorocarbon. is pentafluo
roethane (HFC-125). Jn another embodiment, the hydrofluo
rocarbon is l ,l,2,2-telrafluoroethane (HFC-134). ln another 
embodiment, the hydrofluorocarbon is l , l i l ,2-te trafluo
roethane (l-IFC-134a). Jn another embodiment, the hydro
fluorocarbon is 1,1, 1-triftuoroethane (HFC-143a). In another 
embodiment, the hydrofluorocarbon is 1, 1-d.ifluoroethane 
(HFC-152a). hi another embodiment, the hydro fluorocarbon 
is fluoroethane (H FC-161 ). 
10181] In one embodiment, the fluorophilic compound is 
dime1hyl ether. 
10182] Jn one embodiment, the method includes, prior to 
contacting, freezing the natural material at a temperature 
from about 0° C. to abom - 60° C. (e.g., at about 0 to - 50, 
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0 to -40, 0 to -30, 0 to -20, 0 to - I 0, 0, -I , -2, - 3, -4, - 5, 
- 6, - 7, -8, - 9, -JO, -1 5, -20, -25, -30, - 35, -40, -45,or 
- 50° C.). In embodiments, freezing the natural material uses 
a freezer. In embodiments, freezing the natural material uses 
a blast freezer. Jn embodiments, freezing the natural material 
uses compressed cryogenic gas (e.g., C0 2, N2, He). In 
another embodiment, tbe mole fraction of the fluorophilic 
compound is at least four-fold (e.g., at least 5-fold , 6-fold, 
7-fold, 8-fold, 9-fold, JO-fold, 15-fold, 20-fold, or 25-fold) 
greater than tbe mole fraction of the hydrolluorocarbon. In 
embodiments, the method includes a recirculating pump to 
administer the extraction fluid to the natural material. Jn 
embodiments, the method includes volatilizing the extrac
tion fluid. In embodiments, tl1e natural organic compound is 
not volatilized when the extraction fluid is vo latilized. ln 
embodiments, the me thod includes extracting the volatilized 
extraction fluid. In embodiments, U1e method includes chill
ing the extracted volatilized extraction fluid (e.g., with a heat 
exchanger). Jn embodiments, the method includes com
pressing the chilled extracted volatilized extraction fluid 
(e .g., to an extraction liquid). 111 embodiments, the method 
includes warming the extraction liquid resulting from chill
ing the extracted volatilized extraction Jluid. In embodi
ments the method includes reci rculating the wanned extrac
tion liquid resulting from chilling the extracted volatilized 
extraction Jiuid (e.g. continuously for a fixed amount of 
time). In embodiments the method includes wam1ing the 
recirculated extraction fluid to a temperature range from 
about 40° C. to about 80° C. (e.g., to about 40, 41 , 42, 43, 
44, 45, 46, 47, 48, 49, 50, 51 , 52, 53, 54, 55, 56, 57, 58, 59, 
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 
76, 77, 78, 79, or 80° C.). Jn embodiments the method 
includes warming the recirculated extraction fluid to a 
temperature of about 80° C. In embodiments the metl10d 
includes collecting portions of the recirculating extraction 
Jiuid while warming the recirculating extraction Jiuid to a 
temperature of about 80° C. (e.g., from 40 to 80° C.). Jn 
another embodiment, the method includes separating the 
extraction fluid from the natural material by volatizing the 
ext raction fluid to form a volatilized extraction fluid. Jn 
another embodiment, the method includes chill ing and com
pressing the volatilized extraction Jiuid to form a liquid 
extraction fluid. In another embodiment, the method 
includes recircula ting the liquid extraction lluid to the natu
ral material. In another embodiment , the method includes 
collecting separated fractions of the liquid extraction flu id. 
Jn embodiments, extraction fluid includes a mole fraction of 
a Jiuorocarbon at least four-fo ld (e.g., at least 5-fold, 6-fold, 
7-fold, 8-fold, 9-fold, 10-fold, 15-fold, 20-fold, or 25-fo ld) 
greater tl1an tl1e mole fraction o f the hydrofluorocarbon. Jn 
embodiments, extraction fluid includes an additional com
ponent (e.g., fluoropltilic compound, fluorophilic amine, 
a locohol, or non-fluorinated hydroxy-alkyl, non-fluorinated 
hydroxy-cycloalk)'I, or non-fluorinated hydroxyl-aryl, inert 
gas (e.g., SF6 , C02, N20, CH4 , C2 l-16 , argon)). In embodi
ments, the mole fraction of the additional component of the 
extraction fluid is at least four fold (e.g., at least 5-fold, 
6-fold, 7-fold, 8-fold, 9-fold, JO-fold, 15-fold, 20-fokl, or 
25-fold) less than the mole fraction of the hydrofluorocar
bon. 

[0183] Jn an aspect, is provided a fluid including chlorodi
fluoromethane and dimethylether. ln one embodiment, the 
Jiuid is a non-idea l fluid. 
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[0184) In an aspect is provided an apparat11s for the 
extraction of natural products (e.g., of medicinal, nutraceu
tical, health-promoting, or pbannacological, or other value) 
fron1 a plant, animal, bacterial, fungal, or viral material, or 
mixtures thereof (e.g., which contain multiple natural prod
ucts). In embodiments, the desired materials are separated 
from the undesired materials (e.g., leaving the undesired 
materials in the unextracted residue. In embodiments, the 
apparatus frees the desired material in solution. In embodi
ments, the natural product is further purified (e.g., by 
fractional distillation, flash chromatography, preparat ive 
high pressure liquid chromatography on normal and reverse 
phase media, countercurrent liquid chromatography, liquid
liquid extraction, co-solvent precipitation, or crystalliza
tion). 
[0185] In an aspect is provided a method (process) for the 
extraction of natural products (e.g., of medicinal, nutraceu
tical, health-promoting, or pham1acological, or other value) 
from a plant, animal, bacterial, fungal, or viral material, or 
mixtures thereof (e.g., which contain multiple natural prod
ucts). In embodiments, the desired materials are separated 
from the tmdesired materials (e.g., leaving the undesired 
materials in the unextracted residue. In embodiments, the 
apparan1s frees the desired material in solution. In embodi
ments, the namral product is further purified (e.g., by 
fractional distillation, flash chromatography, preparative 
high pressure liquid chromatography on nonnal and reverse 
phase media, countercurrent liquid chromatography, liquid
liquid extraction, co -solvent precipitation, or crystalliza
tion). 
[0186) In as aspect is provided a composition for the 
extraction of natural products (e.g., of medicinal, nutraceu
tical, health-promoting, or phannacological, or other value) 
from a plant, animal, bacterial, fungal, or viral material, or 
mixtures thereof (e.g., which contain multiple natmal prod
ucts). Ill embodiments, the desired materials are separated 
from the undesir~xl materials (e.g., leaving the tmdesired 
materials in the unextracted residue. In embodiments) the 
apparatus frees the desired material in solution. In embodi
ments, tl1e natural product is further purified (e.g., by 
fractional distillation, Jiash chromatography, preparative 
high pressure liquid chromatography on nonnal and reverse 
phase media, countercurrent liquid chromatography, liquid
liquid extraction, co-solvent precipitation, or crystalliza
tion). 
[0187] In embodiments, the composition includes a hydro
fluorocarbon or fluorocarbon. Jn embodiments, the compo
sition includes a hydroJiuorocarbon and fluorocarbon. In 
embodiments, the composition includes a hydroJiuorocar
bon. In embodiments, the composition includes a fluorocar
bon. In some embodiments, the composition includes hydro
fluorocarbons, fluorocarbons, and optionally other 
substances selected from the alkanes, alkenes, alkynes, 
alcohols, and aromatic hydrocarbons. In embodiments, the 
composition includes at least one fluorocarbon which is 
FreonTM 134a (1,1,1,2-Tetratluoroethane). 
10188] ln embodiments, the method of extraction includes 
fractiona l distillation, Jiash chromatography, preparative 
high pressure liquid chromatography on nonnal and reverse 
phase media, countercurrent liquid chromatography, liquid
liquid extraction, co-solvent precipitation, crysta llization, or 
combinations thereof. Jn embodiments, the method of 
ext raction includes fractional distillation. In embodiments, 
the method of extraction includes flash chromatography. Jn 
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embodiments, the method of extraction includes preparative 
l1igh pressure liquid chromatography on normal and reverse 
phase media. In embodiments, the method of extraction 
iucludes fractional distillation, countercurrent liquid chro
matography. 111 embodiments, the method of extraction 
iucludes liquid-liquid extraction. In embodiulents, the 
method of extraction iucludes co-solvent precipitation. In 
embodiments, the method of extraction includes crystalli
zation. Instn unents 10r extraction may include mass spec
trometer (MS), gas chromatograph (GC), GC-mass spec
trometer, liquid chromatography mass spectrometer, high 
pressure liquid chromatograph, and combiuations thereof. 
[0189] Described herein is a multiplicity of co-solvents, 
provided that the principal extraction medium is either a 
fluorocarbon or a hydrofluorocarbon in admixture with 
another fluorophilic compound. Mixtures of fluorocarbons, 
hydrofluorocarbons, and optionally alkanes, includiug but 
not limited to straight chain, branched chain, cycloalkanes, 
and alkylcycloalkanes, possess the previously Lmexpected 
ability to extract specific compo11ents of high commercial 
and health-related value from plant, animal, fungi, bacteria, 
or virus material. Jn some embodiments, solvents useful in 
the methods of the present invention include fluorocarbons 
and hydrofluorocarbons. Furthennore, fanning the continu
ous phase from mixtures of fluorocarbons is also contem
plated herein. In embodiments1 the instant conversion of a 
discontinuous phase to a continuous phase represents the 
conditions where the maximum solubility of desired, highly 
hydrophobic plant, animal, :fi.mgi, bacteria) or virus materials 
may be maximally evidenced. 
[0190] In embodiments, the extraction fluid (e.g. including 
extraction components) includes trifluorethanol. In embodi
ments, the extraction fluid (e.g. including extraction com
ponents) includes hexafluoroisopropanol. In embodiments, 
the extraction fluid (e.g. inc luding extraction components) 
i11cludes chlorodiAuoromethane and dimethylether. Jn 
embodiments, the extraction flu id (e.g. including extraction 
components) includes chlorodifluoromethane. In embodi
ments, the extraction fluid (e.g. including extraction com
ponents) includes dimethylether. In embodiments, the 
extraction fluid (e.g. including extraction components) 
includes a liquid-gas rnixt11re. In embodiments, the extrac
tion fluid (e.g. including extraction components) is a non
ideal fluid. In embodiulents, extraction fluid (e.g. iucluding 
extraction components) does not include supercritical CO,, 
argon, xenon, or nitrous oxide. Jn embodiments, extractio-n 
fluid (e.g. includiug extraction components) does not include 
supercritical C02 . In embodiments, extraction fluid (e.g. 
including extraction components) does not include argon. Jn 
embodiments, extraction fluid (e.g. including extraction 
components) does not include xenon. In embodiments, 
extraction fluid (e.g. including extraction components) does 
not include nitrous oxide. In embodiments, the extraction 
fluid (e.g. including extraction components) includes a 
hydrofluorocarbon 
[0191) Jn some embodiments, the extraction flu id includes 
a hydrofluorocarbon and a fluorophilic compound. The 
hydrofluorocarbon may include but is not limited to: a 
hydrofluoroether, a hydrofluoroketone, a hydroAuoroaro
matic or a hydrofluoroolefin, chlorodifluoromethane, methyl 
nonafluoroisobutyl ether, methyl nonafluorobutyl ether, 
ethyl nonafluoroisobutyl ether, ethyl nonafluorobutyl ether, 
3-ethoxy- I, I, 1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-trifluorom
ethylhexane.trifluoromethane (HFC-23), difluoromethane 
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(HFC-32), pentafluoroethane (HFC-125), I, l,2,2-tetrafluo
roethane (HFC-134), 1,1,l ,2-tetrafluoroethane (HFC-134a), 
I, 1, 1-trifluoroethane (HFC-l 43a), I, 1-difluoroethane (HFC-
152a) or Jluoroethane (HFC-161). The fluorophilic com
pound may include dimethyl ether. 
10192] Jn some embodiments, the mole fraction of the 
fluorophjlic compom1d is at least four-fold greater than the 
mole frac tion of the hydro fluorocarbon. The mole fraction of 
the fluorophilic compound may be at least four fold greater, 
five-fo ld greater, six fo ld greater, seven fold greater, eight 
fold greater, nine fold greater, ten-fold greater, twenty fold 
greater, fifty fold grea ter, seventy five-fold greater, or one 
hundred fold greater than the mole fraction of the hydro
tluorocarbon. 
[0193) In some embodiments, the mole fraction of dim
ethyl ether is at least four-fold greater than the mole fraction 
of the chlorodifluoromethane. ·111e mole fraction of dimethyl 
ether may be at least four fold greater, five-fo ld greater, six 
fold greater, seven fold greater, eight fold greater, nine fold 
greater, ten-fold greater, twenty fo ld greater, fifty fo ld 
greater, seventy five-fold greater, or one hundred fold 
greater than the mole fraction of the chlorodifluoromethane. 
10194] In some embodiments, the extraction flu id is above 
about 15° C. ln embodiments, the extraction fluid is above 
about 20° C. In embodiments, the extraction fluid is from 
about 15° C. to about 35° C. Jn embodiments, the extraction 
fluid is from about 20° C. to about 30° C. In embodiments, 
the extraction tluid is above about 15° C., 16° C., 17° C., 18° 
c., 19° c., 20° c., 21° c., 22° c., 23° c., 24° c., 25° c., 26° 
C., 27° C., 28° C., 29° C., 30° C., 31° C., 32° C., 33° C., 34° 
C., or 35° C. Jn some embodiments, the extraction fluid is 
above 15° C. In embodiments, the extraction fluid is above 
20° C. In embodiments, the extraction fluid is from 15° C. 
to 35° C. Jn embodiments, the extraction fluid is from 20° C. 
to 30° C. In embodiments, the extraction fluid is above 15° 
C., 16° C., 17° C., 18° C., 19° C., 20° C., 21° C., 22° C., 23° 
C., 24° C., 25° C., 26° C., 27° C., 28° C., 29° C., 30° C., 31° 
C., 32° C., 33° C., 34° C., or 35° C. 
10195] In embodiulents, an ionic liquid includes a cation 
described by one or more of the following fonnulae: 
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Ru R1 , R3 , ~' R5, R6, R7
, R8

, R9
, and R 10 are independently 

halogen, - CX,, --CT-IX2 , - CH2X, --CN. - 0 1-1, - NI-I,, 
-COOH, --CONI-12 , -NO,, -SH, -SO,I-1, -S0 4 1-I, 
- S0 2NH,, - NHNH2, - ONH,, - NH - (O)NHNH2 , 

- N!-IC=(O) NI-12 , - NHS02H, - NHC=(O)H, - NHC 
(0)-01:-1, - NHOI-1, ---OCX,, ---OCHX 2 , - OCl-!2X, sub
stituted or unsubstiruted alky l, substituted or unsubstituted 
heteroalkyl, substituted or unsubstituted cycloalkyl. substi
ruted or unsubstiruted heterocycloalky l, substituted or 
unsubstituted aryl, substituted or w1substituwd hcteroaryl. 
'Two of R,, R2 , R,, R4 , Rs, R6, R7, R8 , R9 • and R10 may 
independently optionally be joined to form a substin1ted or 
unsubstinned cycloalkyl, substituted or unsubstituted hct
e rocycloalk]'I, substiruted or unsubstin1ted aryl, substituted 
or m1substimted heteroaryl. 

(0196] Jn embodiments, R1, R2, R,, R., R,, Ro- R7
, R8

, R9
, 

and R10 are independently substituted (e.g., substilllted with 
a substituent group, a size-limited substin1ent group, or 
lower substituent group) or unsubstituted alky l, substituted 
(e.g., substimted with a substiruent group, a size-limited 
substituent group, or lower substi tuent group) or unsubsti
tuted heteroalkyl, substit11ted (e.g., substituted with a sub
stituent group, a size-limited substirucnt group, or lower 
substituent group) or unsubstituted cycloalk]'I, substituted 
(e.g., substituted with a substituent gro up, a size-limited 
substituent group, or lower substituent group) or unsubsti 
tuted heterocycloalkyl, substit11ted (e.g .. substituted with a 
substituent group, a size-limited substitucnt group, or lower 
substituent group) or unsubstimted aryl, or substituted (e.g., 
substituted w ith a substituent group. a size-limited substitu
ent group, or lower substituent group) or tmsubstituted 
heteroaryl. In embodiments, two of R,, R2 , R,_ R4, R,, R6 , 

R' . R8
• R9

, and R 10 may independently optionally be joined 
to form a substin1ted (e.g., substituted with a subs tituent 
group, a size-limited substituent gro up, or lower substituent 
group) or w1substituted cycloalkyl, substituted (e.g., substi
tuted with a substituent group, a s ize-limited substituent 
group, or lower substiruent group) or unsubstituted hetero
cyc loalky l, substituted (e.g ., substituted with a substiruent 
group, a size-limited substituent group, or lower substituent 
group) or unsubstituted aryl, or substinued (e.g., substituted 
with a substin1ent group, a size- limited substituent group, or 
lower substituent group) or unsubstituted heteroary l. Jn 
embodiments, wherein R1

, J~.2, R3
, R4

, R5 and R6 are each 
independently selected from the group consisting of : (i) H; 
(ii) halogen; (iii) --CI-13 , - C2H,, or C3 to C25 strnight
chain, branched or cyclic alkane or al kene, optionally sub
stimted with at least one member selected from the group 
consisting of Cl, Br, F, I, OH, NI-12 and SH; (iv) --CH3, 

--C,J-15 , or C3 to C25 strnight-chai n, branched or cyclic 
alkane or alkene comprising 011c to three heteroatoms 
selected from the group consisting of 0 , N, Si and S, and 
optionally substimted with a t least one member selected 
from the group consisting of C J, Br, F, I, OH, NH2 and S H; 
(v) C6 to C20 unsubstil11ted aryl, or C3 to C25 unsubstituted 
heteroaryl having one to three heteroatoms independently 
selected from the group consistingofO, N. Si and S; and (vi) 
C6 to C 25 substiruted aryl, or C3 to C25 subst in1ted heteroaryl 
having one to three heteroatoms independently se lected 
from the group consisting of 0 , N, Si and S; wherein said 
substituted aryl or su bstiruted heteroaryl has one to three 
substituents independently selected from the group consist
ing of I . --CH3 , --C2 H,, or C3 to C25 stra ight-chain, 
branched or cyclic alkane o r alkene, optionally substin1ted 
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with at least one member selected from the group consisting 
of Cl, Br, F, I, Of-I, NH2 a nd SH, 2. 0 1-1, 3. NH,, and 4 . SH. 
Tn embodiments, R7

, R8
, R9

, and R10 are each independently 
selected from the group consi sting of: (vii) -CH,, --C2H,, 
or C3 to C2 s straight-chain, branched or cyclic alkane or 
alkene, optionally subs tituted with at least one member 
selected from the group consisting of Cl, Br, F, I, OH, N!-12 

and SH; (viii) --CH3 , --C2H5, or C3 to C2s straight-chain, 
brnnched or cyclic alkanc or alkene comprising one to three 
heteroatoms selected from the group consisting of 0 , N, Si 
and S, and optionally substituted witb at least one member 
selected from the group consisting of Cl. Br. F, l , OH, NH2 
and SH; (ix) C6 to c,, unsubstimted aryl. or C3 to C25 

unsubstituted heteroa.ryl having one to three heteroatoms 
independently selected from the group consisting ofO, N, Si 
and S ; and (x) C6 ro C,, substinJted aryl, or C3 to C25 
substituted beteroaryl having one to three heteroatoms inde
pendently selected from t11e group co nsisting ofO, N, Si and 
S; wherein said substiruted aryl or substimted heteroaryl has 
one to three substitucnts independemly selected from the 
group consisting of: ( I) -CH,, --C2 H,, or C3 to C2s 
straight-chain, branched or cyclic alkane or alkene, option
ally substituted with at least one member selected from the 
group consisting of Cl, Br, F, I, OH, MJ2 and SH, (2) OH, (3) 
NI-12, and (4) SH; and wherein optionally a t least two ofR', 
R2

, R3
, R4

, Rs, R6
' R7

, R8
, R9

, and R'0 can together form a 
cyclic or bicyclic alkany l or alkeny l group. Jn embodiments, 
an ionic liquid includes tluorinat~-d cations wherein at least 
one member selected from R', R2, R3, R4

, Rs, R6
, R7

, R8
, 

R9
, and R 10

, as described above, includes F. 

(0197) In embodiments, is included the extraction of 
medicinally, pharmaceutically, or other economically valu
able organic compounds, includ ing but not limited to ter
penes, alkaloids, and essential oils (e.g., for prepa ration of 
flavors and fragrances). Jn embodiments, the extraction 
includes use of two diJforcnt fluorophilic compow1ds, spe
cifically a fluorocarbon and a hydrofluorocarbon. In embodi
ments, is included the extraction of medicinally, pharma
ceutically, or other economically valuable orgrulic 
compounds, including but no t limited to terpenes, alkaloids, 
and essential oils (e.g., for preparation or flavors and fra
gra nces). ln embod iments, t.he extraction includes use of 
three different chemical compounds, including two diJforent 
fluorophilic compounds (e.g., a fluorocarbon and a hydro
fluorocarbon), and an alkane. Jn embodiments, is included 
tbe extraction of medicinally, pharmaceutically, or other 
economically valuable organic compounds, including but 
not limited to terpenes, alkalo ids, and essential o ils (e.g., for 
preparation of flavors and fragrances). In embodiments, the 
extrnction includes use of three different fluorophilic chemi
cal compounds, including two diflerent fluorophilic com
pounds (e.g., a fluorocarbon and a hydrofiuorocarbon), and 
a fluorinated ether. In some embodiments, the mixture is a 
fluoroca rbon and an ionic liquid. 

[0198) In embodiments, a nat ural organic compound is 
extracted from a narurnl material (e.g ., plant, animal, fungi, 
bacteria, or virus). Jn embodiments, the natural material is a 
plant. In embodiments, the plant is Piper- methystic um, 
Cannabis spp., Salvia spp.1 Banisleriopsis caapi, Psychotria 
viridis (chacruna), Diploplerys cabrerana, Peganum har
mala. Humulus lupulus or mixtures thereof. 

(0199) In some embodiments, are methods of extracting 
natura] organic compounds from narural materials. ln some 
embodiments, natura l organic compound includes biologi-
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cally active organic compound. Jn some embodiments, the 
natural organic compound includes aromatic oil and/or 
essential oil. Jn embodiments, the namral organic compound 
is cafleine, terpene, a hwnulone, a lupulone, a myrcene, a 
humulene, a caryophyllene, an alkaloid, a ftavonoid, a 
cannabinoid, menthol, capsaicin, anise, camphor, xanthohu
mol, 8-prenylnaringenin, isoxanthohumol, prenylflavonoid, 
kavalactone, or a salvorin. In embodiments, the narural 
product is cannabinoid. Jn cn1bodin1enls, the cannabinoid is 
tetrahydrocannabinol, cannabidiol, or cannabinol. Jn 
embodiments, the natural organic compound is tetrahydro
cannabinol. 

(0200( In embodiments, the plant, animal, fungi, bacteria, 
or virus material used is cannabis. Multiple medicinal uses 
have been found for the active ingredients of cannabis, either 
Cannabis spp. but most co1lllllonly Cannabis saliva. Other 
plants than Cannabis spp. may contain useful cannabinoid 
activity, or may possess compotmds, typ ical ly terpeneo id in 
character, which possess micromolar or higher affinity for 
the CB 1 or CB2 cannabinoid receptors present in a man, 
animal, or bird. 

(0201( Cannabinoids present in cam1abis inc lude the 
ingredients tetrahydrocannabinol, cannabinol, cannabidiol, 
and camiabichromene. The medicinal uses of cannabis 
include but are not limited to: epilepsy [Porter, Brenda E., 
and Catherine Jacobson. "Report of a parent survey of 
cannabidiol-cnrichcd cannabis use in pediatric treatmcnt
resistant epilepsy." Epilepsy & B ehavior 29, no. 3 (2013): 
574-577, which is incorporated herein by reference for all 
purposes]; pain (Cooper, Ziva D., Sandra D. Comer, and 
Margaret Haney. "Comparison of the a1ialgesic effects of 
dronabinol and smoked marijuana in daily marijuana smok
ers." Ne11ropsychophar111acology 38, no. 10 (2013): 1984-
1992; Kahan, Meldon, Anita Srivastava, Sheryl Spithoff, and 
Lisa Bromley. "Prescribing smoked cannabis for chronic 
noncancer pain Preliminary recom1nendations.H Canadian 
Family Physician 60, no. 12 (2014): 1083-1090; Wilsey, 
Barth, Thomas Marcone, Reena Deutsch, Ben Gouaux, Staci 
Sakai, and Haylee Donaghe. "Low-dose vaporized cannabis 
signi ficantly improves neuropathic pain." 77te Journal of 
Pain 14, no. 2 (201 3): 136-148, which are incorporated 
herein by reference fo r all purposes], specifically as evi
denced in the treatment of nausea and pain associated with 
cancer and chemotherapy [United States Patent Document 
U.S. Pat. No. 8, 119,697, Anti-Nausea and Anti Vomiting 
Activity of Caru1abadiol Compounds, which is incorporated 
herein by reference for all purposes]; viral infection [Molina, 
Patricia E., Peter Winsauer, Ping Zhang, Edith Walker, 
Leslie Birke, Angela Am~'Clee, Curtis Vande Stouwe et al. 
"Cannabinoid administration attenuates the progression of 
simian itnmunodeficiency vims." AIDS research and human 
retroviruses 27, no. 6 (2011): 585-592, which is incorpo
rated herein by reference for all purposes]; AJDS-related 
pain and Wasting; multiple sclerosis [Svendsen, Krist ina B., 
Troels S. Jensen, and Flenuning W. Bach. "Does the can
nabinoid dronabinol reduce central pain in multiple sclero
sis? Randomized double blind placebo controlled crossover 
tria l." Bmj 329, no. 7460 (2004): 253, which is incorporated 
herein by reference fo r all purposes] arthritis; rheumatism; 
glaucoma [Hingorani, Tushar, Waseem Gui, Maluuoud 
Elsohly, Michael A. Repka, and Somnyajit Majumdar. 
"EJfect of ion pairing on in vitro transcorneal penueability 
of a ~9-tetrahydrocannab inol prodrug: Potential in glau
coma therapy." .Journal of pharmaceutical sciences 101 , no. 
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2 (2012): 61 6-626, which is incorporated herein by reference 
for all purposes]; migraines; muscle spasticity; chemical 
dependency. Prior art further suggests that caruiabis and its 
components have utility in oncology [Chakravarti, Bandana, 
Janani Ravi, and Ramesh K. Ganju. "Cannahinoids as thera
peutic agents in cancer: current status and future implica
tions." Oncotarget 5, no. 15 (2014): 5852], Parkinson's 
disease [see, for example, More, Sandeep Vasam, and Dong
Kug Choi. "Promising cannabinoid-based therapies for Par
kinson's disease: motor symptoms to neuroprowction." 
Molecular neurodegeneration I 0, no. I (2015): 1-26, which 
is incorporated herein by reference for all purposes], Within 
this embodiment, extracted material may be used as a 
composition to treat post-herpetic neuralgia, shingles, burns, 
actinic keratosis, oral cavity sores, oral ulcers, post-episi
ot01ny pain, psoriasis, pruritus, contact dennatitis, ecze1na, 
bullous dermatitis herpetiformis, exfoliative dennatitis, 
mycosis fungoides, pemphigus, severe erythema multi
forme, seborrheic dermatitis, psoriatic arthritis, diabetic 
nenropathy, ankylosing spondylitis, Reiter's syndrome, 
gout, chonclrocalcinosis, joint pain secondary to dysmenor
rhea, fibromyalgia [Fiz, Jimena, Marta Duran, Dolors 
Capella, Jordi Carbonell, and Magi Farr& "Cannabis use in 
patients with fibromyalgia: effect on symptoms relief and 
health-related quality of life." (201 1): e l8440, which is 
incorporated herein by reference for all purposes], muscu
loskclctal pain, neuropathic-postoperative complications, 
polymyositis, acute nonspecific tenosynovitis, bursitis, epi
condyl itis, post-tramnatic osteoarthritis, synovitis, juvenile 
rheumatoid arthritis 1 contact eczema, allergies (not other
wise spec ified), photo toxic reactions, inflannnatory and itch
ing dennatoses, rosacea, perioral dem1atitis, acne, acne, 
psoriasis, mosquito and other insect bites, skin atrophy, 
allergic rhinitis, conjunctivitis, oti tis, bronchial asthma, 
Crohn's disease, ulcerative colitis, sarcoidosis, inflamma
tory-rhemnatic diseases of the soft tissue or jo ints, mycoses, 
or combinations thereof. 

(0202] In embodiments, the plant is Cannabis spp. In 
embodiments, the apparan1s, method, or composition 
includes Freon"™ 134a (I ,1,1,2-Tetrafluoroethane). Jn 
embodiments, the apparallls, method, or composition 
includes FreonTM 134a (1 ,1,1,2-Tetraftuoroethane) and 
optionally one or more of carbon dioxide, nitrous oxide, 
sulfur hexafluoride, triftuoromethane, tri tluoromethyl 
iodide, or tetrafluoromethane. Jn embodiments, the appara
t11s, method, or composition includes two extraction com
ponents (e.g., one component used in the extraction consists 
of FreonT" 134a (1,1,1 ,2-Tetraftuoroethane) and another is 
selected from the optional group of gases consisting of 
carbon dioxide, nitrous oxide, sulfur hexafluoride, trifluo 
romethane, tritluoromethyl iodide, or tetraftuoromethane; 
one component used in the extraction is Freon™ 134a 
(1 ,1,1 ,2-Tetrafluoroethane) within the range of 20 mo!-% to 
99 mo!-% and another is selected from the optional group of 
gases consisting of carbon dioxide, nitrous oxide, sulfur 
hexafluoride, trifluoromethane, trifluoromethyl iodide, or 
tetrafluoromethane in the range independently from 80 
mo l-% to I mo !-%; one component used in the extraction is 
FreonT" 134a (1 ,1,1,2-Tetrafluoroethane) within the range 
of 80 mo!-% to 90 mo!-% and another is selected from the 
optional group of gases consisting of carbon diox ide, nitrous 
oxide, sulfur hexafluoride, trifluoromethane, tri fluoromethyl 
iodide, or tetraftuoromethane in the range independently 
from I 0 mol-% to 20 mol-%; or one component used in the 
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extraction consists of Freon™ J34a (J,1, 1,2-Tetrafluoroeth
ane) within the range of 80 mol-% to 90 11101-% and another 
is selected from the optiona l group of gases consisting of 
carbon dioxide, nitrous oxide, sulfur hexafluoride) trifluo
romethane, trifluoromethyl iodide, or tetrafluoromethane in 
the range independently from 9 mo!-% to 19 mo!-% where 
ethanol is present in the range from I mo!-% to JO mo!-%). 

(0203( In embodiments, the plant material used is Salvia 
spp. Multiple medicinal uses have been found fo r the active 
ingredients of Salvia spp. in particular achieving sedation 
and tranquilization in psychiatric and neurological disorders 
and treatment of insomnia [see for example Perron, Brian E., 
Brian K. Ahmedani, Michael G. Vaughn, Joseph E. Glass, 
Arnelyn Abdon, and Li-Tzy Wu. "Use of Salvia divinomm 
in a nationally representative sample." The American jour
nal of drug and alcohol abuse 38, no. J (2012): !08-JJ3; 
Potter, David N. , Diane Damez-Wemo, William A. Carl
ezon, Bruce M. Cohen, and Elena H. Chartolf. "Repeated 
exposure to the K-opio id receptor agonist salv inorin A 
modulates extracellular signal-regulated kinase and reward 
sensitivity." Biological psychiatry 70, no. 8 (201 J): 744-753; 
Teksin, Zeynep S., lnsong J. Lee, Noble N. Nemieboka, 
Ahmed A. Othman, Vijay V Upreti, Hazem E. Hassan, 
Shariq S. Syed, Thomas E. Prisinzano, and Natalie D. 
Eddington. "Evaluatio n of the transport, in vitro metabolism 
and pharmacok.ine tics of Salvinorin A, a potent hallucino
gen." European Journal of Pharmacewics and Biopharma
ceutics 72, no. 2 (2009): 471-477, wl1ich are incorporated 
herein by reference for all purposes]. Salvinorin A and other 
c losely re lated salvinorins have substantial activity at the 
nanomolar level on kappa-type opioid receptors, which are 
involved, among other things, in analgesia. Accordingly, the 
extracts obtained from Salvia spp. are of utility of the 
treatment and amelioration o f the disease process as well as 
the symptomatology of a variety diseases <md pathological 
conditions, such as pain, especially neuropathic pain and 
cancer-breakthrough pain, which would normally be respon
sive to opioids. 

[0204] In embodiments, the plant is Salvia spp. Jn embodi
ments, the apparatus, method, or compos ition includes 
Freon™ 134a ( I , I, 1,2-Tetralluoroethane). In embodiments, 
the apparatus, method, or composition includes FreonTM 
134a (l ,1,1,2-Tetralluoroetbane) and optionally one or more 
of carbon dioxide, nitrous oxide, sulfur hexafluoride, trif
luoromethane , trifluoromethy l iodide, ortetraftuoromethane. 
Jn embodiments, the apparatus, inethod, or cmn position 
includes two extraction components (e.g., one component 
used in the extraction is Freon™ 134a ( 1, 1, 1,2-Tetrafluo
roethane) and another is selectc'CI from the optional group of 
gases consisting of carbon dioxide, nitrous oxide, sulfur 
hexafluoride, trifluoromethane, trifluoromethyl iodide, or 
tetrafluoromethane; one component used in the extraction is 
Freon™ 134a (1 ,1, 1,2-Tetrafluoroethane) within the range 
of 20 mo!-% to 99 mo!-% and another is selected from the 
optional group of gases consisting of carbon dioxide, nitrous 
oxide, sulfur hexafluoride, triftuoromethane, triftuoromethyl 
iod ide, or tetrafluorometJiane in the range independently 
from 80 mo l-% to I mot-% ; one component used in the 
extraction is Freon™ 134a (J ,J ,J ,2-Tetrafluoroethane) 
within the range of 80 mol-% to 90 mo l-% and anotJ1er is 
selected from the optional group of gases consisting of 
carbon diox ide, nitrous oxide, sulfur hexafluoride, trifluo
rometlrnne, trifluoromethyl iodide, or tetrafluoromethane in 
the range independently from 10 mol-% to 20 mot-%; one 
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component used in the extraction is FreonT" 134a (1,1,1,2-
Tetrafluoroethane) witl1in the range of 80 mol-% to 90 
mol-% and another is selected from the optional group of 
gases consisting of carbon dioxide, nitrous oxide, sulfur 
hexafluoride, trifluoromethane, trifluoromethy l iodide, or 
te tralluoromethane in the range independently from 9 mo!-% 
to 19 mo!-% where ethanol is present in the range from I 
mol-% to 10 mol-%. 

10205] Jn embodiments, the plant material used is Banis
leriopsis caapi, Psycholria viridis (chacruna), Diploplerys 
cabrerana (also known as chaliponga and chagropanga), 
Pega11u111 harmala, or any mixture thereo f Multiple medici
nal uses have been found for the active ingredients of 
Banisteriopsis caapi, Psychotria viridis (chacmna), Diplop
terys cabrerana (also known as chaliponga and chagro
panga), Peganum harmala, or any n1ixture thereof: in par
ticular achieving sedation and tranquilization in psychiatric 
and neurological disorders and treatment of insomnia. See, 
fo r example, Riba, Jord.i, Marta Valle, Gloria Urbano, Mer
cedes Yrit ia, Adelaida Morte, and Mane! J. Barbanoj. 
"Human pharmacology of ayahuasca: subjective and car
diovascular effects, monoamine metabolite excretion, and 
phannacokinetics." Journal of Pharmacology and Experi
mental 'l11erapeutics 306, no. l (2003): 73-83; Rivier, Lau
rent, and Jan-Erik Lindgren.'" Ayahuasca,' the South Ameri 
can hallucinogenic drink: An ethnobotanical and chemical 
investigation." Economic Botany 26, no . 2 (1972): 101-129, 
w hich are incorporated herein by reference for all purposes. 
Accordingly, the extracts obtained from Banisleriopsis 
caapi, Psychotria viridis (chacruna), Diplopterys cabrerana 
(also known as chaliponga and chagropanga), Peganum 
harmala, or any mixture thereof. Such mixtures are of utility 
of the treatment and amelioration of the disease process as 
well as the symptomatology of the diseases and patholog ical 
conditions, especially in the treatment of psychiatric disor
ders, such as depression. 

10206) In embodiments, the plant is Banisteriopsis caapi, 
Psychotria viridis (chacnma), Dip/opterys cabrerana (also 
known as chaliponga and chagropanga)1 Peganum harmala, 
or any mixture thereof. In embodiments, the plant is Ban
isteriopsis caapi. ln embodiments, the plant is Psychotria 
viridis (clrncru1rn). ln embodiments, the plant is Diplopterys 
cabrerana (also known as chaliponga and chagropanga). In 
embodiments, the plant is Peganum harmala. Jn embodi 
ments, the apparatus, method, or composition includes 
Freon™ 134a (1,1,1,2-Tetrafluoroethane). In embodiments, 
the apparatus, method, or composition includes FreonTM 
l 34a ( 1,1 , 1,2-Tetrafluoroethane) and optionally one or more 
of carbon dioxide, nitrous oxide, sulfur hexafluoride, trif
luoromethane, trifl.uoromethyl iodide, or tetrafluoromethane. 
ln embodiments, the apparatus, method, or composition 
includes two extraction components (e.g ., one component 
used in the extraction is Freon™ J34a ( J, J ,1,2-Tetrafluo
roethane) and another is selected from the optional group of 
gases consisting of carbon dioxide , nitrous oxide, sulfur 
hexafluoride, trifluoromethane, trifluoromethyl iodide, or 
tetrafluoromethane; one component used in the extraction is 
FreonT" 134a ( 1, 1, 1,2-Tetrafluoroethane) within the range 
of 20 mol-% to 99 mol-% and another is selected from the 
optional group of gases consisting of carbon dioxide, nitrous 
oxide, sulfur hexafluoride, trifluoromethane, trifluoromethyl 
iodide, or tetrafluoromethane in the range independently 
from 80 mol-% to I mol-%; one component used in the 
ext raction is FreonTM 134a (1, 1,1 ,2-Tetra fluoroethane) 
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within tbe range of 80 mol-% to 90 mol-% and another is 
selected from the optional group of gases consisting of 
carbon dioxide, nitrous oxide, sulfur hexafluoridei trifluo
romethane, trifiuoromethyl iodide, or tetratluoromethane in 
the range independently from IO mol-% to 20 mol-%; one 
component used in the extraction is Fr~-on:rM 134a (1,1,1,2-
Tetratluoroethane) within the range of 80 mol-% to 90 
mol-% and another is selected from the optional group of 
gases consisting of carbon dioxide, nitrous oxide. sulfur 
hexafluoride, triftuoromethane, trifluoromethyl iodide, or 
tetrafluoromethane in the range independently from 9 mol-% 
to 19 mol-% where ethanol is present iJ1 the range from 1 
mol-% to JO mol-%. 

10207] Jn embodiments, the plant material used is kava 
(Piper myristicum). Multiple medicinal uses have been 
found for the active ingredients of kava (Piper 111yristicu111), 
in particular achieving sedation and tranquilization iJ1 psy
chiatric and neurological disorders and treatment of insom
nia and anxiety. See, for example, Volz, Hans-Peter, and M. 
Kieser. "Kava-kava extract WS 1490 versus placebo in 
anxiety disorders: A randomiz.ed placebo-controlled 
25-week outpatient trial." Pharmacopsychiatry (1997). Sar
ris, J ., D. J. Kavanagh, G. Byrne, K. M. Bone, J. Adams, and 
G. Deed. "The Kava Anxiety Depression Spectrum Study 
(K.ADSS): a randomized, placebo-controlled crossover trial 
using an aqueous extract of Piper melhysticum. " P:-iJtchop
harmacology 205, no. 3 (2009): 399-407, which are incor
porated herein by reference for all purposes. However, there 
have been reports of hepatotoxicity due to Kava [Clouatre. 
Dallas 
[0208] L. "Kava: examining new reports of toxicity." 
Toxicology fellers 150, no. I (2004): 85-96. which is incor
porated herein by reference for all purposes]; belter extrac
tion procednres could offer the promise of ameliorating 
these difliculties if only the active kavalactones. which 
account for much of the biological activity, could be 
extracted in a substantially purer form. The extracts obtained 
from kava are of utility of the treatment and amelioration of 
the disease process as well as the symptomatology of the 
diseases and pathological conditions. 
102091 Jn embodiments, the plant is Piper methysticum 
(Kava). In embodiments, the apparatus, method, or compo
sition includes Freon™ 134a ( I. I, 1,2-Tetrafluoroethane). Jn 
embodiments, the apparatus, met.hod, or composition 
inc ludes FreonT" 134a (1 ,1,1,2-Tetrafluoroethane) and 
optionally one or more of carbon dioxide, nitrous oxide, 
sul fur hexafluoride, trifluoromethane, trilluoromethyl 
iodide, or tetrafluoromethane. In embodiments, the appara
tus~ method, or composition includes two extraction c01n
ponents (e.g., one component used in the extraction is 
Freon™ J34a (1 ,1,1,2-Tetrafluorocthane) and another is 
selected from the optional group of gases consisting of 
carbon dioxide, nitrous oxide, sulfnr hexafluoride, tri fluo
romethane, trifluoromethyl iodide, or tetrafluoromethane; 
one component used in the extraction consists of FreonTM 
134a (1, 1,1,2-Tetrafluoroethane) within the range of 20 
mol-% to 99 mo!-% and another is selected from the optional 
group of gases consisting of carbon dioxide, nitrous oxide, 
sulfur hexafluoride, trilluoromethane, trifluoromethyl 
iodide, or tetrafluoromethane in the range independently 
from 80 mol-% to I mol-%; one component used in the 
extraction is Freon™ 134a (I, I, 1,2-Tetrafluoroetbane) 
witl1in the range of 80 mol-% to 90 mol-% and another is 
selected from the optional group of gases consisting of 

27 
Jun. 7,2018 

carbon dioxide, nitrous oxide, sulfur hexafluoride, trifluo
romethane, trifluoromet.hyl iodide, or tetrafluoromethane in 
the range independently from I 0 mol-% to 20 mol-%. 

lJl. EXAMPLES 

102101 The following examples illustrate certain specific 
embodiments of the illvention and are not meant to limit the 
scope of the invention. 
[0211] Embodiments hereill are forther illustrated by the 
fo llowing examples and detailed protocols. However, the 
examples are merely intended to illustrate embodiments and 
are not to be construed to limit the scope herein. The 
contents of all references and published patents and patent 
applications cited throughout this application are hereby 
incorporated by reference. 
102121 A problem in pham1aceutical chemistry relates to 
extraction of useful substances frolll plants or animals where 
such useful substances are employed for the fonnulation of 
a phannaceutical or a nutraccutical. For example, morphine 
is a pharmaceutically highly useful material. All morphine 
used today originates in natural opiwn, which is obta ined 
exclusively by ex traction from Papaver so11miferu111 (opium 
poppies). which is supplied primarily from Tndia, Afghani
stan, and Turkey where the poppies contain up to 20% o f 
morphine in their latex. There a re many total synthetic 
pathways to morphine but to date there is no reported 
synthesis of the alkaloid that would show much promise for 
a large-scale manufacturing 1.Zezula, Josef, and Tomas 
Hudl icky. "Recent progress in the synthesis of morphine 
alkaloids." Synlett 3 (2005): 388-405, which is incorporated 
herein by reference for all purposes]. Tims the supply of 
morphine remains dependent upon extraction of plant mate
rial. 
10213) Alternatively, the extracted usefol substance may 
be employed as a synthetic intermediate in the manufacture 
of other drugs which arc fommlated as a phamiaceutica l 
dosage form or a nutraccutical. As an cxa111ple, thebaine is 
an opimn a lkaloid which is also extracted from opium 
poppies which itself is somewhat toxic and convulsant and 
when achninistered as a dmg has no 1nedical value. How
ever, thebaine is used as the key intermediate for the 
synthesis of most of the non-natural opiates used in clinical 
prnctice. See, for example, Schill; Paul L. "Opium and its 
alkaloids." American Journal of Phar11Jaceutical Education 
66.2 (2002): J 88-196; Tolstikova, T G. AV Bolkunov, EA 
Morozova, and S E Tolstikov. "Thebaine as a Precursor of 
Opioid Analgesic Agents." Chemistry for Sustainable 
Development 17 (2009) I 09-126, which are incorporated 
herein by reference fo r a ll purposes. 
102141 Plants may he shrubs, trees, roots. berries, or other 
components of normal terrestrial plants. or they can be 
plants present in freshwater aquatic or marine enviro1m1ents. 
For examples of the latter, see Rocha, Fabiola Dutra, 
Angelica Ribeiro Soares, Peter John Houghton, Renato 
Crespo Pereira, Maria Auxiliadora Coelho Kaplan, and 
Valeria Laneuville Teixeira. "Potential cy10toxic activity of 
some Brazilian seaweeds on human melanoma cells." Phy
totherapy Research 21, no. 2 (2007): 170-175, which is 
incorporated herein by reference fo r all purposes. 
102151 Although in many cases plants represent the major 
source of namrally occurring compounds which are useful in 
tbe prevention and treatment of diseases in hmnans and 
animals other natural sources can be important as a source 
of these materials. For example, many drugs have been 
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derived from marine natural products [Jha, Rajeev Kumar, 
and Xu Zi-rong. "Biomedical compounds from marine 
organisms-" Marine dm gs 2.3 (2004): 123-146, which is 
incorporated herein by reference for all purposes). 

(0216] Also, many marine drugs are extracted from organ
isms. See, for example, Thornburg, Christopher C., T. Mark 
Zabriskie, and Kerry L. McPbail. "Deep-Sea Hydrothermal 
Vents: Potential Hot Spots for Natmal Products Discovery?" 
Journal of natural products 73, no. 3 (2010): 489-499, Pettit, 
George R., Jun-ping Xu, Zbigniew A. Cicbacz, Michael D. 
Williams, Ann-Christine Dorsaz, Daniel C. Brune, Michael 
R. Boyd, and Ronald L. Cerny. "Antineoplastic agents 3 15. 
Isolation and structure of the marine sponge cancer cell 
growth inhibitor phakellistatin 5." Bioorganic & Medicinal 
Chemistry Letters 4, no. 17 (1994): 2091-2096; Yosief, 
Tesfamariam, Amira Rudi , and Yoe! Kashman. "Asmarines 
A F, novel cytotoxic compounds from the marine sponge 
Raspailia species." Journal of natura l products 63, no. 3 
(2000): 299-304. Numata, Atsushi, Taro Amagata, Kat
suhiko Minoura, and Tadayoshi Ito. "Gymnastatins, novel 
cytotoxic metabolites produced by a fungal strain from a 
sponge." Tetrahedron letters 38, no. 32 (I 997): 5675-5678; 
Kobayashi, Jun' ichi, Shinji Takeuchi , Masami Ishibashi, 
Hideyuki Shigemori, and Takuma Sasaki. "Plakotenin, a 
new cytotoxic carboxylic acid from the okinawan marine 
sponge plakortis Sp." Tetrahedron letters 33, no. 18 (1992): 
2579-2580. ; Washida, Kazuto, lomoyuki Koyama, Kaom 
Yamada, Masaki Kita) and Daisuke Uemura. "Karatungiols 
A and B, two novel antimicrobial polyol compounds, from 
the symbiotic marine dinoftagellate Amphidinium sp." Tet
rahedron letters 47, no. 15 (2006): 2521 -2525, Kwon, Hak 
Chc'Ol, Christopher A . Kauffman, Paul R. Jensen, and Wil
liam Fenical. "Marinomycins A D, antitumor-antibiotics of 
a new structure class from a marine actinomycete of the 
recent ly discovered genus 'Marinispora' ." Journal of the 
American Chemical Society 128, no. 5 (2006): 1622-1 632, 
which are incorporated herein by reference for all purposes. 
Drugs may extracted from many sources. See, fo r example, 
Yan, Yong-Ming, Jun Ai, Yan-Ni Shi, Zh.i-Li Zuo, Bo Hou, 
Jie Luo, and Yong-Xian Cheng. "(>:)-Aspongamide A, an 
N-Acetyldopamine Trimer Isolated from the Insect Aspon
gopus chinensis, Is an ltthibitor of p-Smad3." Organic letters 
16, no. 2 (2014): 532-535, Whitehouse, M. W., A.G. Turner, 
C. K. C. Davis, and M. S. Roberts. "Emu oil (s): a source of 
non-toxic transdennal anti-inflairunatory agents in aborigi
nal medicine." lnlfammopharnrncology 6, no. 1(1998): 1-8, 
which are incorporated herein by reference for all purposes. 

(0217] It should further be noted that typica lly natural 
products, including but not limitc'C! to marine natural prod
ucts, and natural products from terrestrial plants, may con
tain multiple chiral centers which manifest optical activity. 
In general, this complicates the total synthesis of these 
natural products from collllllercially available achira l mol
ecules. Although many methods exist in modern organic 
che1nistry to perform enantioselective or chiral synthetic 
steps in high yield as well as to form multiple chiral centers 
in the correct stereocbemical relation to each other in a 
single chemical step, many of these procedures are not well 
scalable from milligram scale in the laboratory to kilognm1 
scale in production. Accordingly, semisynthesis is com
monly employed. For example although there are many total 
syntheses of Paclitaxel, an important cancer drug, it is still 
produced from cells maintained in plant tissue cu lture 
der ived from the pacific yew tree, Taxus brevifolia as none 
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of the total syntheses are practical at large scale and there is 
not much possibi lity tJrnt they will ever be. 

[0218) Many methods have been developed for extraction 
of natural products most particularly from plant, animal, 
fungi, bacteria, or viruses, where this has been historically 
important long before the advent of modem medicine in the 
preparation of materials required for the fragrance industry, 
such as the fornmlation of perfumes. These have been 
reviewed. See, for example, Wang, Lijun, and Curtis L. 
Weller. "Recent advances in extraction of nutraceuticals 
from plants." Trends in Food Science & Technology 17, no. 
6 (2006): 300-312, which is incorporated herein by reference 
for all purposes. The oldest methods, which are still used, 
involve stean1 distillation, co-distillation with a solvent, 
typically ethanol, or Soxhlet extraction with an organic 
solvent. In these processes, the water, ethanol or organic 
solvent which co-distills with the desired mixture of natural 
products is removed, leaving the final product, typically as 
an oi l, which may in its impure state may still be highly 
desired in the fragrance industty. For example Otto of roses 
is produced by steam distillation of rose (Rosa damascene) 
petals and is an important item of commerce in the perfume 
industry. However, steam distillation is an extremely inef
ficient and laborious process in practice, and it caimot be 
applied eJfoctively to molecules which are somewhat polar 
in aqueous solution, as is, for example , the case with most 
alkaloids. 
[0219] Extraction with organic solvents has been used for 
obtaining desired valuable substances from natural product 
plant, ani111al, flllgi, bacteria, or virus material. This could 
involve Soxhlet extraction [De Castro, M D Luque, and F. 
Priego-Capote. "SoxWet extraction: Past and present pana
cea." Journal of Chromatography A 1217, no. 16 (2010): 
2383-2389, which is incorporated herein by reference for all 
purposes] whereby solvent is heated under rellux and the 
re fluxed solvent is passed over a porous thimble containing 
the natural product. TI1e natnra l product material is continu
ally washed with fresh solvent in this approach, allowing the 
removal of much more product than would otherwise be 
possible because the ammmt in solution is not limited by 
equilibrium solubility of the solute in the solvent. While this 
approach is useful with highly soluble material, especially at 
the laboratory scale it becomes physically inefficient from 
the point of view of solvent and material handling at greater 
than a kilo scale . ·10 some tl1is can be addressed by using a 
diJferent design, such as a lluidized bed extractor. 
(0220] Extraction with hydrocarbon gases is also a useful 
technique, especially fo r the isolation of extremely hydro
phobic materials such as waxes and oils [U.S. Pat. No. 
5,405,633, Process for the extraction of fats and oils; Euro
pean Patent Office Document EP07 I I 508A I, Verfahren zur 
Extraktion van natiirlichen Aromen aus fett-und olhaltigen 
Naturstoffen; Nobre, Beatriz P., Luisa Gouveia, Patricia G S 
Matos, Ana F. Cristino, Antonio F. Palavra, and Rui L. 
Mendes. ~·supercritical extraction of lycopene from tomato 
industrial wastes with ethai1e." Molecules 17, no. 7 (20 12): 
8397-8407]; which are incorporated herein by reference. 
Propane versus supercritical C02 , is ten times more effic ient 
at extracting carotenoids from pepper. See, for example, 
Daood, H. G., V. llles, M. H. Gnayfeed, B. Meszaros, G. 
Horvath, and P. A. Biacs. "Extraction of pw1gent spice 
paprika by supercritical carbon dioxide and subcritical pro
pane." TI1e Journal of supercritical fluids 23, no. 2 (2002): 
143-1 52, which is incorporated herein by reference for all 
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purposes. However, these processes which employ ethane, 
propane, or bmane although they can be worked safely still 
present a prima facie serious risk of fire or explosion, and 
great care must be taken on an industrial scale to avoid this. 
Jn "backyard" extraction of cannabis by th is approach, many 
serious fires and explosions have occurred. See, for 
example, Downs, D. "Don't Try This At Home: Butane Hash 
Oil Penalties Stiffen", East Bay Express Aug. 11 , 2015, 
which is incorporated herein by reforence for all purposes. 
Also , ahhough solvent extraction processes are used on a 
commercial scale, the extraction solvents which are cur
re111ly used in these processes are not wholly satisfactory. 
Thus, when solvents such as hexane are used to extract 
aromatic oils, such as are used in the food and cosmetic 
industries, from plant niatter containing those oils, unwanted 
materials contained in the plant, animal, fungi , bacteria, or 
virus, e.g. high molecular weight waxes, tend to be eluted 
a long with the desired o il. ll1is then can necessitate a further 
costly purification step [U.S. Pat. No. 2,467,403, Solvent 
extraction of castor oils, which is incorporated herein by 
reference for al I purposes]. 

[0221] Halogenated solvents, such as dichloromethane or 
bromomethane, have been used for extraction of naniral 
products [U.S. Pat. No. 2,294,811 Crystallized glucoside 
from red squill; U.S. Pat. No. 2,472, 121, Decaffeinated 
soluble coffee; US 2010/0314240, Process of extracting 
aromatic compounds from plants using bromomelhane as a 
solvent, which are incorporated herein by reference for all 
purposes] . By the use of a phase transfer catalyst even 
relatively polar alkaloids can be efficiently extracted [U.S. 
Pat. No. 4,818,533, Production of high purity alkaloids, 
which is incorporated herein by reference for all purposes]. 
However, the use of these halogenated solvents has been 
d iminished greatly in recent years for substances of phar
maceutical or nutraceutical activity due to concerns about 
solvent residues, even at the parts-per-million levels, in the 
final product, since these halogenated solvents are known to 
be toxic and some such as chlorofonn and bromomethane to 
be putative carcinogens. 

(0222] More recent ly, steam distillation, co-distillation 
wi th a solvent , typ ically ethanol, or Soxhlet extraction have 
been substantially superseded except in "niche" applications 
by a method employing extraction with supercritical gases, 
most part icularly supercritical carbon dioxide (C02) . This 
method employs C02 under substantial temperature and 
pressure, typically greater than 200 atmospheres and at a 
temperature between 40° C. and 80° C. This has recently 
been reviewed. See, for example, De Melo, M. M. R., A. J. 
D. Silvestre, and C. M. Silva . "Supercritical fluid extraction 
of vegetable matrices: applications, trends and future per
spectives ofa convincing green technology." TI1e Journal of 
Supercritical Fluids 92 (2014): 115-176, which is incorpo
rated herein by reference for all purposes. Originally, this 
methodology was adopted on an industrial scale for decaf
feination of coffee, when it was recognized that it was highly 
undesirable to utilize chlorinated solvents, such as dichlo
romethane, which leave trace solvem residues. See U .S. Pat. 
No. 2,472, 12 1, Decaffeinated soluble coffee, which is incor
porated herein by reference for a ll purposes. Tue method
ology is described in U.S. Pat. No. 4,820,537 Method for 
decaffoinating coffee with a snpercritical fluid; U .S. Pat. No. 
5,288,51 1 Supercritical carbon dioxide decaffeination of 
acidified coffee, which are incorporated herein by reference 
for all pnrposes. The caffeine may be economica lly recov-
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ered [U.S. Pat. No. 4,996,31 7 Caffeine recovery from super
critical carbon dioxide, which is incorporated herein by 
reference for all purposes]. 

10223] Though this approach has become widely used for 
extraction of plants, it sutlers from a number of important 
deficiencies. In the fir.;t place, the temperatures and pres
sures which are required result in the need for specialized 
pressure vessels and high pressure pumps, and although 
such equipment is commercially available, is can become 
extremely expensive if a large scale (hnndreds of kilograms 
of plant, anima l, fungi, bacteria, or v irus material per batch) 
is requirt.x:l. S ince many natural products are present at 
concentrations in the plant, animal , fungi, bacteria, or vin1s 
which are relatively low, in 1nany cases a few percent by 
weight or less, multiple large batches of raw plant, animal, 
fungi, bacteria, or v inrs material frequently need to be 
processed if a few to tens of kilo/day quantities of extract are 
required. In many cases, economic requirements dictate 
lumdreds o f kilos per day to be produced of extract in order 
for the extractive process to be nm in a manner which is 
profitable. At th is scale, supercritical C02 extraction 
becomes extremely expensive in terms o f capital require
ments for plant, animal, fungi , bacteria, or vin1s construc
tion. Furthermore, because CO,'s vapor pressure at room 
temperature is greater than sixty times nonnal atmospheric 
pressure, the use of C02 in a process creates a potential 
safety hazard relative to the same process operated at one 
atmosphere operation. Clearly, there is a need for processes 
which can be nm in more conventional equipment at sig
nificantly lower pressures and temperat11res . 

[0224] Many extraction processes which are generically 
tenued "supercritical" in nanire with regard to C02 pres
sures and temperatures are actually not carried out at tem
peratures above the critical temperature and critical pressure 
of the gas, but are acnially carried om at temperatures 
slightly to substantially below these pressures and tempera
tures. However, below the critical point temperature and 
pressure the efficiency of extraction of valuable natural 
products by C02 is mark~'<lly reduced. It is therefore com
monly the case that so-ca lled "supercritical" C0 2 extraction 
is not as efficient as would be the case if it were truly carried 
out under supercritical conditions. This limitation, which is 
not solely a seman1ic one, also contributes to a deficiency of 
the C02 extraction procedure which must be recognized. An 
advantage of C02 under subcritical conditions is that the 
solubility of undesired waxes is substantially lower at 
slightly reduced pressures [Jlia, St!jit Kumar, and Giridhar 
Madras. "Modeling the solubilities of high molecular weight 
n-alkanes in supercritical carbon dioxide." Fluid phase equi
libria 225 (2004): 59-62, which is incorporated herein by 
reference for all purposes]. 

10225] It is generally recognized that liquid CO,, regard
less of whether it is used as the extracting flu id at fu lly 
supercri tical conditions or at lower pressures and tempera
tures) is not a completely iner1 solvent. Carbon dioxide is 
relatively inert towards reacti ve compotmds, but C02 's 
relative inertness should not be confused with complete 
inertness . For example, an attempt to conduct a hydrogena
tion in C02 over a platinum catalyst at 303 K will lead to the 
production o f carbon monoxide CO, which it self could be 
quite reactive under the conditions of supercritical C02 

extraction. Simple salts such as NaCl, KC! , and LiCI which 
are invariably present in plant material, especially if the said 
plant material has been heated, will serve efficiently to 
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catalyze the addition of C0 2 to activated systems at one 
aunosphere. See, for example, Kihara, Nobuhiro, Nobutaka 
Hara, and Takeshi Endo. "Catalytic activity of various sa lts 
in the reaction of 2,3-epoxypropyl phenyl ether and carbon 
d ioxide under atmospheric pressure." The Journal of 
Organic Chemistry 58, no. 23 (1993): 6 198-6202, which is 
incorporated herein by reference for all purposes . Although 
it might be suggested that it is improbable that plant material 
would contain epoxides, this is not true as many terpcnes 
will oxidize to produce epoxides; this could in fact be 
accelerated under supercritical C02 conditions if care is not 
taken to exclude 0 2 from the system prior to pressurizing 
with C02 . Jn the presence of simple inorganic catalysts such 
as zeolites, te rpenes such as limonene are efficiently con
verted lo epoxides by oxygen. See, for example, Bhattacha
rjee, Samiran, and James A. Anderson. "Epoxidation by 
Layered Double Hydroxide-Hosted Catalysts. Catalyst Syn
thesis and Use in the Epoxidation of R-(+)-Limonene and 
(-)-a-Pinene Using Molecular Oxygen." Catalysis letters 
95, no. 3-4 (2004): l 19-125, which is incorporated herein by 
reference fo r all purposes. Other materials that possess 
catalytic activity similar to the zeolites, such as clays, which 
could be present to some degree in plant material could serve 
as cata lysts in a similar manner. 

[0226] It should be however recognized that even a small 
amoulll of addition of C02 to a reactive moiety could result 
in multiple reactions under the conditions of supercritical 
extraction of a nature which would y ield some amount of 
polymeric tarry material of indefinite character. Indeed, such 
tars do, to some degree, invariably occur in the course o f 
supercritical C02 extraction. Supercritical C0 2 is, in fact, 
generally recognized as an excellent solvent in which to 
perform polymerization reactions [Kendall, Jonathan L., 
Dorian A. Canelas, Jennifer L. Young, and Joseph M. 
DeSimone. "Po1yn1erizal'ions in supercritical carbon diox
ide." Chemical Reviews99, no. 2 (l 999): 543-564, which is 
incorporated herein by reference for all purposes] . The 
presence of such tars and the ir removal represents a serious 
deficiency in supercritical C02 exrraction of natural prod
ucts, as conm1onJy it is necessary to employ a secondary 
purification process fo llowing the extraction to remove 
them. Typically, this is realized by a method such as high 
vacuwn frac tional distillation, molecular distil lation, or flash 
chromatography [Still, W. Clark, Michael Kahn, and Abhijit 
Mitra. "Rapid chromatographic technique for preparative 
separations with moderate resolution." TI1e Journa l of 
Organic Che mistry 43, no. 14 ( 1978): 2923-2925, which is 
incorporated herein by reference for all purposes]. These 
processes are expensive and furthermore result invariably in 
some measure of loss of the desired product. For example, 
aromatic oils contained in certain plants are complex sub
sta nces containing a large number of individual compounds 
some of which are relatively volarile or relatively thermally 
unstable. Consequently, high distillation temperatures can 
tend to result in a loss of product either through evaporation 
of the more volatile compounds or thermal degradation of 
the more thermally unstable compounds. It would therefore 
be highly desirable to have a process which did not yield 
such undesired polymeric tarry materials. 

(0227] Carbon dioxide will add to olefins at I atmosphere 
and 60° C. in the presence of a free radical initiator and a 
strong base; wider conditions o f elevated pressure this could 
be expected to occur in the presence of weaker bases (e.g. 
Potassium carbonates and hydroxides) which could be pres-
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ent in plant derived material, especially if it has been heated 
[Eghba li, Nicolas, and Chao-Jun Li. "Conversion of carbon 
dioxide and o lefins into cyclic carbonates in water." Green 
Chem. 9, no. 3 (2007): 213-215, which is incorporated 
herein by reference fo r all purposes]. C02 will add to 
heterocyclic systems in the presence of catalytic amounts of 
copper halides at 1 atn1ospheres pressure and a temperature 
of 80° C. [Zhang, Liang, Jianhua Cheng, Takeshi Ohishi, 
and Zhaom.in Hou. "Copper-Catalyzed Direct Carboxylation 
of C-I-1 Bonds with Carbon Dioxide." Angewandte Chemie 
I 22, no. 46 (2010): 8852-8855, which is incorporated herein 
by reference for all purposes]. 
(0228] All plant, animal, fungi, bacteria, or virus materials 
which sen'e as the raw feedstock for extraction contain a 
significant anlount of water. Even if these materials are dried 
in vacuo, they nonetheless inherently possess some water 
which is only released at the elevated temperatures and 
pressures which are required to carry out the supercritical 
C02 extraction process. In completely pure C02, water has 
substantial solubility: al pressures and temperatures just 
below the critical point the mole fraction of water in C02 is 
about 0.02 [King Jr, Al len Dupree, and C. R. Coan. "Solu
bility of water in compressed carbon dioxide, nitrous oxide, 
and ethane . Evidence for hydration of carbon dioxide and 
nitrous oxide in the gas phase." Journal of the American 
Chemical Society 93, no. 8 (1971): 1857-1 862, which is 
incorporated herein by reference for all purposes]. This 
paper further teaches tha t the water in the liquid C02 

medium is almost completely solvated and is in the form of 
carbonic acid. Carbonic acid has a pKa of3.45 [Adamczyk, 
Katrin, Mirabelle Premont-Schwarz, Dina Pines, Ehud 
Pines, and Erik T J Nibbering. "Real-time observation of 
carbonic acid formation in aqueous solution." Science 326, 
no. 5960 (2009): I 690-1694, which is incorporated herein 
by reference for all purposes] and in a nonaqueous system 
such as liquid C0 2 it probably exists substantially in the 
form of the gas-phase dimer [Bernard, Jurgen, Markus Seidl, 
lngrid Kohl, Klaus R. Lied!, Erwin Mayer, Oscar Galvez, 
Hinrich Grothe, and 1110mas Loerting. "Spectroscopic 
Observation of Matrix-Isolated Carbonic Acid Trapped from 
the Gas Phase ." Angewandte Chemie International Edition 
50, no. 8 (2011 ): 1939- 1943, which is incorporated herein by 
reference for all purposes] in which it will effecti vely 
possess greater acidic character. Carbonic acid in this 
medium at elevated pressures and temperatures possesses 
substantial reactivity. 

(0229( The critical pressure of C02 is significantly higher 
than that for alkanes or fluorocarbons. This anomalously 
high critical pressure is due to the fact that C02 has a high 
quadripole moment. It has been suggested that co2 may 
prove to be a solvent whose strength would rival or surpass 
that of alkanes and ketones. Because early models employed 
to calculate CO;s solvent power relied Oil a direct relation
ship between the Hildebrandt solubility parameter (I\) and 
the square root of the critical pressure the solubility param
eter of C02 was over-predicted by 20-100%, leading to early 
inflated claims as to its potential. 

(0230] Supercritical C02 processes can benefit, in many 
cases, from the addition of various cosolvents . For example, 
addition of a few percent of methanol to co2 will result in 
dramatic increases in solubility of slightly polar materials, 
such as for example acridine [Bre1rnecke, Joan F., and 
Charles A. Eckert. "Phase equilibria for supercritical fluid 
process design." A!ChE Journal 35, no. 9 ( 1989): 1409-
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1427, which is incorporated herein by reforencc for all 
purposes] . The addition of a small amount of isopropanol to 
the supercritical C02 system has been carefully shown to 
dramatically increase the recovery of the sugar tagatose 
rMontai1Cs, Fernando, Tiziana Fornari, Pedro J. Martin
Alvarez, Nieves Corzo, Agustin Olano, and Elena looiiez . 
"Selective recovery of tagatose from mixtures with galac
tose by direct extraction with supercritical C02 and different 
cosolvents." Journal of agricultural and food chemistry 54, 
no. 2 1 (2006): 8340-8345, which is incorporated herein by 
reference for all purposes]. Whi le this approach is o f prin
cipal utility with regard to the extraction of substances of 
intermediate hydrophobicity, it can be used, to advantage for 
very hydrophobic systems. For example, it has been reported 
that diJforent very hydrophobic fractions containing useful 
antioxidant activity can be obta ined from a bark extract by 
varying smal 1 amotmts o f ethanol which are added to the 
supercritical extraction [Braga, Mara E M, Rosa M S Santos, 
lnes J. Seabra, Roselaine Facanali. Marcia 0 M Marques, 
and Hem1i11io C. de Sousa. "Fractioned SFE of antioxidants 
from maritime pine bark." The Journa l of Supercritica l 
Fluids 47, no. 1 (2008): 37-48, which is incorporated herein 
by reference for all purposes]. 
102311 One approach to improvement of certain of the 
deficiencies o f the supercritical C0 2 extraction system is to 
utilize a different supercritical gas . Unfortunately, many 
other gases have inconvenient critical properties. For 
example Argon has a critical pressure or 705 psi which can 
be attained easily but a critical temperature of only 151° K, 
which is so cold that it will not be a very effective solvent. 
Xenon would be an extremely good solvent but it is pro
hibitively expensive although but its critical pr~'Ssure is high 
(847 psi) although its critical temperature is close to room 
temperature. Nitrous oxide is attractive because its critical 
temperature is just above room temperature (36° C.) 
although its critical pressure is rather high ( 1044 psi). 
Furthermore, nitrous oxide is potentially reactive to sensi
tive organic material in the presence of waler, and the 
limited literatnre data suggest that it generally it is not as 
good a solvent in practice as CO,. 
102321 Fluorocarbons are a chemical class selected from 
the field of fluorophilic compounds that are c lear, colorless, 
odorless, nonflammable liquids that are essentially insoluble 
in water. In addition, fluorocarbon liquids are denser than 
water and soft tissue, have low surface tens ion and, for the 
most part, low viscosity. 
[0233] Fluorocarbons have been used as solvents [U.S. 
Pat. No. 2,410,101 , U.S. Pat. No. 2,449,671]. Chlorofluo
rocarbon Freon™ o.ases have been used in the extraction o f 
perfome compone1;;s [U.S. Pat. No. 3,150,050] . Chlorofluo
rocarbons have been used in the extraction of cafleine in 
coffee [U.S. Pat. No. 3,669,679]. However, this process 
employed a single class of fluorocarbon and no examples o f 
mixtures of gases are therein cited. 
[0234] Combinations of supercritical C02 and FreonT" 
solvents have been used for spice extraction of active 
materials [U.S. Pat. No. 4,490,398]. U.S. Patents U.S. Pat. 
No. 6,455,087 and U .S. Pat. No. 6,649,205 also describe 
potential uses of ftuorocarbons in solvent extraction meth
ods. 
[0235] Dielectric constant is not an important parameter in 
determining the interact ion or hydro fluorocarbons and fluo
rocarbons in the extraction process and its sole use in the 
selection of cosolvents is not supported by the present 

31 

Jun. 7,201 8 

scientific literature (sec supra). For example, for fluoroeth
anes the Kamlet-Taft parameters, which do depend upon the 
dielectric constant, albeit not in a siinplc, monotonic man
ner, do not appear to be strongly predictive of the micro
scopic them1odynamic behavior of the system [Lagalante, 
Anthony F., Robert L. Hall, and Thomas J. Bnmo. "Kamlet
Taft so lvatocliromic parameters of the sub-and supercritical 
fluorinated ethane solvents." The Journal of Physica l Chem
istry B 102, no. 34 (1998): 6601 -6604. wh.ich is incorporated 
herein by reference for all purposes] . A much better choice 
of parameter would exempli fied by one which is experimen
tally determined, such as the partial molal free eneigy of 
mixing. This parameter which can be readily measured [for 
example see Duce, Celia. Maria Tine, L. Lepori, E. Matleoli, 
B. Marongiu, and Alessandra Piras . .. A comparative study of 
them1odynamic prope rties of binary mixtures containing 
perfluoroalk.anes." Journal of Thermal Analysis and Calo
rimetry 92, no. 1 (2008): 145-1 54, which is incorporated 
herein by reference for all purposes]. The second virial 
coefficients of the solution, which were measured in the 
work of Scott supra, or most localized energetic calculations 
of the mixtures using a mixed approach of Monte Carlo 
dynamics and Kohn-Sham quantt1m calculations (DFT) 
incorporating explicit electron correlation. These studies 
show that aggregation behavior of hydrofluorocarbons in 
fluorocarbon binary (or tertiary) mixtures represents the 
most important component of the prediction of solubility of 
hydrophobic organic compounds in these mixtures. A usefol 
way to think o f this is that the solution of a component in a 
fluoroph.ilic mixture is controlled by the clustering of a 
component (typically a hydro fiuorocarbon) around the sol
ute on the dynamic t imescale of o rder-disorder in the fluid 
system [as described in Gerig. John T. "Selective solvent 
interactions in a fluorous reaction system. '"Journal of the 
American Chemical Society 127, no. 25 (2005): 9277-9284, 
wh.ich is incorporated herein by reforence for all purposes]. 
TI1is can also be approached experimentally [Binks, B. P., P. 
D. I. Fletcher, S. N. Kotsev, and R. L. ·n 1ompson. "Adsorp
tion and aggregation of semifluorinated a lkanes in binary 
and temary mixtures with hydrocarbon and fluorocarbon 
solvents." Langmuir 13, no. 25 ( 1997): 6669-6682; Ruck
enstein , E., and I. Slmlgin. "Aggregation in binary solutions 
conta ining hexafluorobenzene." The Journal o f Physical 
Chemistry B 103, no. 46 ( 1999): 10266-10271, which are 
incorporated herein by reference for all purposes] or spec
troscopically, for exam.pie, with the use of small angle X-ray 
scattering [Brady, George W. "Cluster Formation in Perfluo
roheptane-iso-Octane Systems nea r the Consolute Tempera
ture." Tue Journal of Chemical Physics 32, no. l (1960): 
45-51, which is incorporated herein by reference for all 
purposes], or even through surface tension measurements 
[McLure, I. A., B. Edmonds, and M. Lal. "Extremes in 
surface tension of fluorocarbon+hydrocarbon mixtures." 
Nature 241 , no. 107 (1973): 71-7 1, which is incorporated 
herein by reference for all purposes]. Hydrogen bond dona
tion is importtmt, yet die lectric constant in a non-hydrogen 
bonding solvent has litlle to do with this critical parameter 
[Williams, TI1omas D., Michael .Jay, Hans-Joachim Lehmler, 
Michael E. Clark, Dennis .l. Stalker, and Paul M. Bm11111er. 
"Solubility enhancement o f phenol and phenol derivatives in 
perfluorooctyl bromide." .Journal of pharmaceutical sciences 
87, no. 12 (1998): 1585-1589, which is incorporated herein 
by reference for all purposes]. In a highly polar system as in 
water one can build a model for a dielectric constant based 
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upon a hydrogen bound network [see for example Suresh, S. 
J., and V. M. Naik. "Hydrogen bond thermodynamic prop
erties of water from dielectric constant data. 0 The Journ.:11 of 
Chemical Physics 113, no. 21 (2000): 9727-9732, which is 
incorporated herein by reference for all purposes]. Using a 
classical approach [Oster, Gerald, and John G. Kirkwood. 
"The influence of hindered molecular rotation on the dielec
tric constants of water, aJcohols, and other polar liquids." 
The Journal of Chemical Physics 11 , no. 4 (1943): 175-178, 
which is incorporated herein by reference for all purposes J. 
Furthennore, the fact that CO, does not possess a dipole 
moment (although it has a quadripole moment) reinforces 
the lack of uti lity of the bulk die lectric constant as a metric 
within the context of the present invention. 
(0236] While the processes described in the aforemen
tioned documents are advantageous in some c ircumstances, 
there is a limi l to the types of materials that can be extracted. 
Deficiencies are present in the use of steam, alcohols, 
supercritical or subcritical CO,, or pure fluorocarbons to 
extracted valuable material from plant sources. 
[0237] Surprisingly it has been found that mixmres of 
fluorocarbons and hydroftuorocarbons at or very close to the 
point where the two components are immiscible, although 
while still remaining partially or approximately miscible, 
but usually wi thin a range of pressures and temperatures 
well below the critical temperature and pressure of the 
individual components, possess dramatically altered and 
improved so lvent properties as compared with the individual 
components, if the mixtures are of a binary nan1re, or of 
binary mixmres of the individual components if the mixtures 
are of a ternary nature. [For example, see also Shin) Jung in, 
Moon Sam Shin, Won Bae, Youn-Woo Lee, and Hwayong 
Kim. "High-pressure phase behavior of carbon dioxide+ 
heptadecafluoro-1-decanol system." The Journal of Super
critical Fluids 44, no. 3 (2008): 260-265, Morgado, Pedro, 
Jana Black, J. Ben Lewis, Christopher R. lacovella, Clare 
McCabe, Luis F G Martins, and Eduardo J M Filipe. 
"Viscosity of liquid systems involving hydrogenated and 
fluorinated substances: Liquid mixtures of (hexane+perfluo
rohexane)." Fluid Phase Equilibria 358 (2013): 161-165, 
which is incorporated herein by reforence for all purposes.] 
(0238] lt has not previously been recognized that the 
extrema points of solutions of hydroftuorocarbons in fluo
rocarbons, and most particularly those hydrofluorocarboos 
and f-luorocarbons under which the desired conditions of 
pressure and ten1perat11re result in a barely miscible systen1, 
would possess the unique ability to tunably extract, e.g. to 
extract in a manner which is tunable the desired hydrophobic 
organic materia ls from complex natural product mixtures. 
Described herein are processes, methods, and composi lions 
related to discovery of extraction of namral products from 
plant material employing pure fluorocarbon liqu ids or gases 
and optionally admixtures of fluorocarbon and non-fluoro
carbon gases and liquids. Extraction may be carried out in a 
highly selective manner such that specific components con
sisting of pure compounds or defined mixtures thereof may 
be extracted from said plant or animal material without 
extracting undesired materials. 

Example I 

(0239] An extraction vessel is charged w ith I 0 Kg. of 
Cannabis Saliva " trim". This material is obtained when 
han,esting cannab is flower, all the non-flower material 
whk h does not conta in many trichomes is essentially a 
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"waste product" from the production of the flower. It is most 
conunonly die material which is used for ca.m1abinoid 
extraction. This botanical material is contained in a c loth 
bag, which is placed within the extraction vessel in order to 
contain the material from dispersion through the extraction 
system. Tue vessel is evacuated. Subsequently, a premixed 
liquid phase which contains R-22 fluorocarbon (mole frac
tion 0.4), R-134a fluorocarbon (0.2 mole fraction) dimethyl 
ether (0.3 mole fraction), ethanol (0.05 mole fraction) and 
isobutane (0.05 mole fraction) is circulated through the plant 
material. 111e pressure is increased to 1.3 Mpa and the 
temperature to 45° C. and the circulation is continued for a 
40-min period. At the end of this time, the liquid phase is 
pumped in the sealed system to a flash evaporator. Tue gases 
are removed and reprocessed through 3A molecular sieves 
(2/3K20.J/3Na20.Al20,_2 Si02.9/2 H20 ) and are com
pressed using a Corkin compressor into a storage vessel. The 
product o il from the flash evaporator is collected and 
assayed for cannabinoid content on an Agilent 1200 series 
HPLC with diode array detector 
[0240] Over a four-hour period while the extraction is 
carried out, the Freon™ turns bright green due to chloro
phyll and other pigments which it contains that have been 
ext racted from it. At the end of die four hour period, the 
Freon™ is compressed and recovered in a storage tank. It is 
regenerated by passing through a column of 4A molecular 
sieves to remove water and terpenes which may be present. 
[0241] The extracted material may be separated in the 
form o f multiple components as a function of time during the 
extraction period. These multiple components contain dif
ferent chemically distinct fractions, compris~'Cl of different 
approximate mixmres of compounds. Such mixtures may be 
precisely characterized in tenns of composition and quan
tified in terms of concentration using analytical methodol
ogy well known to one normally skilled in the Ari, such as 
Gas Chromatography, High Pressure Liquid Chromatogra
phy, Superfluid Critical Liquid Chromatography, Ultrahigh 
Resolution High Performance Liquid Chromatography, and 
the like. For the purposes of the present example the tota l 
amount of extracted material is quantified. 
(0242) Data for Example I. 

Data: 

[0243) 

Rtw Nwnber 

Mean 

Oil Recovered 

1.72 kg 
2.02 
1.98 
2.18 
2.26 
1.92 
2.01 

Example 2 

% tetrahydrocannabinol 

68 
66 
82.3 
71 .5 
71.3 
64 
70.5 

(0244) An extraction vessel is charged with 10 Kg. of 
Cannabis Sativa "trim". This material is obtained when 
harvesting cannabis flower, all the non-flower material 
w hich does not contain many trichomes is essentially a 
"waste product" from the production of the flower. It is most 
commonly the material which is used for cannabinoid 
extraction. Th.is botanical material is contained in a c loth 
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bag, which is placed within the extraction vessel in order to 
contain the materia l from dispersion through the extraction 
system. The vessel is evacuated. Subsequently, a premixed 
liquid phase which contains R-22 fluorocarbon (mole frac
tion 0.6), R-134a fluorocarbon (0.2 mole fraction), and 
dimethyl ether (0.2 mole fraction), is circulated through the 
plam material. The pressure is increased 10 1.3 Mpa and the 
temperature to 45° C. and the circulation is continued for a 
40-min period. At the end of this 1in1e, the liquid phase is 
pumped in the sealed system lo a flash evaporator. The gases 
are removed and reprocessed through 3A molecular sieves 
(2/3K20.l/3Na20.Al20,.2 Si02 .9/2 H20) and are com
pressed using a Corki n compressor into a storage vessel. The 
product o il from the flash evaporator is co llected and 
assayed for callll3binoid content on an Agilent 1200 series 
HPLC with diode array detector 
(0245] Over a four-hour period while the extraction is 
carried out, the Freon™ turns bright green due lo chloro
phyll and other pigments which it contains that have been 
extracted from it. Al the end of the four hour period, the 
Freon™ is compressed and recovered in a storage tank. It is 
regenerated by passing through a column of 4A molecular 
sieves to remove w ater and terpenes which may be present. 
(0246( TI1e extracted material may be separated in the 
form o f multiple components as a function of lime during the 
extraction period. These multiple components contain dif
ferent chemically distinct fractions, compris~'CI of different 
approximate mixtures of compounds. Such mixrures may be 
precisely characterized in tem1s of composition and quan
tified in tem1s of concentration using analytical methodol
ogy well known to one normally skilled in the Art, such as 
Gas Chromatography, High Pressure Liquid Chromatogra
phy, Superfluid Critical Liqu id Chromatography, Ultrahigh 
Resolution High Performance Liquid Chromatography, and 
the like. For the purposes of the present example the total 
amount of extracted material is quantified. 

Rim Number 

Mea.n 

Oil Recovered 

2.2 Kg 
2.4 
2.1 
2.0 

2.175 Kg 

Example 3 

% Letnihydrocrurnttbinol 

68 
72 
76 
62 
69.5 

(0247] An extraction vessel is charged with about 50 Kg. 
of Cannabis Sativa "trim". This material is obtained when 
harvesting cannab is flower, all the non-flower material 
which does nol contain many trichomes is essentially a 
"waste product" from the production of lhe flower. II is most 
commonly the material wl1ich is used for cannabinoid 
extraction. ·nus botanical material is comained in a cloth 
bag, which is placed within the extraction vessel in order lo 
contai n the material from dispersion through the extraction 
system. 111e vessel is evacuated. Subsequently, a premixed 
liquid phase which contains R-22 fluorocarbon (mole frac
tion 0.4), R-134a fluorocarbon (0.2 mole fraction) dimethyl 
ether (0.3 mole fraction), ell1anol (0.05 mole fraction) and 
isobutane (0.05 mole fraction) is circulated through the plant 
material. The pressure is increased to 1.3 Mpa and the 
temperature to 45° C. and the circulation is continued for a 
40-min period. At the end of this time, the liquid phase is 
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pumped in the sealed system to a flash evaporator. TI1e gases 
are removed and reprocessed through 3A molecular sieves 
(2/3K20.1 /3Na20 .Al20 3 .2 Si0 2 .9/2 H20) and are com
pressed using a Corkin compressor into a storage vessel. 111e 
product o il from the flash evaporator is collected and 
assayed for cannabinoid content on an Agilent 1200 series 
HPLC with diode array detector 
10248] Over a four-hour period while the extraction is 
carried out, the Freon™ turns bright green due lo chloro
phyll and other pigments which it contains lhal have been 
extracted from it. At the end of the four hour period, the 
gases is compressed and recovered in a storage tank. h is 
regenerated by passing through a colrunn of 3A molecular 
sieves to remove water and terpenes which may be present. 
10249] The extracted material may be separated in the 
form of multiple components as a function of time during the 
extraction period. These multiple components contain di f
ferent chemically d istinct fractions, comprised of different 
approximate mixtures of compounds. Such mixtures may be 
precisely characterized in terms of composition and quan
tified in tem1s of concentration using analytical methodol
ogy well known 10 one normally skilled in the Art, such as 
Gas Chromatography, High Pressure Liquid Chromatogra
phy, Superftuid Critical Liquid Chromatography, Ultrahigh 
Resolution High Performance Liquid Chromatography, and 
the like. For the puqxises of lhe present example the total 
amount of extracted material is quanfrfied. 
10250] Run I 
10251) Charge: 48.72 Kg 
10252] Extraction yields 7.82 Kg of oil, 68% by weight 
total cannabinoids 
[0253) Run 2 
10254) Extraction yields 779 Kg of o il, 72% cannabinoids 
by weight 

Example 4 

10255] An extraction vessel is charged with JO Kg. of 
Cannabis Saliva " flower" Tl1is botanical material is con
tained in a cloth bag, which is placed within the extraction 
vessel in order to contain the material from dispersion 
through the extraction system. Tue vessel is evacuated. 
Subsequently, a premixed liquid phase wltich contains R-22 
fluorocarbon (mole fraction 0.4), R-134a fluorocarbon (0.2 
mole fraction) dimethyl ether (0.3 mole fraction), ethanol 
(0.05 mole fraction) and isobutane (0.05 mole fraction) is 
circulated through the plant material. The pressure is 
increased to 1.3 Mpa and the temperature to 45° C. and the 
circulation is continued for a 40-min period. Al the end of 
this time, the liquid phase is pumped in the sealed system to 
a flash evaporator. Tue gases are removed and reprocessed 
through 3A molecular sieves (2/3K20. l /3Na20.Al20,.2 
Si02 .9/2 H20 ) and are compressed using a Corkin compres
sor into a storage vessel. The product oil from the flash 
evaporator is collected and assayed for cmrnabinoid content 
on an Agilent 1200 series HPLC with diode array detector 
10256] Over a four-hour period while the extraction is 
carried out, the FreonTM turns bright green due to chloro
phyll and other pigments which ii contains lhal have been 
ext racted from it. At the end of the four hour period, the 
gases is compressed and recovered in a storage tank. h is 
regenerated by passing through a column of 3A molecular 
sieves to remove water and terpenes which may be present. 
10257] The extracted material may be separated in the 
form of multiple components as a function of t ime during the 
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extraction period. These multiple components contain dif
ferent chemically distinct fractions, comprised of different 
approximate mixmres of compounds. Such mixn1res may be 
precisely characterized in terms of composition and quan
tified in tem1s of concentration using analytical methodol
ogy well known to one normally skilled in the An , such as 
Gas Chromatography, High Pressure Liquid Chromatogra
phy, Superfluid Critical Liquid Chromatography, Ultrahigh 
Resolution High Performance Liquid Chromatography, and 
the like. For the purposes of the present example the total 
amowu o f extracted material is quantified. 

[0258] Run I : 2.4 Kg o f oil, 78% cannabinoids 

[0259] Run 2: 2.2 Kg o f o il, 82% camiabinoids 

[0260] Run3: 2.6 Kg of oil, 79% cannabinoids 

Example 5 

[02611 A stainless steel tube about 10" in length and 1.25" 
in diameter was equipped with sanitary flanges at each end, 
to which could be affixed a pressure transducer and a sight 
glass. A sample of amount 500 mg to 5 gm was placed in the 
tube contained in an inert polypropylene mesh bag. The 
entire apparams was placed on a toploading balance, and by 
means of a flexible hose gases could be added to the vessel. 
By means of the change in weight, different gases could be 
added in known ratios. Tue apparatus, after filling, could 
then be maintained in a constant temperature bath for any 
desired period of time, and at the end of this time the 
apparan1s could be opened, the bag removed and the gas 
volatilized, and the extracted residue dissolved in a suitable 
solvent (generally acetone) in a quantitative manner. The 
ace tone could then be transferred to a tared roundbottom 
flask, and solvent removed on a rotary evaporator under 
vacuwn. TI1e amount of the residue in the flask corresponds 
to the total soluble mass extracted, and this is then quantified 
by weighing the flask. After detemlining this weight, the 
gummy residue could be redissolved in a suitable solvent 
(generally methanol) in a volllmetric flask and aliquots of 
tllis material analyzed by HPLC to detenuine the amounts of 
cannabinoids (eg. T HC, CBD, THCA, and so fonh). HPLC 
analysis is carried out us ing an Agilent 1100 Series Sepa
ration Module, with an Agilent diode array detector, us ing 
Agilent C hemstation Software. The co lumn used is a Restek 
Raptor ARC-18 2.7 ~cm, 4.6x150 mm column, equipped with 
a Guard Cartridge (Restek Catalog #9304A0252) or equiva
lent). Samples are injected and eluted with an isocratic 
solvent system A/B (25/75). Mobile phase A consists of 
0.1 % Triftuoroacetic acid (TFA) in I-120 (chromatography 
quality) . Mobile phase B consists of0.1% TFA in chroma
tography grade acetonitrile. The Detector Wavelength is 220 
nm, Flow Rate is 1.5 mL/min, Injection Volume is 10 and 
Column Temp is 45.0° C. Under these conditions the Run 
time is about 9 minutes. Typically, a standards calibration 
Cllrve of THC of nine concentrations (5-200 ppm) is run 
daily. 

)0262] Using these conditions, the efficiency of mixtures 
of fluorocarbon R22 and dimethyl ether (DME) to extract 
total caimabinoids in a single 30-minute extraction at 26° C. 
is shown in FIG. 1. 

(0263] Using the same approach, the efficiency of the pure 
materials to extract carumbinoids in a single 30-minute 
procedure at 26° C. can be determined and this is shown in 
FIG. 2. 
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Embodiments 

10264) Embodiments contemplated herein include the fol
lowing. 

Embodin1ent I 

10265] A method of extracting a natura l organic compound 
from a natural material, said method compris ing contacting 
said natura l material with an extraction fluid thereby extract
ing said natural organic compound from said natural mate
rial into said extraction fluid to from an extracted fluid 
solution, wherein said extraction fluid comprises a fluoro
philic compound and a hydrofluorocarbon. 

Embodiment 2 

10266] The method of embodiment 1, where in sa id extrac
tion fluid is a non-ideal fluid. 

Embodiment 3 

10267] The method of embodiments 1 or 2, wherein the 
natural mater ial is a material derived from a plant, an animal, 
a firngi, a bacteria or a viru s. 

Embodiment 4 

10268] The method of embodiments I or 2, wherein the 
natural material is a material derived from a plant. 

Embodiment 5 

10269) The method of embodiments I or 2, wherein the 
plant is Piper methystic1.1111, Cannabis spp ., Salvia spp., 
Banisteriopsis caapi, Psychotria viridis (chacruna), Diplop
terys cabrerana, Peganum harmala, 1-fumulus lup ulus or 
mixture thereof. 

Embodiment 6 

10270] The method of embodiments I or 2, wherein the 
plant is Cannabis Saliva. 

Embodiment 7 

10271] The method of one of embodiments 1 to 6, wherein 
the namral organic compound is a biologically active 
organic compound. 

Embodiment 8 

[0272] The method of one of embodiments 1 to 6, wherein 
the nalllral organic compound is an aromatic compound. 

Embodiment 9 

[0273] The method of one of embodiments I to 6, wherein 
the natural organic compound fonns ar t of ai1 aromatic o il or 
essential oi I. 

Embodiment I 0 

[0274] The method of one of embodiments 1 to 6, wherein 
the nan1ra l organic compound is caffeine. 

Embodiment 11 

10275] The method of one of embodiments 1 to 6, wherein 
the natural orgar1ic compound is a terpene: a hunmlone, a 
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lupulone, a myrcene, a humulene, a caryophyllene, an 
alkaloid, a flavonoid, a cannabinoid, menthol, capsaicin, 
anise or camphor. 

Embodiment 12 

(0276] ·n 1e method of one of embodiments I lo 6, wherein 
the natural organic compound is xanthohumol, 8-prenylnar
ingenin or isoxantbobumol. 

Embodiment 13 

(0277] ·n1e method of one of embodimems I to 6, wherein 
the natural organic compound is a prenylflavonoid. 

Embodiment 14 

(0278] TI1emethod of one of embodiments I to 6, wherein 
the natural organic compound is a kavalactone or a salvorin. 

Embodimelll 15 

[0279] ·111e method of one of embodiments 1 to 6, wherein 
the natural organic compound is a cannibinoid. 

Embodimelll 16 

[0280] 111e method of one of embodimems I to 6, wherein 
the natura l organic compound is tetrahydrocannab ino l, can
nabidiol or cannabinol. 

Embodiment 17 

(0281] TI1e method of one of embodiments 1 to 6, wherein 
the nan1ral organic compound is tetrahydrocannabinol. 

Embodiment 18 

[0282] TI1e method of one of embodiments I to 17, 
wherein at least 5,000 g of said natural organic compound is 
present in said extracted fluid solution. 

Embodiment 19 

[0283] TI1e method of one of embodiments I to 18, 
wherein said extraction fluid does not comprise supercritical 
C02. 

Embodimelll 20 

[0284] The method of one of embodiments I to 18, 
wherein said extraction fluid does not comprise argon. 

Embodiment 21 

[0285] TI1e method of one of embodiments I to 18, 
wherein said extraction fluid does not comprise xenon. 

Embodiment 22 

[0286[ TI1e method of one of embodiments I to 18, 
wherein said extraction fluid does not comprise nitrous 
oxide. 

Embodiment 23 

[0287] TI1e method of one of embodiments I to 22, 
wherein said extraction fluid further comprises trifluoretha
nol or hexafluoroisopropanol. 
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Embodiment 24 

(0288] The method of one of embodiments to 23, 
wherein said extraction fluid is above about 15° C. 

Embodiment 25 

[0289] The method of one of embodiments 1 to 23, 
wherein said extraction fluid is above about 20° C. 

Embodiment 26 

(0290] The method of one of embodiments I to 23, 
wherein said extraction fluid is from about 15° C. to about 
35° c. 

Embodiment 27 

[0291] The method of one of embodiments I to 23, 
wherein said extraction fluid is from about 20° C. to about 
30° c. 

Embodiment 28 

(0292] The method of one of embodiments I to 27, 
wherein the hydrofluorocarbon is a hydrofluoroether, a 
hydrofluoroketone, a hydrofluoroaromatic or a hydrofluo
roolefin. 

Embodiment 29 

[0293] The method of one of embodiments 1 to 27, 
wherein the hydrofluorocarbon is chlorodifluoromethane, 
methyl nonafluoroisobutyl ether, methyl nonafluorobutyl 
ether, ethyl nonaftuoroisobutyl ether, ethyl nonaftuorobutyl 
ether, 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecaftuoro-2-trif
luoromethylhexane.trifluoromethane (HFC-23 ), difluo
romethane (HFC-32), pentafluoroethane (HFC-125), 1,1,2, 
2-tetrafluoroethane (HFC-134), I, 1, 1,2-tetrafluoroethane 
(HFC-134a), 1,1,1-trifluoroethane (HFC- l 43a), 1,1-difluo
roethane (HFC-1 52a) or fluoroethane (HFC-161). 

Embodiment 30 

[0294] The method of one of embodiments 1 to 29, 
wherein the ftuorophil ic compound is dimethyl ether. 

Embodiment 31 

(0295] The method of one of embodiments I lo 30, 
wherein the extraction fluid is a liquid-gas mixtme fluid. 

Embodiment 32 

[0296] The method ofone of embodiments 1 10 31, further 
comprising, prior to said contacting, freezing the natural 
material at a temperature from about 0° C. to about - 60° C. 

Embodiment 33 

[0297] The method of one of embodiments I to 32, 
wherein the mole fraction of the fluorophilic compound is al 
least four-fo ld greater dian the mole fraction of the hydro
fluorocarbon. 

Embodimelll 34 

[0298] The method of one of embodiments I to 33, further 
comprising separating said extraction fluid from said natural 
material by volatizing said extraction fluid to form a vola
ti lized extraction flu id. 
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Embodiment 35 

(0299] TI1e method of embodimelll 34, further comprising 
chilling and compressing the volatilized extraction fluid to 
form a liquid extraction fluid. 

Embodinlent 36 

(0300( TI1e method of embodiments 34 or 35, further 
comprising recirculating the liquid extraction fluid to the 
namral material. 

Embodiment 37 

( 0301 I TI1e method of one of embodiments 34 to 36, 
further comprising collecting separated fractions of the 
liquid extraction fluid. 

Embodinlent 38 

(0302] A fluid comprising chlorodifluoromethane and 
dimethy I ether. 

Embodiment 39 

(0303( The fluid of embodiment 38, wherein said fluid is 
a non-ideal fluid. 

Embodiment P l 

[0304] A process for extraction of natural products of 
medicinal, pharmacological, or other value from plant, ani
mal, fungi, bacteria, or vin1s 1nixtures consisting of 

[0305) (a) freezing the plant, animal, fongi , bacteria, or 
virus material to a temperature between 0° C. and - 60° 
C. by the use of a blast freezer or a compressed 
cryogenic gas 

10306] (b) passing a fluid over the plant, animal, fungi, 
bacteria, or virus material with the use of a recirculating 
pump, whereby the fluid consists of three components: 
10307) (i) a fluorophilic compound 
(0308] (ii) a hydro fluoroca rbon 
(0309] ( iii) a third component which is a fluorophilic 

amine, alcohol, or nonfluorinated alkanol 
(0310) (iv) wherein the mole fraction of the fluoro

carbon is at least four-fold greater than the mole 
fraction of the hydrofluorocarbon, and the mole 
fraction of the third component is four-fo ld less than 
the hydrofluorocarbon 

(0311) (c) volatil izing t.he fluorophi lic compound which 
has been passed over the plant, animal, fungi , bacteria, 
or virus material using a heated column, whereby the 
extracted plant, animal, fungi, bacteria, or v ims mate
rial solubilized by the fluid remains at the bottom of the 
said colunrn and the fluoroph.ilic compo1111d is extrncted 
in a gaseous fonn at one end of sa id column 

10312] (d) chilling the volatilized fluorophilic com
pound with a heat exchanger and compressing the 
fluoropbilic compound to the liquid state 

10313) (e) wanning the liquefied fluorophilic compound 
in a controlled manner 

10314] (f) recirculating the liquefied warm fluorophilic 
compound back through the plant, animal, fungi, bac
teria, or virus material in a continuous manner 

(0315) (g) slowly increas ing the temperature of the 
liquefied recirculated fluorophilic compound which 
flows back over the plant, animal, fungi, bacteria, or 
vims material, thereby increasing the temperature of 
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the said plant, animal, f1mgi, bacteria, or virus material 
from the temperature range of freezing to a temperature 
range between 40° C. and 80° C. 

(0316] (h) collecting separated fractions at the bottom 
of the volatilizing column as the temperature is thereby 
increased. 

Embodiment P2 

10317] A process according to embodiment Pl , wherein 
said fluorocarbon is 1, I, 1,2 tetrafluoroethane. 

Embodiment P3 

(0318] A process according to embodiment P l , wherein 
said fluorocarbon is tetrafluoromethane. 

Embodiment P4 

10319] A process according to embodiment P l , wherein 
said fluorocarbon is hexafluoroethane. 

Embodiment PS 

10320] A process according to embodiment Pl, wherein 
said fluorocarbon is trifluoromethy l iodide. 

Embodiment PG 

(0321) A process according to embodiment Pl , wherein 
said fluorocarbon is perfluorocyclobutane. 

Embodiment P? 

(0322] A process according to embodiment Pl , wherein 
said fluorocarbon is perfluorotributylamjne. 

Embodiment PS 

10323] A process according to embodiment Pl , wherein 
said fluorocarbon is perfluoro-n-propane. 

Embodiment P9 

(0324] A process for extract ion of natural products of 
medicinal, phannacological, or other value from plant, ani
mal, fungi, bacterial or virus mixtures consisting of 

103251 (a) freezing the plalll , animal, fongi, bacteria, or 
vin1s material to a temperature between 0° C. and -60° 
C. by the use of a blast freezer or a compressc'<I 
cryogenic gas 

(0326) (b) passing a fluid over the plant, animal, fungi , 
bacteria, or virus material with the use of a recirculating 
pump, whereby the fluid consists of three components: 
(0327] (v) a fluorophilic compound 
(0328] (vi) a hydrofluorocarbon 
(0329] (vii) a third componelll which is an inert gas 

( 0330] ( c) volatilizing the tluorophilic compound which 
has been passed over the plant, animal, fungi, bacteria, 
or virus material using a heated colunm, whereby the 
extracted plant, ani1nal, fungi, bacteria, or virus mate
rial solubilized by the flu id remains at the bottom of the 
sa id colunm and the fluorophilic compound is extracted 
in a gaseous form at one end of said column 

10331] (d) chilling the volatilized fluorophilic com
pound with a heat exchanger and compressing the 
fluorophilic compound to the liquid state 

(0332] (e) warming the liquefied fluorophilic compound 
in a controlled manner 
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[0333) (I) recirculating the liquefied wann fluorophilic 
compom1d back through the plant, anima l, fungi, bac
teria, or vims material in a continuous manner 

[0334) (g) slowly increasing the temperature of the 
liquefied recirculated fluorophilic compound which 
flows back over the plant, animal, fungi, bacteria, or 
vims material, thereby increasing the lemperalllre of 
the said plant, animal, fungi, bacteria, or virus material 
from the temperature range of freezing lo a temperature 
range between 40° C. and 80° C. 

10335] (h) collecting separated fractions al the bottom 
of tbe volati lizing column as the temperature is thereby 
increased. 

Embodiment P 10 

[0336] A process according to embodiment P9, wherein 
said fluorocarbon is I , I , 1,2 tetrafluoroetbane and the inert 
gas is SF6 . 

Embodiment Pl I 

[0337) A process according to embodiment P9, wherein 
said fluorocarbon is 1,1,1,2 letrafluoroethane and the inert 
gas is C02. 

Embodiment Pl 2 

[0338] A process according to embodiment P9, wherein 
said fluorocarbon is 1,1,1,2 letrafluoroethane and the inert 
gas is N20 . 

Embodimem P 13 

[0339) A process according to embodiment P9, wherein 
said fluorocarbon is l , 1, 1,2 te trafluoroethane and the inert 
gas is CH4 • 

Embodiment P14 

[0340[ A process according to embodiment P9, wherein 
said fluorocarbon is 1, 1, 1,2 tetraftuoroetbane and the inert 
gas is C2H6 . 

Embodiment P 15 

[0341] A process according to embodiment P9, wherein 
said fluorocarbon is tetraftuoromethane and the inert gas is 
SF6 • 

Embodiment Pl6 

[0342) A process according to embodiment P9, wherein 
said fluorocarbon is tetrnfluoromethane and the inert gas is 
C02 • 

Embodiment P 17 

[0343[ A process according lo embodilllent P9, wherein 
said fluorocarbon is tetra fluoromethane and the inert gas is 
N20. 

Elllbodiment P 18 

[0344] A process according to embodiment P9, wherein 
said flu orocarbon is tetrafluoromethane and the inert gas is 
CH4 . 
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Embodiment Pl 9 

10345] A process according to embodiment P9, wherein 
said fluorocarbon is tetrafluoromethane and the inert gas is 
C2Ho-

Embodiment P20 

10346) A process according to embodiment P9, wherein 
said fluorocarbon is perftuorocyclobutane and the inert gas 
is SF6 . 

Embodiment P2 I 

10347] A process according to embodiment P9, wherein 
said fluorocarbon is perfluorocyclobutane and the inert gas 
is C02 • 

Embodiment P22 

10348] A process according to embodiment P9, wherein 
said fluorocarbon is perfluorocyclobutane and the inert gas 
is N 20. 

Embodiment P23 

10349) A process according lo embodiment P9, wherein 
said fluorocarbon is perfluorocyclobutane and the inert gas 
is CH4 . 

E111bodiment P24 

[0350] A process according to embodiment P9, wherein 
said fluorocarbon is perfluorocyclobutane and the inert gas 
is C2 l-l6 . 

Embodiment P25 

10351) A process for extraction of natural products of 
111edicinal, pharmacological, or other va lue from plant, ani 
mal, fungi, bacteria, or vim s rnixh1res consisting of 

[0352) (a) freezing the plant, animal, fhngi, bacteria, or 
vims material to a temperature between 0° C. and - 60° 
C. by the use of a blast freezer or a compressed 
cryogenic gas 

10353] (b) passing a fluid over the plant, animal, fungi, 
bacteria, or vims material with the use of a recirculating 
pump, whereby the flu id consists of three components: 
[0354] (i) a fluorophilic compound 
[0355] (ii) a bydrofluorocarbon 
[0356] (iii) an ionic liquid 

[0357) (c) volatilizing the fluorophilic compotmd which 
has been passed over the plant, animal, fungi, bacteria, 
or v ims material using a heated column, w hereby the 
extracted plant, animal, fwigi , bacteria, or virus mate
rial solubilized by the fluid remains at the bottom of the 
sa id column and tl1e fluorophilic compound is extracted 
in a gaseous fom1 at the lop of said column 

[0358) (d) chill ing the volatili zed fluorophi lic com
pound witl1 a heat exchanger and compressing the 
fluorophilic compound to the liquid state 

10359] (e) wamling the liquefied tluorophilic compound 
in a contro11ed manner 

10360] (I) recirculating the liquefied warm fluorophilic 
compound back through the plant, animal, fungi, bac
teria, or virus material in a continuous manner 

[0361] (g) s lowly increasing the temperature of the 
liquefied recirculated fluorophilic compound which 
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flows back over the plant, animal, fungi, bacteria, or 
v ims material, thereby increasing the temperan1re of 
the said plant, animal, ftmgi, bacteria, or vinlS material 
from the temperature range of freezing to a temperature 
range between 40° C. and 80° C. 

10362] (h) collecting separated fractions at the bottom 
of the volati lizing colmnn as the temperamre is thereby 
increased. 

What is cla imed is: 
l . A method of extracting a natural organic compound 

from a natural material, said method comprising contacting 
said natural material with an extraction fluid thereby extract
ing sa id natural organic compound from said namral mate
rial into said extraction fluid to form an extracted Jluid 
solution, wherein said extraction fluid comprises a fluoro
philic compound and a hydroftuorocarbon. 

2. The method of claim 1, wherein the natural material is 
a material derived from a plant, an animal, a fungi, a bacteria 
or a vin1s . 

3. The method of claim 2, wherein the plant is Piper 
methysticum, Cannabis spp., Salvia spp., Banisteriopsis 
caapi, P~ychotria vi rid is (chacruna), Diplopterys cahrerana, 
Peganum harmala, Humulus lupulus or mixture thereof. 

4. The method of claim 2, where in the plant is Cannabis 
Sativa. 

5. The method of one of claims l , wherein the natural 
organic compound is a biologically active organic com
pound, an aromatic compound, or forms part of an aron1atic 
oil or essenrial oil. 

6. TI1e method of one of claims 1, wherein the natural 
organic compound is caffe ine, a terpene, a humulone, a 
lupulone, a myrcene, a humulene, a caryophyllene, an 
alkaloid, a flavonoid, a cannabinoid, menthol, capsaicin, 
anise, camphor, xanthohmnol, 8-preuyluaringenini isoxan
thohumol, a prenylflavonoid, a kavalactone, a salvorin, a 
cannabinoid, tetrahyd.rocannabinol, cannabidiol, or cannabi
nol. 

7. The method of one of claims 1, wherein at least 5000 
g of said natural organic compound is present in said 
extracted Jluid solut.ion. 

8. The method of one of claims l , wherein said extraction 
Jluid does not comprise supercritical C02 . 

9. The method of one of claims .I , wherein said extraction 
fluid does not comprise argon, xenon, or nitrous oxide. 

38 
Jun. 7,201 8 

10. The method of one of claims 1, wherein said extrac
tion Jluid forther comprises trifluorethanol or hexafluoroiso
propanol. 

JI. ]11e method of one o f c laims J, wherein said extrac
tion Jluid is above about l 5° C. 

12. The method of one of claims 1, wherein the hydro
ftuorocarbon is a hydroftuoroether, a hydroiluoroketone, a 
hydrofluoroaromatic or a hydrofluoroolefin. 

13. The method of one of claims 1, wherein the hydro
fluorocarbon is chlorodifluoromethane, methyl nonaftuor
oisobutyl ether, methyl nonafluorobutyl ether, ethyl nonaflu
oroisobutyl ether, ethyl nonatluorobutyl ether, 3-ethoxy- l , 
1,1 ,2,3,4,4,5,5,6,6,6-dodecatluoro-2-triiluoromethy lbexane. 
trifluoromethane (HFC-23), difluoromethane (HFC-32), 
pentafluoroethane (l-IFC-125), l , 1,2,2-tetrailuoroethane 
(HFC-134), 1,1,1,2-tetrafluoroethane (HFC-134a), l ,l ,1-tri 
tluoroethane (HFC-143a), 1,1-diiluoroethane (HFC-152a), 
(I , 1, 1,3,3,3-hexaftuoro-2-(tluoromethoxy)propane, 1,2,2,2-
tetrafluoroethyl difluoromethyl ether, 2-cWoro-1 , 1,2,-trif
luoroethyl diiluoromethyl ether, l-chloro-2,2,2-triftuoro
etbyl difluoromethyl ether, 2,2-dichloro-l , 1-difluoromethyl 
ether, or fluoroethane (HFC-1 61). 

14. The method of one of claims 1, wherein the ftuoro
phi lic compound is dimethyl ether, methyl ethyl ether, 
methyl n-propyl ether, methyl isopropyl ether, methyl-n
butyl ether, diethyl ether, methyl tert-butyl ether, or ethyl 
ten-butyl ether. 

15. The method of one of claims 1, further comprising, 
prior to said contacting, freezing the natural material at a 
temperature from about 0° C. to about - 60° C. 

l 6. The method of one of claims J, wherein the mole 
fraction of the ftuoropltilic compound is at least four-fo ld 
greater than the mole fraction of the hydroiluorocarbon. 

17. The method of one of claims 1, further comprising 
separating said extraction fluid from said natural material by 
volatizing said extraction Jluid to form a volatilized extrac
tion fluid. 

18. TI1e method of claim 17, further comprising chilling 
and compressing the volatilized extraction Jlu id to fo rm a 
liquid extraction fluid. 

19. The method of claim 17, further comprising recircu
lating the liqu id extraction Jluid to the natural material. 

20. A fluid comprising chlorodiftuoromethane and dim
ethylether. 
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ABSTRACT 

The presem invention provides an appararus and methods 
for producing tetrahydrocannabinolic acid (THCA), can
nabichromenic acid (CBCA) and cannabichromenic acid 
(CBCA) in different ratios. 111e apparan1s comprises: (i) a 
bioreactor comprising (a) an automated supply system con
figured to deliver a first automated supply of cannabigerolic 
acid (CBGA), a cam1abinoid acid synthase, and a reaction 
mixture; and (b) a second automated system to cease the 
reaction; (ii) a controller configured to modify a property of 
the reaction mixture to produce the desired products; and 
(iii) an extractor configmed to recover the tetrahydrocan
nabinolic acid (THCA), carmabichromenic acid (CBCA) or 
cannabidiolic acid (CBDA) and caru1abichromenic acid. 
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FIGURE 10 
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FIGURE 12 
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FIGURE 15 
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APPARATUS AND METHODS FOR 
BIOSYNTHETIC PRODUCTION OF 

CANNABINOIDS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

(0001] This application is a Continuation of U.S. applica
tion Ser. No. 15/433,270 fi led Feb. 15, 2017, incorporated 
herein by reference in its entirety, which is a Continuation of 
U.S. application Ser. No. 15/232,405 fi led Aug. 9, 2016, now 
U.S. Pat. No. 9,587,2 12 issued Mar. 7, 2017, incorporated 
herein by reference in its entirety, which is a Continuation of 
U .S. application Ser. No. 15/J58,565, filed May 18, 2016, 
now U.S. Pat. No. 9,512,391 issued Dec. 6, 2016, incorpo
rated herein by reference in its entirety1 which is a Continu
a tion of U.S. application Ser. No. 14/835,444, filed Aug. 25, 
201 5, now U.S. Pal. No. 9,394,510 issued Jul. 19, 2016, 
incorporated here in by reference in its entirety, which cla ims 
priority from Provisional U .S. Application 62/041 ,521, filed 
Aug. 25, 2014, incorporated herein by reference in irs 
entirety. 

FIELD OF THE INVENTION 

(0002( ]11e present invention relates lo the biosynthesis of 
cannabinoids. Specifically, the present invention re lates to 
the production and manipula tion of enzymes involved in lhe 
synthesis of cannabinoids, and to the simultaneous synthesis 
of various cannabinoids in different ratios. 

BACKGROUND OF THE INVENTION 

(0003] Cannabinoids are lerpenophenolic compm mds 
found in Cannabis saliva, an arnma l plant belonging to the 
Cannabaceae family. The plant contains more than 400 
chemicals and approximately 70 cannabinoids. TI1e latter 
accumulate mainly in the glandular tr ichomes. The most 
active of the narnrally occurring cannabinoids is tetrahydro
carnrnbinol (THC), which is used for treating a wide range 
of medical conditions, including glaucoma, AIDS wasting, 
ncuropathic pain, treatment of spasticity associated with 
multiple sclerosis, fibromyalgia and chemotherapy-induced 
nausea. THC is a lso effective in tl1e treatment o f allergies, 
inflanunation, infection, epilepsy, depression, migraine, 
bipolar di sorders, anxiety disorder, drug dependency and 
drug withdrawal syndromes. 

(0004] Additional active cannabinoids include canna
bidiol (CED), an isomer of THC, which is a potent antioxi
danl and anti-inflammatory compound known lo provide 
protection against acute and chronic neu ro-degeneration; 
caru1abigerol (CBG), fouud in high concentrations in hemp, 
which acts as a high affinity a 2-adrenergic receptor agonist, 
moderate affinity 5-HT u receptor antagonist and low affin
i ty CBJ receptor antagonist, and possibly has anti-depres
sant activity; and cannabichromene (CBC), which possesses 
auti- inflanm1atory, anti-fungal and anti-viral properties. 
Many pbytocannabinoids have tl1erapeutic potential in a 
variety of diseases and may play a relevant ro le in plant 
defense as well as in pharmacology. Accordingly, biotech
nological production of carn1abinoids and cannabinoid-like 
compounds with therapeutic properties is of uttermost 
importance. TI1us, cannabinoids are considered to be prom
is ing agents for their beneficial effects in the treatment of 
various diseases. 
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[0005) Despite their known beneficial effects, therapeutic 
use of cannabino ids is hampered by the high costs associated 
with the growing and maintenance of the plants in large 
scale and the difficulty in obtaining high yields of cannabi
noids. Extraction, isolation and purification of cannabinoids 
from plant tissue is particularly challenging as cannabinoids 
oxidize easily and are sensitive to light and hea t. In addition, 
a lthough it has been hypothesized that CBCA is predomi 
nantly symhcsized from CBGA by the enzyme CBCA 
synthase, the enzyme has not been isola ted or cloned. There 
is therefore a need for developing methodologies that a llow 
large-scale production of caimabinoids for therapemic use. 
The present invention addresses this need. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of tl1e invention to provide 
solutions to the aforementioned deficiencies in the art. To 
this end the invention provides a meth od of producing one 
or more caimabinoids or cannabinoid analogs comprising 
the steps of: (a) selec ting a compmmd according lo Formula 
I: 

Formula I 

R, 

R, 

(b) selecting a cmlllabinoid acid synthase as a cata lyst for 
trai1sfom1ing the compound according to Formula I into one 
or more caimabinoids or cannabinoid analogs; (c) reacting 
the compound of Fonnula I witl1 the cannab inoid acid 
synthase in a reaction mixn1re compris ing a solvent and an 
amphiphilic compound; (d) isolating from the reaction mix
n1re one or more cannabinoid acids or cannabinoid analogs 
produced in step (c); and (e) optionally decarboxylaring the 
cannabinoid acids or cannabinoid analogs isolated in step 
(c); w herein R is selected from -OH, halogen, - SH, or a 
- NRaRb group; R1 and R2 are each independently selected 
from the group consisting of - H, -C(O)R"' -ORa, an 
optionally substituted C 1-CJO linear or branched alkylcne, an 
optionally substituted C2 -C10 linear or branched alkenylene, 
an optionally substituted C 2 -C 10 linear or branched alky
nylene, an optionally substit11ted C,-C10 aryl, an optionally 
substituted C3 -C10 cycloalkyl, (C3 -C10)aryl-(C1-C10)alky
lene, (C3 -C w)aryl-(C2 -C 10)alkenylene, and (C3 -C 10)aryl
(C1-C 10)alkynylene, or R1 and R2 together w ith the carbon 
atoms to which they are bonded fom1 a C5 -C10 cyclic ring; 
R3 is selected from the group consisting ofH , -C(O)Ra and 
C 1 -C10 linem or branched alkyl; and Ra and R• are each 
independently - H, -OH, -SH, - NH,, (C 1-C10) linear or 
branched a lkyl, or a C 3-C 10 cycloalkyl. 
[0007) Preferably, the cannabinoid acid synthase is can
nabidiolic acid (CBDA) synthase or letrahydrocannabinolic 
acid (THCA) synthase. In a preferred aspect of the inven
tion, the C5 -C 10 cyclic ring comprises one or more heteroa
loms selected from oxygen, sulfur or nitrogen. In another 
preferred aspect of the invention, R2 is a linear a lkylene 
selected from the group consisting of CH,, C 2H,, C3 H7 , 
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C4 H9 , C5Hw C0Hrn C7H 15 and C8H17. Preferably, R2 is a 
C2 -C10 alkenylene selected from the group consisting of 

and R4 is a linear alkylene selec1ed fro111 1he group consisling 
of CH3 , C, H,, C3 H7 , C)'l9 , C5 H 11 , C0 H13, C7 1-115 and 
C8H 17 . In another preferred aspecl, R2 is a C2 -C 10 linear or 
branched alkynylene selec1ed from Ihe group consisting of 

(0008] In an additional preferred embodiment, R2 is 

wherein X is -OH, -SH, or - NR"R., and wherein Ra and 
Rb are each independently - H, -OH, - SH, - NH,, 
(C,-C10) linear or branched alkyl, or a C3-C10 cycloalkyl. 
Most preferably, R is - OH, R1 is - COOH, R2 is C5 H 11 and 
R3 is - H. 
(0009] In one embodiment, 1he ca1U1abinoid acid synthase 
is a recombinant cannabinoid acid synthase obta ined by 
generating one or more copies of a ca1U1abinoid acid syn
lhase gene and overexpressing a prolein encoded by lhe 
cam1abinoid acid synthase gene. In a preferred aspecl of the 
invemion, one or more copies of a cannabinoid acid symhase 
gene are generated in vivo and Ihe rnelhod comprises step (i) 
of imegrating one or more copies of 1he ca.m1abinoid acid 
synthase gene into the genome of an eukaryotic bosl to scale 
up protein expression. Preferably, the eulrnryotic host is 
Pichia pastoris and the cmmabinoid acid synthase gene is 
codon optimized with m1 alpha secretion sequence 10 Iarget 
protein secretion and tagged with six tandem histidine 
residues (SEQ TD NO: 9). S1ep (i) may comprise linearizing 
the cannabinoid acid synthase gene by digest ion with one or 
more restriction enzymes; extracting the cannabinoid acid 
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synthase gene by gel exlraction; ligating the cmrnabinoid 
acid synthase gene into a Pichia pasloris plasmid; and 
electroporating the plasmid into bacterial cells to generate 
one or 111ore cannabinoid acid synthase gene copy colonies. 
10010] In a preferred aspecl of the invention, the solvelll is 
DMSO, and the concentration of DMSO in the reaction 
mix1ure is 20% (w/v). In an additional prelerred aspect, the 
amphiphilic compound is a surfactam or a cyclodex1rin. In 
a preferred embodiment, the cyciodextrin is a -cyclodextrin, 
B-cyclodextrin or y-cyclodextrin. Even more preferably, the 
cyc lodextrin is sulfobuthylether B-cyclodextrin sodiwn salt 
or randomly methylated B-cyclodextrin, and the concentra
Iion o f cyclodextrin in tbe reaction mixture is between 2 and 
28 mg/ml. In a most preferred embodiment, the concentra
tion of cyclodextrin in the reaction mixmre is 8 mg/ml. 
[0011] In one embodiment, the cannabinoids o r cannabi
noid analogs are single cnantiomers with an cnantion1eric 
purity of at leas! 95%, and preferably of at least 99%. 
10012] ln a preferred embodiment, the cannabino id acid 
synthase is THCA synthase and the one or more cam1abi
noids or catmabinoid ana logs are tetrahydroca1U1abinol 
(Tl-lCA), cannabichromene (CBCA), THCA and CBCA, or 
analogs thereof. In a preferred aspect, tbe amphiphilic 
compound is cyclodextrin and the mass:1nass ratio of cyclo
dextrin to the compound of Fommla I is 28: 1 or the molar 
ratio of cyclodex1rin to the compound of Formula I is 7.3:1. 
Preferably, step (c) of the reaction is performed al a pH in a 
range between 3.8 and 7.2, m1d the method produces Tl-ICA, 
CBCA, or THCA and CBCA in a ralio as shown in the 
fo llowing !able al each specified pH: 

pH THCA CBCA 

2.33 I 
I 5.67 
0 
0 

10013] Preferably, 98% of the compound of Fonnula I is 
converted into one or more cannabinoids or cannabino id 
ana logs with.in two hours. 
(0014] In a different embodiment, 1h.e caru1abinoid acid 
synthase is CBDA synlhase and the method produces can
nabidiol (C BDA), cannabichromene acid (CBCA), CBDA 
and CBCA, or analogs thereof'. Preferably, lhe amphiphilic 
compound is cyclodextrin and the mass: mass ratio of cyclo 
dextrin to the compound of Formula J is 11 :1 or the molar 
ratio of cyclodexlrin 10 the compound of Formula I is 4: I. 
Preferably, step (c) is performed at a p!-1 in a range bel\veen 
3.8 and 7.2. In a preferred ernbodimem, the mel11od pro
duces CBDA, CBCA, or CBDA and CBCA in a ratio as 
shown in Ihe fo llowing !able al each specified pH: 

pH CBDA CBCA 

4.2 2.5 1 
5 1.13 1 
5.2 1.17 
5.4 2.45 
5.8 6.14 
6.2 28.1 3 
6.8 0 
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[0015] Most preferably, 98% of the compound ofFomrnla 
l is converted into one or more camiabinoids or cannabinoid 
analogs within two hours. 
(0016] In a different embodiment, the iuvention provides 
a method of producing one or more cannabinoids or can
nabinoid analogs according to Formula II 

wherein the method comprises the steps of: (a) reacting a 
compound according to Formula III with a compound 
according to Formula JV; 

[J] 

IV 
0 
II R,, _,,o, ,.....o-P-OH 

.....,... p I 
// \ OH 

0 OH 

in the presence of an enzyme that catalyzes the reaction of 
the Formula Ill and Fonnula JV compounds to form a 
Fonnula II compound; (b) reacting the Formula II com
pound with a cannabinoid acid synthase in a reaction mix
ture comprising a solvent and an amphiphilic compound to 
produce one or more cannabino ids or carn1abinoid analogs; 
(c) isolating from the reaction mixture one or more cannabi
noids or cannabiuoid analogs produced in step (b); and (e) 
optionally decarboxylating the one or more cannabinoids or 
cam1abinoid analogs isolated in step (c); wherein R is 
selected from -OH, halogen, - SH, or a -NR

0
Rb group; 

R, and R2 are each independently selected from the group 
consisting of - H, - C(O)Ra, - OR

0
, an optionaJly substi

tuted linear or branched (C, -C'°)alkylene, an optionally 
substituted linear or branched (C2-C 10)alkenylene, an 
optionaJly substituted linear or branchc'<l (C2-C10)alky
nylene, an optionally substituted C3-C 10 aryl, an optionally 
substituted C 3-C'° cycloalkyl, (C3 -Crn)aryl-(C1-C10)alky
lene, (C3-C10)aryl-(C2-C10)alkenylene, and (C3 -C'°)aryl
(C, -C'°)alkynylene, or R , and R2 together w ith the carbon 
atoms to which they arc bonded fonn a C,-C 10 cyclic ring; 
R3 is selected from the group consisting ofl-I, - C(O)R0 and 
C, -C10 linear or branched alkyl; R5 is selected from the 
group consisting of a linear or branched (C1-C10)alkylene, a 
linear or branched (C2 -Cw)alkenylene, a l inear or branched 
(C2-C10)alkynylene, -C(O)- (C,-C10)alkylene, -C(O)
(C2-C'°)alkenylene and -C(O}--(C2-C10)alkynylene; 
wherein any alkylene, alkenylene, alkynylene, aryl, arylal
kylene, or cycloalkyl group is further substituted with one or 
more groups selected from the group consisting of -OH, 
halogen, - NRbRc, - C(O)R0 , --C(O)NRbRc, (C1-C10) 
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alkyl, --CN, (C1-C4 )alkoxy, (C1-C4 )haloalkyl, and (C1-C4 ) 

hydroxyalk)'I; and R 0 , Rb and Re are each independently 
- 1-I, - 01-I, - SH, - NI-I,, (C 1-C io) linear or branched 
alkyl, or a C3 -C10 cycloalkyl. 

10017] In one embodiment, R5 is a (C2 -C '°)alkenylene 
selected from the group consisting of 

and~ is a linear alkylene selected from the group consisting 
of CH,, C2 H5, C3 H7 , C4 H9 , C5 H 11 , C6 H 13 , C7 H 15 and 
C8 H17 . In a preferred aspect of the invention, R5 is 

and R6 is selected from (C1-C 10)alkylene, (C,-C10)alk
enylene, -OH, --SH, NO,, F, Cl, Br, - NI-12 , or - NI-IR

0
• 

10018] Jn anotl1er preferred embodimelll, the cam1abinoid 
acid synthase is a recombinant cannabinoid acid synthase 
obtained by generating one or inore copies of a cannabinoid 
acid synthase gene and by overexpressing a protein encoded 
by the cannabinoid acid synthase gene. Preferably, one or 
more copies of a cannabinoid acid synthase gene are gen
era ted in vivo and the method comprises step (i) of inte
grating one or more copies of the cannabinoid acid synthase 
gene into the genome of a eukaryotic host lo scale up protein 
expression. Preferably, the eukaryotic host is Pichia pastoris 
and the cannabinoid acid synthase gene is codon optimized 
with an alpha secretion sequence to target protein secretion 
and tagged with six tandem histidine res idues (SEQ ID NO: 
9). Step (i) may comprise linearizing the cannabinoid acid 
synthase gene by digestion with one or more restriction 
enzymes; extracting the cannabinoid acid synthase gene by 
gel extrnction; ligating the ca1mabinoid acid synthase gene 
into a Pichia pastoris plasmid; and electroporating the 
plasmid into bacterial cells to generate one or 1nore can
nabinoid acid synthase gene copy colonies. 

10019] In a preferred aspect of the invention, the solvent is 
DMSO, and the concentration of DMSO in the reaction 
mixture is 20% (w/v). In an additional preferred aspect, the 
amphiphil ic compound is a surfactant or a cyclodextrin. In 
a preferred embodiment, the cyclodextrin is a -cyclodextrin, 
~-cyclodextrin or y-cyclodextrin. Even more preferably, the 
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cyclodextrin is sulfobutbyletber B-cyclodextrin sodium salt 
or randomly methylated B-cyclodextrin, and the concentra
tion of cyclodextrin in the reaction mixn1re is between 2 and 
28 mg/ml. In a most preferred embodiment, the concentra
tion of cyclodextrin in the reaction mixture is 8 mg/ml. 
(0020) In one embodiment, the cannabinoids or cannabi
noid analogs are s ing le enantiomers with an enantiomeric 
purity of at least 95%, and preferably of at least 99%. 
(0021] ln a preferred embodiment, tbe cannabinoid acid 
synthase is THCA synthase and the one or more cannabi
noids or cannabinoid analogs are tetrahydrocannabinol 
(THCA), cannabichromene (CBCA), THCA and CBCA, or 
analogs thereof. In a preferred aspect, the anlphiphilic 
cmnpound is cyclodextrin and the mass:mass ratio of cyclo
dextrin to the compound of Formula I is 28:1 or the molar 
ratio of cyclodextrin to the compound of Formula l is 7.3: I. 
Preferably, step ( c) of the reaction is performed at a pH in a 
range between 3. 8 and 7 .2, and the method produces THCA, 
CBCA, or THCA and CBCA in different ratios as described 
above. Preferably, 98% of the compound of Formula I is 
converted into one or more cannabinoids or cannabinoid 
analogs within two hours. 
[0022] ln a different embodiment, tbe cannabinoid acid 
synthase is CBDA synUrnse and the method produces can
nabidiol (CBDA), catuiabichromene acid (CBCA), CBDA 
and CBCA, or analogs thewof. Preferably, the amphiphilic 
compound is cyclodextrin and the mass:mass ratio of cyclo
dextrin to the compound of Fornmla I is l l : J or the molar 
ratio of cyclodextrin to the compound of Fonnula I is 4:1. 
Pre ferably, step (c) is performed at a pH in a range between 
3.8 and 7.2, and the method produces CBDA, CBCA, or 
CBDA and CBCA in different ratios as described above. 
Most preferably, 70% of the compound of Formula I is 
converted into one or more cannabinoids or cannabinoid 
analogs within two hours. 
[0023] ln yet another embodiment, the invention provides 
a method for producing a tetrahydrocanuabinol, cannabi
chromene, or both tetrahydrocatu1abinol and cannabi
chromene, or their analogs, wherein the method comprises 
the steps of (a) selecting a compound according to Fomrnla 
J; 

Formula I 

(b) reacting the compound of Formula l with a teLrahydro
cannabinolic acid (THCA) synthase in a reaction mixture 
comprising a solvent and an amphiphi lic compound; (c) 
modifying at least one property of the react ion mixture to 
obtain a tetrahydrocannabinol, a cannabichromene, or both 
tetrahydrocannabinol and cannabichromene, or their analogs 
as products; (d) isolating tetrahydrocannabinol, cannabi
chromene, or both tetrahydrocam1abinol and cannabi
cbromene, or their analogs from the reaction mixture; and 
(e) decarboxylating the tetrahydrocannabinolic acid, can
nabichromenk acid, or both tetrahydrocannabinolic acid and 
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cannabichromenic acid, or their analogs; wherein R is 
selected from -OH, halogen, - SH, or a - NRaRb group; 
R, and R2 are e..1ch independently selected from the group 
consisting of - H, --C(O)R", - OR", an optionally substi 
mted C1-C10 linear or branched alk-ylene, an optionally 
substituted C2-C 10 linear or branched alkenylene, an option
ally substimted C2-C10 linear or branched alkynylene, an 
optionally substituted C3 -C10 aryl, an optionally subst imted 
C3 -C10 cycloalkyl, (C3 -C10)aryl-(C1-C10)alkylene, (C3 -C10) 

aryl-(C2-C10)alkenylene, and (C3 -C 10)aryl-(C1-Cw)alky
nylene, or R1 and R2 together with the carbon atoms to 
which they are bonded fom1 a C,-C1 0 cyclic ring; R3 is 
selected from the group consisting of H, - C(O)R" and 
C1-C10 linear or branched alkyl; and R" and R" are each 
independently -H, -OH, -SH, - NI-12 , (C1-Cw) linearor 
branchc'<l a lky l, or a C3-C10 cycloalky l. 

(0024] In a preferred embodiment, the THCA synthase is 
a recombinant THCA synthase obtained by generating one 
or more copies of a THCA synthase gene and by overex
pressing a protein encoded by the THCA syntlrnse gene. 
Preferably, one or more copies of the THCA synthase gene 
are generated in vivo and the method comprises step (i) of 
integrating one or more copies of the cannabinoid acid 
synthase gene into the genome of a eukaryotic host to scale 
up protein expression. Preferably, the eukaryotic host is 
Pichia pastoris and the THCA synthase gene is codon 
optimjzecl with an alpha secretion sequence to target protein 
secretion and tagged with six tandem histidine residues 
(SEQ ID NO: 9). Step (i) may comprise linearizing the 
cannabinoid acid synthase gene by digestion with one or 
more restriction enzymes; extract ing the cannabinoid acid 
synthase gene by gel extraction; ligating the cannabinoid 
acid synthase gene into a Pichia pastoris plasmid; and 
electroporating the plasmid into bacterial cells to generate 
one or more cannab inoid acid synthase gene copy colonies. 

[0025] In a preferred aspect of the invention, the solvent is 
DMSO, and the concentration of DMSO in the reaction 
mixture is 20% (w/v). In an additional preferred aspect, the 
amphiphilic compound is a surfactant or a cyclodextrin. In 
a preferred embodiment, the cyclodextrin is a -cyclodextrin, 
P-cyclodextrin or y-cyclodextrin. Even more preferably, the 
cyclodextrin is sulfobuthyletber p-cyclodextrin sodium salt 
or randomly methylated ~-cyclodextrin, and the concentra
tion of cyclodextrin in the reaction mixture is between 2 and 
28 mg/ ml. Jn a most preferred embodiment, U1e concentra
tion of cyclodextrin in the reaction mixture is 8 mg/ml. 

[0026] In a preferred aspect of the invention, the amphi 
phi lic compound is cyclodexrrin and the mass: mass ratio of 
cyclodextrin to the compound of Formula I is 28: 1 or the 
molar ratio of cyclodextrin to the compound of Formula l is 
7.3:1. Preferably, step (c) of modifying at least one property 
of tl1e reaction mixtme comprises modifying the pH of the 
reaction mixture in a range between 3 .8 and 7 .2, and the 
method produces THCA, CBCA, or THCA and CBCA in 
different ratios as described above. Preferably, 98% of the 
compound of Formula T is converted into one or more 
cannabinoids or cannabinoid analogs within two hours. 

(0027] In a different embodiment, t11e invention provides 
a method for producing a cannabidio l, caimabichromene, or 
both cannabidiol and crumabichromene, or their analogs 
comprising the steps of: (a) selecting a compound according 
to Fonnula T; 
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Formula I 

Ri 

(b) reacting the compound of Formula I with a cannabino
dio lic acid (CBDA) synthase in a reaction mixture compris
ing a solvent and an amphiphilic compound; (c) modifying 
at least one property of the reac tion 1nixture to obtain a 
cannabidiol, a cannabichromene, o r both cannabidiol and 
camiahichromene, or their analogs as products; (d) isolating 
cannabidiol, canna bichromene, or both cannabidio l and can
nabichromene, or their analogs [rom tbe reaction mixnire; 
and (e) decarboxylating the cannabidio l, cannabichromene, 
or both cannabidiol and cannabichromene, or their analogs; 
wherein R is selected from -OH, halogen, -SH, or a 
- NRaRb group; R1 and R2 are each independently selected 
from the group consisting of - H, -C(O)Ra, - ORa, an 
optionally substituted C1 -C10 linear or branched alkylene, an 
optionally substinned c,-c!O linear or branched alkenylene, 
an optionally substituted C2-C 10 linear or branched alky
nylene, an optionaJJy substituted C3-C10 aryl, an optionally 
subs6tuted C 3-C10 cycloall,J'l, (C3 -C10)aryl-(C1-C10)alky
lene, (C3-C10)aryl-(C 2-C10)alkenylene, and (C3 -C10)aryl
(C,-C10)alkynylene, or R, and R2 together with the carbon 
atoms to which they are bonded form a C5-C 10 cyclic ring; 
R3 is selected from the group consisting ofl-1, - C(O)Ra and 
C 1 -C10 linear or branched alkyl; and Ra and Rb are each 
independently - H, - 01-1 , -SH, - NH,, (C1-C10) linear or 
branched alkyl, or a C3-C10 cycloalkyl. 

(0028] Preferably, the CBDA synthase is a recombinant 
CBDA synthase obtained by generating one or more copies 
of a CBDA synthase gene and by overexpressing a protein 
encoded by the CBDA synthase gene. In a preferred aspect 
of the invention, one or more copies of a CBDA synthase 
gene are generated in vivo and the method comprises step (i) 
of integrating one or more copies of the CBDA synthase 
gene into the genome of a eukaryotic host to scale up protein 
expression. Preferably, the eukaryotic host is Pichia pasloris 
and the CBDA synthase gene is codon optimized with an 
alpha secretion sequence to target protein secretion and 
tagged with six tandem histidine residues (SEQ ID NO: 9). 
Step (i) may comprise linearizing the CBDA synthase gene 
by digestion with one or more restriction enzymes; extract
ing the CBDA synthase gene by gel extraction; ligating the 
CBDA synthase gene into a Pichia pastoris plasmid; and 
e lectroporating the plasmid into bacterial cells to generate 
one or more cannabinoid ac id synthase gene copy colonies. 

[0029] Jn a preferred aspect of the invention, the so lvent is 
DMSO, and the concentration of DMSO in the reaction 
mixmre is 20% (w/v). Jn an additional preferred aspect , the 
amph.iphilic compound is a surfactant or a cyclodextrin. In 
a preferred embodiment, the cyclodextrin is a-cyclodextrin, 
~-cyclodextrin or y-<:yc lodextrin. Even more preferably, the 
cyclodextrin is sulfobutbylether B-cyclodextrin sodium salt 
or randomly methylated ~-<:yclodextrin, and the concentra
tion ofcyclodextrin in the reaction mixn1re is between 2 and 
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28 mg/ml. In a most preferred embodiment, the concentra-
6on of cyclodextrin in the reaction mixmre is 8 mg/ml. 

10030] Jn a preferred aspect of the invention, the amphi 
philic compound is cyclodextrin and the mass: mass ratio of 
cyclodextrin to the componnd of Formula I is 28:l(w/w) or 
the molar ra6o of cyclodextrin to the compound of Formula 
I is 7.3:1. Preferably, step (c) of modifying at least one 
property of the reaction mixture comprises modifying the 
pH of the reaction mixmre in a range between 3.8 and 7.2, 
and the method produces CBDA, CBCA, or CBDA and 
CBCA in different ratios as described above. In a preferred 
embodiment, 98% of the compound of Formula I is con
verted into one or more cannabinoids or cannabinoid ana
logs within two hours. 

10031] In a different embodiment, the invention provides 
a system for producing one or more carmabinoids or can
nabinoid analogs, comprising: a fermcntor holding a 
medium and a plurality of cells, wherein the cells are 
configured to produce and secrete a cannabinoid synthase; a 
bioreactor containing a reactant in a reaction tnixture com~ 
prising a solvent and an amphiphilic compound, the reactant 
configured to interact with cam1abinoid acid synthase to 
form a first cannabinoid and a second cannabinoid; and a 
control mechanism configured to control a condition of the 
bioreactor, wherein the condition of the bioreactor influ
ences a quantity formed of the first cmrnabinoid relative to 
a quantity formed of a second cannabi.noid, and wherein the 
first and second cannabinoids are each one a cannabinoid or 
a cannabinoid analog. 

10032] In a preferred embodiment, the bioreactor is a 
colunm bioreactor containing nickel, and the cannabinoid 
acid synthase includes a tag configured to bond to nickel. In 
some embodiments, the bioreactor is a colunrn bioreactor 
containing both nickel and another metal. 

10033] In one embodiment, the reactant in the system is a 
compound according to Formula l; 

Formula T 

R, 

Wherein R is selected from - OH, halogen, - SH, or a 
- NRaRb group; R1 and R2 are each independently selected 
from the group consisting of - H, - C(O)R"' - OR", an 
optionally substituted C1-C10 linear or branched alkylene, an 
optionally substitrned C2-C10 linear or branched alkenylene, 
an optionally substituted C2-C,0 linear or branched alky
nylene, an optionally substituted C3-C10 aryl, an optiona lly 
substinited C3 -C10 cycloalkyl, (C3 -C10)aryl-(C1-C10)alky
lene, (C3 -C10)aryl-(C2 -C 10)alkenylene, and (C3 -C10)aryl
(C1-C10)alkynylene, or R1 and R2 together with the carbon 
atoms to which they are bonded fom1 a C5 -C10 cyclic ring; 
R3 is selected from the group consisting ofI-1, -C(O)Ra and 
C1-C10 linear or branched alkyl; and Ra and Rb are each 
independe ntly - f-1, -OH, -SH, - Nf-12 , (C 1-C10) linearor 
branched a ll]'l, or a C3 -C10 cycloall..J'I. 
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[0034] In one preferred embodiment, tbe cmmabinoid acid 
syntbase is cannabidiolic acid (C BDA) synthase and the first 
and the second cannabinoids are one or both of cannabid
io1ic acid and cannabichromenic acid or their analogs. 
[0035] In anotber preferred embodiment, the cannabinoid 
acid synthase is tetrahydrocannabinolic acid (THCA) syn
thase and the first and the second cannabinoids are one or 
both of tetrahydrocannabinolic acid and cmmabichromenic 
acid, or their analogs. 
[0036] Preferably, the cannabinoid acid synthase interacts 
with the reactmll in the bioreactor to fom1 both the first 
cannabinoid and the second cannabinoid, and the condition 
of the bioreactor is a function of at least one o f pH, solvent, 
temperan1re, pressure, and flow rate. 
[0037] Jn a preferred embodiment , a change in the condi
tion of tbe bioreactor is configured to cause a shift from: I ) 
formation of the first cannabinoid in greater quantities 
relative to the second callllabinoid to 2) formation of the 
second caimabinoid in greater quantities relat ive to the first 
cannabinoid. 
[0038] Preferably the solvent in the system is DMSO, and 
the concentration of DMSO in !be reaction mixture is 20% 
(w/v). 
[0039[ In yet another preferred embodiment, the amphi
philic compound in the system is a surfactant or a cyclo
dextrin. Preferably, the cyclodextrin is o.-cyclodextrin, ~-cy
clodext:rin or y-cyclodextrin. Even more preferably, the 
cyclodextrin is sulfobuthylether ~-cyclodextrin soclium salt 
or randomly methylated ~-cyclodextrin, and the concentra
tion of cyclodextrin in the reaction mixn1re is between 2 and 
28 mg/ml. Most preferably, the concentration of cyclodex
trin in the reaction mixture is 8 mg/ml. 
(0040] In one aspect of the invention, the 31Uphiphilic 
compound is cyclodextrin and the mass:mass ratio of cyclo
dextrin to the compound of Formula I is 28: 1 (w/w), or the 
molar ratio of cyclodextrin to the compound of Formula I is 
7.3:1. Jn a preferred embodiment, 98% of the compound of 
Fommla J in the system is converted into one or mo re 
c31111abinoids or camiabinoid analogs within two ho urs. 
[0041 J Jn a preferred aspect of the invention, tbe cannabi
noid acid synthase in the system is CBDA synthase and the 
change in the condition of the bioreactor comprises modi
fying the pH of the reaction mixture in a range between 3.8 
and 7.2. Preferably, tbe method produces CBDA, C BCA, or 
CBDA and C BCA in different ratios as described above. 
[0042] Jn another preferred embodiment, the cannabinoid 
acid synthase is THCA synthase mid the change in the 
condition of the bioreactor comprises modifying the pJ-1 of 
the reaction mixture in a range betw een 3 .8 and 7 .2. Pref
erably, the method produces THCA, CBCA, or THCA and 
CBCA in different ratios as described above. 
[00431 In yet anotber embodiment, the invention provides 
a metbod for producing at least one cannabinoid or cam1abi
noid analog, that includes the steps of: providing camiab
igerol, a cannabinoid acid synthase, and a reaction mixture 
comprising a solvent and a11 amphiphilic compound via an 
a utomated delivery system; reacting the cannabigerol with 
the cannabino id acid syntbase in the reaction mixture; 
adding a solvent via the automated de livery system to cease 
the reactio n; removing the so lvent; and recovering the at 
least one cannabinoid or cmmabinoid analog produced by 
the reaction. Preferably, the reaction mixture comprises 
DMSO and t he canmbinoid acid synthase is CBDA synthase 
or THCA synthase. Even more preferably, the step of 
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reacting the caimabigerol w ith the cmmabino id acid synthase 
comprises controlling the pJ-1 of the reaction mixture v ia a 
controller. Thus, in a preferred aspect of the invention, the 
method forther comprises controlling the pH of the reaction 
mixture to produce a predetennined quantity of at least a first 
cannabino id or first cannabinoid analog and controlling the 
pH of the reaction mixture to produce the predetermined 
quantity of the first caruiabinoid or first caruiabinoid analog 
and a predetermined quantity of a second carnJabinoid or 
second cannabinoid analog. Jn a preferred embodiment, the 
first cannabinoid or first cannabino id analog is THCA or 
CBDA and the second cannabinoid or second cannabinoid 
analog is CBCA. Jn another preferred embodiment, the first 
cannabinoid or first ca1mabinoid analog is THCA or CBDA 
and the second cam1abino id or second caunabino id analog is 
CBCA. 

[0044] In another embodiment, the invention provides a 
method for producing at least one callllabinoid or cannabi
noid analog, that comprises: reacting cannabigerol with 
cannabinoid acid synthase in a reaction tnixture comprising 
a solvent a11d an amphiphilic compound; adding a so lvent to 
cease the reaction; removing the solvent; and recovering the 
C31Ulabino id or caruiabinoid aimlog produced by the reac
tion. Jn a preferred aspect of the invention, the step of 
reacting the cannabigerol w ith the camiabino id acid syntliase 
comprises controlling the pH of the reaction mixture. Pref
erably, the pH of the reaction mixture is controlled by 
adjusting the pH of the reaction mixture to achieve a 
predetermined ratio of a first c31Ulabinoid or firs t cannabi
noid a11alog to a second cannabinoid or second ca1mabinoid 
ana log. Even more preferably, the reaction mixtu re com
prises DMSO and the cannabinoid acid synthase is CBDA 
synthase or Tl-JCA synthase. In one embodiment, the first 
caimabinoid or first caru1abinoid analog is THCA or CBDA 
and the second cannabinoid or second cannabinoid analog is 
CBCA. 

10045] In atl additional embodiment, the invention pro
vides an apparatus that comprises an automated supply 
system configmed to deliver a fi rst automated supply of 
cannabigerol, a caimabinoid acid synthase, and a reaction 
mixture comprising a solvent and an amphiphilic com
pound; a bioreactor configured to receive the first supply and 
permit reaction of the cmuiabigerol and C31Ulabinoid acid 
synthase in the react.io n mixture, and a second automated 
supply of a solvent so as to cease the reaction; and an 
extractor configured to remove the solvent and recover at 
least a first cannabinoid or cannabinoid analog. The appa
rallts may further comprise a controller configured to adjust 
at least one property of the reaction mixture so as to produce 
the first cannabino id or first cannabinoid analog and a 
second cmmabinoid or second cannabinoid in a predeter
mined ratio. The controller may be also configured to 
determine a firs t quantity of the first cannabino id or firs t 
callllabino id analog and a second quantity of a second 
cannabino id or second cam1abinoid an"'llog, and adjust at 
least one property of the reaction mixn1re so as to produce 
the first quantity of the first cannabino id or first ca1mabinoid 
ana log and the second quantity of a second cannabinoid or 
second caimabinoid. Preferably, the reaction mixture com
prises DMSO and the cmrnabinoid acid synthase is CBDA 
synthase or THCA synthase. Jn a preferred aspect of the 
invention, the first caimabinoid or first cannabinoid analog is 
Tl-lCA or CBDA and the second cannabino id or second 
caimabino id analog is CBCA. 
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[0046] Jn yet another embodiment, the invention provides 
an apparatus for producing tetrahydrocannabinolic acid 
(THCA) and cannabichromenic acid (CBCA) or cannabid
iolic acid (CBDA) and ca1mabichromenic acid (CBCA) in 
different ratios comprising: a bioreactor con1prising an auto
mated supply system configured to deliver (a) a first auto
mated supply of camiabigerol, a cannabinoid acid synthase, 
and a reaction mixtme comprising a solvent and an amphi
philic compound, wherein the solvent is one or more of 
dimethyl sulfoxide (DMSO), dimethyl forman1ide (DMF) 
and iso-propoyl alcohol and the concentration of the solvent 
in the reaction mixn1re is between 5% and 30% (w/v), and 
wherein the amphiphilic compound is a surfactant or a 
cyclodextrin and the concentration of the amphiphilic com
pound in the reaction mixl11re is between 2 and 28 mg/ml; 
and (b) a second automated supply of solvem to cease the 
reaction; an extractor configured to remove the solvent and 
recover tetrahydrocannabinolic acid (THCA) and cannabi
chromenic acid (CBCA) or cannabidiolic acid (CBDA) and 
cannabichromenic acid (CBCA) from the reaction mixture; 
and a controller configured to modify the pH of the react ion 
mixture to produce tetrahydrocannabinolic acid ( IHCA) 
and cannabichromenic acid (CBCA) or cannabidiolic acid 
(CBDA) and cannabichromenic acid (CBCA) il1 different 
ratios, and adjust the concentration of the amphiphilic com
pound in the reaction mixture to atrect the conversion rate of 
cam1abigerolic acid (CBGA) into tetrahydrocannabinolic 
acid (THCA) and caiU1abichromenic acid (CBCA) or into 
cammbidiolic acid (CBDA) ai1d ca1U1abichromenic acid 
(CBCA) in different ratios. In a preferred embodiment, the 
cammbinoid acid synthase is tetrahydrocannabinol ic acid 
synthase (THCA synthase) or ca1mabidiolic acid synthase 
(CBDA synthase). In one aspect of the invention, the can
nabinoid synthase is immobilized on a solid support. Jn 
anolher aspect of the invention, the cannabinoid synthase is 
a recombinant cannabinoid synthase, and the apparatus 
further comprises a system to produce the recombinant 
camrnbinoid synthase in large scale. Preferably, the pH is in 
the range from abont 3.8 to about 8.0. 

(0047] Jn a preferred aspect of the invention, the so lvent is 
one or more of dimethyl sul fox icle (DMSO), d imethyl for
mamide (DMF) and iso-propoyl alcohol, and the concentra
tion of the solvent in the reaction mixnire is between 5% and 
30% (w/v). In another preferred aspect of the invention, the 
amphiphilic compound is a surfactai1t or a cyclodextrin. The 
cyclodextrin cai1 be u -cyclodextrin, B-cyclodextril1 or y-cy
clodextrin. In one aspect of the invention, the cyclodextrin 
is sulfobuthylether B-cyclodextrin sodium salt or randomly 
methylated p-cyclodextrin, and the concentration of cyclo
dextrin in the reaction mix!lire is between 2 and 28 mg/ml. 
Preferably, the concentration of cyclodextrin in the reaction 
mixture is 8 m!¥ml. 

(0048] In one embodiment , the tetrahydrocannabinolic 
acid (TI-JCA) and cannabichromenic acid (CBCA) or can
nabidiolic acid (CBDA) and cannabichromenic acid 
(CBCA) are single enantiomers with an enantiomeric purity 
of at least 95%. 

[0049] Jn one aspect of the invention, the carmabinoid 
synthase is THCA synthase and the amphiphilic compound 
is cyclodextrin. Preferably, the mass:mass ratio of cyclodex
trin to carmabigerolic acid (CBGA) is 28: 1 or the molar ratio 
of cyclodextrin to cannabigerolic acid (CBGA) is 7.3: I. l n 
a preferred aspect of the invention, the apparatus produces 
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tetrahydrocaimabino lic acid (THCA) and cannabichromenic 
acid (CBCA) in the following ratios: 

pH THCA 

2.33 
I 
0 

CBCA 

I 
5.67 

[0050] Preferably, 98% of the cannabigerolic acid CBGA 
is converted into tetrahydrocaimabillolic acid (THCA) and 
camiabichromenic acid (CBCA) within two hours. 
(0051] In a different aspect of the invention, the caru1abi
noid acid synthase is CBDA synthase and the arnphiphilic 
compound is cyclodextrin. Preferably, the mass:mass ratio 
of cyclodextrin to the cannabigerolic acid (CBGA) is 11 : I o r 
the molar ratio of cyclodextrin to the cannabigerolic acid 
(CBGA) is 4:1. Jn a preferred aspect of the invention, the 
apparatus produces cannabidiolic acid (CBDA) and can
nabichromenic acid (CBCA) in the following ratios: 

pH CBDA CBCA 

4.2 2.5 
5 l.13 I 
5.2 I 1.17 
5.4 2.45 
5.8 6.14 
6.2 28.13 
6.8 0 

(0052] Preferably, 98% of the cannabigerolic acid 
(CBGA) is converted into cairnabidiolic acid (CBDA) and 
cannabichromeuic acid (CBCA) within two hours. 
(0053] The foregoing general description and the detailed 
description are exemplary and explanatory and are intended 
to provide further explanation of the invemion as clainled. 
For detailed understanding of the invention, reference is 
made to the following detailed description of the preferred 
embodiments, taken in conjunction with the accompanying 
drawing. Other objects, advantages and novel features will 
be readily apparent to those skilled in the art from the 
followillg detailed description of the invention. 

BRIEF DESCRJPllON OF THE DRAWINGS 

(0054] FlG. 1 illustrates the effect of 10% DMSO and no 
cyclodextrin on THCA synthase activity. JOO µI THCA 
synthase in crude fermentation supernatant (I Ox concen
trated) were reacted with 50 rLI 2 mg/ml CBGA in 350 rLI 
citrate buffer at pH 4.85. Peaks (from left to right): #J 
CBGA (86.5 1%), #2 THCA (10.4%), #3 CBCA (3.09%). 
(0055] FIG. 2 illustrates the effect of 20% DMSO and no 
cyclodextrin on THCA synthase activity. 100 rtl THCA 
synthase in crude fermentation supenrntant (1 Ox concen
trated) were reacted with 50 µI 2 m!¥mJ CBGA in 300 µI 
citrate buffer at pH 4.85 in the presence of 50 µI DMSO. 
Peaks (from left to right): Il l CBGA (54.18%), #2 THCA 
(32.39%), #3 CBCA (13.43%). 
(0056] FlG. 3 illustrates the effect of I 0% DMSO and 20% 
cyclodextrin on THCA synthase activity. 100 µ I THCA 
synthase in crude fermentation supernatant (1 Ox concen
trated) were reacted with 50 rLI 2 mg/ml CBGA in 350 fLI 
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citrate buffer at pH 4.85 containing 2 mg cyclodextrin. Peaks 
(from left to right): #I CBGA (10.33%), #2 THCA (72. 
37%), #3 CBCA (17.3%). 
(0057] FIG. 4 illustrates theeflect of 10%DMSOand 40% 
cyclodextrin on THCA synthase. 150 iu THCA synthase in 
cntde fermentation supernatant ( lOx concentrated) were 
reacted with 75 µI 2 mg/ml CBGA in 525 id citrate bufter at 
pl-I 4.85 conta ining 3 mg cyclodextrin. Peaks (from left to 

right): # I CBGA (11.50%), #2 THCA (72.08%), #3 CBCA 
(16.42%). 
[0058] FIG. 5 illustrates the eflect of 10% DMSO and 60% 
cyclodextri.n on THCA synthase activity. 200 iLl THCA 
synthase in cmde fem1entation supernatant (I Ox concen
trated) were reacted with I 00 ill 2 mg/ml CBGA in 700 µI 
c itrate buffe r at pH 4.85 containing 4 mg cyclodextrin. Peaks 
(from left to right): Il l CBGA (10.36%), 112 THCA (73. 
98%), 113 CBCA (15.65%). 
(0059) FIG. 6 illustrates the eftect of 1 ()'% DMSO and 20 
mg/ml cyclodextrin on CBDA synthase activity. 200 µI 
CBDA synthase in cmde fermentation supernatant ( !Ox 
concentrated) were reacted with 100 ill 4 mg/ml CBGA in 
700 ill citrate buffer at pH 4.85 containing 4 mg cyclodex
trin. Peaks (from left to right): #I CBDA (40.63%), #2 
CBGA (28.43%), #3 CBCA (30.95%). 
(0060] FIG. 7 is a block diagram of a system for producing 
cannabinoids and/or cairnabinoid analogs. 
(0061] FIG. 8 is a block diagram of a system for producing 
cannabinoids and/or cannabinoid analogs. 
(0062] FIG. 9 is a flow diagram illustrating a method for 
producing cannabinoids. 

(0063] FIG. 10 is a block diagram of a controller. 
(0064] FIG. 11 illustrates the eff~-ct ofO mg/ml cyclodex
trin on CBDA syntl-rase reaction conversion rate and product 
ratio. 50 µI of I Ox concentrated fem1entation supernatant 
were reacted with 25 ~LI of 5 mg/ml CBGA in 175 ~LI of 
c itrate butler pH 4.8. Peaks (Left to right): CBDA (17 .99%), 
CBGA (65.72%), CBCA (16.300/o). 

(0065) FIG. 12 illustrates the effect of 2 mg/ml cyclodex
trin on CBDA synthase reaction conversion rate and product 
ratio. 50 ill of I Ox concentrated fem1entation supernatant 
were reacted with 25 µI of 5 mg/ml CBGA in 175 it! of 
citrate buffer pH 4.8 containing 2 mg/ml cyclodextrin. Peaks 
(Left to right): CBDA (29.53%), CBGA (47.40%), CBCA 
(23.08%). 

[0066] FIG . . 13 illustrates the effect of 8 mg/ml cyclodex
trin on CBDA synthase reaction conversion rate and product 
ratio. 50 µI of I Ox concentrated fermentation supernatant 
were reacted with 8.25 µI of 5 mg/ml CBGA in 175 µI of 
cit.rate buffer pH 4.8 containing 8 mg/ml cyclodextri.n. Peaks 
(Left to right): CBDA (33%), CBGA (41.98%), CBCA 
(25.02%). 

[0067] FIG. 14 illustrates the eftect of 12 mg/ml cyclo
dextrin on CBDA synthase reaction conversion rate and 
product ratio. 50 !LI of !Ox concentrated fermentation super
natant were reacted with 25 fLI of 5 mg/ml CBGA in 175 !Li 
of citrate buHCer pl-I 4.8 containing 12 mg/ml cyclodextrin. 
Peaks (Left to right): CBDA (30.63%), CBGA (45.22%), 
CBCA (24.1 5%). 

(0068) FIG. 15 illustrates the effect of 16 mg/ml cyclo
dextrin on CBDA synthase reaction conversion rate and 
product ratio. 50 µI of I Ox concentrated fermentation super
natant were reacted with 25 iLI of 5 mg/ml CBGA in 175 µI 
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of citrate buffer pH 4.8 containing J 6 mg/ml cyclodextrin. 
Peaks (Left to right): CBDA (28.54%), CBGA (49.63%), 
CBCA (21.84%) . 
[0069] FIG. 16 illustrates the effect of 20 mg/ml cyclo
dextrin on CBDA synthase reaction conversion rate and 
product ratio. 50 µI of 1 Ox concentrated fermentation super
natant were reacted with 25 µI of 5 mg/ml CBGA in 175 ~LI 
of citrate buffer pl-l 4.8 containing 20 mg/ml cyclodextrin. 
Peaks (Left to right): CBDA (29.05%), CBGA (50.04%), 
CBCA (20.91%). 
(0070] FlG. 17 illustrates the effect of 28 mg/ml cyclo
dextrin on CBDA synthase reaction conversion rate and 
product ratio. 50 µI of 1 Ox concentrated fem1entation super
natant were reacted with 25 µI of 5 mg/ml CBGA in 175 µI 
of citrate bufte r pl-I 4.8 containing 28 mg/ml cyclodextrin. 
Peaks (Left to right): CBDA (22.09%), CBGA (59.60%), 
CBCA (18.32%). 

DETAJLED DESCRIPTION OF THE 
INVENTION 

(0071] The present invention provides a system and meth
ods for large scale simultaneous enzymatic production of 
different cannabino ids or cannabinoid anaJogs, as well as 
methods for cloning, expressing and purify ing enzymes that 
catalyze large scale simultaneous synthesis of Tl-ICA, 
CBDA, CBCA or analogs thereof under various pH, tem
perature and aqueous/lipophilic conditions. 

Definitions 

[0072] As used herein, unless otherwise stated, the singu
lar forms "a," "an," and "the" include plural reference. Thus, 
for example, a reference to "a cell" includes a plurality of 
celJs, and a re ference to "a molecule" is a reference to one 
or more molecules. 
(0073] As used herein, "about" will be understood by 
persons of ordinary skill in the art and will vary to some 
extent depending upon the context in which it is used. If 
there are uses of the term which are not clear to persons of 
ordinary skill in tl1e art, given the context in which it is used, 
"about" will mean up to plus or minus 10% of the particular 
tenu. 
(0074] The term "alkyl" refers to a straight or branched 
chain, saturated hydrocarbon having the indicated number of 
carbon atoms. For example, (C1-C10) alkyl is meant to 
include but is not limited to methyl, ethyl, propyl, isopropyl, 
butyl, sec-buty l, tert-butyl, pentyl, isopentyl, neopentyl, 
bexyl, isohexyl, and neobexyl, etc. An al~-yl group can be 
unsubstituted or optionally substituted with one or more 
substiments as described herein below. 
(0075] The term "alkenyl" refers to a straight or branched 
chain unsamrated hydrocarbon having the indicated number 
of carbon atoms and at least one double bond. Examples of 
a (C2 -C10) alkenyl group include, but are not limited to, 
ethylene, propylene, 1-butylene, 2-butylene, isobutylene, 
sec-butylene, 1-pentene, 2-pentene, isopentene, 1-hexene, 
2-hexene, 3-hexene, isohexene, l -heptene, 2-heptene, 
3-heptene, isoheptene, 1-octene, 2-octene, 3-octene, 
4-octene, and isooctene. An alkenyl group can be unsubsti
mted or optionally substituted with one or more substiments 
as described herein below. 
(0076] The ten11 "alkynyl" refers to a straight or branched 
chain unsamrated hydrocarbon having the indicated number 
of carbon atoms and at least one triple bond. Examples of a 
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(C2-C10) alkynyl group include, but are not limited to, 
acetylene, propyne, 1-butyne, 2-butyne, 1-pentync, 2-pen
tyne, 1-hexyne, 2-hexyne, 3-hexyne, 1-heptyne, 2-heptyne, 
3-heptyne, 1-octyne, 2-octyne, jl-octyne and 4-octyne. An 
alkynyl group can be unsubstimted o r optiona lly substilllted 
with one or more substituents as described herein below. 
[0077] The term "alkoxy" refors to an -all,,)'I group 
having the indicated number of carbon atoms. For example, 
a (C1-C6) a lkoxy group includes - 0-methyl, - 0-ethyl, 
- 0 -propyl, -0-isopropyl, -0-butyl, -0-sec-butyl, 
- 0 -tcrt-butyl, - 0-pentyl, - 0-isopenty l, - 0 -ncopclllyl, 
- 0-hexyl, -0-isohexyl, and -0-neohexyl. 
[0078] TI1e tem1 ''aryl" refers to a 3- to 14-member mono
cyclic, bicyclic, tricyclic, or polycyclic aromat ic hydrocar
bon ring system. Examples of an aryl group include naph
thyl, pyrenyl, and anthracyl. An aryl group can be 
unsubstituted or optionally substiruted with one or more 
substituents as described herein below. 
[0079] ll1e terms "alkylene," "alkenylene," and "arylene," 
alone or as pan of another substituent, means a divalent 
radical derived from an alkyl, cycloalkyl, alkenyl, aryl, or 
heteroaryl group, respectively, as exemplified by 
- CH2Cl-12Cl-!2CH2- . For alkylene, alkenyl, or aryl linIGng 
groups, no orientation of the linking group is implied. 
(0080( TI1e 1en11 "halogen" and "halo" refers 10 - F, I, 
- Bror-1. 
(0081 ( TI1e rem1 "bereroatom" is meant to include oxygen 
(0), nitrogen (N), and sulfur (S). 
[0082( A "hydroxyl" or "hydroxy" refers to an - OH 
group. 
[0083( ·n 1e tem1 "hydroxyalkyl," refers 10 an all)'! group 
having the indicated number of carbon atoms wherein one or 
more of the alkyl group's hydrogen atoms is replaced with 
an -01-1 group. Examples of hydroxyalkyl groups include, 
but are not limited to, --Cl-1201-1, --CH, Cl-120H, 
- CH,CH,CH, OH, - CH2CH2CH,CH, OH, 
- CH2CH2CH2CH2CH20H, 
- CH2CH2CH2CH2CH,CH20H, and branched versions 
thereof. 
[0084] The tenn "cycloall)'I" refer to monocyclic, bicy
clic, tricyclic, or polycyclic, ~- to 14-memberecl ring sys
tems, which are e ither saturated, uns~1turaled or aromatic. 
"f11e beterocycle may be attachc'<i via any heteroatom or 
carbon mom. Cycloalk)'l include aryls and hetroaryls as 
defined above. Representative examples of cyc loalky 
include, but are not limited to, cycloetbyl, cyclopropyl, 
cycloisopropyl, cyclobutyl, cyclopemyl, cyclohexyl, cyclo
propene, cyclobutene, cyclopentene, cyclohexene. pheny I, 
napbthyl, anthracyl, benzofuranyl, and bcnzothiophenyl. A 
cycloalkyl group can be unsubstiruted or optionally substi
tuted with one or more substituents as described herein 
below. 
(0085) TI1e tem1 'nitri le or cyano" can be used inter
changeably and refer to a --CN group which is bound to a 
carbon atom of a heteroaryl ring, aryl ring and a heterocy
cloalkyl ring. 
[0086) The tem1 "amine or amino" refers to an -NR)~,, 

group wherein Re and R,, each independently refer 10 a 
hydrogen, (C,-C8)alkyl, aryl, heteroaryl, hcterocycloalkyl, 
(C 1-C8 )haloalkyl, and (C1-C6)hydroxyalkyl group. 
(0087) The term "alkylaryl" refers to C 1-C8 alkyl group in 
which at least one hydrogen atom of the C 1-C8 alkyl chain 
is replaced by an aryl atom, which may be optionally 
substitmed with one or more substituenrs as described herein 
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below. Examples of alkylaryl groups include, but are not 
limited to, methylphenyl, ethylnaphthyl, propylphenyl, and 
butylphenyl groups. 
(0088] "Arylalkylene" refers 10 a d ivalent a lkylene 
wherein one or more hydrogen atoms in the C1-C10 alkylene 
group is replaced by a (C3 -C14)aryl group. Examples of 
(C3 -C 14)aryl-(C1-C 10)alkylene groups include without limi
tation l-phenylbu1ylcnc, phcnyl-2-butylenc. l -phenyl-2-
methylpropylene, phenylmethylene, phenylpropylene, and 
naphthylethylene. 
100891 "Arylalkenylene" refers lo a divalent alkenylene 
wherein one or more hydrogen atoms in the C2-C10 alk
enylene group is replaced by a (C3 -C14 )aryl group. 
(0090] The tem1 "arylalkynylene" refers to a divalent 
a lkynylene wherein one or more hydrogen atoms in the 
C2-C10 alkynylene group is replaced by a (C3 -C 14)aryl 
group. 
(0091] The terms "carboxyl" and "carboxylate" include 
such moieties as may be represented by the general formu
las: 

or 

[0092] E in the formula is a bond or 0 and lV' individually 
is H, alkyl. alkcnyl. aryl, or a pharmaceutically acceptable 
salt. Where E is 0 , and IV' is as defined above, rl1e moiety is 
referred to herein as a carboxyl group, and particularly when 
W is a hydrogen, the formula rL'Prcscnts a "carboxylic acid". 
In general, where the expressly shown oxygen is replaced by 
sulfor, the fonnula represents a " thiocarbonyl" group. 
(0093] Unless otherwise indicated, "stereoisomer" means 
one stereoisomer of a compound that is substantially free of 
other stereoisomers of' that compound. Thus, a stereomeri
cally pure compound having one chiral center will be 
substantially free of the opposite enantiomer of the com
pound. A stereomerically pure compound having two chiral 
centers will be substantially free of orher diastereomers of 
the compound. A typical stereomerically pure compound 
comprises greater than about 80% by weight of one stereoi
somer of rl1e compound and less than about 20% by weight 
of other stereoisomers of the comporn1d, for example greater 
than about 90% by weight of one stereoisomer of the 
compound and less tha n about 100/o by weight of the other 
stcrcoisomcrs of the compound. or greater than about 95% 
by weight of one stereoisomer of the compound and less 
than about 5% by weight of' the other stcrcoisomers of the 
compound, or greater than about 97% by weight of one 
stereoisomer of U1e compound and less than about 3% by 
weight of the other stereoisomers of the compound. 
10094] The present invention provides methods for the 
enzymatic synU1esis of cannabinoids or cannabinoid analogs 
in a cell-free enviromnent. Also described is an apparatus for 
the ex vivo manufacrure of cannabinoids and analogs of 
cannabinoids. The term "analog" refers to a compound rhat 
is stmcturally related 10 natmally occurring cannabinoids, 
but whose chemical and biological properties may differ 
from narurally occurring cannabinoids. Jn the present con
text, analog or analogs refer compounds that may not exhibit 
one or more unwanted side effects of a narurally occurri ng 
cannabinoid. Analog a lso refers to a compound thar is 
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derived from a naturally occurring cannabinoid by chemical, 
biological or a semi-synthetic transfomiation oft he narurally 
occurring cannabinoid. 

(0095] Cannabinoid compounds include, but are not lim
ited to, cannabinol, cannabidiol, 69-tetrahydrocannabinol, 
6 8-tetrahydrocrurnabinol, 11-hydroxy-tetrahydrocannabi
nol, I l-hydroxy-6 9-tetrahydrocannabinol, levonamradol, 
611-tetrahydrocannabinol, telrahydrocannabivarin, dronabi
nol, runru1drunide and nabilone, as well as natural or syn
thetic molecules that have a basic cannabinoid stn1cture and 
a re modified synthetically to provide a cannabinoid analog. 
[0096] TI1e present invention also provides methods for 
the large scale cloning and expression of the enzymes that 
play a role in the biosynthesis of cannabinoids and for the 
use of an eukaryotic expression system for the production of 
biosynthelic enzymes that can be used for the manufacture 
of carurnbinoids and cannabinoid analogs. Yeast as well as 
eukaryotic and prokaryotic cells are suitable fo r the cloning 
and expression of tl1e cannabinoid acid synthase enzymes 
and include without limitation E.coli, yeast and baculovims 
hosts. llms, the present invention discloses a method for the 
large-scale production of several cannabinoid acid synthase 
enzymes including, but not limited to, letrahydrocrnmabino
lic acid (THCA) synthase and cannabidiolic acid (CBDA) 
synthase, using the pink Pichia yeast expression system. 
Accordingly, large scale production of these enzymes can be 
carried out by transfonning yeast with a DNA constrnct that 
comprises a gene for a cannabinoid synthase, generating one 
or more copies of the cannabinoid acid symhase gene and 
overexpressing a prote in encoded by the cannabinoid acid 
synthase gene. 
[0097] "The nucleic acid sequence of the THCA synthase 
gene is represented by SEQ JD NO: I and encodes a 
polypeptide sequence set forth in SEQ ID NO: 2. The codon 
optimized nucleic acid sequence of the THCA synthase gene 
for Pichia pastoris expression is represented by SEQ ID 
NO: 3 and encodes a polypeptide sequence set forth in SEQ 
JD NO: 4, which is the THCA symhasc amino acid sequence 
comprising the alpha secretion sequence of Pichia pastoris. 
"THCA synthase expression" refers lo the biosynthesis of a 
gene product encoded by SEQ JD NO: I or by SEQ ID NO: 
3, or a variant, fragment or portion of SEQ ID NO: I or SEQ 
ID NO: 3. "THCA synthase expression" also refers to the 
biosynthesis of a polypeptide comprising SEQ ID NO: 2 or 
SEQ ID NO: 4, or a variru1t, fragment or portion of a 
polypeptide comprising SEQ JD NO: 2 or SEQ ID NO: 4. 
"THCA synthase overexpression" denotes an increase in 
THCA synthase expression. THCA overexpression aJJ<.-cts 
an increase in THCA or CBCA content for a plant or cell in 
which the overexpression occu.rs. THCA overexpression 
refers lo upregulated biosynthesis of a gene product encoded 
by SEQ JD NO: I or by SEQ ID NO: 3, or any variant, 
fragment or portion of SEQ ID NO: I or SEQ ID NO: 3. 
[0098[ ·n 1e nucleic ac id sequence of the CBDA synthase 
gene (codon optimized for Pichia pastoris expression) is 
represented by SEQ ID NO: 5 and encodes a polypeptide 
sequence set forth in SEQ JD NO: 6. ·n1c codon opti mized 
nucleic acid sequence of the CBDA synthase gene for Pichia 
pastoris expression is represented by SEQ ID NO: 7 and 
encodes a polypeptide sequence set forth in SEQ ID NO: 8, 
which is the CBDA synthase amino acid sequence compris
ing the alpha secretion sequence of Pichia pastoris . "CBDA 
synthase expression" refers to the biosynthesis of a gene 
product encoded by SEQ ID NO: 5 or by SEQ ID NO: 7, or 
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a variant, fragment or portion of SEQ ID NO: 5 or SEQ ID 
NO: 7. "CBDA synthase express ion" a lso refers to the 
biosynthesis of a polypeptide comprising SEQ JD NO: 6 or 
SEQ ID NO: 8, or a variant, fragment or portion of a 
polypeptide comprising SEQ ID NO: 6 or SEQ ID NO: 8. 
"CBDA synthase overexpression" denotes an increase in 
CBDA synthase expression. CBDA overexpression affects 
an increase in CBDA or CBCA content for a plant or cell in 
which the overexpression occurs. CBDA overexpression 
refers to upregulated biosynlhesis of a gene product encoded 
by SEQ ID NO: 5 or by SEQ ID NO: 7. or any variant, 
fragment or portion of SEQ ID NO: 5 or SEQ ID NO: 7. 
10099] The present invention encompasses any nucleic 
acid, gene, polynucleotidc, DNA. RNA, mRNA. or cDNA 
molecule that is isolated from the genome of a plant species, 
or produced synthetically, that increases biosynthesis of 
cannabinoids or cannabinoid analogs. Additionally, expres
sion of such carmabinoid acid synthase sequence produces 
carmabinoids or carmabinoid analogs in a non-caru1abinoid 
producing cell, including yeast, prokariotic cells and cukari
otic cells, such as a non-cannabinoid producing plant cell, a 
bacteria cell , an insect cell, or an yeast cell . TI1e DNA or 
RNA may be double-stranded or single-stranded. Single
stranded DNA may be the coding strand, also known as the 
sense strand, or it may be the non-coding strand, also called 
the anti-sense strand. 
10100] It is understood that THCA synthase and CBDA 
synthase include the sequences set forth in SEQ ID NOs: I , 
3, 5 and 7, respectively, as well as nucleic acid molecules 
comprising variams, fragments or portions of SEQ ID NOs: 
I , 3, 5 ru1d 7, with one or more bases deleted, substiruted, 
inserted, or added. wherein a variant of anyone of SEQ ID 
Nos: I , 3, 5 and 7 codes for a polypeptide with cannabinoid 
or ca1mabinoid ana log biosynthesis activity. Accordingly, 
sequences having "base sequences with one or more bases 
deleted, substituted, inserted, or added" retain physiological 
activity even when the encoded amino acid sequence has 
one or more amino acids substitulcd, deleted, inserted, or 
added. Physiological activity of the encoded amino acid 
sequences may be tested using conventional enzymatic 
assays known in the art . Additionally, multiple forms of 
THCA synthase aJlcl CBDA synthase may exist, which may 
be due lo post-translational modification o f a gene product, 
or lo multiple forms of the rnspcclive THCA synthase and 
CBDA synthase. Nucleotide sequences that have such modi
fications and that code for cannabinoid or crun1abinoid 
analog biosynthesis enzymes are included within the scope 
of the presem invention. 
10101] For example, the poly A tail or 5'- or 3'-end, 
nontranslation regions may be deleted, and bases may be 
deleted to the extent that amino ac ids are deleted. Bases may 
also be substituted, as long as no frame shift results. Bases 
also may be "added" to the extent that anlino acids are 
added. It is essential. however, that any such modification 
does not result in the loss of cannabinoid acid or cannabinoid 
acid analog biosymhesis enzyme activity. A modified DNA 
in this comext can be obtained by modifying the DNA base 
sequences of the invention so that am.ino acids at specific 
sites are substituted, deleted, inserted, or added by site
specific mutagenesis, for example, and that still retain can
nabinoid acid or cannabinoid acid analog biosynthesis 
enzyme activ ity. Cannabinoid acid or carn1abinoid acid 
analog biosynthesis enzyme activity of the encoded amino 
acid sequences may be assayed as described above. 
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[0102] A crumabinoid or ca1mabinoid ruialog biosynthesis 
sequence cru1 be synthes ized ab initio from the appropriate 
bases, for example, by using an appropriate protein sequence 
disclosed herein as a guide lo create a DNA molecule that, 
though different from the native DNA sequence, results in 
the production of a protein with the same or similar amino 
acid sequence. This type of sy111hetic DNA molecule is 
useful when introducing a DNA sequence into a non-plant 
cell, coding for a helerologous protein, that reflects dillerent 
(non-plant) codon usage frequencies and, if used unmodi
fied, cru1 result in inef!ic ient translation by the host cell. 
(0103] By "isolated" nucleic acid molecule(s) is intended 
a nucleic acid molecule, DNA or RNA, which has been 
removed from its native envirorunent. For exainple, recon1-
binant DNA molecules contained in a DNA constrnct are 
considered isolated fo r the purposes of the present invention. 
Further examples of isolated DNAmokcules include recom
binant DNA molecules maintained in heterologous host cells 
or DNA molecules that are purified, partially or substan
tially, in solution. Isolated RNA molecules include in vitro 
RNA transcripts of the DNA molecules of the present 
invention. Isolated nucleic acid molecules, according 10 the 
present invention, further include such molecules produced 
synthetically. 
(OJ 04( "Exogenous nucleic acid" refers to a nucleic acid, 
DNA or RNA, which has been artificially introduced into a 
cell. Such exogenous nucleic acid may be a copy of a 
sequence which is naturally found in the cell into which it 
was introduced, or fragments thereof. 
[0105] In contrast, "endogenous nucleic acid" refers to a 
nucleic acid, gene, po1ynucleotide, DNA, RNA, mRNA, or 
cDNA molecule that is present in the genome of a plant or 
organism that is to be genetically engineered. An endog
enous sequence is "native" to, i.e ., indigenous to, the plant 
or organism that is lo be genetically engineer~'(). 
[0106] "Heterologous nucleic acid" refers 10 a nucleic 
acid, DNA or RNA, which has been introduced into a cell 
which is not a copy of a sequence namrally found in the cell 
into which it is introduced. Such heterologous nucleic acid 
may comprise segments that are a copy of a sequence which 
is naturally found in the cell into which it has been intro
duced, or fragments thereof. 
(0107] A "chimeric nucleic acid" comprises a coding 
sequence or fragment thereof linked 10 a trru1scription ini
tiation region that is different from the transcription initia
tion region with which it is associated in cells in which the 
coding sequence occurs naturally. 
(0108] The present applica tion is directed 10 such nucleic 
acid mo lecules which are at least 600/o, 65o/o, 700/o, 75%, 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% 
idemical to a nucleic acid sequence described in any of SEQ 
ID NO: 1, 3, 5 and 7. Preferred are nucleic acid molecules 
which are at least 95%, 96%, 97%, 98%, 99% or l 00% 
identical to the nucleic acid sequence shown in any of SEQ 
ID NO: 1, 3, 5 and 7. Dilferences between two nucleic acid 
sequences may occur at the 5' or 3' terminal positions of the 
reference nucleotide sequence or anywhere between those 
terminal positions, interspersed either individually among 
nucleotides in the reforence sequence or in one or more 
contiguous groups within the reference sequence. 
[0109] As a practical matter, whether any particular 
nucleic acid molecule is at least 95%, 96%, 97%, 98% or 
99% identical to a reference nucleot ide sequence refers to a 
comparison made between two molecules using standard 
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algorithms well known in the art and can be determined 
conventionally using publicly available computer progran1s 
such as the BLAST algorithm. 

(0110] The present invention further provides nucleic acid 
molecules comprising the nucleotide sequence of SEQ ID 
NOs: 1, 3, 5 and 7, respect ively, which encode an active 
cannabinoid or camrnbinoid analog biosynthesis e11zyme, 
wherein the enzy1ne has an amino acid sequence that cor
responds to SEQ ID NOs: 2, 4, 6, and 8, respectively, or a 
variant, fragmenl or portion of anyone of SEQ ID Nos: 2, 4, 
6 and 8, and wherein the protein of the invention encom
passes amino acid substitutions, additions and deletions that 
do not aher the function of the cannabinoid or cannabinoid 
analog biosynthesis enzyme. 

(0111] A "varianl" is a nucleotide or amino acid sequence 
that deviates from the standard, or g iven, nucleotide or 
amino acid sequence of a particular gene or protein. 'TI1e 
tenu s Hisoform," '•isotype," and ' 'analogH also refer to ••vari
ant" fonns of a nucleotide or ru1 amino acid sequence. An 
amino acid sequence that is altered by the addition, removal, 
or substitution of one or more amino acids, or a change in 
nucleotide sequence, may be considered a "variru11" 
sequence. The variant may have "conservative" changes, 
wherein a substituted amino acid has similar structural or 
chemical properties, e.g., replacement of leucine with iso
leucine. A variant may have "nonconservative" changes, 
e.g., replacement of a glycine with a tryptophan. Analogous 
minor variations may also include amino acid deletions or 
insertions, or both. Guidance in detennining which amino 
acid residues may be substituted, inserted, or deleted may be 
found using computer programs well known in the art. 

10112] The invention comemplates genetically engineer
ing "non-cannabinoid or cannabinoid analog producing 
cells" with a nucleic acid sequence encoding an enzyme 
involved in the production of cmrnabinoids or crurnabinoid 
analogs. Non-camiabinoid or cannabinoid analog producing 
cells refer to a cell from any organism that does not produce 
a cam1abinoid or cam1abinoid analog. Illustrative cells 
iuclude but are not limited lo plru1t cells, as well as insect, 
manm1alian, yeast, fungal, alga l, or bacterial cells. 

10113] "Fungal cell" refers to any fungal cell that can be 
transformed with a gene encoding a cawiabinoid or can
nabinoid analog biosynthesis enzyme and is capable of 
expressing in recoverable amounts the enzyme or its prod
ucts. Illustrative Jimgal cells include yeast cells such as 
Saccharomyces cerivisae and Pichia pasloris. Cells of fi la
mentous fungi such as Aspergillus and Trichoderma may 
also he used. 

10114) Cannabinoid acid synthase gene sequences may be 
obtained from a publicly available database. Jn a prererred 
aspect of the invention, one or more copies of a callilabinoid 
acid synthase gene are generated in vivo and the method 
comprises integrating one or more copies of the cannabinoid 
acid synthase gene into the genmne of a eukaryotic host, 
such as Pichia pastoris, to scale up protein expression. 
Preferably, the cannabinoid acid synthase gene is codon 
optimized w it.h an alpha secretion sequence to target protein 
secretion or tagged with six tandem histidine (SEQ ID NO: 
9) residues at the 3' end 10 facilitate purification. 'Ibis 
process comprises linearizing the cannabinoid acid sy nthase 
gene by digestion with one or more restriction enzymes; 
ext racting the cannabinoid ac id synthase gene by gel extrac
tion; ligating the cannabinoid acid synthase gene into a 
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Pichia pastoris plasmid; and electroporating the plasmid 
into bacterial ce lls to generate one or more cannabinoid acid 
synthase gene copy colonies. 
[OJJS) Thus, in one embodiment, one or more copies of 
a lpha-CBDA synthase and alpha-THCA synthase 
sequences, for example, are generated by modification as 
described above, insertion into pPink-HC vector (Invitro
gen®) and transfomiation into E. coli cells. The transformed 
cells may be stored as agar stabs for future use. Prior to 
transformation of yeast cells, the vector containing the 
cannabinoid acid synthase gene of interest (GO!) is isolated 
from the agar stabs containing the transformed E. coli cells, 
linearized using Pmel or Spel restriction enzymes and the 
linearized plasmids thus obtained are electroporated into 
Pichia pasloris pepB deficient mutant cells using 
PichiaPink™ Yeast Expression Systems (lnvitrogen®) . Lin
earization with the restriction enzyme Pmel directs the insert 
into the AOX I promoter region of the Pichia genome, 
whereas linearization with the restriction enzyme Spel 
directs the insert into the TRP gene. 
[Oll 6] TI1e tnu1sformed yeast cells may be grown on 
adenine-deficient select ive plates and the colonies thus 
formed may be screened to identify positive trnnsformants. 
Screening methods include, but are not limited to, color 
screening methodology. Typically, cells having 6-10 copies 
of the gene of interest are desired for obtaining large 
amounts of recombinant protein, for example, about 1.0 g to 
about 2.0 g of protein per liter of culture. 
(0117] In one embodiment, individual white colonies of 
yeast cells carrying the THCA synthase gene or the CBDA 
synthase gene, for example, are separately culmred in flasks 
using BMGY medium, followed by induction by growth in 
BMMY medium, to induce the expression of THCA syn
thase or CBDA synthase as further described below. Briefly, 
the medium containing the enzyme in each culmre is sepa
rated from the cells, reacted with a known amount of 
substrnte and the product is analyzed. Cultures of transfor
mants showing greater than 20o/o conversion are used for the 
commercial synthesis of cannabinoids or cannabinoid ana
logs pursuant to methods of the invention. 
(0118) The cannabinoid acid syntliase enzymes, THCA 
synthase and CBDA synthase, obta ined using the 
PichiaPinkTM Yeast Expression system described above, can 
be used for the manufac ture of cannabinoids or cannabinoid 
analogs. The cannabinoid or cannabinoid ana logs drns 
obtained are isolared, purified and used as therapeutics. In a 
further embodiment, the cannabinoids or cannabino id ana
logs thus obtained undergo a decarboxylation step. 
(0119) Cannabinoid synthases according to the invention 
include, but are not limited to, cannabidiolic acid (CBDA) 
synthase and tetrahydrocannabinolic acid (THCA) synthase. 
[0120( In one embodiment, the invention provides a 
method fo r producing a cannabinoid or a cannabinoid analog 
by selecting a Formula I comporn1d and a carn1abinoid acid 
synthase as a catalyst for transfomling the Formula I com
pound to a cannabinoid or a cannabinoid analog. 

Formula! 
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(0121] In Fonnula I, R can be selected from hydroxyl 
(- OH), halogen, thiol (- SH), or a -NR)~b group. Sub
stituent groups R1 and R2 are each independently selected 
from the group consisting of - H, --C(O)Ra, --ORa, an 
optionally substituted C1-Cw linear or branched alkylene, an 
optionally substituted C2-Cw linear or branched alkenylene, 
an optionally substituted C2 -Cw linear or brnnched alky
nylene, an optionally substimted C3 -C10 aryl, an optionally 
substituted C3 -C'° cycloalkyl, (C3 -C'°)aryl-(C1-C '°)alky
lene, (C3 -Cw)aryl-(C2-Cw)alkenylene, and (C3 -Cw)aryl
(C1-C10)alkynylene. Alternatively, R 1 and R2 together with 
the carbon atoms to which they are bonded form a C5 -C10 

cyclic ring. For compounds according to Formula I, R3 is 
selected from the group consisting of H, - C(O)Ra and 
C1-C10 linear or branched alkyl and Ra and Rb are each 
independently - 1-1, - OH, (C1-Cw) linear or branched 
alkyl, - SH, - NH2 , or a C3 -C10 cycloalkyl. 
10122] R2 can be a linear alk-ylene or a branched alkylene. 
Exemplary of linear alk-ylenes include without limitation 
CH,, C2 H,, C3 H,, C4 H9, C5Hw C6H13, C7 H15 and C8 H17• 

lllustrative of branched alk-ylenes are groups selected from, 
iso-propyl, sec-butyl, iso-butyl, neopentyl, 2-methyl hexyl, 
or 2,3-dimethyl hexyl groups. In some embodiments, R2 can 
be an optionally substituted linear or branched alkylene in 
which one or more hydrogen atoms is replaced without 
limitation with a group selected from chlorine, fluorine, 
bromine, nitro, amino, hydroxyl, phenyl, or benzyl group. 
10123] In one embodiment, R, and R2 together with the 
ring carbon atoms to which they are bonded fom1 a C5 -Cw 
cyclic ring. For such Formula l compounds one or more 
carbon atoms of the ring can be substituted with a heteroa
tom selected from oxygen, sulfur or nitrogen. 
10124) In another embodiment, R2 is a C2-C w alkenylene 
and is selected from the group consisting of 

with R4 being a linear or branched alkylene as described 
above. When R2 is a C2-CJO linear or branched all,.-ynylene, 
R2 can be 
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Alternatively, R2 in Fonnula I is 

(0125] 

substiluent X is a group selected from 
- OH, -SH, or NR. R. and groups R. and R •. arc as dcfUled 
above. 
(0 126( In one embodiment, the camrnbinoids and/or can
nab inoid analogs synthesized according to the invention 
have a carboxylic acid (--COOH) group as the R1 substitu
ent and may undergo an optiona l decarboxylation step prior 
to their use as phannaceutical or nutraceutical agents. 
Examples of cannabinoids or cannabinoid analogs having a 
carboxylic acid grou p inc lude, but are not limited to, com
po unds obtained by reacting a compound of Formula I in 
which R is --OH, R, is - COOl-1, R2 is C, H , 1 and R3 is - 1-l 
with a cannabinoid acid synthase obtained as described 
above. 
(0127( TI1e synthesis, isolation and purification o f can
nabinoids or cannabinoid analogs can be improved by 
immobilization of a C3fUlabinoid acid synthase to a solid 
suppon , or by encapsulation of the synthase within a lipo
some. In one aspect, the enzyme is immobilized to a so lid 
support. Without being bow1d to any theory, the inventors o f 
the present application have unexpectedly discovered tha t 
immobil ization fac ilitates use and recovery of the enzyme 
catalyst, purification of the desired product, and preservation 
o f the enantiomeric excess (ee) o f the final product, and 
provides an overall improvement in the yield o f the product. 
Funhcrmore, inunobilization penuits recycling and reuse of 
the immobilized enzyme which significantly reduces the 
costs associated w ith the manulitcture o r phannaceutical 
grade cannabinoids or cannabinoid analogs. Typically, the 
enantiomeric purity of the cannabino ids and/or cannabinoid 
analogs produced according to the invention is from about 
90o/o ee to about 100% ee, for instance, n cannabinoid or a 
cannabinoid analog produced using the inventive method
ology can have an enantiomeric purity o f about 91% ee, 
about 92% ee, about 93% ee, about 94% ee, about 95% ee, 
about 96% ee, about 97% ee, about 98% ee and about 99% 
ee. 
(0128( Typically, the enzyme lo be immobilized can be 
absorbed onto a solid suppon, adsorbed onto a suppon , 
covalently li nked to a suppon or can be immobilized onto a 
solid suppon through ionic interactions. In one embodiment, 
the cannabinoid acid synthase is covalently linked to a solid 
suppon. Suitable straregies fo r linking an enzyme to a solid 
suppon are well known in the biochemical art and include 
covalent linkages between an appropriate ly ftmctionalized 
support and a side chain of an amino acid group or through 
cova lent linkages using appropriately functionalized linkers 
or spacers to separate the support from the enzyme. The tenn 
" linker" refers to any group that separates the suppon from 
the enzyme . Accordingly, a linker is a group that is cova
lently tethered at one end to a group on the surface o f the 
suppon and is attached to the enzyme at the od1er end. 
Tllustrative linkers include (C1-C10)alky lene linker polymers 
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of ethylene glycol such as a - (OCH2- CH2).,- 0 - group, 
where n is an integer from 0 to I 0, --{C1 -C 10)alkylene
NH- , --{C1-C 10)all,')'lenesiloxy, or a - (C1-C 10)a lkylene
C(O)-. 

(0129) Supports suitable for inunobilizing enzymes 
include, but are not limited to, Amberlite resins, Duolite 
res ins, acrylic resins such as Eupergit® C, DEAE-Sephadex 
and gels made using polyvinyl alcohol. 

(0130] Cannabinoids exert different physiological proper
ties and are known to lessen pain, stimulate appet ite and 
have been tested as C-dndidate therapeutics for treating a 
variety of disease conditions such as allergies, inflammation, 
infection, epilepsy, depression, migraine, bipolar disorders, 
an.xiety disorder, and glaucoma. 1be physiological effects 
exened by cannabinoids is affected by their ability to stimu
late or deactivate the cannabinoid receptors, for instance the 
CBI , CB2 and CB3 receptors . Accordingly, the present 
invention provides the means to modulate crurnabino id 
receptor activity and their phannaceutical properties by 
modifying the cannabinoid and/or cannabinoid analog bind
ing interactions and the orientat ion o f' a ligand within the 
cmmabinoid receptors active s ite by dctcnnining the nature 
and orientation of su bstituent groups an ached to the can
nabino ids ancVor camiabinoid analogs produced according 
to the invention. 

(0131) Thus, in one embodiment the invention provides a 
method fo r the manufacnire of cannabino ids and carmabi
noid mialogs that have structurally dist inct and diverse 
substituent groups attached to a central core and thus exhibit 
different phannaceutically beneficial properties. Stmctt1ral 
diversity is accomplished by contacting an appropriately 
substitt1ted Fonnula Ill compound wi th a Fommla IV com
pound in the presence of an enzyme, such as GPP olivctolate 
geranyltransferasc (a polykctidc synthase), to produce a 
compound of Formula II. Scheme I below strncturally 
illustrates the protocol for synthesiz ing a Fonm1la 11 com
pound pursuant to this embodiment. 

Scheme I 

[0132) 

h '" R,O I = R, 

Ill 
0 
II 

Rs , ..,..o~ / 0 -P-OH 
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// \ OH trnnsfcrasc 
0 OH 

IV 
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[0133] Different compoLmds of Formula JI that serve as 
substrates for the manufacture of cannabinoids and/or can
nabinoid analogs according to the invention may be obtained 
by varying the nanire and type of substituent groups at R, R1, 
R2 , R3 and R5 , in the compounds of Formulas Ill and TV 
According to this einbodiment, therefore, different cannabi
noids and/or cannabinoid analogs may be obtained by react
ing a compound of Formula JI with a caru1abinoid acid 
synthase, for example, THCA synthase or CBDA synthase 
obtained as described above, followed by isolation and 
decarboxylation of the obtained product to give a cannabi
noid or a cannabinoid analog. 

(0134] In Formula Tll, R can be selected from hydroxyl 
(-OH), halogen, thiol (- SH), or a - NR"R" group. Sub
st ituents R1 and R2 are each independently selected from the 
group consisting of - H, -C(O)R", -OR", an optionally 
substituted linear or branched (C1-C10)alkylene, an option
ally substituted linear or branched (C2-C10)alkenylene, an 
optionally substituted linear or branched (C2 -C 10)alky
nylene, an optionally substituted C3-C10 aryl, an optionally 
substituted C 3-C10 cycloall..-yl, (C3 -C 10)aryl-(C1-C10)alky
lene, (C3-C10)aryl-(C2-C10)alkenylene, and (C3 -C 10)aryl
(C1-C10)alkynylene. 

[0135] In certain embodjments R1 and R2 together with the 
carbon atoms to which they are bonded form a C5 -C10 cyclic 
ring and R3 is selected from the group consisting of 1-1, 
-C(O)R" and C1-C10 linear or branched alk-yl. 

(0136] R5 in Formula IV can be a linear or branched 
(C1-C10)alkylene, a linear or branched (C2-C10)alkenylene, 
a linear or branched (C2 -C10)alkynylene, -C(O)---(C,-C10) 

a lkylene, -C(O)- (C2-C10)alkenylene and - C(O)- (C2-

C10)alk-ynylene. For Formulae II, 1ll and JV compounds any 
a lkylene, alkenylene, a lkynylene, aryl, arylalkylene, or 
cycloalkyl group can be further substituted with one or more 
groups selected from the group consisting of - OH, halo
gen, - NRbRc, - C(O)R", - C(O)NRbRc, (C1-C10)alkyl, 
-CN, (C1-C4 )alkoxy, (C1-C4 )haloalk-yl, and (C 1-C4 )hy
droxya lkyl witl1 Ra, Rb and Re each independently being 
selected from - 1-1, - 01-1, or (C1-C 10) linear or branched 
alkyl, - SH, - Nl-12 , or a C3 -C10 cycloalkyl. 

[0137] According to one embodiment, R5 in Formula IV 
can be a (C2-C10)alkenylene selected from 

wi th R4 being a linear a ll..-ylene selected from the group 
consisting ofCf-13 , C,I-15, C3 H7, C4 f-T9 , C5f-T 11 , C6 l-11,, C7 l-T15 
and C8Hl7. For certain Fonnula IV compounds R5 is 
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and group R6 is selecK'Cl from (C, -C10)alkylene, (C2-C10) 

alkenylene, ---01-1, - SH, NO,, F, Cl, Br, - Nl-12 , or a 
- NHR" where R" is as defined above. 
10138] A recombinant cannabinoid acid synthase obtained 
by overcxpressing a protein encoded by a recombinant 
catrnabinoid ac id synthase gene as described above is 
reacted with a substrate according to Formula I or with a 
substrate according to Fonnula II as described above in a 
reaction n:Uxture comprising a sol vent and an amphiphilic 
compound to produce one or more cannabinoids or cannabi
noid analogs. The cannabinoids or cannabinoid analogs thus 
fanned are isolated from the reaction mixture and optionally 
decarboxylated. Preferably, the recombinant cannabinoid 
acid synthase is a recombinant CBDA synthase or a recom
binant THCA synthase obtained by the method described 
above. l.n a preferred aspect of the invention, the solvent in 
the reaction mixture is a non-aqueous solvent, such as 
dimethyl sulfoxide (DMSO), dimethyl formamide (DMF), 
or iso-propoy l alcohol. The concentration of the solvent in 
the reaction mixtme may vary between I 0% and 30"/o (v/v). 
TI1e inventors of the present application have unexpectedly 
discovered that the concentration of the non-aqueous solvent 
in the reaction mixture affects the rate of the reaction as well 
as the ratio between the different ca1rnabinoid products. 
Thus, the table below shows that in a reaction driven by the 
THCA synthase, the presence of DMSO in a concentration 
of20% (v/v) in the reactionn:Uxture increases the rate of the 
reaction by 2.5-fold and causes the reaction to produce 
THCA and CBCA in a ratio of 5:1, whereas the presence of 
DMSO in a concentration of I 0% (v/v) in the reaction 
n:Uxture produces THCA and CBCA in a ratio of 10: 1. 
Accordingly, in a preferred aspect of the invention, the 
non-aqueous solvent in the reaction mixture is DMSO and 
the concentration of DMSO in the reaction n:Uxture is most 
preferably 20% (v/v) . 

TABLE J 

Effect of DMSO Concentmlion on Re.:1ction Rate and Products 

DMSO Rate of Reaction THCA:CBCA 

0% IX 
10% 1.2X 10, 1 
20% 2.5X 5'1 
25% u 
JO% O.JX 

(0139] In an additional preferred embodiment of the 
invention, the reaction mixture also comprises an mnphiphi
lic compound. Preferably, the amph.iphilic compound is a 
surfactant or a cyclodextrin. Surfactants may include, but are 
not limited to, cationic surfactams, ionic surfactants and 
anionic surfactants. IVlost preferably1 the reaction mixture 
contains a cyclodextrin. 
10140) Cyclodextrins are natural cyclic oligosaccharides 
consisting of six or more 1-4 linked a-anhydro-glucose 
moieties, which may be produced from starch throug)1 an 
enzymatic reaction. Cyclodextrins are classified according 
lo the number of glucose units as a-cyclodextrin (six units), 
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B-cyclodextrin (seven units) and y-cyc lodextrin (eight 
units). The s lmcture of the cyclodextrin is shown below: 

O~ll O O,,,,,x50H 
.... 0 

o·""''" '·•.,on no ~ 7 

"°JX~ ~ ~~Vo" !y?Il OH H~,, I!O ,,0 
'J1 \\\ 

0 ..... , 
"'"o o 

OH HO 

"o 0 Om•S-°zSOH 
~O--( HO DH O 

0

,)--.(""0 H HO _ 

J:XO~H m!~? OH 

y-CD 

HO - OH HO'"" 
0 

'ho" "~·~ 
r o>-<'"'O O OH 

HO o~ 

HO 

(0141( TI1e secondary hydroxyl groups on the exterior side 
of the cyclodextrin molecule are hydrophilic, whereas the 
primary hydroxyl groups form the hydrophobic ce111ral 
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cavity. Without being bound to any theory, it is believed that 
the hydrophobic central cavity in cyclodextrin incorporates 
the substrate in the reaction mixture as a guest molecule and 
the complex thus fom1ed protects and stabilizes the sub
strate, although no covalent or ionic bonds a re formed. 

(0142) The inventors of the present application have unex
pectedly discovered that the concentration of cyclodextrin in 
the reaction 1nixture affocts the conversion rate of the 
substrate into the products as well as the ratio between the 
different products of the reaction, as shown in the table 
below. shows the effect of cyclodextrin concentration in the 
reaction mixture on CBDA synthase reaction at pH 4.85. 

(0143) As shown in the table below, increasing the con
centration of cyclodextrin from 0 mg/ml to 28 mg/ml in the 
CBDA synthase enzyme reaction increases the conversion 
rate of CBGA to CBDA and CBCA, with the highest 
conversion rates seen when cyclodextrin concentrations 
were 8 mg/ml and 12 mg/ml (20% higher conversion rate 
comparing to no cyclodextrin added to the reaction). 

(0144] Addition of cyclodextrin also slightly changes the 
ratio of CBDA:CBCA at pH 5. The 11ighest CBDA:CBCA 
ratio (CBDA:CBCA 1.41: I) was observed when cyclodex
lrin concentration was 20 mg/m.l and the lowest CBDA: 
CBCA rat io (CBDA:CBCA 1.04:1) was observed when 
cyclodextrin concentration was 16 mg/ml. 

TABLE 2 

Effect of Cyclodextrin on CBDA SyntJ1ase Re.1.Ction Conversion Rate and 
Produc t Rn! io 

CBDkCBCA 
Cyclodextrin concentratio n Co1iversio 11 rate ratio FIG. 

0 mg/ml 40% 1.13: 1 11 
2 mg/ml 57% 1.24 :1 12 
4 mglml NIA NIA NIA 
8 mgiml 61% 1.28: 1 13 

12 mg/ml 60"/o 1.33:1 14 
16 mg/ml 500/o t.04: 1 15 
20 mg/ml 53% 1.41:1 16 
28 mg/ml 45% 1.24 :1 17 

(OJ 45) The cyclodextrin may be a-cyclodextrin, ~-cyclo

dextrin or y-cyclodextrin. Jn some embodiments, the cyclo
dextrin is sulfobuthylether ~-cyclodextrin sodium salt o r 
randomly methylated B-cyclodextr in. When present in the 
reaction mixture, the cycloclextrin is in a concentration of 
from about 0.001 to about 30 mg/ml. Preferably, the con
centration of cyclodextrin in the reaction mixture is between 
2 and 28 mg/ml. ln a most preferred embodiment, the 
concentration of cyclodextrin in the reaction mixture is 8 
mg/ml. 

(0146] As shown in the table below and in FJGS. 11-17, 
with no cyclodextrin, increasing the amount of DMSO from 
10% to 200/o increased the conversion ofCBGA from 13.5% 
to 45.8% overnight, and changed the ratio ofTHCA:CBCA 
from 3.33: l lo 2.24: l. Including cyclodextrin in the reaction 
with 10% DMSO, increased the conversion o f CBGA to 
89.7% and gave a ratio of 4.2: 1 THCA:CBCA. Increasing 
the concentration of cyclodextrin lo 40% or 60% gave the 
same resu Its. 
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Condition CBGA THCA CBCA THCA:CBCA 

100/o DMSO, no cyclodextrin 86.51% 10.40% 3.0900% 3.37:1 
20%1 DMSO, no cyclodextri11 54.1 8% 32.39% 13.43% 2.41:1 
100/o DMSO, 200/o 10 .33% 72.37% 17.300% 4.20:1 
cyclodcxtrin 
100/o DMSO, 400/o 11.50% 72.08% 16.42% 4.39:1 
cyclodcxtrin 
I 00/o DMSO, 600/o 10.36% 73.98% 15.65% 4.73:1 
cyclodC:\L.rin 

[0147] 111e cannabinoids or cannabinoidanalogs produced 
according to the methods of the invention arc may be single 
enanti0111ers with an enantiomeric purity of at least 95o/o, and 
preferably of at least 99%. 
(0148] The inventors of the present application have also 
unexpectedly discovered that the pH of the reaction mixture 
affects the ratio between the different cannabinoid products 
obtained. Accordingly, in a preferred embodiment, the pH of 
the reaction mixture is modified to obtain the cannabinoid 
products ancVor cannab inoid analog products in the desired 
ratio. Thus, when reacted with a compound of Fonnula I 
according to the invention, THCA synthase may produce 
tetrabydrocannabinol (THCA), cannabichromene (CBCA), 
TT-ICA and CBCA, or analogs thereof in diflerent ratios, 
according to the pH of the reaction. Preferably, the reaction 
is performed at a pH in a range between 3.8 and 7.2, and the 
method produces THCA, CBCA, or THCA and CBCA in a 
ratio as shown in the following table at each specified pH: 

TABLE 3 

Effect o f pH on THCA Svnthasc Reaction Pnxiucts 

pH THCA CBCA 

0 
2.33 1 
1 5.67 

[0149] Jn sununary, changing the pH of the THCA syn
thase enzyme reaction aflects the products. At pH 4 THCA 
is the only product. At p[-J 5 the ratio of THCA:CBCA is 
2.33:1. At pH 6 the ratio is reversed and the product mix is 
THCA:CBCA ! :5.67. Al pH 7 CBCA is the only product. 
Under these conditions, 98% of the compound of Formula I 
is converted into one or more cannabinoids or cam1abinoid 
analogs within two hours. 
[0150] Similarly, when reacted wit a compound of For
mula I, CBDA synthase may produce cannabidiol (CBDA), 
cannabichromene acid (CBCA), CBDA and CBCA, or ana
logs thereof in dilferent ratios, according to the pH of the 
reaction. Preferably, the reaction is perfom1ed at a pH in a 
range between 3.8 and 7 .2, and the method produces CBDA, 
CBCA, or CBDA and CBCA in a ratio as shown in the 
following table at each specified pH: 

TABLE 4 

Effect of pH on CBDA Svnt11asc Reaction Products 

pH 

4 .2 
5 

CBDA 

2.5 
1.1 3 

CBCA 
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TABLE 4-continued 

Effect of pH on CBDA Synthase Reaction Products 

pH CBDA CBCA 

5.2 l.17 
5.4 2.45 
5.8 6.14 
6.2 28.13 
6.8 0 

[0151] Jn summary, changing the pH of the CBDA syn
thase enzyme reaction affects the products. At pH 4.2 the 
CBDA:CBCA ratio is 2.5:1. At pH 5 the ratio of CBDA: 
CBCA is l. 13:1. At pH 6.8 there is no product forming from 
CBDA synthase enzyme reaction. Under these conditions, 
70% o f the compound of Formula I is converted into one or 
more cannabinoids or cannabinoid analogs within two 
hours. 

[0152] The invention also provides a method of producing 
one or more cannabinoids or cannabinoid analogs according 
to Fonuula 11 

wherein the method comprises the steps of: (a) reacting a 
compound according to Fonnula III with a compound 
according lo Formula IV; 

III 

IV 
0 

II 
Rs, ..,..o, ,.....o-P-OH 

-...,,.- p I 
rf\n OH 

in die presence of an enzyme that catalyzes the reaction of 
the Fonnula JJJ and Formula JV compounds to form a 
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Fonnula II compound; (b) reacting the compound of For
mula lI with a caunabiuoid acid synthase in a reaction 
mixture comprising a solvent and au amphiphilic compound 
as described above to produce one or more camrnbinoids or 
cannabinoid analogs; (c) isola ting from the re.action mixture 
one or more cannabinoids or cannabinoid analogs produced 
in step (b); and (e) optionally decarboxylating the one or 
more caimabinoids or caimabinoid analogs isolated in step 
(c). R in Formula III may be selected from - OH, halogen, 
- SH, or a - NRaR• group; R1 and R2 are each indepen
dently selected from the group consisting or - H, -C(O) 
Ra, --OR

0
, an optionally substituted linear or branched 

(C1-C10)alkylene, au optionally substituted linear or 
branched (C2-C10)alkenylene, an optionally substituted lin
ear or branched (C2-Cw)alkynylene, an optionally substi
tuted C 3-C 10 aryl, an optiona lly substituted C3 -C 10 
cycloalkyl, (C3-C10)aryl-(C1-C10)alkylene, (C3-C10)aryl
(C2-Cw)alkenylene, and (C3-C10)aryl-(C1-C 10)alkynylene, 
or R1 and R2 together with the carbon atoms to which they 
are bonded form a C5-C10 cyclic ring; R3 is selected from the 
group consisting of H, -C(O)R

0 
and Ci-C10 linear or 

branched alkyl. R5 in Formula IV may be selected from the 
group consisting of a linear or branched (C1-C 10)alkyleue, a 
linear or branched (C2 -C10)alkenylene, a linear or branched 
(C2-C10)alkynylene, - C(O)-(C1-C10)alkylene, - C(O)
(C2-C10)alkenylene and -C(O)-(C2-Cw)alk')'nylene; 
wherein any alkylene, alkenylene, alkynylene, aryl, al')'lal
kylene, or cycloalkyl group is forther substituted with one or 
more groups selected from the group consisting of --OH, 
halogen, - NR•Rc, -C(O)R"' -C(O)NR•Rc, (C1-Cw) 
alkyl, ---CN, (C1-C4)alkoxy, (C1 -C4)haloalk-yl, and (C1-C4 ) 

hydroxyalkyl; and Ra, Rb and Re are each independently 
-H, -OH, -SH, -NH2, (C1-C10) linear or branched 
a lkyl, or a C3 -C10 cycloalkyl. 
(0153] In one embodiment, R, is a (C2-C 10)alkenylene 
selected from the group consisting of 

and R4 is a linear alkylene selected from the group consisting 
of C H3 , C2 H,, C3 H7, C4 H9 , C5 Hw C6 H13, C7 H15 and 
C8 H 17. Jn a preferred aspect of the invention, R5 is 
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and R6 is selected from (C1-C 10)alkylene, (C2-C10)alk
enylene, --OH, - SH, NO,, F, Cl, Br, - NH2, or - Nim.a. 
(0154] In yet another embodiment, the invention provides 
a method for producing a tetrahydrocannabinol, cannabi
chromene, or both tetrahydrocanuabinol and cannabi
chromene, or their analogsl wherein the method comprises 
the steps of: (a) selecting a compound according to Formula 
I· 

Formula T 

R, 

(b) reacting the comporn1d of Formula 1 with a tetrahydro
cannabinolic acid (TI-lCA) synthase in a react ion mixture 
comprising a solvent and an amphiphilic compound as 
described above; (c) modifying at least one property of the 
reaction mixture, such as the pH of the reaction, the nature 
and/or concentration of the non-aqueous solvent and/or the 
concentration of au amphiphilic compound, such as cyclo
dextrin, to obtain a tetrahydrocannabinol, a cannabi
chromene, or both tetrahydrocanuabinol and cannabi
chromene, or their analogs as products as described above; 
(d) isolating tetrahydrocannabinol, cannabichromene, or 
both tetrahydrocammbinol and cannabichromene, or their 
analogs from the reaction mixture; and (e) decarboxylating 
the tetrahydrocannabinol, cannabichromene, or both tetra
hydrocarmabinol and canuabichromene, or their analogs. R 
in Formula I may be selected from - OH, halogen, - SH, or 
a - NRaRb group; R1 and R2 are each independently 
selected from t11e group consisting of - H, - C(O)R., 
-OR

0
, an optionally substituted C1-C10 linear or branched 

alkylene, an optionally substituted C2-Cio linear or branched 
alkenylene, an optionally substituted C2-C, 0 linear or 
branched alkynylene, an optionally substituted C3-C10 al')'l, 
an optionally substituted C3 -C 10 cycloalkyl, (C3 -C10)al')'l
(C1-C10)alkylene, (C3 -C10)aryl-(C2 -C10)alkenylene, and 
(C3-C10)aryl-(C1-C10)alk')'nylene, or R1 and R2 together 
with the carbon atoms to which they are bonded form a 
C5-C 10 cyclic ring; R3 is selected from the group consisting 
of H, - C(O)R0 and C1-C10 linear or branched alkyl; and Ra 
and Rb are each independently -H, --OH, - SH, - NH2, 
(C1-Cw) linear or branched alkyl, or a C3 -C10 cycloalkyl. 
(0.155] In a different embodiment, the invent ion also pro
v ides a method for producing a cannabidiol, cannabi
chromene, or both cmmabidio l and cannabichromene, or 
tbeir analogs comprising the steps or: (a) selecting a com
pound according to Fonnula I; 

Fonnula I 
R 

R1 

R30 
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(b) reacting the compotmd of Formula J with a cannabino
d iolic acid (CBDA) synthase in a reaction mixture compris
ing a solvem and an amphiphilic compound as described 
above; ( c) modifying at least one property o f the reaction 
1nixn1re, such as the pH of the reaction, the nanire and/or 
concentration of the non-aqueous solvent and/or the con
centration of an amphiphilic compound, such as cyclodex
trin, to obtain a cmu1abidio l, a cannabichromene, or both 
cannabidiol and cannabichromene, or their analogs as prod
ucts; (ct) isolating cannabidiol, cannabichromene, or bmh 
cannabidiol and cannabichromene, or their analogs from the 
reaction mixture; and (e) decarboxylating the cannabidiol, 
cannabicl1romene, or both cannabid iol and cannabi
chromene, or their analogs. R in Fonnula l may be selected 
from - O H, halogen, -SH, or a - NRaRb group; R1 and R2 

are each independently selected from U1e group consisting of 
- H, -C(O)Rm -OR"' ru1 optionally substituted C1 -C 10 

linear or branched alkylene, an optionally substin1ted C 2-C 10 

linear or branched a!kenylene, an optionally substinned 
C 2 -C10 linear or branched alkynylene, an optionally substi
lllled C 3-C 10 aryl, an optionally substituted C3 -C 10 

cycloalkyl, (C3 -C10)aryl-(C,-C 10)alk-ylene, (C3 -C 10)aryl
(C2-C10)alkenylene, and (C3 -C 10)aryl-(C1-C10)alkynylene, 
or R1 and R2 together with the carbon atoms to which they 
are bonded form a C 5-C 10 cyclic ring; R3 is selected from the 
group consisting of H, - C(O)Ra and C1-C10 linear or 
branched alkyl; and Ra and Rb are each independently - I-I, 
- OH, -SH, - NH2, (C1-C10) linear or branched a lkyl, or 
a C 3 -C10 cycloalkyl. Thus, the presem inventors have 
devised methods that produce different cannabinoids and/or 
cannabinoid ana logs in the desired ratio and in a controlled 
marn1er, by varying the pH of the reaction, the nature ancVor 
concentration o f the non-aqueous solvent and/or the con
centration of an amphiphilic compmmd, such as cyclodex
trin, in the reaction mixture. 

Apparatus and Methods for Producing Cannabino ids or 
Cannabinoid Analogs 

(0156( An apparatus or system is provided for producing 
one or more cannabinoids or cannabinoid analogs according 
to the methods of the in vention. The apparatus may com
prise a fermentor, a filter: a bioreactor; and a control mecha
nism. FlG . 7 depicts an apparatus 100 configured to produce 
a t least one cannabinoid and/or al least one cannabinoid 
analog according to an embodiment. As shown in FIG. 7, the 
apparatus JOO includes a fermentor 10, a filter 20, a biore
actor 30, and a colllrol mechanism (comroller) 40. The 
fermentor 10 holds cell culnire medium 12 and a plurality of 
cells 14. 1l1e cells 14 produce and secrete a carnlabinoid acid 
syn thase. The cells 14 grown in the fermentor 10 for the 
manufacture of a cannabino id acid synthase can be yeast, 
prokaryotic or eukaryo1ic cells tha t have been genetically 
modified to include a nucleic acid sequence or a gene that 
encodes a cannabinoid acid synthase protein. Jn certain 
embodin1ents, the nucleic acid sequence tha t encodes a 
cannabinoid acid synthase protein is modified to include a 
yeast alpha secretion sequence al its 5' end and to incorpo
rate a 6-residue histidine tag (SEQ JD NO: 9) at i ts 3' end . 
The addition of the yeast a lpha secretion sequence permits 
secretion of the cannabinoid acid synthase protein into the 
medium 12 used for eukaryotic cell growth. Following 
production of cannabinoid ac id synthase in the fermentor 10, 

18 
Jun. 28,2018 

the supernatant comprising the medium 12 and cells 14 (and 
cruuiabinoid synthase), is transported along a pathway to the 
filter 20. 
(0157] The fi lter 20 may filter the s upernatant to at least 
partially separate the cells 14 from !he medium 12 contain
ing the expressed enzyme. Typically, the filter 20 separates 
at least 80% o f the tota l cells 14 from the medium. Jn some 
embodiments, the filter 20 separates at least 85%, a t least 
90%, at least 9 1 o/01 a t least 92%>: at least 93%, at least 94%, 
at least 95%, at least 96%, a t least 97%, at least 98%, at least 
99%, or !00% of the total cells 14 from the medim11 12. 
Following fi ltration, the cells 14 are transported back to the 
fem1entor 10. ln one embodiment, the filter 20 can be a 
filtration and purification system that includes multiple 
fi lters and reservoirs to purify the cannabinoid synthase. 
[0158) After passing through the filter 20, the cannabino id 
acid synthase flows into the bioreactor 30 and enters the 
bioreactor 30 through an inle t 32. The bioreactor 30 also 
includes an inlet 34 for reactants, such as the substrate 
CBGA or other substrates according to the Formula l 
compound described above. 
(0159] In some embodiments, the bioreactor 30 can be a 
column bioreactor having a support 36. The support 36 may 
be a solid support that is impregnated with divalent metal 
ions or a support whose surface is funct iona lized with 
divalent metal ions. Typically, sepharose, agarose or other 
biopolymers are used as supports for binding divalent metal 
ions such as nickel, cobalt, magnesium and manganese. 
Such supports have a strong affinity for !he histidine lag that 
is present on the expressed cannabinoid acid synthase and 
can be used to sequester the synthase and separa te it from 
other non-essentia l proteins and debris that may interfere or 
impede cannabinoid synthesis. 
(0160] The bioreactor 30 used for synthesizing cannabi 
noids is configured fo r batch ru1d continuous synthetic 
processes to pennit commercial production of phannaceu
tically useful cannabinoids . Jn one embod iment, the biore
actor 30 is config11red for batch synthesis in which the 
composition o f the medium, co ncen1ra1ion of the enzyme 
and substrate a re fixed at the beginning of the process and 
not allowed lo change during catalysis. Synthesis is termi
nated when the concentration of the desired product in the 
mediwn of the bioreactor 30 reaches a predetennined value 
or the concentration of substrate falls below a predetermined 
level, such as to a level where there is no detectable catalytic 
conversion of substrate to product. 
(0161) In one embodiment, therefore, the His-tagged can
nabinoid acid synthase is sequestered onto a nickel contain
ing resin support w ithin the bioreactor 30 prior to the 
introduction of a known ai11om1t of substrate, for example, 
cruuiabigerolic acid (CBGA), or a compound of Fon11ula I or 
Formula II into the bioreactor 30. In an alternate embodi 
ment, CBGA or a compound of Formula I or Formula ll can 
be present within the bioreactor 30 having a nickel resin 
support prior to the introduction of the medium containing 
a cannabinoid acid synthase into the bioreactor 30. 
(0162] The progress of the reaction w ithin the bioreaclor 
30 can be monitored periodically or continuous ly. For 
instance, an optical monitoring system 50 may be utilized to 
detect the concentration ofproducl in tl1e medium within the 
bioreactor as a ftmction of time. Alternatively, the decrease 
in the concentration of substrate can be monitored to signal 
tenuination of synthesis. The cannabinoid product thus 
produced can be read ily recovered from the medium using 
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standard solvent extraction or chromatographic purification 
methods. The monitoring system SO may be part of or may 
interact w ith a control mechanism 40 (a controller) 
described further below. 
[0163] An alternative to the batch process mode is the 
continuous process inod.e in which a defined amount of 
substrate and medium are continuously added to the biore
actor 30 while an equal amount of medium containing the 
cannabinoid product is simultaneously removed from the 
bioreactor 30 to maintai n a constant mte for formation of 
product. The medium can enter the bioreactor 30 through the 
inlet 32 and exit the bioreactor through an outlet 38. 
[0164] 111e conditions of the bioreactor can be controlled 
using a control mechanism 40. "TI1e control mechanism 40 
may be coupled to the bioreactor 30 or, alternatively, may 
interact with the bioreactor 30 w irelessly or remote ly. The 
con1rol mechanism 40 may also be used to con1rol the 
conditions of the fennentor 10, such the oxygen level, 
agitation, pH, and feed rate. T he control mechanism 40 may 
also control the flow of materials (e.g. by controlling al least 
one pump) into and out of the fennentor 10, filter 20, and 
bioreactor 30. ln some embodiments, the control mechanism 
40 is configured to con1rol the conditions of at least one of 
the fermentor 10, the filter 20 and the b.ioreactor 30 based on 
information obtained from the optical monitoring system 50. 
[0165] "TI1e control mechanism 40 may include a process
ing circuit having a processor and memory device. The 
processor and memory are configured to complete or facili
tate the various processes and functions described in the 
present application, such as controlling the pH, tempernture, 
and pressure of tbe bioreactor 30, or altering the flow rate of 
medium into or out of the bioreactor 30. In some embodi
ments, for faci litating the control of pH, temperature, pres
sure and flow rate, the control mechanism 40 may be 
configured to communicate with at least one sensor in a 
sensor suite 60. "TI1e sensor suite 60 may include a pH sensor 
62, a temperature sensor 64, and a pressure sensor 66. The 
contro l mechanism 40 may include a proportiona l-integral
derivative (PlD) controller for feedback-based control. The 
control mechanism 40 may be further configured lo regulate 
the flow rate of materials into and out of the fermentor 10, 
the filter 20 and the bioreactor 30 via pulse width modulation 
(PWM) techniques. 

[0166] FIG. 10 depicts the control mechanism 40. The 
control mechanjsm 40 includes a processor 43 coupled to a 
communication bus 48. The control mechanism 40 further 
includes a main memory 42, such as a random access 
memory (RAM) or other dynamic storage elev.ice, coupled to 
the bus 48 for storing information , and configured to store 
instructions to be executed by the processor 43. The main 
memory 42 is further configured 10 store temporary vari
ables and intermediate information during execution of 
instructions by the processor 43. The control mechanism 40 
may additionally include a read only memory (ROM) 44 or 
other static stornge device connected to the bus 48 for 
storing in.fomiation and instructions. Additionally, a storage 
device 46 , such as a solid state device, magnetic disk or 
optical disk, may be coupled to the bus 48 for persistently 
storing infom1ation and .instructions. 
[0167] Furt11ermore, tl1e control mechanism 40 may be 
coupled (via the bus 48) to a display 77, such as a liquid 
crystal display, or active matrix display, for displaying 
information to a user. In some embodiments, an input device 
11, such as a keyboard, may also be coupled to the bus 48 
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for conmnmicating infom1ation, and to convey commands to 
the processor 43. Jn some embodiments, the input device 11 
has a touch screen display. 

10168] In some embodime111s, the b.ioreactor 30 is not a 
column reactor. Instead, as shown in FIG. 8, the bioreactor 
30 comprises a p lurality of microtiter plates and is provided 
in a system 200. The system 200, like the system 100, 
includes a controller 40 configured to control the bioreactor 
30. The comro ller 40 may control the environmental con
d.itions of the bioreactor 30 and the supply of materials to t he 
bioreactor 30, and may also control operations performed on 
the plurality of microtiter plates. 

[0169) ln some embodiments, each of the microtiter plates 
of system 200 has 96 wells. ln other embodiments, at least 
one microtiter plate has 384 wells, 1,536 wells, 3456 wells, 
or 9600 wells. In embodiments with 96-well microtier 
plates, an enzyme reaction may take place in each of tl1e 96 
wells . The reaction in each well make take place in a volmne 
of 0.5 ml or in a volume exceeding 0 .5 mL. The apparatus 
described above are configured to produce cannabinoid 
acids or cannabinoid acid analogs, specifica lly, THCA and 
CBCA or CBDA and CBCA, by .implementing the tech
niques described below in reference to FlG. 9. FIG. 9 
illustrntes an automated method (900) for producing can
nabinoids or cmmabi.noid analogs according to an embodi
ment. The method includes providing canna binoid CBG, 
DMSO, and a cm10abinoid biosynthetic enzyme in each of 
the wells (901). The cannabinoid biosynthetic enzyme may 
be, for exmuple, THCA synthase. The cannabinoid biosyn
thetic enzyme is produced by the fem1entor 10 by growing 
yeast transfom1ed with a gene encoding THCA synthase, as 
described above. The cannabino id C BG, on the other hand, 
is chemically synthesized . Tue ca110abinoid CBG, the 
DMSO and camiabinoid biosynthetic enzyme may be con
s idered to be the 'starting materials' introduced into the 
bioreactor to ultimately yield at least one cannabinoid or 
cannabino id analog. The cannabinoid CBG, DMSO, and 
cannabinoid biosyntbetic enzyme may be provided in each 
of 1l1e wells via automatic pipetting. In other words, an 
apparatus such as the systems 100, 200 may comprise 
mechanized componentry that may be controlled, for 
example, by the control mechanism 40, so as to deliver an 
appropriate amount o f at least one of the cannabinoid CBG, 
DMSO, and cannabinoid biosynthetic enzyme to each well 
of the microtiterplates. ln some implementations, operations 
shown in FJG. 9 may be perfonued iteratively by virtue of 
such automation. For exmnple, an automated dispensing 
system or automated delivery system may be configured as 
a supply mechanism and used to deliver at least one of CBG, 
DMSO and THCA synthase and a solvent. In some imple
mentations, the systems 100, 200 may be configured with a 
progranm1able sample changer configured to automate 
sample preparation and transfer. The programmable sample 
changer may be, for example, the Gilson 223 Sample 
Changer produced by Gilson, lnc. of Middleton, Wis., USA, 
and may be operable with perista ltic and/or syringe pumps. 

10170] The method furtber includes reacting tbe caimabi
noid CBG and the cannabinoid biosynthetic enzyme such as 
THCA synthase in the DMSO once these materia ls are 
distributed in the wells (902) . The method further includes, 
in some implementat ions, determining a ratio of THCA to 
CBCA or a mtio of CBDA to CBCA to be produced by the 
reaction (903). ln some implementations, the control mecha
nism 40 determines a quantity of THCA and a quantity of 
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CBCA lo be produced, or a quantity of CB DA and a quantity 
of CBCA to be produced. Next, the method includes deter
mining w hether the pH of the reaction mixture requires 
adj usting in order lo yield the predelennined ratio of THCA 
to CBCA or the predetermined ratio of CBDA to CBCA 
(904). Specifically, the pH may be adj usted by altering the 
c01nposition of the reaction mixn1re to obtain a desired ratio 
of THCA:CBCA or a desired ratio of CBDA:CBCA. The 
reaction culminates in the produc tion of THCA and CBCA 
or CBDA and CBCA (905). 
[0171] 111e method further includes mllomatically 
pipetting a solvent into each well of the microtiter plate 
(906). TI1e addition of the so lvent results in cessation of the 
reaction. The method additionally includes, fo llowing the 
introduction of the solvent into the wells and cessation of the 
reaction, recovering cannabinoids or cannabinoid analogs in 
the solvent layer. 
[0172] Once the reaction has ceased, the resulting solvent 
layer is removed (907), and the cannabinoids orcannabinoid 
analogs are recoverable. More specifically, the cannabinoids 
or cannabinoid analogs are recoverable from a solvent 
fraction present in each of the wells via vacuum evaporation 
or e thanol extraction (908). In some embodi..tnems, a rotary 
evaporator is used to remove the solvent. The rotary evapo
rator may be an automated ro1ary evaporator such as the 
fully automated POWERVAP® rotary evaporator produced 
by Genser Scientific lnstnunents of Ro1henburg ob der 
Tauber, Gennany. Upon removal of the solvent, the can· 
nabino ids or cannabinoid analogs are left in the bottoms of 
the wells. The method fnrlher includes re-suspending the 
carmabinoids or cannabinoid analogs (909). The cannabi
noids or cannabino id ana logs may be re-suspended in etha
nol, liposomes, or lipid micelles . 
(0173] TI1e process illustraled in FlG. 9 permits recovery 
of cannabinoids or cacmabinoid analogs that may be readily 
formulated into phamJaceuticals and marijuana-in.fused 
products including beverages, confectionery, and cosmetics, 
among other examples. The cannabinoids or cannabinoid 
analogs may be readily purified via HPLC for pbannaceu
Iical app lications. 
[0174[ In at least one implementation, 0.5 mg of buffered 
CBG, buffered Tl-TCA synthase or buffered CBDA synthase 
wi1h or witholll stabilizer, and DMSO are mnomat1cally 
pipetted into each of a plurality of wells of a microtiter plate. 
The DMSO that is added may have a final concentration of 
20%, in some implementations. ll1e ensuing reaction in each 
of the plurality of wells genera lly y ields approximately 0.5 
mg of cannabinoids when incuba1ed for 2 hours, 4 hours, 12 
hours, and 24 hours . Thus, for a rnicrotiterplate including 96 
wells, the system JOO produces about 48 mg of cannabi
noids. 11 follows that Ihe amotull of cannabinoids produced 
'scales up' when a plurality of microliter plmes are used. For 
example, if 2 1 microtiter plates are used, each having 96 
wells, !hen 1008 mg (about l gram of cannabinoids) may be 
produced accordi ng to the techniques described above. 
Using 3 15 m icroliter plates produces approximately 150 
grams of cannabinoids. In some implementations, volumes 
greater than 0.5 mg may be used for the reaction mixnire. 
[0175] In some embodin1ents, the processor of the con
Iroller can be implemented as a general purpose processor, 
an application specific integrated circuit (ASIC), one or 
more field programmable gale arrays (FPGAs), a group of 
processing components, or other su itable electronic process
ing components. The memory device (e.g., memory, 
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memory uni!, storage device, etc.) is one or more devices 
(e.g., RAM, ROM, Flash memory, hard disk slorage, etc.) 
for storing data ancVor compuler code for completing or 
fucilitating the various processes and functions described 
above. Tb e memory device may be or include volalile 
memory or non-volat ile memory. Tbe memory device may 
include database components, object code components, 
scrip! componenls, or any olher type of information strnc
mre for supporting the various activities and infomiation 
slrncntres described in the present appl icalion. According to 
one embodiment, Ihe memory device is communicably 
connected to the processor via the processing circuit and 
includes con1puter ccxle for executing (e.g., by the process
ing c ircuit ancL'or processor) one or more processes 
described herein. 
[01 76] The present disclosure contemplates methods, 
apparatus and program products on any machine-readable 
media for accomplishing various operations, such as con
trolli ng 1he conditions o f the bioreaclor. The embodiments of 
Ihe presenl disclosure may be implemenled us ing existing 
computer processors, or by a special purpose computer 
processor for an appropriale system, incorpora1ed for this or 
anolher purpose, or by a hardwired syslem. Embodiments 
within the scope of the present disclosure include program 
products comprising machine-readable media for carrying 
or having machfr1e-executable instn1ctions or data structures 
stored !hereon. Such machine-readable media can be any 
available media that can be accessed by a general purpose or 
special purpose compuler or 01her machine with a processor. 
By way of example, such machine-readable media can 
comprise RAM, ROM, EPROM, EEPROM, CD-ROM or 
01her oplical disk storage, magnetic disk slorage, 01her 
magnetic storage devices, solid state storage devices, or any 
other medium which can be used to carry or store desired 
program code in the form of machine-execu1able inslrnc
tions or data stmch1res and which can be accessed by a 
general purpose or special purpose computer or 01ber 
machine with a processor. When inforniation is transferred 
or provided over a network or another communications 
com1ection (eilher hardwired, wireless, or a combination of 
hardwired or wireless) lo a machine, 1he machine properly 
v iews the connection as a machine-readable medium. Tb us, 
any such conneclion is properly tel1lled a machine-readable 
medium. Combinations of the above are also included 
wi1hin the scope of machine-readable media. Machine
executable inst.n1ctions include, for example, instruct ions 
and data which cause a general purpose computer, special 
purpose computer, or special purpose processing machines 
10 perform a certain funclion or group of funclions. 
[0177] The control mechanism may further include addi
tional devices, such as a keyboard and display, to allow a 
user to interact with the control mechanism to control the 
conditions of the bioreactor. For exan1ple, the display may 
include a screen to allow a user to ino.nitor changes in pH, 
temperature, pressure, and flow rate of the bioreactor, or to 
monilor any oilier condiiion of Ihe syslem for producing 
cannabinoids or cannabinoid ana]ogs. The present invention 
is further described by the following examples which are not 
meant 10 limi1 1he scope of 1he claims. 

EXAMPLES 

[OJ 78] A. Molecular Cloning, Screening and Expression 
of Protein from High Yield Yeast Trm1sfonnan1s 

I . Restriction Digeslion. 

(0179] THCAa plasmid DNAandCBDA a plasmid DNA 
were linearized by d igesting each plasmid with Pme I or Spe 
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I restriction enzymes at 3 7° C. for two hours. Linearized 
plasmids were verified on 0.8% agarose gel by electropho
resis. Qiagen Gel Extraction kit was used to extract the 
linearized plasmid from the agarose gel and the plasmids 
were frozen at -20° C. until use. 2. Preparation of Electro
competent Yeast Cells. 

Electrocompetetlt PichiaPink (pPiuk) cells were made by 
inoculating JO mL of YPD media with a glycerol stock of a 
genetically engineered Ade2, pep4 knockout pPink yeast 
strain 2. 'These cells were grown overnight in a 125 ml 
bafiled flask al 28° C., using a shaker spinning at 270 rpm 
until the 0 0 600 of the culture reached a value o f 1.3 units 
indicating log phase growth. This culture was then added to 
JOO ml of YPD media and allowed to incubate overnight 
under the same conditions. The OD600 was checked hourly 
and afler a 12 hour incubation period reached a value of 1.3 
units. 

(0180) After reaching log phase growth the cells were 
transferred to a 500 m l centrifuge tube and spun down for 5 
minutes at 4° C. and 2500 rpm. The YPD broth was decanted 
and 250 ml of sterile ice-cold wate r was added and the cells 
re-suspended. The cells were then centrifuged at 4° C., 2500 
rpm for another 5 minutes, re-suspended with an additiona.I 
250 ml of water to ensure removal of al l YPD media and 
centrifl1ged under the same conditions again. The water was 
then decanted and 50 ml of sterile ice-cold water was added 
and the cells re-suspended and centrifoged under the same 
conditions. The water was then decanted and JO ml of 
sterile, ice-cold IM sorbitol was added and the cells re
suspended. 'The suspension was then transferred to a sterile 
15 ml conical tube and cenuifliged wider the same condi
tions as before. The l M sorbito l was then decanted, 300 iii 
of sterile ice-cold JM sorbitol was added and the cells were 
re-suspended and placed on ice for use. 

3 . Electroporation 

[0181) The previously frozen linearized plasmid DNA was 
thawed on ice and 80 fLI of the e lectrocompetent pPink cells 
were added to the tube . This volume was then transferred to 
a 0 .2 cm electroporation cuvette and incubated on ice for 5 
minutes. TI1e cuvette was then pulsed at 1640 V, 200Q, and 
25 fLF for a total pulse time of approximately 4 minutes. 
Immediately a fl.er pulsing, I ml of YPDS media was added 
to the cuvette and mixed by pipetting. The cuvette was then 
placed in a 28° C. incubator, without shaking, for 2 hours, 
after which 300 µ I was spread onto fresh PAD plates. The 
PAD plates were then placed into the 28° C. incubator for 
approximately 7- JO days and inspected each day for cell 
growth. 

4. Screening 

[0182] White colonies are indicative of posi tive expres
sion of the gene of interest, whereas red colonies indicate no 
expression. All white co lonies were selected and re-streaked 
onto fresh PAD plates and allowed to grow for 3-5 days until 
individual co lonies appeared. A single co lony was then used 
to inoculate JO ml of BMGY in a 125 ml bafiled flask and 
placed into an incubator overnight shaking at 28° C. and 270 
rpm. When the 00600 reached l.2-l.5 (after l :JO dilution in 
water) the inoculmn was transferred to a 50 ml conical tube 
and centrifuged at 2500 rpm for 5 minutes . The BMGY was 
decanted and l ml of BMMY was added. The mbes were 
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then covered with air porous tape to a llow for steri le air 
exchange and placed into the shaking incubator at 28° C. and 
270 rpm. 

10183] After 24 hours JOO fU of the sample were removed 
and JOO µI of 40% methanol were added. The removed 
portion was then centrifuged at 12,000 rpm for 5 minutes 
and the supernatant and pellet were saved as T= l (day l ) 
sam ples. This procedure was then repeated a fter 48 hours 
(T=2). After 72 hours (T=3) the remaining sample was 
harvested as the final time point. The T=3 supematant was 
then spun through an Amicon 30 kD prote in filter and run on 
an SOS-PAGE for visualization of protein. 

5. Enzymatic Conversion 

[0184] Samples that had greater than 20% conversion of 
CBGA to CBDA over 4-24 hours were then scaled up. 
Briefly, enzymatic conversion reaction was as folJows: 25 µ1 
of cell free supematant from the T=3 samples was incubated 
fo r 2 hours at 30° C., with 25 µI of a I mg/ml CBGA stock 
in DMSO in 200 fLI of pH 4.8, 100 mM citrate buffer. 
Reaction yielded a fina l concentration of CBGA of 0. 1 
mg/ml at pH 5.0. 

10185) For Scale-Up, a single colony was used to inocu
late 10 ml of BMGY in a 125 ml bafiled flask which was 
incubated overnight at 28° C. and 270 rpm. Tbe 00600 was 
measured after 24 hours, and once it reached 1.2 the I 0 ml 
suspension was then used to inoculate 90 ml of BMGY in a 
I L bafiled flask. The suspension was then allowed to 
incubate overnight at 28° C. and 270 rpm. When the 0 0 600 

reached 1.2-1.5 the inoculw11 was then transferred to a 500 
ml centrifuge bottle and pelleted at 2500 rpm for 5 minutes. 

10186] The BMGY was decanted and the cell pellet 
washed with 10 ml of BMMY. After 2 washings the pellet 
was re-suspended with 10 ml of BMMY, transferred to a 500 
ml baflled flask and allowed to incubate overnight at 28° C. 
and 270 rpm. After 24 hours I ml of the sample was removed 
(T= l ) and l ml of 40% methanol was added. l l 1is was 
repeated after 48 and after 72 hours the full san1ple volrnne 
was harvested, separated and analyzed. 

[0187] Table 5 below shows the results of small scale 
screening samples with greater than 20% conversion of 
CBGA to THCA that were selected for scale-up. 

TABLE 5 

SmaJI Scale Screeni ng Samples with Greater 1.ha.n 20% Conversion 
o f CBGA to THCA 

Sample ID 

Spe THC #3 
Spe THC #4 
Spe THC #22 
Spe THC #23 
Pme THC #5 
Pme HIC(2) # t 
Pmc THC(2) #2A 
Pmc THC(2) #25 
Pmc THC(2) #36 
Pmc THC(2) #41 
Pmc THC(2) #42 
Pmc THC(2) #46 
Pme THC(2) #51 
Pmc THC(3) # t 

% Conversion of CBGA to THCA in reaction 
containing 0.1 mg/m l CBGA. 

20.6 
28.7 
20.6 
18.7 
32.5 
29. I 
27.2 
31.6 
27.7 
32.5 
27.6 
40.7 
26.8 
55.2 
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TABLE 5-continued 

Small Scale Screening Samples with Greater than 20% Conversion 
of CBGA to THCA 

Sample ID 

Pme THC(3) # 11 
Pmc THC(3) # I 7 
Pme THC(3) #19 
Pm< THC(3) #20 

% Conversion of CBGA to THCA in rc."tct.ion 
containing 0. I mgtml CBGA. 

35.0 
69.9 
36.8 
34.3 

6. Cloning S1ra1egy for Generating MuJ1i-Copy GOJ Inserts 
ln Vitro. 

[ 0188] An altemate yeast expression system was used to 

obtain transformed cells having one or inore copies of the 
gene of interest. The multi-copy Pichia Expression Kit from 
lnvitrogen was used to constn1ct new plasmids that could 
generate multi-c.."Opy gene inserts in vitro or in vivo. 

Jn Vitro Genermion of Multi-Copy Inserts 

[0189] To generate multi-copy GOJ inserts in vitro, the 
pA08J 5 vector was used to clone the gene of interest. 
a -CBDA synthase and a -THCA symhase were cut with 
EcoR l and Barn HJ from pPink-HC plasmid by incubating 
100 ng of the pPink-HC vector containing the a -CBDA 
symhase gene or the a -THCA symhase gene with I µI of 
EcoR I buffer, 1 ftl of each restriction enzyme (JO tmits/µI) 
and I µI of BSA in 20 ftl total reaction volume at 37° C. for 
2 hr. I 00 ng of pA08 l 5 vector was also digested with Eco 
R I and Bam HI enzymes fo llowing the same protocol. 
[0190] After digestion, the GO! and vectors mixture were 
run on a 0.8% agarose gel at 95 V for I hr. Bands of correct 
size were excised and extracted from the gel with Invitrogen 
gel extraction kit. The linearized vector and gene inserts 
were ligated using T4 DNA ligase protocol from NEB® . 
Upon ligation, the circular vector contai11ing the gene of 
interest was transfonued into £. coli Top I 0 F- cells to 
harvest plasmid by electroporation at I 500 V, 200Q and 25 
icF for 4 milliseconds. The transformed cells were then 
mixed with 250 pl of SOC medium (provided with One 
Shot® Top JO Electrocomp™ E. coli from lnvilrogen) and 
plated on a LB-Amp I 00 plate at 37° C. overnight. TI1e next 
moming, positive colonies were identified with colony PCR 
protocol with 5' AOXJ and 3'AOX I primers. Positive colo
nies containing the gene of interest were grown in liquid 
LB-A.mp l OO media overnight at 37° C. The next day plas
mid mini-preps were done w ith lnv itrogen's fast prep kit and 
the concentration of the plasmid was analyzed on 0.8% 
agarose gel before fu rther amplification. 
( 0191] TI1e recombinant pA08 I 5 plasmid containing the 
a lpha-TH CA synthase and alpha-CBDA synthase genes was 
divided into 2 batches, one batch was used as a vector in 
which was inserted a second copy of the gene of interest and 
one batch was used for extracting the alpha-TH CA synthase 
or alpha-CBDA synthase genes. The vector batch was first 
digested with Barn HJ fo llowing NEB' s single d igest pro
tocol. The second batch was digested with Bgl II and Barn 
HI restriction enzymes. The linearized vector and genes 
were purified on a 0.8% agarose gel and extracted. The 
vector and genes were then ligated following NEB' s T4 
DNA ligase protocol and then transformed into £. coli 
Top I 0 F- cells by e lectroporation as described above. The 
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cells were incubated at 37° C. overnight and then screened 
for the correct gene insert by PCR. Gene sequences were 
confirmed by sequencing. The multi-copy plasmids were 
linearized at the His4 sequence region by restriction enzyme 
digestion and transformed into competent Pichia pasloris 
strain Gl!5 (his4, Mut+) cells. TI1e transformed cells were 
grown on His-plates for screening. Screening was done on 
His- plates to confinu integration of the plasmid at the His 
site of the Pichia Pasloris genome. Positive colonies were 
chosen for methanol induction of protein, time points pro
tein SDS-gel and enzyme assay. 

In Vivo Generation of Multi-Copy Inserts 

10192) To generate multi-copy GO! inserts in vivo, the 
pPJC-3.5K vector was used as the backbone to carry and 
insert one or more copies of the a -CBDA synthase gene or 
the a -Tl-ICA synthase gene into the Pichia pasloris GSJ 15 
strain genome. a-CBDA synthase and a -THCA synthase 
genes were excised out with Pme J and Bam HI from 
pPink-1-lC plasmid, separated from the pPink-HC backbone 
on a 0.8% agarose gel at 95 V for I hr and extracted from 
the gel with Qiagen or Invitrogen gel extraction kit. pPJC-
3.5K plasmid was digested by Pmel and BamHi from NEB, 
run on 0.8% agarose gel and extracted from the gel with 
Qiagen or lnvitrogen gel extraction kit. 
10193] The linearized vector and gene inserts were ligated 
together using Invitrogen T4 DNA ligase protocol from 
NEB®. Ligated c ircular recombinant plasmids were elec
troporated into E. coli Top JO F- strain and the cells were 
plated on LB-Amp-JOO plates. The plates were incubated 
were incubated overnight at 37° C. for colonies to form. 
Colony PCR was applied to verify successful transformation 
and colonies bearing pPIC-3.5K-a lpha-THCA synthase or 
pPIC-3.5K-alpha-CBDA synthase were re-streaked on new 
LB-Amp-I 00 plates to generate more plasmids. 
10194) pPIC-3.5K-alpha-Tl-ICA synthase and pPIC-3.SK
alpha-CBDA synthase were inserted into GS 11 5 strain by 
electroporation as described above. The t ra nsformed GSI 15 
cells were then plated on YPD-geneticin plates with 0.25 
mg/mml-3 mg/ml geneticin to select for one or more THCA 
synthase gene and CBDA synthase gene copy colonies. 
Colonies grown on 3 mg/ml YPD-geneticin plates were 
selected for THCA synthase and CBDA synthase production 
screening . 

Results 

(0195] The conversion rate from CBGA to Tl-ICA and 
CBCA was greater than 90% in two hours using crude 
fenn entation supernatant (FIGS. 3 and 5). 
10196] The conversion rate from CBGA to CBDA and 
CBCA was greater than 700/o overnight using crude fem1en
tation supernantant. (FIG. 6). 

7 . Enzyme Purification 

10197] The cannabinoid acid synthase enzymes thus 
obtained were purified by size exclusion chromatography 
(SEC) using a 2.2 cm inner diameter column and 5 ml 
supernatant in a column volume to crude enzyme superna
tant ratio of 20: l. Briefly, 10 g of dry sephadex beads were 
measured and added to a Pyrex glass container. l 00 ml of 50 
mM Phosphate buffer pl-I 7.4 were added to Bio-GEL P-100 
beads with excess amount and let sit for more than 12 hours. 
(P-100 beads swollen 12x when completely hydrated). 
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Using a vacuum pump, the hydrated P-J 00 beads and 
another 1 L pH 7.4 50 mM Phosphate buffer were de-gassed 
to cause the beads to settle in the excess buffer. The buffer 
was poured off, and 100 mL de-gassed Phosphate buffer 
were poured into the beads, such that the beads settled again. 
These steps were repeated two more times. TI1e hydrated 
P-100 was then poured into a glass column until 2-5 cm of 
the gel bed was fanned, then more gel was poured to the 
desired height and let it settle. 1b e column thus formed was 
stored at 4° C. 5 mL of either THCA or CBDA synthase 
crude supernatant was run through the colunm at 4° C. and 
the fractions were collected at 5 mL/fraction for 25 fractions. 
All fractions were saved, stored at 4° C. and analyzed for 
enzyme activity and by SDS-PAGE gel to examine purifi
cation efficiency and resolution. 

B. Cannabinoid and Cannabinoid Analog Enzymatic 
Production 

J. Enzymatic Assay Conditions 

(0198] The Standard CBDA synthase enzyme/TH CA syn
thase enzyme reaction assay conditions were as follows: 
enzyme reaction was conducted in a 1.5 ml Eppendorf snap 
cap tube. 25 ~ti substrate, such as CBGA, dissolved in 
DMSO at 1.0 mglm.I in 200 ~ti of 100 mM citrate buffer pH 
4.85 was incubated with 25 ~ti enzyme solution at 30° C. for 
2 hours. The reaction was terminated by the addition of250 
µl MeOH and analyzed by HPLC. 
[0199] Enzyme activity was tested under a variety of 
conditions as follows: 
(0200] I . Different solvents and conditions were tested to 
enhance substrate solubility and delivery, including but not 
limited to DMSO, OMF, !PA, cyclodextrin (CD), SDS, 
Triton-X. 
[0201[ 2. Assays were run at pH's 4, 5, 6, 7, and 8. 
(0202] 3. Enzyme assays were nm in either Sodirnn phos
phate buffer or Citrate buffer with or without SDS or 
Triton-X 
[0203] 4. Enzyme assays were run under a variety ofion.ic 
strengths 
[0204] 5. Results of incubation times between 2 hrs to 4 
days were compared. 

Results 

[0205] Table 6 below shows tha t DMSO, DMF, lPA and 
cyclodextrin faci litated solubilization of cannabinoids. 
Cyclodextrin solubilized up to 20-25 g/L of CBGA for 
conversion. Enzymatic rate was enlianced when 20% 
DMSO (v/v) was added to the reaction mixture and THCA 
synthase produced both THCA and CBCA in the reaction 
(Table 7). 

Reaction 
Condition 

TABLE 6 

Effects of solvents on THCA Synthase Activity 

%CBGA 
Sn1dies Pammeters conversion THCA:CBCA 

100 mM 100 mM Cit 50 ug Enzyme in 84 1.066:1 
Solvents DMF 

I 00 mM Cit 50 ug Enzyme in 
DMSO 

85 7.96:1 
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TABLE 6-continued 

Effects of solvents on THCA Svnthasc Activicy 

%CBGA 
Pa.rameteIS conversion THCA:CBCA 

100 mM Cit 50 ug Enzyme in 81 12.34:1 
CD 
400 mM cit 50 ug Enzyme iJl 61 I 1.9: I 
IPA 
100 mM Na.P 50 ug Enzyme in 79 1.11 :1 
20 ul CD 
100 mM NaP SO ug Enzyme in 72 L22:1 
20 ul SDS 
100 mM Cit 50 ug Enzyme + 
SDS in CD 

TABLE 7 

Effects of DMSO Concc11tration on THCA Synthase Rate and 
Product Ratio 

DMSO FASTER THCACBCA 

O'lo IX 
10"/o 1.2 x 10:1 
20% 2.SX 5:1 
25% 1:1 
30'% 0.3 x 

10206) The effect of pH on THCA Synthase activity is 
shown in Tables 8 and 9 below. 

TABLE 8 

EffecLs of pH on THC.A Synthase Activity 

pH THCA 

2.33 
I 

CBCA 

I 
5.67 

10207] In stmmmry, changing the pH of the Tl-ICA syn
thase enzyme reaction affects the products. At pH 4 THCA 
is the only product. At pH 5 the ratio of THCA:CBCA is 
2.33: I . At pH 6 the ratio is reversed and the product mix is 
THCA:CBCA 1 :5.67. At pH 7 CBCA is the only product. 

TABLE 9 

Effects of pH ru1d CVclodextrin on THCA Synth ase Activ ity 

Reaction %CBGA THCA 
Condition Parameters conversion CBCA 

pH exch.wge 400 mM Cit pH 5.0, 50 µg 59 14.9:1 
Enzyme in CD 
400 mM Cit pH 6.5, 50 µg 42 1.1:1 
Enzyme in CD 
400 mM NaPi pH 5.0, 59 17 .37:1 
50 µg Enzyme in CD 
400 mM NaPi pH 6.5 50 µg 65 1.1 1: 1 
enzyme 20 µg in CD 

10208] The effect of pH on CBDA synthase activity is 
shown in Table 10 below. 
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TABLE JO 

Effects of pH en CBDA Svnthase Ac.rivicy 

pH CBDA CBCA 

4.2 2.5 
5 1.13 1 
5.2 1 1.17 
5.4 1 2.45 
5.8 6.14 
6.l 28.1 3 
6.8 0 0 

(0209] In summary, changing the pl-I of the CBDA syn
thase enzyme reaction affects the produc1s. At pl-I 4.2 
CBDA:CBCA ratio is 2.5: I. At pl-I 5 the ratio of CBDA: 
CBCA is 1.13:1. At pH 6.8 there is no product forming from 
CBDA synthase enzyme reaction. 
(0210] ·111ese results clearly show that it is poss ible to 
control the ratio of THCA:CBCA produced by the THCA 
synthase by controlling the pH of the enzymatic reaction. 
Enzyme assays were nm in either Sodium phosphate buffer 
or Citrate buffer with or without SDS or Triton-X. 

(0211] The effect of different concentrations of cyclodex
trin on cannabinoid acid synthase activity was evaluated. 
The results for the CBDA synthase at pl-1 4.85 are shown in 
'table 11 below. 

TABLE 10 

Elfect of Cyclodextrin on CBDA Sy nthase Reaction Conversion R.'lte a.nd 
Product Ratio 

Cyclodcxtrin concentration Conversion rtlle CBDA:CBCA ratio 

0 mg/ml 40% l.t3:t 
2 mg/ml 57<'/o 1.24:1 
4 mg/ml NIA NIA 
8 mg/ml 6 1% 1.27:t 

12 mg/ml 60% 1.33:1 
16 mg/ml 500/o 1.04:1 
20 mg/ml 53% t.0:1 
28 mg/ml 45% 1.24:1 

102:121 TI1ese results clearly show that the concentration of 
cyclodextrin in the reaction mixtt1re a fJects the enzymatic 
conversion rate of the substrate into the products as well as 
the ratio between the different products of the reaction. 
[02131 111ese experiments also showed that the optimal 
cyclodextrin (CD):CBGA ratio in the enzyme reaction mix 
was 11: I (mass:mass) or 4: I (molar ratio) for CBDA syn
thase, and that the optinlal cyclodextrin (CD):CBGAratio in 
the enzyme reaction mix was 28:1 (mass:mass) or 7.3:1 
(molar ratio) for T HCA synthase CD:CBGA. The presence 
of cyclodextrin in the reaclion mix in such concentration 
resulted in 98% conversion in 2 hours (data not shown). 

B. Catlllabinoid Extraction and Purification 

10214( Catlllabinoids and ca1111abinoid analogs obtained 
from the enzymatic reactions with the cannabinoid acid 
synthase as described above were extracted by solvent 
extraction as fOllows: 

(0215] Solvent was added to the reaction mix at a ratio of 
I :3 (v/v), the mixtme was vigorously vortexed at room 
tempernnue for 2 minutes and centrifuged at 3200 g for JO 
tninutes. The solvent fraction was separated and stored in a 
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glass vial. These steps were repeated and all extractions 
were combined and ana lyzed by HPLC. 
C. Production of Cannabinoid acid synthase Enzymes by 
Fermentation 

10216] Ca1111abinoid acid synthase enzymes were pro
duced by fennentation following lnvitrogen 'Pichia Fer
mentation Process Guide lines'. Some modifications were as 
follows: 
[0217] A. lnoculum Flask Preparation 
[0218] From a frozen glycerol stock of Pichia strain 
GSJJ5 (Mur+, Arg+, His- ), a YPD plate was inoculated. 
After 48 hours a single colony on YPD was used to inoculate 
300 ml of BMGY, in a 2 L baffled flask. The culture was 
grown at 28° C.. 270 rpm. until 00600 reached 2-6 (approxi
ma tely 15 hours). 
10219] B. Fermentor Preparation/Batch Glycerol 
[0220] After sterilization and cooling of the 3.5 L of Basal 
Salts Medium in the Glass vessel o f the BioFlo 3000 
Fermentor, the temperarure was set to no less than 27° C. and 
no more than 30° C. Aeration and Agitation were set to the 
PID mode (dissolved Oxygen dependent). pH was continu
ally adjusted to 6.5 w ith 30% NH40H. The Fennentor was 
inoculated with 300 ml o f the culture generated above. 200 
ml of 20% casamino acids preparnd in sterile I 00 rnM, pH 
6.5 Phosphate Buffer, were added. The dissolved oxygen 
was adjusted to be maimaincd above 20%. After the glycerol 
from the BMGY medium was completely consumed (ap
proximately 24 hours), a 10 ml sample was taken at the end 
of this first fermentation stage and analyzed for cell growth 
(OD600) and wet cell weight. T he pellet was frozen at - 80" 
C. for later analysis of protein. The sampling was repeated 
at end of each stage. 
[0221] C. Glycerol Fed-Batch Phase 
10222) 50"/o w/v glycerol with 12 ml PTM trace salts per 
liter of glycerol solution was added to increase cell biomass. 
Feed rate was set to 18. 15 ml/hr./liter initial fermentation 
volume. Glycerol feed was continued until wet cell weight 
rnached 180-220 g/liter and DO spike was used to monitor 
the end point of glycerol fed batch phase. 
(0223] D. Methanol Fed-Batch Phase 
[0224) Methanol induction was initiated a frer all glycerol 
was consumed to induce the AOX I promoter and express 
the ca1111abinoid synthases. 100% methanol with 12 ml PTM 
trace salts per liter of methanol was added. Feed rate was 
initially set at 3.6 ml/hr./liter initial fermentation volume. 
Agitation, aeration and oxygen feed were adjusted for the 
next two hours to maintain the DO above 20%. A steady DO 
readi ng inferred a full adaptation to metlrnnol at which poim 
methanol feed was doubled to 7 .3 m l/hr./liter. After 2 hours 
methanol feed was further increased to I0.9 ml/hr./liter 
initial fermentation volume. After about 2 hours or at the 
first sign of foaming, 20-50 µI Sterile Pure Anti-Foam 204, 
Sigma were added so as to keep the headspace of the 
fem1entor clear and prevent the foam from interfering with 
the agitation and various feeds. Add it ional 20-50 ~ll aliquots 
were added as needed approximately once a day or every 
other day of the entire nm of fermentation. Once I 0.9 
mVhr./liter was established, enzyme activi ty was measured 
and .monitored every 8 hours thcreaHer. Fennentation was 
stopped 5 days after initial inoculation or upon reaching a 
plateau in protein concentra tion. 
10225] E. Harvesting Cells and Supernatant 
(0226] At harvest time, the final fermentation volume was 
almost double the initia l volume. The cell density was 
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increased to --400 g.'liter wet cells. The 7 liter of cuJture was 
collected into 500 ml centrifuge bottles and centrifoged at 
10,000 RPM for 15 min to separate cells from the superna
tant. The supernatant was concentrated lOx using Tangential 
Flow Filtration. A sample of supernatant was loaded onto a 
polyacrylam.ide gel for protein analysis. THCA synthase was 
around 80 KDa. 30 Kda TFF filter was used lo concentrate 
the fennenta tion supernatant IOx. A portion of the TFF 
concentrated supernatant was loaded onto a n.ickel colulllll 
for purification of the enzyme. A portion of the original 
fern1entation supernatant was fract ioned by rnnmonium sul
fate precipitation (45%-75%) . 
10227] F. Standard Enzyme Activity Assay 
102281 In 200 ~ti of JOO mM pH 4.8 Citrate buffer; 25 µI 
Substrate (CBGA) dissolved in DMSO at 1 mg/mL concen
tration; and 25 µI enzyme (supernatant) were added in a 1.5 
mL Eppendorf snap cap lube. The tt1be was incubated at 30° 
C. for 2 hours and the reaction was terminated by adding 250 
~d MeOH. Activity of the enzymes was analyzed by HPLC. 
E. Concentration/Purification ofCannabinoid Acid Synthase 
Enzymes from Fermentation 
10229] After fermentation the cells were separated from 
the supernatant by centrifugation at 10,000 RPMxl 5 m.in. 
The enzyme was then concentrated and purifk-d as fo llows: 
the supernatant was concentrated 1 Ox using Tangential Flow 
Filtration rn1d then fract ionated using ammonium sulfate 
precipitation; the protein fraction salting out between 45%-
75% (NH4)2S04 contained the synthase. The TFF filtered 
supernatant was loaded onto a nickel column for purification 
of the enzyme. 

F. Chemical Synthesis of Cannabinoid Substmtes 

A. Synthesis of Geraniol 
(3, 7-Dimethylocta-2,6-dien- l -ol.) 

[0230] 

HO~ 

102311 Geran.iol was obtained by distillation ofpalmarosa 
oil. Palmarosa oil (New Directions Aromatics) was di stilled 
under reduced pressure and the fractions that disti l between 
139-145° C. and under a reduced pressure of 25 nun Hg 
were pooled to obtain pure geraniol. 

B. Synthesis of Olivetol 

102321 

OH 

"o~ 
[0233] Olivetol was synthesiz~xl using a published proce
dure (Focella, A, et al. , J . Org. Chem., Vol. 42, No. 21, 
( 1977), p. 3456-3457). 
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1. Methyl 6-N-Pentyl-2-hydroxy-4-oxo-cyclohex-2-
ene-l -carboxylate 

[0234) 

COOCH, 

OH 

10235] To a stirring solution of sodiwn methoxide (32.4 g, 
0.60 mo!) and dimethyl malonate (90 g. 0.68 mo!) in 230 mL 
of anhydrous methanol was added portion wise 75 g (0.48 
mo!) of 90% ~-nonen-2-one. The reaction mixture was then 
refluxed for 3 h under N2 and al lowed to cool to room 
temperature. The solvent was distilled under reduced pres
sure and the residue dissolved in 350 mL of water. The slurry 
of white crysta ls and the almost clear solution was extracted 
thrice with 80 mL of chloroform. The aqueous layer was 
aciclified to pl-1 4 with concentrated L-!Cl and the white 
precipitate that formed was allowed to stand overnight prior 
to filtration. 'l11e crystals were dri~'CI at 50° C. under high 
vacuum for 5 hours to yield 106.5 g (0.4416 mo!) (92%) of 
methyl 6-n-Pentyl-2-hydroxy-4-oxo-cyclohex-2-ene-l -car
boxylate (mp 96-98 C). 'l11e product was recrystallized using 
a mixtt1re of petroleum ether:etJ1yl acetate (9: 1 ), and gave 94 
g of pure methyl 6-n-Pentyl-2-hydroxy-4-oxo-cyclohex-2-
ene-l-carboxylate (melting point of 98-100 C). 

2. 1- -Pcntyl-3,5-dihydroxybcnzene (Olivetol) 

10236] 

10237] To a stirring ice-cooled solution of methyl 6-N
pentyl-2-hyclroxy-4-oxo-cyclohex-2-ene- I-carboxylate 
(58.4 g, 0.24 mol) dissolved in 11 5 mL dimethylformamid.e 
was added dropwise 37 .9 g (0.23 mol) of bromine dissolved 
in 60 mL of dimethylfom1amide. At the encl of the addition 
(ca. 90 min) tJ1e reaction mixture was slowly heated to 80° 
C. during which time the evolution of carbon dioxide 
becrune quite vigorous. 
10238] The reaction was maintained at th.is tempernmre 
umil gas evolution had ceased following which the reaction 
was further heated to 160° C. and held at this temperature for 
approximately I 0 hours. After heating, the reaction was 
allowed to cool and the solvent DMF was removed under 
reduced pressure. The residue thus obtained was treated with 
water (80 mL) and extracted twice with 250 mLof ether. The 
combined ether layers were washed with water, then washed 
with 2x80 mL of a 10% solution of soditun bi sulfite, 2x80 
mL of a 10% solution of acetic acid, and then again with 
water. 
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[0239] After drying over anhydrous sodium sulfate the 
solvent was removed under reduced pressure to give 46 .8 g 
of a viscous oil. The o il was distilled under reduced pressure 
lo give 30.3 g (0.168 mo!) (69.3%) of olivelol as product. 
HPLC analysis indicated 97.5% purity. 

C. Synthesis of CBG 

[0240] CBG was synthesized following the protocol dis
closed by Taura et al., ( 1996), TI1e Journal of Biological 
Chemistry, Vol. 271, No. 21, p. 17411-1 741 6. 

I. Synthesis of 2-[(2E)-3,7-di.methylocta-2,6-di
enyl]-5-pentyl-benzene- l ,3-diol (Cannabigerol 

(CBG)) 

(0241] 

OH 

OH 

(0242] Geraniol (3 g , 0.0194 mol) and olivetol (2 g, O.QJ 11 
mo!) were d isso lved in 400 mL of chlorofonn containing 80 
mg of p-toluenesulfonic acid as catalyst and the reaction 
mixnire was stirred at room temperature for 12 h in the dark. 
Atier 12 hours, the reaction mixture was washed with 
saturated soditn11 bicarbonate (400 mL) and then with H20 
(400 mL). The chlorofonn layer was concentrated at 4° C. 
under reduced pressure, and the residue obta ined was chro
matographed on a 2.0 cmx25 cm silica gel colulltll using 
benzene (1000 mL) as the eluent to give 1.4 g (0.00442 
mol)(39.9%) CBG as product. 
[0243] Alternatively crude CBG was purified as follows. 
To a 250 mL beaker was added 7 .25 g crude CBG and 50 mL 
benzene. The flask was swirled to dissolve the CBG and 50 
g silica gel was added, along with a stir bar. The solution was 
stirred overnight, and then poured into a 44 cmx2. 75 cm 
colunll1. l l1e column was eluted with 300 mL benzene. The 
eluent, approximately 70 mL fractions were assayed for 
CBG. Fractions I , 2, and 3 (-230 mL) that contained CBG 
were combined and the solvent removed under pressure 10 

give 6.464 g residue containing >80% CBG, having a purity 
suitable for use in the next synthe tic step. 
(0244] Jn one embodiment, crude CBG was purified by 
mixing 7.25 g crnde CBG residue with a slurry of silica gel 
(50 mL), in a 250 ml Beaker. This mixntre was slowly 
agitated for l hour and then vacuum filtered using a fine 
mesh filter paper. The filter cake was washed with 250 ml 
benzene until a clear filtrate was obtained. The solvent from 
the filtrate was removed under reduced pressure to give 
6.567 g of a residue having >80% CBG. 

A. Synthesis of Methylmagnesium Carbonate (MMC) 

(0245( Methylmagnesium Carbonate (MMC) was synthe
s ized following the protocol disclosed by Balasubrahman
yam et al., (1973), Organic Synthesis, Collective Volume V, 
John Wiley & Sons, lnc., p. 439-444. 
[0246] A dry 2 liter, three necked flask was fitted with a 
mechanical stirrer, a condenser, and a 1 litre , pressure
equa lizing addition fimnel, the top of which was fitted with 
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a gas inlet tube. A clean, dry magnesium ribbon ( 40.0 g, 1.65 
mo!) was placed in the flask and the system was flushed with 
nitrogen prior to the addition of anhydrous methanol (600 
mL). "The evolution of hydrogen gas was controlled by 
cooling the reaction mixnire externally. When hydrogen 
evolution had ceased, a slow stream of nitrogen was passed 
through the system and the condenser was replaced by a total 
condensation-partial take-off distillation head. The nitrogen 
flow was stopped and the bulk of the methanol distilled from 
the solution under reduced pressure. Distillation was 
stopped when stirring of the pasty suspension of magnesium 
methoxide was no longer practical. The system was again 
flushed using nitrogen and the outlet from the distillation 
head was attached to a small trap conta ining mineral oil so 
that the volume of gas escaping from the reaction system 
cou Id be estimated . 

(0247] Anhydrous dimethylformamide (DMF)(700 mL) 
was added to the reaction flask, and the resulring suspension 
was stirred vigorously while a stream of anhydrous carbon 
dioxide was passed into the reaction vessel through the gas 
inlet tube attached to tbe addition fonnel. TI1e dissolution of 
carbon dioxide was accompanied by an exothem1ic reaction 
with the suspended magnesium methoxide. When no more 
C02 is absorbed, the colorless solution was heated wider a 
s low stream of C02 gas until the temperature of the liquid 
distilling reached 140° C., indicating that residual methanol 
had been removed from the reaction mixture. The reaction 
mixture was flushed using a slow stream of nitrogen to aid 
in cooling the mixture to room temperature imder an inert 
atmosphere. This yielded a solution having 536 mg MMC/ 
mLofDMl'.8 

B. Synthesis of CBGA 

(0248] 6-carboxylic acid-2-[(2E)-3,7-dimetbylocta-2,6-
dienyl]-5-pentyl-benzene- l,3-diol, Cannabigerolic Acid 
(CBGA) was prepared as follows. "lo a 10 mL conical flask 
was added I mL of a DMF solution of MMC. To this 
solution was added 2-[(2E)-3,7-dimethylocta-2,6-dienyl]-5-
pentyl-benzene- l,3-diol (120 mg, 0.379 mmol). The flask 
was heated at 120° C. for I hour, following which the 
reaction mixture was dissolved in I 00 mL of chloroform: 
methanol (2: 1) solution. The pH of this solution was 
adjusted with dilute HCl to pH 2.0, and then partitioned 
using 50 mL H20. 

(0249] The organic layer was dried over sodium sulfate 
and the solvent was removed by evaporation. 1-IPLC analysis 
of the crude reaction showed -40"/o conversion of CBG to 
CBGA. 

(0250] Alternatively, 3.16 g (10 nm1ols) of CBG (or any 
other neutral ca1mabinoid), 8.63 g (!00 mmols) magnesiwn 
methylate and 44 g (I mo!) of dry ice were sealed in a 
pressure compatible vessel. The vessel is heated to 50° C., 
and the temperature held at this value for three hours. 
Following heating, the vessel is cooled 10 room temperature 
and slowly vented. 

(0251] The reaction mixture was dissolved in I 00 mL of 
a chloroform: methanol (2: I) solvent. The pH of thi s solu
tion was adjusted with dilute HCI to pH 2.0 and this solution 
was then partitioned using 50 mL of H20 . The organic layer 
was dried over sodium sulfate and the solvent was removed 
by evaporation. HPLC analysis of crude reaction mixture 
showed -85% conversion of CBG to CBGA using this 
protocol. 
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[0252] Cntde CBGA was purified by chromatography 
using a 2.0 cmx25 cm silica gel column. The product was 
eluted using a mixrure of n-hexane:ethyl acetate (2: 1) (1000 
mL), to obtain 45 mg (0.125 mmol)(37.5%) of the desired 
product. 
(0253( Altematively, ultra high purity CBGA was 
obtained by chromatographing the crude using LH-20 lipo
philic resin as the medimn. 400 g of LH-20 Sephadex resin 
was first swollen using 2 L of OCM:chloroform (4:1) 
solvent. The swollen resin was gravity packed in a 44x2.75 
cm column. The colmun was loaded with 2. 1 g of crude 
CBGA dissolved in a minimum amount ofDCM:chloroform 
(4: 1) solvent and eluted with 1.7 L ofthe same solvent. 100 
mL fractions were collected. The unreacted CBG was e luted 
as a yellow/orange solution using this solvent system. After 
the passage of about I. 7 L of this solvent, no more yellow/ 
orange fraction were observed and the eluting solvent was 
changed to 100% acetone to elute the botmd CBGA. 
[0254] The fractions containing CBGA were pooled and 
the solvent was removed to obtain 0.52 g CBGA (-90% 
recovery). Increasing the volume of DCM: chloroform (4:1) 
solvent passed through the column prior to eluting with 
acetone, yielded CBGA having purity greater than 99.5%. 

C. Synthesis of CBG V 

(0255] CBGV was synthesized as follows. 

A. Methyl 6-N-Propyl-2-hydroxy-4-oxo-cyclohex-
2-ene-l-<:arboxylate 

[0256] 

[0257] Briefly, 3-hepten-2-one (30.l g, 0.25 mol) was 
added dropwise to a dry methanolic (125 mL dry MeOH), 
solution of d iethyl malonate (52.016 g, 0.323 mol) and 
sodium methoxide (16.206 g, 0.3 mol). The crude product 
weighed 46.31 5 g upon drying at 45° C. overnight in a 
vacuwn oven. TI1e crude product was dissolved in petroleum 
ether (300 mL). After stirring, any undissolved material was 
filtered from the solution prior to the addition of ethyl 
acetate (30 mL), to precipitate CBGV. The precipitate was 
filtered and dried overnight at 44 ° C. in a vacuum oven. A 
total of 33.569 g (0.157 mol) (52.3%) of the desired product 
was recovered. 

B. J -N-Propyl-3,5-dihydroxybenzene 

[0258] 
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(0259] A procedure similar to the one described above for 
the synthesis of o livetol was used to manufacrure the titled 
compound, except that methyl 6-N-propyl-2-hydroxy-4-
oxo-cyclohex-2-ene-1-carboxylate was used as the starting 
material. Briefly, to a stirring ice cold DMF solution of 
methyl 6-N-propyl-2-hydroxy-4-oxo-cyclohex-2-ene-l -car
boxylate was added a DMF solution of bromine. Following 
the addition of bromine the reaction mixture was heated to 
80° C. Heating was accompanied by the generation and 
release of carbon dioxide gas. After gas evolution has 
ceased, the temperature of the reaction was increased to 160° 
C. and heating was continued for I 0 hours. TI1e reaction was 
then cooled and DMF was removed under reduced pressure. 
The cntde mixture was diluted with water and subjected to 
solvent extraction using diethyl ether. Die titled compound 
was obtained by removing the ether and disti ll ing the oil that 
remains. 

C. 2-[(2E)-3,7-dimethylocta-2,6-dienyl]-5-propyl-
benzene-J ,3-dio l, (CBGV) 

(0260] The synthesis of CBGV proceeded by adding 
p-toluenesulfonic acid to a chloroform solution of geraniol 
and l-N-Propyl-3,5-dihydroxybenzene. After stirring the 
reaction at room temperature in the dark for 12 hours, water 
was added to partition the crude product into the chloroform 
layer. The chloroform layer was then washed with saturated 
sodium bicarbonate, dried and the organic solvent removed 
prior to purification as described above for the synthesis of 
CBG. 

D. 6-carboxylic acid-2-[(2E)-3,7-dimethylocta-2,6-
dienyl]-5-propyl-benzene-l ,3-d iol (CBGVA) 

(0261) 6-<:arboxylic acid-2-[(2E)-3,7-dimethylocta-2,6-
dienyl]-5-propyl-benzene-l ,3-diol, cannabigerolic Acid 
(CBGVA) was prepared as follows. Methyl magnesium 
carbonate (MMC) was prepared as described above. To a 
DMF solution of MMC in a flask was added 2-[(2E)-3,7-
dimethylocta-2,6-dienyl]-5-propyl-benzene-l ,3-diol. Die 
flask was heated at 120° C. for 1 hour, fo llowing wl1ich the 
reaction mixture was dissolvt.xl in a 2: l mixrure of chloro
form:methanol. The pH of this solution was adjusted with 
d ilute HCI to pH 2.0, and the reaction mixture was extracted 
using H20 . The organic layer was dried over sodium sulfa te 
and the solvent was removed by evaporation. 

(0262] G. Large Scale Enzymatic Production of Cannabi 
noids 
(0263] JOO ml ofa JO mM sodium phosphate buffer (pH 
5.0) were placed in a glass reaction vessel equipped with 
oxygen gas Sparger and a stirrer. To this solution 35 g/I of 
either 2-hydroxypropyl-~-cyclodextri.n (HP~CD; Klep
tose® HPB), a sulfobutylether ~-cyclodextri..t1 sodium salt 
(SBE~CD; Captisol®), or a randomly methylated ~-cyclo

dextrin (RMrlCD) were added. The CD was added in small 
5 g ponions to ensure full dissolution. 
(0264) 2.5 g of a cannabinoid acid synthase substrate, for 
example, CBGA or CBGV-A or a Fomnila 1, lJ or V 
compound, were added to the buffered cyclodextrin solution. 
The molar rat io of CD to substrate was about 4: 1. 60 mg of 
purified synthase were added to the solution and tl1e reaction 
mixture was incubated at 30° C. for 8 hours. Progress of the 
reaction was periodically monitored by HPLC, and using an 
enzymatic assay to detect and quantify the evolution of 
hydrogen peroxide. 
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[0265] After 8 hours, greater than 90% of a CBGA sub
strate was converted to THCA and CBCA. 111e ratio of 
Tl-ICA to CBCA was approximately 10:1 at an acidic pH of 
5.0. 'The ratio of the CBC isomers was 5:1. 

column. The volume of the swollen resin is - 1350 mL. The 
colunm was loaded with 25 g crude residue dissolved in a 
lllinilllum amount of the solvent and then washed with 4 L 
DCM:chloroform (4:1) solvent lo elute CBG. No cannabi
noid acids ,,.,,ere eluted from the column during this elution. 
(0270] Gradient elmion with a I : I to 0: I DCM: acetone 
solvent was used to elute the camiabinoid acids. Each step 
of the gradient used one colulllll volume (4 L) of solvent. 
CBCAeluted first, followed by CBGA, and then THCA. The 
purity of each cannabinoid was >99.5%. 

(0266] ]lie aqueous solution was diluted 10: 1 with 95% 
EtOH. This causes cyclodextrin to precip itate out leaving the 
cannabinoids in solution. Tue cyclodextrin was vacuum 
filtered, washed with I L of 90% EtOH, and dried to pennil 
its reuse in a future reaction. 
(0267( Concentration of the elhanolic solution containing 
the cannabinoids followed suspension of the residue in 
DCM:cblorofrom (4:1) solvelll yields - 25 g crude orange
yellow residue. 
(0268] H. Large Scale Purification of Cannabinoids 

(0269] Purification of cannabinoids synthesized using a 
method of this technology was accomplished chromato
graphically using LH-20 lipophilic resin. Briefly, 4000 g of 
the resin was swollen using 20 L ofDCM:chloroform (4:1). 
The swollen resin was gravity packed in a 44x27.5 cm 

(0271] The pure canmbinoids cau further be processed lo 
the ir neutral or "active" form by heating the ac id forms at 
90° C. under vacuum. Decarboxylation was quantitative to 
give the neutral cannabinoid. If necessary, recrystallization 
can be performed to obtain pharmaceutical grade cannabi
noids. 
10272] Those of skill in the art will recognize that numer
ous modifications and changes may be made to the exem
plary designs and embodiments described herein and that the 
invention is not limited to such embodiments. 

S EQUENCE LIST ING 

<1 60> NUMBER OF SEQ I D NOS: 9 

<2 1 0> SEQ ID NO 1 
<211> LENGTH : 1638 
<212 > TYPE : DNA 

<2 13:> ORGANI SM: cannabis eativa 

<400> SEQUENCE: 1 

a t gaattgct cagcattttc c tt ttggttt gt ttgcaaaa t aatattttt cttt ctct ca 60 

ttccatatcc aaatttcaat a g ctaatcct cgagaaaac t tcc ttaaatg cttctcaaaa 120 

catattccca a c aatgtagc aaatcca aaa ctcgt ataca c t c aacacga cca attgtat 1 80 

atgtctatcc t g aattcga c aat. acaaaat ct tagattca t ctct gatac aaccccaaaa 2 4 0 

ccactcgtta ttgtcactcc t tcaaataac tcccatatcc aagcaactat t ttatgctct 300 

aagaaagttg gctt gcagat t cgaactc ga agcggt gg cc atgat gctga gggt a t g t cc 360 

tacat atctc aagtcccatt tgttgtagta gact t gagaa acatgcattc gatcaaaata 420 

gatgttca t a gccaaac t gc gtgggttgaa g c cggagcta cccttggag a agtttatt a t 4 80 

t ggatcaatg agaagaatga gaatcttagt tt tcctggtg ggtattgccc tact gttggc 540 

gtaggtggac actttagtgg aggaggctat ggagcat tga t gcgaaatta tggccttgcg 6 0 0 

gctgat aata tcattga t gc acact tag tc aa t g ttgatg gaaaagttct agatcgaaaa 660 

tccat gggag aagatct gtt t tgggctata cgtggtgg tg gaggagaaaa ct ttggaatc 720 

attgcagcat ggaa aa tcaa actggttgct gtcccat caa agtctacta t a t tcagtgtt 780 

aaaaagaaca tggagataca tgggcttgt c aagttattta acaaatggca aaat at tgc t 840 

tacaagtat g acaa ag attt agtactcatg actcact tca t aac aaagaa tattacagat 900 

aatcatggga agaataagac tacagtacat ggttacttct c t tcaatttt tcatggtgga 960 

gtggatagtc tagtcgactt gatgaacaag agctttcgtg agttgggtat taaaaaaact 1020 

gat tgcaaag aattgagc tg gattgataca accat c t tct acagtggtgt t g t aaatt ac 1080 

aacac tgcta attttaaaaa ggaaatt ttg ct t gatagat cagctgggaa gaagacggc t 114 0 

t t c t caatta agttagacta tgttaagaaa ccaattccag aaactgcaat ggtc aaaatt 1200 
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ttggaaaaat tatatgaaga agatgtagga gctgggatgt atgtgttgta cccttacggt 

ggtataatgg aggag a tttc agaatcagca attccattcc ctcatcgagc tggaataatg 

tatgaacttt ggtacac tgc t t cctgggag aagcaagaag ataatgaaaa gcat ataaac 

tgggttcgaa gtgtt tat aa t ttta cga ct ccttat gtg t c cca aaatcc a agattggcg 

tatctcaatt atagggacct tgatttagga aaaact aatc atgcgagtcc taataat t ac 

acaca agcac gtatt tgggg t gaaaagtat t ttggt aaaa attttaacag g t tagttaa g 

gtgaaaacta aagttgatcc caata atttt tttagaaacg aacaaagtat cccacctctt 

ccaccgcatc atcattaa 

c 210 :.. SEQ ID NO 2 
<211> LENGTH: 545 
<212 > TYPE : PRT 
<213> ORGANISM: Can n a b i s sat iva 

<400> SEQUENCE: 2 

Met Aon Cyo Ser Ala Phe Ser Phe 
1 5 

Phe Phe Leu Ser Phe Hi s I l e Gl n 
20 

Asn Phe Leu Lyo Cyo Phe Ser Lys 
35 40 

Trp Phe Val Cys Lys Ile Ile Phe 
10 15 

Ile Ser I l e Ala Asn Pro Arg Glu 
25 30 

Hi s Ile P r o Asn Asn Val Ala Aon 
45 

Pro Lys Leu Val Tyr Thr Gln Hi s Asp Gl n Leu Tyr Met Ser Ile Leu 
50 55 60 

Asn Ser Thr I le Gln Asn Leu Arg Phe Ile Ser Asp Thr Thr Pro Lyo 
65 70 75 BO 

Pro Leu Val I le Val Thr Pro Ser Asn Asn Ser His Ile Gln Ala Thr 
85 90 95 

Ile Leu cys Ser Lys Lys Val Gly Leu Gl n Ile Arg Thr Arg Ser Gly 
100 105 110 

Gly His Asp Ala Glu Gly Met Ser Tyr I l e Ser Gl n Val Pro Phe Val 
115 120 1 25 

Val Val Aop Le u Arg Aon Met Hil'.l Ser Ile LyD I l e ADp Val Hio Ser 
130 135 140 

Gln Thr Ala Trp Val Glu Ala Gl y Ala Thr Leu Gly Gl u Val Tyr Tyr 
1 45 150 155 1 60 

Trp Ile Asn Gl u Lys As n Gl u Arm Leu Ser Phe Pro Gl y Gly Tyr Cys 
165 170 175 

Pro Thr Val Gly Val Gly Gly His Phe Ser Gly Gly Gl y Tyr Gly Ala 
180 185 190 

Leu Met Arg Asn Tyr Gly Le u Al a Ala Asp Asn I le I l e Asp Ala His 
195 200 205 

Leu Val Asn Val Asp Gl y Lye Va l Leu Asp Arg Lys Ser Met Gly Glu 
210 215 220 

Asp Leu Phe Trp Ala Ile Arg Gl y Gly Gl y Gl y Glu Asn Ph e Gly I le 
225 230 235 240 

I le Ala Ala Trp Lys Ile Lys Leu Va l Al a Val Pro Ser Lys Ser Thr 
245 250 25 5 

I l e Phe Ser Val Lye Lys Asn Met Glu I l e Hi s Gly Leu Val Ly e Leu 
260 265 2 7 0 

Phe Asn Lys Trp Gln Asn I l e Al a Tyr Lys Tyr As p Lys Asp Leu Val 
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275 280 285 

Leu Met Thr His Phe Ile Thr Lys Asn Ile Thr Asp Asn His Gly Lys 
290 295 300 

Asn Lys Thr Thr Val His Gl y Tyr Phe Ser Ser I le Phe His Gly Gl y 
305 310 315 320 

Val Asp Ser Leu Val Aop Leu Met Asn Lys Ser Phe Arg Glu Leu Gl y 
325 330 335 

Ile Lys Lys Thr Asp Cys Lys Glu Leu Ser Trp I le Asp Thr Thr Ile 
340 345 350 

Phe Tyr Ser Gly Val Val Aon Tyr Asn Thr Ala Aon Phe Lyo Lyo Glu 
355 360 365 

Ile Leu Leu Asp Arg Ser Ala Gly L ys Lys Thr Ala Phe Ser Ile Lys 
370 375 380 

Leu Asp Tyr Val Lys Lys Pro Ile Pro Gl u Thr ~-la Met Val Lys Ile 
385 390 395 400 

Leu Glu Lys Leu Tyr Glu Glu Asp Val Gly Ala Gly Met Tyr Val Leu 
405 4 1 0 415 

Tyr Pro Tyr Gl y Gly Ile Met Gl u Glu I l e Ser Glu Ser Ala Ile Pro 
420 425 430 

Phe Pro Hie Arg Ala Gly Ile Met Tyr Gl u Leu Trp Tyr Thr Ala Ser 
435 440 44 5 

Trp Glu Lys Gln Glu Asp Asn Gl u Lys Hi s Ile Asn Trp Val Ar g Ser 
450 4 55 4 60 

Val Tyr Aon Phe Thr Thr Pro Tyr Va l Ser Gln Asn Pro Arg Leu Ala 
4 65 470 4 75 480 

Tyr Leu Asn Tyr Arg Asp Leu Asp Leu Gly Lys Thr Asn His Ala Ser 
485 490 495 

Pro Asn Asn Tyr Thr Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe Gly 
500 505 510 

Lys Asn Phe Alm Arg Leu Val Lys Val Lys Thr Lys Val Asp Pro Asn 
515 520 525 

Asn Phe Phe Arg Asn Glu Gln Ser Ile Pro P r o Leu Pro Pro His His 

Hii:i 
545 

530 535 540 

<210> SEQ ID NO 3 
.::211> LENGTH: 1930 
.::212 > TYPE: DNA 
<213> ORGANISM : .!\rtificial Sequence 
<220> FEATURE : 
.::223> OTHER INFORMATION: Description o f Artificial Sequence : Synthetic 

polynu cleotide 

<400> SEQUENCE: 3 

atgagattcc catccatctt cactgctgtt t tgttcgctg c t tcttccgc tttggctgct 60 

ccagttaaca ctactactga ggacgagact gctcagattc cagctgaagc tgttattggt 1 20 

tactc cgact tggaaggtga cttcgacgtt gctgtt ttgc cattctccaa ctccactaac 180 

aacggtttgt tgt tcatcaa cactacaatc gcttccattg ctgcta aaga agagggagtt 240 

tccttggaga agagagaggc t gaagctaac ccaagagaaa acttcttgaa gtgtt tttcc 30 0 

aagcacatcc c aaacaacgt tgctaaccct aagttggttt a cactcagca cgaccagttg 360 
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tacatgtcct tgttgaactc 

aagccattgg ttatcgttac 

tccaagaagg ttggattgca 

tcctacatt t cccaggttcc 

atcgacgttc actcccaaac 

tactggatca acga g aagaa 

ggtgttggtg gtcact tttc 

gctgctgaca acatcatcga 

aagtccatgg gtgaggactt 

attattgctg cttggaagat 

gtt aagaa a a acat ggaaat 

gct t a caagt acgac aagga 

gacaaccacg gtaagaacaa 

ggt gttgatt cct t ggtt ga 

actgactgta aagagt tctc 

t tcaa cactg ctaact ttaa 

gctttctcca ttaagt tgga 

attttggaga agttgtacga 

ggt ggtatca tggaagaaat 

atgtacgagt tgtggtacac 

aactgggtta gatccgtt ta 

gcttacttga actacagaga 

tacacacagg ctagaatctg 

aaggttaaga ctaaggt t ga 

ttgccaccac atcatcat ca 

<210 > SEQ ID NO 4 
<211> LENGTH: 609 
<212 > TYPE : PRT 

cacaatccag 

tccatccaac 

gatcagaaca 

attcgttgt t 

tgcttgggtt 

cgagaa ct tg 

tggtggtggt 

cgctcact tg 

gttctgggct 

caagttggtt 

ccacggtt t g 

ctt ggtttt g 

gactactgtt 

ttt g a tga ac 

ctggatcgac 

gaaagagatc 

ctacgttaag 

agaggacgtt 

ctccgagtcc 

tgcttcttgg 

caacttcact 

cttggact tg 

gggtgaaaag 

c c ctaac aac 

cca tcactaa 

aacttgagat 

aactcccaca 

agatccggtg 

gttgact tga 

gaagct ggtg 

t ccttcccag 

tacggtgctt 

gttaacgttg 

attagaggtg 

gctgt tcc at 

gttaagt tgt 

atgactcact 

c a cggttact 

a agtct ttcc 

acaacaatct 

ttgttggaca 

aagccaatcc 

ggtgct ggta 

get at t ccat 

gagaagcaag 

actcct tacg 

ggtaagacta 

t acttcggaa 

t tctt cagaa 

<213 > ORGANISM: Ar t ificial Sequence 
.::220> FEATURE: 

31 

-continued 

tcatctccga cactactcca 420 

tccaggctac tatcttgtgt 480 

gtcatgacgc tgaaggt atg S40 

gaaaca tgca ctccatcaa g 600 

ctactttggg tgaagtttac 660 

gtggtt actg tccaactgt t 720 

tgatgagaaa ctacggattg 780 

acggtaaggt tttggacaga 840 

gtggtggtga gaacttcggt 900 

ccaagtccac tat ct tctcc 960 

t taac a agt g gcagaacat t 1020 

t c atcactaa g a acatcact 1080 

tctctt ccat ctt ccacggt 1 140 

cagagttggg t a tcaagaaa 1 200 

tctactccgg tgttgttaac 1260 

g a tccgctgg taaaaagac t 1320 

cagagactgc tatggt taag 1380 

tgtacgtttt gtacccatac 1 440 

tcccacacag agctggtat t 1500 

aggacaacga aaagcacatc 1560 

tttcccagaa cccaagat tg 1620 

accacgcttc cccaaacaat 1680 

agaactttaa cagat t ggt t 1 740 

acgagcagtc catcccacca 1800 

1830 

.::223 > OTHER INFORMATION: Descr ipt ion of Ar t i ficial Sequence: Synt het ic 
polypeptide 

.:: 4 00> SEQUENCE: 4 

Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Al a Ala Ser Ser 
5 10 15 

Ala Leu Ala Al a Pr o Va l Asn Thr Thr Thr Gl u Asp Gl u Thr Ala Gln 
20 25 30 

Ile Pr o Ala Glu Ala Va l I l e Gl y Tyr Ser Asp Leu Gl u Gly Asp Ph e 
35 40 45 

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu 
50 5 5 6 0 

Phe Ile Asn Th r Thr Ile Ala Ser I le Ala lUa Lye Gl u Glu Gly Val 
65 70 75 BO 
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Ser Leu Glu Lys Arg Glu Ala Glu Ala Asn Pro Arg Gl u Asn Phe Leu 
BS 90 95 

Lys Cyo Phe Ser Lys His Ile Pr o Asn Acm Val Ala Asn Pro Lys Leu 
100 105 110 

Val Tyr Thr Gln His Asp Gl n Leu Tyr Met Ser Leu Leu Asn Ser Thr 
115 120 125 

I le Gln Asn Leu Arg Phe I le Ser Asp Thr Thr Pro Lys Pro Leu Val 
130 135 1 4 0 

Ile Val Thr Pro Ser Asn Asn Ser His Ile Gln Ala Thr I le Leu Cys 
145 1 50 155 1 60 

S e r Lys Lys va l Gly Leu Gl n I l e Arg Thr Arg Se r Gl y Gly Hi s Asp 
165 170 175 

Ala Glu Gly Met Ser Tyr Ile Ser Gln Val Pro Ph e Val Val Val Asp 
180 185 190 

Leu Arg Asn Met His Ser Ile Lys Ile Aop Val His Ser Gln Thr Ala 
195 200 205 

Trp Val Gl u Ala Gly Al a Thr Leu Gly Gl u Val Tyr Tyr Trp Ile Asn 
210 215 220 

Gl u Lys Asn Gl u Asn Leu Ser Phe Pro Gl y Gl y Tyr Cys Pro Thr Val 
225 230 235 240 

Gly Val Gly Gly His Phe Ser Gly Gly Gl y Tyr Gly Al a Leu Met Arg 
245 250 255 

Asn Tyr Gly Leu Ala Ala Asp Asn Ile I l e As p Ala Hi s Leu Val Asn 
260 265 270 

Val Asp Gly Lys Val Leu Asp Arg Lys Ser Met Gly Gl u Asp Leu Phe 
275 290 295 

Trp Ala Ile Arg Gly Gly Gly Gly Glu Asn Phe Gly Ile Ile Ala Ala 
290 295 300 

Trp Lys Ile Lyo Leu Val Ala Va l Pro Ser Lys Ser Thr Ile Phe Ser 
305 310 315 320 

Val Lys Lys Asn Met Glu Ile His Gly Leu Val Lys Leu Ph e Asn Lys 
325 330 335 

Trp Gln Aon Ile Ala Tyr Lyo Tyr Asp Lye Aop Leu Val Leu Met Thr 
3 40 345 350 

His Phe Ile Thr Lys Asn Ile Thr Asp Aan His Gly Lys Aon Lys Thr 
355 360 365 

Thr Val His Gl y Tyr Phe Ser Ser Ile Phe His Gly Gl y Val Asp Ser 
370 375 3BO 

Leu Val Asp Leu Met Asn Lys Ser Phe Pro Glu Leu Gl y Ile Lys Lys 
385 390 395 400 

Thr Asp Cys Lys Glu Phe Ser Tr p Ile Asp Thr Thr I l e Ph e Tyr Ser 
405 4 1 0 41 5 

Gly Val Val Asn Phe Asn Thr Ala Asn Phe Lys Lys Gl u Ile Leu Leu 
420 425 430 

Asp Arg Ser Ala Gly Lys Lys Thr Ala Phe Ser I le Lys Leu Asp Tyr 
435 44 0 445 

Val Lys Lys Pro Ile Pro Glu Thr Ala Met Val Lys I l e Leu Glu Lys 
450 455 460 

Leu Tyr Glu Glu Asp Val Gly Al a Gly Met Tyr Val Leu Tyr Pro Tyr 
4 65 4 70 475 480 

Gly Gly I le Met Glu Gl u I l e Ser Glu Ser Al a I le Pro Ph e Pro Hia 
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485 490 495 

Arg Ala Gly I le Met Tyr Glu Leu Trp Tyr Thr Ala Ser Trp Glu Lys 
500 505 510 

Gln Glu Asp Asn Glu Lys His Ile Asn Trp Val Arg Ser Val Tyr Asn 
515 520 525 

Phe Thr Thr Pro Tyr Val Ser Gln Asn Pro Arg Leu Al a Tyr Leu Asn 
530 535 540 

Tyr Arg Asp Leu Asp Leu Gly Lys Thr Asn His Ala Ser Pro Asn Asn 
545 550 555 56 0 

Tyr Thr Gln Ala Arg Ile Trp Gly Glu Lya Tyr Phe Gl y Lyo As n Phe 
565 570 575 

Asn Arg Leu Va l Lys Val Lys Thr Lys Val Asp Pro Asn Aon Phe Phe 
580 SBS 590 

Ar g Asn Glu Gl n Ser Ile Pro Pro Leu Pro Pro His Hi s His His His 
595 600 605 

His 

< 210 > SEQ ID NO 5 
< 211 .> LENGTH : 1635 
<212> TYPE : DUA 
< 213> ORGANISM: Cannabi o o a tiva 

<400 > SEQUENCE: 5 

atgaagtgct caacattctc cttttggttt gtttgcaaga taatattttt ctttttctca 6 0 

ttcaatatcc aaacttccat tgctaatcct cgagaaaact tccttaaatg cttctcgcaa 120 

tatattccca ataatgcaac aaatctaaaa ctcgtataca ctcaaaacaa cccatt gtat I BO 

atgtctgtcc taaattcgac aatacacaat cttagattca cctctgacac aaccccaaaa 240 

ccacttgtta tcgtcact cc ttcacatgtc t ctcat atcc aaggcactat tctatgctcc 3 0 0 

aagaaagttg gcttgcagat tcgaactcga agtggt ggtc atgattctga gggcatgt.cc 360 

tacatat.ctc aagtcccatt tgtt atagt.a g a cttgagaa acatgcgttc a a tcaaaata 420 

g a tgttcata gccaaact gc atgggttgaa gccggagcta c ccttggaga agtttattat 490 

tgggttaatg agaaaaat ga gaa tcttagt ttggcggctg ggtattgccc tactgtttgc 540 

gcaggtggac actttggt gg aggaggctat ggaccattga tgagaaacta tggcctcgcg 600 

gctgataata tcattgatgc a cacttagtc aac gtt catg gaaaagtgct agatcgaaaa 660 

tctatggggg aagatctctt ttgggcttta cgtggtggtg gagcagaaag cttcggaatc 720 

a t tgtagcat ggaaaatt ag actggttgc t gtcccaaagt ctactatgtt t agtgttaaa 78 0 

aaga tcatgg agatacatga gctt gtcaag ttagttaaca aatggcaaaa tat tgctta c 940 

aagtatgac a aaga tttatt a ctcatgact c a c ttcataa ctaggaacat t a cagataat 900 

caagggaaga ataagacagc aatacacact tacttctctt cagttttcct t ggtggagtg 960 

gatagtctag tcgacttgat gaacaagagt tttcc t gagt t gggtattaa aaaaacggat 1020 

tgcagacaat tgagc tggat tgatactat c atcttct a t a gtggtgttgt aaatt acgac 108 0 

actgataat t ttaac aagga aat tttgc t t g a tagatccg ctgggcagaa cgg tgcttt c 1140 

aagattaa gt t a g ac t acgt t aagaaacca attccagaat ctgtatttgt ccaaattttg 1200 

gaaaaattat atgaagaaga t ataggagct gggatgtatg cgttgtaccc ttacggtggt 1 260 

ataatggatg agatttcaga a tcagcaatt ccattccctc atcgagctgg aatcttgtat 1320 
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gagttatggt acatatgtag 

attagaaata tttataactt 

ctcaattata gagaccttga 

caagcacgta tttggggt ga 

aaa accctgg ttgat:.cccaa 

cggcatcgtc attaa 

<210> SEQ ID NO 6 
<211 > L ENGTH: 544 
< 2 1 2:> TYPE : PRT 

ttgggagaag 

catgactcct 

tataggaata 

gaagt atttt 

taacttttt t 

c 213 > ORGANISM: Cannabi s s a tiv a 

< 4 00> SEQUENCE: 6 

caagaagata acgaaaagca tctaaactgg 

tatgtgtcca aaaatccaag att ggcat at 

aatgatccca agaatccaaa taattacaca 

ggtaaaaatt ttgacaggct a gtaaaagtg 

agaaacgaac aaagca tccc acctct.tcca 

Met Lys cys Ser Thr Phe Ser Phe Trp Phe Val Cys LyG Ile Ile Phe 
1 5 1 0 15 

Phe Phe Phe Ser Phe Asn Ile Gln Thr Ser I l e Ala Asn P ro Arg Glu 
20 25 30 

Asn Phe Leu Lys Cys Phe Ser Gl n Tyr Ile P r o Asn Asn Ala Thr Asn 
35 40 45 

Leu Lys Leu Val Tyr Th r Gln Aon Aon Pro Leu Tyr Met Ser Val Leu 
50 55 60 

Asn Ser Thr Ile His Asn Leu Arg Phe Thr Ser As p Thr Thr Pro Ly s 
65 70 75 BO 

Pro Leu Val I le Val Thr Pro Ser His Val Ser His Ile Gln Gly Thr 
BS 90 95 

Ile Leu cys Ser Lys Lys Val Gly Leu Gl n Ile Arg Thr Arg Ser Gly 
1 00 105 110 

Gly His Anp Ser Glu Gl y Met Ser Tyr Ile Ser Gln Va l Pro Phe Val 
115 120 125 

I le Val Asp Leu Arg Asn Met Arg Se r I l e Lys I le Asp Va l Hi s Ser 
130 135 1 4 0 

Gln Thr Ala Trp Val Glu A l a Gly Ala Thr Leu Gly Gl u Val Tyr Tyr 
145 1 50 1 55 1 60 

Trp Val Asn Glu Lys Asn Glu ADn Le u Ser Leu Ala Al a Gly Tyr Cys 
165 170 175 

Pro Thr Val Cys Ala Gl y Gl y His Phe Gl y Gl y Gly Gl y Tyr Gly Pro 
180 1 85 190 

Leu Met Arg Asn Tyr Gly Leu .l\la Ala Asp .~sn I le I l e Asp Al a His 
195 200 205 

Leu Val Asn Va l His Gly Lys Va l Leu Asp Arg Lys Ser Met Gly Glu 
210 215 220 

Asp Leu Phe Trp Ala Leu Arg Gly Gly Gl y Ala Glu Ser Ph e Gly I l e 
225 2 30 235 2 4 0 

I le Val Ala Trp Lys Ile Arg Leu Va l Al a Val Pro Lys Ser Thr Met 
2 4 5 250 255 

Phe Ser Val Lys Lys Ile Met Glu Ile Hi s Gl u Leu Va l Lys Leu Va l 
260 265 270 

Asn Lys Trp Gln Asn I l e Ala Tyr Ly s Tyr Asp Lys Asp Leu Leu Leu 
275 280 285 

Met Thr Hie Phe I le Thr Arg Acn Ile Thr Asp Aon Gl n Gly Lye Aon 
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290 295 300 

Lys Thr Ala I le His Thr Tyr Phe Ser Ser Val Phe Leu Gly Gly Val 
305 310 315 320 

Asp Ser Leu Val Asp Leu Met Asn Lys Ser Phe Pro Gl u Leu Gly Ile 
325 330 335 

Lys Lys Thr Asp Cys Arg Gln Leu Ser Trp Ile Asp Thr Ile Ile Phe 
340 3 4 5 350 

Tyr Ser Gly Val Val Asn Tyr Asp Thr Asp Asn Ph e Asn Lys Glu Ile 
355 360 365 

Leu Leu Asp Arg Ser Ala Gly Gln Aan Gl y Ala Phe Lye Ile Lyo Leu 
370 375 380 

Asp Tyr Val Lys Lys Pro Ile Pro Glu Ser Val Phe Val Gln Ile Le u 
385 3 90 395 400 

Glu Lys Leu Tyr Glu Gl u Asp I l e Gly Al a Gl y Me t Tyr Ala Leu Tyr 
405 4 1 0 415 

Pro Ty r Gly Gly I le Met Asp Glu Ile Ser Glu Ser Al a Ile Pro Phe 
420 425 430 

Pro His Arg Ala Gly Ile Leu Tyr Glu Leu Trp Tyr I l e cys Ser Trp 
435 440 445 

Glu Lyo Gln Glu Aop A!:ln Glu Lye His Leu Aon Trp I l e Arg Ai:in I l e 
450 455 4 60 

Tyr Asn Phe Met Thr Pr o Tyr val Ser Lys Asn Pro Arg Leu Al a Ty r 
4 65 4 70 4 75 480 

Leu Asn Tyr Arg Asp Leu Asp Ile Gly Ile Asn Asp Pro Ly n Asn Pro 
485 4 90 495 

Asn Asn Tyr Thr Gln Ala Arg I l e Trp Gl y Glu Lys Tyr Phe Gly Lys 
500 505 510 

Asn Phe Asp .~g Le u Va l Lys Va l Lyo Thr Le u Val Asp Pro Asn Asn 
515 520 525 

Phe Phe Arg Asn Glu Gln Ser Ile Pro Pro Leu Pr o Arg His Arg His 
53 0 535 5 4 0 

<210 > SEQ ID NO 7 
< 211 > LENGTH: 183 3 
< 212 :.. TYPE: DNA 
<213> ORGANISM: Art ificial Sequence 
<220 > FEATURE: 
< 223 > OTHER INFORMATION : Descr i ptio n o f Art i fic ial Sequence: Synthetic 

polynucl eotide 

< 4 00 > SEQUENCE: 7 

a tgagattcc catccat ctt cactgctgtt t tgttcgc tg cttcttccgc ttt ggctgct 60 

cca gttaaca ctactact ga ggacgaga ct gct cagattc cagctgaagc tgttattggt 1 20 

tactccgact tggaaggtga c ttcgacgt t gctgt tttgc cattctccaa ctccactaac 1 8 0 

aacggtttgt t g ttcatc aa cacta caa tc gcttcc attg c t gctaaaga a gaggga g t t 240 

tccttggaga agagagaggc tgaagctaac c caagagaaa acttcttgaa gtgttt ttcc 3 00 

cagtacatcc c aaacaacg c tacaaact tg aagttggttt acactcagaa caaccca ttg 360 

tacatgtccg ttttgaactc c acaatccac aacttgagat t cacttccga cac tactcca 420 

aagccattgg t tatcg ttac tccatcccac g tttccca ca t ccagggtac t a ttttgtgt 480 

tccaagaagg ttggat tgca gatcagaaca agatccggtg gtcacgactc tgaaggtatg 540 
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tcctacattt cccaggttcc 

atcgacgttc actcccagac 

tactgggtta acgagaagaa 

tgt gctggt g gtcat t t cgg 

gctgctgaca acatcatcga 

aagt ccatgg gtgaggactt 

attatcgttg cttggaagat 

aagaaaatca tggaaatcca 

tacaagtacg acaaggat tt 

aaccagggta agaacaagac 

gtt gactcct tggttgat tt 

gact gtagac agttg t cctg 

gacacagaca acttcaacaa 

ttcaagatca agt t ggacta 

ttggagaagt tgtacgaaga 

ggtatcatgg acgaaatt tc 

tacgagttgt ggtacatctg 

tggatcagaa acatctacaa 

tacttgaact acagagactt 

actcaggcta gaatctgggg 

gttaagactt tggttgaccc 

cca ag acata gacatcat ca 

<210 > SEQ ID NO 8 
<211> LENGTH : 61 0 
<212> TYPE: PRT 

tttcgttatc 

tgcttgggtt 

cgagaact tg 

t ggtggtggt 

cgctcact tg 

gtt c t gggct 

cagattggtt 

cgaattggtt 

gttgttgatg 

tgctatccac 

gatga a caag 

gat cgacact 

agagatct tg 

cgt t a aga ag 

ggacatcggt 

cgagtccgct 

ttcttgggag 

cttcatgact 

ggacatcgga 

tgaaaagtac 

aaaca att tc 

ccatcaccac 

gttgacttga 

g a agct ggtg 

tccttggctg 

tatggt ccat 

gttaacgttc 

t tgagaggtg 

gctgttccaa 

aagttggtta 

act cact tca 

acttacttct 

t ccttcccag 

atcat c t tct 

t tggacagat 

ccaatcccag 

gctggtatgt 

attccattcc 

aagcaagagg 

ccatacgttt 

atcaacgacc 

t tcggtaaga 

t tcagaaacg 

t a a 

<213> ORGANISM: Art ificia l Sequence 
<220> FEATURE: 

36 

-continued 

gaaacatgag atccatcaag 600 

ctactttggg tgaagtttac 660 

ctggttactg tccaactgt t 720 

tgatga gaaa ctacggttt g 780 

acggtaaggt tttggacaga 840 

gtggtgctga a t cct tcggt 900 

agtccactat gttctccgtt 960 

acaagtggca gaacattgct 1020 

tcactagaaa catcactgac 1 0 8 0 

cttccgtttt cttgggtggt 1140 

a g t tgggtat c a agaaaact 1200 

act ccggtgt tgt t aacta c 1 260 

ccgctggaca g a acggtgct 1 320 

agtccgtttt cgttcagatt 1 380 

acgctttgta cccatacggt 1440 

c a cacagagc tggtatcttg 1500 

acaacgagaa gcact tgaac 1560 

ccaagaaccc aagattggct 1620 

caaagaaccc t a acaactac 1680 

acttcgacag attggttaag 1740 

agcagtccat ccctcca t tg 1 800 

1833 

<223:.. OTHER I NFORMATI ON: DeJJcript ion o f Ar t i ficia l Sequence: Synthetic 
polypeptide 

<400> SEQUENCE: 8 

Met Arg Phe Pro Ser Ile Phe Thr Ala Val Leu Phe Al a Ala Ser Ser 
1 5 1 0 15 

Ala Leu Ala Ala Pro Val Asn Thr Thr Thr Glu P..sp Gl u Thr Ala Gln 
20 25 30 

Ile Pro Ala Glu Ala Val Ile Gly Tyr Ser Asp Leu Gl u Gly Asp Phe 
35 40 45 

Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Aun Gly Leu Leu 
so 55 60 

Phe I le Asn Thr Thr Ile Ala Ser Ile Ala Al a Lys Gl u Glu Gly Val 
65 70 75 80 

Ser Leu Glu Lys Arg Glu Ala Gl u Ala Asn Pro Arg Gl u Asn Phe Leu 
8 5 90 95 

Lys Cys Phe Ser Gln Tyr I le Pro Asn Asn lUa Thr Asn Leu Lys Leu 
100 105 110 

Jun. 28,2018 



US 20 18/0179564 A l 
37 

-continued 

Val Tyr Thr Gln Asn Asn Pro Leu Tyr Me t Ser Val Leu As n Ser Thr 
115 120 125 

Ile His Asn Leu Arg Phe Thr Ser Asp Thr Thr Pro Lys P ro Leu Val 
130 135 1 40 

Ile Val Thr Pro Ser His Val Ser His I l e Gln Gly Thr Ile Leu Cys 
1-45 150 155 160 

Ser Lys Lys Va l Gly Leu Gln Ile Arg Thr Arg Ser Gl y Gly His Asp 
165 170 175 

Ser Glu Gly Met Ser Tyr Ile Ser Gln Val P r o Phe Va l I le Val Asp 
180 lBS 190 

L eu Ar9 Asn Met Arg Ser Ile Lys Ile Asp val His Ser Gln Thr Ala 
1 9 5 2 00 205 

Trp Val Glu Ala Gly Ala Thr Leu Gly Glu Val Tyr Tyr Trp Val Asn 
210 215 220 

Glu Lys Asn Glu .?i.sn Leu Ser Leu Ala Al a Gly Tyr CyG Pro Thr Val 
225 230 235 24 0 

Cys Ala Gl y Gl y His Phe Gly Gl y Gly Gl y Tyr Gly Pro Leu Met Arg 
245 250 255 

Asn Tyr Gly Leu Ala Al a Asp Asn Ile Ile Asp Ala Hi s Leu Val Asn 
260 2 6 5 270 

Val His Gly Lys Val Leu Asp Ar g Lye Ser Met Gly Gl u Asp Leu Phe 
275 280 285 

Trp Ala Leu Arg Gly Gly Gly Ala Glu Ser Phe Gly Ile Ile Val Al a 
290 295 300 

Trp Lys Ile Arg Leu Val Ala Val Pro Lys Ser Thr Met Phe Ser Val 
305 3 1 0 3 1 5 320 

Lys Lys Ile Met Glu Ile His Glu Leu Val Lys Leu Val Asn Lys Trp 
325 330 335 

Gln Asn Ile Ala Tyr Lys Tyr Asp Lys Asp Leu Leu Leu Met Thr His 
3 4 0 345 350 

Phe Ile Thr Arg Asn Ile Thr Asp Asn Gl n Gly Lys Asn Ly s Thr Ala 
355 36 0 365 

Ile His Thr Tyr Phe Ser Ser Val Phe Le u Gl y Gly Val Aop Ser Leu 
370 375 380 

Va l Asp Leu Met Asn Lys Ser Phe Pro Gl u Leu Gly Ile Lyo Lys Thr 
385 390 395 400 

Asp Cys Arg Gl n Le u Ser Trp I l e Asp Thr Ile I le Phe Tyr Ser Gly 
405 4 1 0 415 

Val Val Asn Tyr .!\sp Thr Asp .!\sn Phe Asn Lys Glu I l e Leu Leu Asp 
420 425 4 30 

Arg Ser Ala Gly Gln Asn Gly Al a Phe Lys Ile Lys Leu Asp Tyr Val 
43 5 440 445 

Lys Lys Pro Ile Pro Gl u Ser Va l Phe Val Gl n I le Leu Glu Lye Leu 
450 455 4 6 0 

Tyr Glu Glu Asp I le Gl y A l a Gl y Met Tyr Al a Leu Tyr Pro Tyr Gly 

465 4 70 4 75 480 

Gly Ile Met Asp Glu Ile Ser Glu Ser Al a Ile Pro Phe Pro His Arg 

485 490 49 5 

Ala Gly Ile Leu Tyr Gl u Leu Trp Tyr I l e cys Ser Trp Glu Ly s Gln 

500 505 510 

Glu Asp Aon Gl u Lys His Leu Asn Trp Ile Ar g A on Ile Tyr As n Phe 
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38 

-continued 

515 520 525 

Met Thr Pro Tyr val Ser Lys Asn Pro Arg Leu Ala Tyr Leu Asn Tyr 
530 535 5 40 

Arg Asp Leu Asp Ile Gly I l e Asn Asp Pro Lys Asn Pro Asn Asn Tyr 
545 550 555 560 

Thr Gln Ala Arg Ile Trp Gly Glu Lys Tyr Phe Gly Lye Asn Phe Asp 
565 570 575 

Arg Leu Val Lys Val Ly s Thr Leu Val Asp Pro A sn Asn Phe Ph e Arg 
SSO 5BS 590 

Aon Glu Gln Ser Ile Pro Pro Leu Pro Arg Hin Arg Hio Hio Hio Hi s 

His His 
610 

595 600 605 

<210 > SEQ ID NO 9 
<211> LENGTH: 6 
..::212 > TYPE: PRT 
<213 > ORGANISM: Artificial Sequence 
<220 > FEATURE: 
-:: 223 > OTHER INFORMATION: Descr i ption of Artificial Sequence: Synthetic 

6xHis tag 

<ADO> SEQUENCE: 9 

His His His His His His 
1 5 

1.-6. (canceled) 
7. A system for producing cannabinoids wherein the 

system comprises: 
(i) a bioreactor comprising cells stably transformed with 

one or more cannabinoid acid synthase genes; 
(ii) a reaction mixture; and 
(iii) a controller configured to modify one or more reac

tion conctitions to modulate the ratio of the cannabinoid 
products . 

8. 1be system of claim 1, wherein the one or more 
cannabinoid acid synthase genes comprises a tetrahydrocan
nabinolic acid (THCA) synthase gene. 

9. TI1e system of claim 2, wherein the THCA synthase 
gene comprises a nucleic acid sequence of SEQ ID NO: I , 
SEQ ID NO: 3, or a variant or fragment thereof. 

10. The system of claim 2, wherein the THCA synthase 
gene c01nprises a nucleic acid sequence that encodes a 
polypeptide of SEQ ID NO: 2, SEQ ID NO: 4, or a variant 
or fragment thereo f. 

11. TI1e system of claim 1, wherein the one or more 
cannabinoid acid synthase genes comprises a cannabidiolic 
acid (CBDA) synthase gene. 

12. The system of claim 5, wherein the CBDA synthase 
gene comprises a nucleic acid sequence of SEQ ID NO: 5, 
SEQ ID NO: 7, or a variant or fragment thereof. 

13. The system of claim 5, wherein the CBDA synthase 
gene comprises a nucleic ac id sequence that encodes a 
polypeptide of SEQ ID NO: 6, SEQ ID NO: 8, or a variant 
or fragment thereof. 

14. TI1e system of claim 1, wherein the cannabinoid acid 
synthase gene is codon optimized with an alpha secretion 
sequence. 

15. The system of claim 1, wherein the cannabinoid acid 
synthase gene is tagged with six tandem histidine residues 
(SEQ ID NO: 9). 

16. A method for producing a cannabinoid product com
prises: 

(I) reacting a CBDA synthase in a reaction mixture with 
a compow1d according to Formula I: 

Formula I 

R, 

wherein R1 is 1-1 or -{;OOH and R2 is a linear or 
branched CJ-130 C2I-I,, C3 I-17, C4 H9, C5 I-lw C6 I-113, 

C7 I-11,, or C8H 17 group; 
(2) recovering the cannabinoid product. 
17. The method of claim 10, further comprises producing 

the CBDA sytJthase. 
18. TI1e method of claim 11, wherein the CBDA synthase 

is a recombinant synthase. 
19. TI1e method of claim 10, wherein the CBDA synthase 

is encoded by a nucleic acid sequence of SEQ TD NO: 5, 
SEQ ID NO: 7, or a variam or fragmelll thereof. 

20. TI1e method of claim I 0, wherein the CBDA synthase 
comprises a polypeptide of SEQ JD NO: 6, SEQ ID NO: 8, 
or a variant or fragment thereof. 
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21. The system of claim 10, wherein the CBDA synthase 
is encoded by a cannabinoid acid synthase gene that is 
tagged with six tandem histidine residues (SEQ ID NO: 9). 

22. The method of claim 10, wherein the CBDA synthase 
is encoded by a cannabinoid acid synthase gene that is codon 
optimized with an alpha secretion sequence. 

23. The method of claim 10, wherein the pH in the 
reaction mixture is in the range from about 4.2 to about 6 .2. 

24. TI1e method of claim 10, wherein the reaction mixture 
comprises a solvent that comprises dimethyl sulfoxide 
(DMSO), dimethyl fonnamide (DMF), iso-propoyl a lcohol, 
or combination thereof. 

25. The method of claim 18, wherein the solvent com
prises DMSO. 

26. The method of claim 18, the concentration of the 
solvent in the reaction mixture is between 5% and 30% 
(w/v). 

27. A method for producing a cafUlabinoid product com
prises: 

(I ) reacting a T HCA synthase in a reaction mixture with 
a compound according to Formula I: 

Formula I 

39 
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wherein R 1 is H or -COOH and R 2 is a linear or 
branched CH3 , C2 H5 , C3 H7 , C4 H9 , C5H 11, C6 H 13, 

C 7 H 1,, or C81-l 17 group; 
(2) recovering the cannabinoid product so produced. 
28. The method of cla im 21 , further comprises producing 

the THCA synthase. 
29. ·111e method of claim 22, wherein the THCA synthase 

is a recombinant synthase. 
30. TI1e method of claim 21, wherein the THCA synthase 

is encoded by a nucleic acid sequence of SEQ ID NO: l, 
SEQ ID NO: 3, or a variant or fragment thereof. 

31. The method of claim 21, wherein the wherein the 
THCA synthase compri ses a polypeptide of SEQ ID NO: 2, 
SEQ ID NO: 4, or a variant or fragmen t thereof. 

32. The system of cla im 21 , wherein the THCA synthase 
is encoded by a cannabinoid acid synthase gene that is 
tagged with six tandem histidine residues (SEQ ID NO : 9). 

33. The method of claim 21 , wherein the Tf-ICA synthase 
is encoded by a cafUlabinoid acid synthase gene tha t is codon 
optimized with an alpha secretion sequence. 

34. The method of claim 21, wherein the pH in the 
reaction mixture is in the range from about 3.8 to about 7 .2. 

35. The method of claim 21, wherein the reaction mixture 
comprises a solvent that comprises dimethyl sulfoxide 
(DMSO), dimeth yl fomiamide (DMF), iso-propoyl alcohol, 
or combination thereof. 

36. The method of claim 29, wherein the solvent com
prises DMSO. 

37. The method of claim 29, the concentration of the 
solvent in the reaction mixture is between 5% and 30% 
(w/ v). 
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TEAS CHANGE OF CORRESPONDENCE RECEIVED 

REGISTERED-PRINCIPAL REGISTER 

NOTICE OF ACCEPTANCE OF STATEMENT OF USE E-MAILED 

ALLOWED PRINCIPAL REGISTER - SOU ACCEPTED 

STATEMENT OF USE PROCESSING COMPLETE 

USE AMENDMENT FILED 

CASE ASSIGNED TO INTENT TO USE PARALEGAL 

TEAS STATEMENT OF USE RECEIVED 

ATTORNEY/DOM.REP.REVOKED AND/OR APPOINTED 

TEAS REVOKE/APP/CHANGE ADDR OF ATTY/DOM REP RECEIVED 

NOTICE OF APPROVAL OF EXTENSION REQUEST E-MAILED 

EXTENSION 2 GRANTED 

EXTENSION 2 FILED 

TEAS EXTENSION RECEIVED 

NOTICE OF APPROVAL OF EXTENSION REQUEST E-MAILED 

EXTENSION 1 GRANTED 

EXTENSION 1 FILED 

TEAS EXTENSION RECEIVED 

TEAS CHANGE OF CORRESPONDENCE RECEIVED 

NOA E-MAILED - SOU REQUIRED FROM APPLICANT 

OFFICIAL GAZETTE PUBLICATION CONFIRMATION E-MAILED 

PUBLISHED FOR OPPOSITION 

NOTIFICATION OF NOTICE OF PUBLICATION E-MAILED 

LAW OFFICE PUBLICATION REVIEW COMPLETED 

APPROVED FOR PUB - PRINCIPAL REGISTER 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

ASSIGNED TO LIE 

Proceeding 
Number 

88888 

74055 

74055 

74055 

98765 

98765 

98765 

98765 

68171 

68171 

68171 

68171 



Jun. 16, 2016 

Jun. 16, 2016 

Jun.07,2016 

Jun.07, 2016 

Dec. 16, 2015 

Dec. 16, 2015 

Dec. 16, 2015 

Dec. 15, 2015 

Dec.07,2015 

Dec.07,2015 

Oct 05, 2015 

Oct 05, 2015 

Sep. 16, 2015 

Sep. 15, 2015 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

TEAS CHANGE OF CORRESPONDENCE RECEIVED 

ATTORNEY/DOM.REP.REVOKED AND/OR APPOINTED 

TEAS REVOKE/APP/CHANGE ADDR OF ATTY/DOM REP RECEIVED 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

ASSIGNED TO EXAMINER 

APPLICANT/CORRESPONDENCE CHANGES (NON-RESPONSIVE) ENTERED 

TEAS CHANGE OF OWNER ADDRESS RECEIVED 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

TM Staff Information - None 

File Location 

Current Location: PUBLICATION AND ISSUE SECTION Date in Location: May 11, 2018 

6325 

6325 

82107 

82107 

88888 

76072 

82107 



VITACANNABIS 

Reg. No. 5,498,192 

Registered Jun. 19, 2018 

Int. Cl.: 5 

Trademark 

Principal Register 

Director of the United States 
Patent and Trademark Office 

HDDC Holdings LLC (NEV ADA LIMITED LIABILITY COMPANY) 
525 B Street, Suite 2200 
San Diego, CALIFOR TIA 92101 

CLASS 5: Dietary and nutritional supplements; hemp powder for use as a nutritional 
supplement; nutritional supplement meal replacement powders for medical purposes; 
nutritional supplement meal replacement bars for medical purposes; nutritional supplement 
meal replacement drink mixes for medical purposes and dietary supplement drink mixes; 
nutraceuticals for use as a dietary supplement; topical creams, gels, salves, sprays, balms and 
ointments for analgesic purposes; nutrition supplements in drop fom1, capsule fonn and in 
liquid fonn; edible hemp oil for use as a dietary supplement; hemp oil as a nutritional 
supplement; all of the foregoing containing hemp or hemp-based extracts or oils as an 
ingredient 

FIRST USE 3-14-2018; IN COMMERCE 3-14-2018 

THE MARK CONSISTS OF STANDARD CHARACTERS WITHOUT CLAIM TO ANY 
PARTICULAR FONT STYLE, SIZE OR COLOR 

SER 0. 86-754,656, FILED 09-11-2015 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 
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Mark: NATURAL COLORADO WELLNESS 

US Serial Number: 87036912 

US Registration 5193224 
Number: 

Filed as TEAS RF: Yes 

Register: Supplemental 

Mark Type: Trademark 

Amended to No 
Principal Register : 

Application Filing May 13, 2016 
Date: 

Registration Date: Apr. 25, 2017 

Currently TEAS RF: Yes 

Date Amended to Mar. 02, 2017 
Current Register: 

NATURAL COLORADO WELLNESS 

Status: Registered. The registration date is used to determine when post-registration maintenance documents are due. 

Status Date: Apr. 25, 2017 

Mark Literal NATURAL COLORADO WELLNESS 
Elements: 

Mark Information 

Standard Character Yes. The mark consists of standard characters without claim to any particular font style, size, or color. 
Claim: 

Mark Drawing 4 - STANDARD CHARACTER MARK 
Type: 

Goods and Services 
Note: The following symbols indicate that the registranUowner has amended the goods/services: 

• Brackets [ .. ] indicate deleted goods/services; 
• Double parenthesis(( .. )) identify any goods/services not claimed in a Section 15 affidavit of incontestability; and 
• Asterisks•.: identify additional (new) wording in the goods/services. 

For: Nutritional supplements containing essential hemp oils found in plant extracts 

International 005 - Primary Class 
Class(es): 

U.S Class(es): 006, 018, 044, 046, 051 , 052 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: May 12, 2016 

Filed Use: Yes 

Filed ITU: No 

Filed 44D: No 

Filed 44E: No 

Filed 66A: No 

Flied No Basis: No 

Owner Name: CWB Holdings, Inc. 

Owner Address: Suite 700 
1720 S. Bellaire Street 
Denver, COLORADO 80222 
UNITED STATES 

Use in Commerce: May 12, 2016 

Basis Information (Case Level) 

Currently Use: Yes 

Currently ITU: No 

Currently 44D: No 

Currently 44E: No 

Currently 66A: No 

Currently No Basis: No 

Current Owner(s) Information 

Amended Use: No 

Amended ITU: No 

Amended 44D: No 

Amended 44E: No 



Legal Entity Type: CORPORATION State or Country COLORADO 
Where Organized: 

Attorney/Correspondence Information 

Attorney of Record 

Attorney Name: Ryan M. Kaiser 

Attorney Primary trademark@amintalati.com 
Email Address: 

Attorney Email Yes 
Authorized: 

Correspondent 

Correspondent Ryan M. Kaiser 
Name/Address: Amin Talati Upadhye LLP 

100 S. Wacker Dr. 
Suite 2000 
Chicago, ILLINOIS 60606 
UNITED STATES 

Phone: 3124661033 Fax: 3128847352 

Correspondent e- trademark@amintalati.com james@amintalati.com 
mall: 

Correspondent e- Yes 
mail Authorized: 

Date 

Mar. 29, 2018 

Mar. 29, 2018 

Apr. 25, 2017 

Mar. 18, 2017 

Mar. 18, 2017 

Mar. 02, 2017 

Mar. 02, 2017 

Mar. 02, 2017 

Mar. 02, 2017 

Mar. 02, 2017 

Mar. 02, 2017 

Sep.03,2016 

Sep.03,2016 

Sep. 03,2016 

Aug.29,2016 

May 18, 2016 

May 17, 2016 

Domestic Representative - Not Found 

Prosecution History 

Description 

ATTORNEY/DOM.REP.REVOKED AND/OR APPOINTED 

TEAS REVOKE/APP/CHANGE ADDR OF ATTY/DOM REP RECEIVED 

REGISTERED-SUPPLEMENTAL REGISTER 

LAW OFFICE PUBLICATION REVIEW COMPLETED 

ASSIGNED TO LIE 

TEAS CHANGE OF CORRESPONDENCE RECEIVED 

APPROVED FOR REGISTRATION SUPPLEMENTAL REGISTER 

EXAMINER'S AMENDMENT ENTERED 

NOTIFICATION OF EXAMINERS AMENDMENT E-MAILED 

EXAMINERS AMENDMENT E-MAILED 

EXAMINERS AMENDMENT -WRITTEN 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

ASSIGNED TO EXAMINER 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

TM Staff Information - None 

File Location 

Current Location: PUBLICATION AND ISSUE SECTION Date in Location: Apr. 25, 2017 

Proceeding 
Number 

69712 

69712 

88888 

6328 

6328 

78449 

6325 

6325 

78449 

78449 



NATURAL COLORADO WELLNESS 

Reg. No. 5,193,224 

Registered Apr. 25, 2017 

Int. Cl.: 5 

Trademark 

Supplemental Register 

Director of the United States 
Patent and Trademark Office 

CWB Holdings, Inc. (COLORADO CORPORATION) 
Suite 700 
1720 S. Bellaire Street 
Denver, CO 80222 

CLASS 5: Nutritional supplements containing essential hemp oils fow1d in plant extracts 

FIRST USE 5-12-2016; IN COMMERCE 5-12-2016 

THE MARK CONSISTS OF STA DARD CHARACTERS WITHOUT CLAIM TO ANY 
PARTICULAR FONT STYLE, SIZE OR COLOR 

SER. 0 87-036,912, FILED PR 05-1 3-2016; AM. S.R. 03-02-2017 
ODESSA B BIBBINS, EXAMINING ATTORNEY 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 
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Mark: GREEN ROADS 

US Serial Number: 87080056 

US Registration 5288805 
Number: 

Filed as TEAS RF: Yes 

Register: Principal 

Mark Type: Trademark 

TM5 Common Status 
Descriptor: 

Application Filing Jun. 22, 2016 
Date: 

Registration Date: Sep. 19, 2017 

Currently TEAS RF: Yes 

LIVE/REGISTRATION/Issued and Active 

GREEN ROADS 

The trademark application has been reg istered with the Office. 

Status: Registered. The registration date is used to determine when post-registration maintenance documents are due. 

Status Date: Sep. 19, 2017 

Publication Date: Jul. 04, 2017 

Mark Literal GREEN ROADS 
Elements: 

Mark Information 

Standard Character Yes. The mark consists of standard characters without claim to any particular font style, size, or color. 
Claim: 

Mark Drawing 4 - STANDARD CHARACTER MARK 
Type: 

Related Properties Information 

Parent Of: 87975187 

Goods and Services 
Note: The following symbols indicate that the registrant/owner has amended the goods/services: 

• Brackets [ .. ] indicate deleted goods/services; 
• Double parenthesis (( .. )) identify any goods/services not claimed in a Section 15 affidavit of incontestability; and 
• Asterisks* .. * identify additional (new) wording in the goods/services. 

For: dietary and nutritional supplements; neutraceuticals for use as a dietary supplement drink mix; nutraceuticals for use as dietary 
supplement; nutritional supplements in drop form, capsule form, and liquid form; edible hemp oil for use as a dietary supplement; all of 
the foregoing containing hemp oil and only naturally occurring amounts of CBD 

International 005 - Primary Class 
Class(es): 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: Nov. 18, 2014 

Filed Use: Yes 

Filed ITU: No 

Filed 44D: No 

Filed 44E: No 

Filed 66A: No 

U.S Class(es): 006, 018, 044, 046, 051 , 052 

Use in Commerce: Nov. 18, 2014 

Basis Information (Case Level) 

Currently Use: Yes 

Currently ITU: No 

Currently 44E: No 

Currently 66A: No 

Currentlv No Basis: No 



Filed No Basis: No 

Current Owner(s) Information 

Owner Name: Green Roads of Florida, LLC. 

Owner Address: 6891 Stirling Road 
Davie, FLORIDA UNITED STATES 33314 

Legal Entity Type: LIMITED LIABILITY COMPANY State or Country FLORIDA 
Where Organized: 

Attorney/Correspondence Information 

Attorney of Record 

Attorney Name: Grace R Neibaron 

Attorney Primary grace@neibaronlaw.com 
Email Address: 

Attorney Email Yes 
Authorized: 

Correspondent 

Correspondent Grace R Neibaron 
Name/Address: Hoban Law Group 

235 Foss Creek Circle 
Healdsburg, CALIFORNIA UNITED STATES 95448 

Phone: 7078436645 

Correspondent e- grace@neibaronlaw.com davidk@hoban .law 
mail: 

Correspondent e- Yes 
mail Authorized: 

Date 

Sep. 19, 2017 

Jul. 27, 2017 

Jul. 27, 2017 

Jul. 04, 2017 

Jul. 04, 2017 

Jun . 14, 2017 

May 31, 2017 

May 26, 2017 

May 15, 2017 

May 15, 2017 

May 04, 2017 

Apr. 20, 2017 

Apr. 20, 2017 

Apr. 20, 2017 

Mar. 24, 2017 

Feb. 20, 2017 

Mar. 20, 2017 

Mar. 15, 2017 

Mar. 15, 2017 

Mar. 09, 2017 

Feb. 21 , 2017 

Feb. 20, 2017 

Sep.09,2016 

Sep.09,2016 

Sep.09, 2016 

Sep.02,2016 

Jul. 08, 2016 

Jul. 07, 2016 

Domestic Representative - Not Found 

Prosecution History 

Description 

REGISTERED-PRINCIPAL REGISTER 

ATTORNEY/DOM.REP.REVOKED AND/OR APPOINTED 

TEAS REVOKE/APP/CHANGE ADDR OF ATTY/DOM REP RECEIVED 

OFFICIAL GAZETTE PUBLICATION CONFIRMATION E-MAILED 

PUBLISHED FOR OPPOSITION 

NOTIFICATION OF NOTICE OF PUBLICATION E-MAILED 

LAW OFFICE PUBLICATION REVIEW COMPLETED 

APPROVED FOR PUB - PRINCIPAL REGISTER 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

TEAS REQUEST FOR RECONSIDERATION RECEIVED 

NOTIFICATION OF FINAL REFUSAL EMAILED 

FINAL REFUSAL E-MAILED 

FINAL REFUSAL WRITTEN 

DIVISIONAL PROCESSING COMPLETE 

DIVISIONAL REQUEST RECEIVED 

CASE ASSIGNED TO INTENT TO USE PARALEGAL 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

ASSIGNED TO LIE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

TEAS REQUEST TO DIVIDE RECEIVED 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

Proceeding 
Number 

70633 

70633 

70633 

82107 

66530 

70633 

70633 

70633 

6325 

6325 

82107 

82107 

76072 

82107 



Jun.28,2016 

Jun.25,2016 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

TM Staff Information - None 

Fiie Location 

Current Location: PUBLICATION AND ISSUE SECTION Date in Location: Sep. 19, 2017 



GREEN ROADS 

Reg. No. 5,288,805 

Registered Sep. 19, 2017 

Int. Cl.: 5 

Trademark 

Principal Register 

?(!) s ",ii. rm " r/b I 
Ptrformln9 tht fun<11ons and Outlts or cht 
Undtr Seuecary of Commtrct for 
lnetlltc1ual Propeny and Dlrtccor of che 
Uniitd Scaces P1cenc and Trademark Offict 

Green Roads of Florida, LLC. (FLORIDA LIMITED LIABILITY COMPANY) 
6891 Stirling Road 
Davie, FL 33314 

CLASS 5: dietary and nutritional supplements; neutraceuticals for use as a dietary supplement 
drink mix; nutraceuticals for use as dietary supplement; nutritional supplements in drop fonn, 
capsule fonn, and liquid fom1; edible hemp oil for use as a dietary supplement; all of the 
foregoing containing hemp oil and only namrally occurring amounts of CBD 

FIRST USE 11-18-2014; IN COMMERCE 11-18-2014 

THE MARK CONSISTS OF STA DARD CHARACTERS WITHOUT CLAIM TO ANY 
PARTICULAR FONT STYLE, SIZE OR COLOR 

SER. 0. 87-080,056, FILED 06-22-20 16 
ROBERT J STRUCK, EXAMINING ATTORNEY 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 
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Mark: CANNABITES 

US Serial Number: 

US Registration 
Number: 

Filed as TEAS RF: 

Register: 

Mark Type: 

87276686 

5543497 

Yes 

Principal 

Trademark 

Application Filing Dec. 21 , 2016 
Date: 

Registration Date: Aug. 21 , 2018 

Currently TEAS RF: Yes 

CANNABITES 

Status: Registered. The registration date is used to determine when post-registration maintenance documents are due. 

Status Date: Aug. 21, 2018 

Publication Date: Jun. 05, 2018 

Mark Literal CANNABITES 
Elements: 

Mark Information 

Standard Character Yes. The mark consists of standard characters without claim to any particular font style, size, or color. 
Claim: 

Mark Drawing 4 - STANDARD CHARACTER MARK 
Type: 

Goods and Services 
Note: The following symbols indicate that the registranUowner has amended the goods/services: 

• Brackets [ .. ] indicate deleted goods/services; 
• Double parenthesis(( .. )) identify any goods/services not claimed in a Section 15 affidavit of incontestability; and 
• Asterisks• .. • identify additional (new) wording in the goods/services. 

For: dietary and nutritional supplements for pets; edible hemp oil animal treats for use as a dietary supplement; nutritional food additives for 
culinary purposes; all of the foregoing containing edible hemp seed oil and vitamins for animals 

International 005 - Primary Class 
Class(es): 

U.S Class(es): 006, 018, 044, 046, 051, 052 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: Dec. 20, 2016 

Filed Use: Yes 

Filed ITU: No 

Filed 44D: No 

Filed 44E: No 

Filed 66A: No 

Filed No Basis: No 

Owner Name: Victory Gardens, LLC 

Owner Address: 785 La Mirada Ave 

Use in Commerce: Dec. 20, 2016 

Basis Information (Case Level) 

Currently Use: Yes 

Currently ITU: No 

Currently 44D: No 

Currently 44E: No 

Currently 66A: No 

Currently No Basis: No 

Current Owner(s) Information 

Encinitas, CALIFORNIA 92024 
UNITED STATES 

Amended Use: No 

Amended ITU: No 

Amended 44D: No 

Amended 44E: No 



Legal Entity Type: LIMITED LIABILITY COMPANY State or Country CALIFORNIA 
Where Organized: 

Attorney/Correspondence Information 

Attorney of Record 

Attorney Name: Pollie Gautsch 

Attorney Primary pollie@gandalegal.com 
Email Address: 

Attorney Email Yes 
Authorized: 

Correspondent 

Correspondent POLLIE GAUTSCH 
Name/Address: G&A LEGAL, APC 

665 SAN RODOLFO 124-209 
SOLANA BEACH, CALIFORNIA 92075 
UNITED STATES 

Phone: 858-344-5905 Fax: 760-454-4673 

Correspondent e- pollie@gandalegal.com 
mail: 

Correspondent e- Yes 
mail Authorized: 

Date 

Aug. 21,2018 

Jun . 05,2018 

Jun.05, 2018 

May 16, 2018 

Apr. 27, 2018 

Apr. 04, 2018 

Apr. 03, 2018 

Apr. 03, 2018 

Oct. 26, 2017 

Oct. 26, 2017 

Oct. 26, 2017 

Oct. 02, 2017 

Oct. 02, 2017 

Sep. 26, 2017 

Sep. 15, 2017 

Sep. 14, 2017 

Sep. 14, 2017 

Sep. 06, 2017 

Sep. 06, 2017 

Sep. 06, 2017 

Aug.08,2017 

Aug. 08, 2017 

Aug. 02,2017 

Jul. 03, 2017 

Apr. 26, 2017 

Apr. 26, 2017 

Apr. 26, 2017 

Apr. 19, 2017 

Jan.09, 2017 

Jan.09, 2017 

Jan.04, 2017 

Dec.24,2016 

Domestic Representative - Not Found 

Prosecution History 

Description 

REGISTERED-PRINCIPAL REGISTER 

OFFICIAL GAZETTE PUBLICATION CONFIRMATION E-MAILED 

PUBLISHED FOR OPPOSITION 

NOTIFICATION OF NOTICE OF PUBLICATION E-MAILED 

APPROVED FOR PUB - PRINCIPAL REGISTER 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

ASSIGNED TO LIE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

NOTIFICATION OF NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION E-MAILED 

NON-FINAL ACTION WRITTEN 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

Proceeding 
Number 

88889 

88889 

6325 

6325 

82107 

66213 

66213 

88889 

88889 

6325 

6325 

82107 

66213 

66213 

66213 

6325 

6325 

82107 

82107 

76072 

82107 



Current Location: PUBLICATION AND ISSUE SECTION 

TM Staff Information - None 

File Location 

Date in Location: Aug . 21, 2018 



CANNABITES 

Reg. No. 5,543,497 

Registered Aug. 21, 2018 

Int. Cl.: 5 

Trademark 

Principal Register 

Director of the United States 
Patent and Trademark Office 

Victory Gardens, LLC (CALIFORNIA LIMITED LIABILITY COMPANY) 
785 La Mirada Ave 
Encinitas, CALIFORNIA 92024 

CLASS 5: dietary and nutritional supplements for pets; edible hemp oil animal treats for use 
as a dietary supplement; nutritional food additives for culinary purposes; all of the foregoing 
containing edible hemp seed oil and vitamins for animals 

FIRST USE 12-20-2016; IN COMMERCE 12-20-2016 

THE MARK CONSISTS OF STA DARD CHARACTERS WITHOUT CLAIM TO ANY 
PARTICULAR FONT STYLE, SIZE OR COLOR 

SER. 1 0 87-276,686, FILED 12-21-2016 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 
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Mark: STONED COLD 

US Serial Number: 

US Registration 
Number: 

Filed as TEAS 
Plus: 

Register: 

Mark Type: 

87426938 

5363541 

Yes 

Principal 

Trademark 

Application Filing Apr. 26, 2017 
Date: 

Registration Date: Dec. 26, 2017 

Currently TEAS Yes 
Plus: 

Status: Registered. The registration date is used to determine when post-registration maintenance documents are due. 

Status Date: Dec. 26, 2017 

Publication Date: Oct. 10, 2017 

Mark Literal STONED COLD 
Elements: 

Mark Information 

Standard Character Yes. The mark consists of standard characters without claim to any particular font style, size, or color. 
Claim: 

Mark Drawing 4 - STANDARD CHARACTER MARK 
Type: 

Goods and Services 
Note: The following symbols indicate that the registranUowner has amended the goods/services: 

• Brackets [ .. ] indicate deleted goods/services; 
• Double parenthesis(( .. )) identify any goods/services not claimed in a Section 15 affidavit of incontestability; and 
• Asterisks•.: identify additional (new) wording in the goods/services. 

For: Medicated lip balm and medicated skin care preparations comprised of hemp seed oil and menthol 

International 005 - Primary Class 
Class(es): 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: Mar. 01 , 2017 

U.S Class(es): 006, 018, 044, 046, 051 , 052 

Use in Commerce: Apr. 11, 2017 

Basis Information (Case Level) 

stoned cold 

Filed Use: Yes 

Filed ITU: No 

Filed 440: No 

Filed 44E: No 

Currently Use: 

Currently ITU: 

Currently 440: 

Currently 44E: 

Yes 

No 

No 

No 

Amended Use: No 

Amended ITU: No 

Amended 440: No 

Amended 44E: No 

Filed 66A: No 

Flied No Basis: No 

Owner Name: LOVEBUD, LLC 

OBA, AKA, DBA LOVEBUD 
Formerly: 

Owner Address: 578 Washington Blvd., #507 

Currently 66A: No 

Currently No Basis: No 

Current Owner(s) Information 



Marina del Rey, CALIFORNIA 90292 
UNITED STATES 

Legal Entity Type: LIMITED LIABILITY COMPANY State or Country CALIFORNIA 
Where Organized: 

Attorney/Correspondence Information 

Attorney of Record - None 

Correspondent 

Correspondent LOVEBUD, LLC 
Name/Address: 578 WASHINGTON BLVD., #507 

MARINA DEL REY, CALIFORNIA 90292 
UNITED STATES 

Phone: 424-781-4135 

Correspondent e- becky@lovebudshop.com 
mall: 

Correspondent e- Yes 
mail Authorized: 

Date 

Dec.26,2017 

Oct. 10, 2017 

Oct. 10, 2017 

Sep. 20,2017 

Sep.01,2017 

Aug. 24, 2017 

Aug.24,2017 

Aug. 22, 2017 

Aug. 16, 2017 

Aug. 16,2017 

Aug. 15, 2017 

Aug. 15, 2017 

Aug. 15, 2017 

Jul. 24, 2017 

Jul. 22, 2017 

Jun.05,2017 

Apr. 29, 2017 

Domestic Representative· Not Found 

Prosecution History 

Description 

REGISTERED-PRINCIPAL REGISTER 

OFFICIAL GAZETTE PUBLICATION CONFIRMATION E-MAILED 

PUBLISHED FOR OPPOSITION 

NOTIFICATION OF NOTICE OF PUBLICATION E-MAILED 

APPROVED FOR PUB - PRINCIPAL REGISTER 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

COMBINED EXAMINER'S AMENDMENT/PRIORITY ACTION ENTERED 

ASSIGNED TO LIE 

NOTIFICATION OF EXAMINER'S AMENDMENT/PRIORITY ACTION E-MAILED 

EXAMINER'S AMENDMENT/PRIORITY ACTION E-MAILED 

EXAMINERS AMENDMENT AND/OR PRIORITY ACTION ·COMPLETED 

ASSIGNED TO EXAMINER 

ASSIGNED TO EXAMINER 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

TM Staff Information • None 

File Location 

Current Location: PUBLICATION AND ISSUE SECTION Date in Location: Dec. 26, 2017 

Proceeding 
Number 

68171 

68171 

68171 

68171 

6326 

6326 

72008 

72008 

91238 



stoned cold 
Reg. No. 5,363,541 

Registered Dec. 26, 2017 

Int. Cl.: 5 

Trademark 

Principal Register 

?(!) s ",ii. rm " r/b I 
Ptrformln9 tht fun<11ons and Outlts or cht 
Undtr Seuecary of Commtrct for 
lnetlltc1ual Propeny and Dlrtccor of che 
Uniitd Scaces P1cenc and Trademark Offict 

LOVEBUD, LLC (CALIFORNIA LIMITED LIABILITY COMPANY), DBA LOVEBUD 
578 Washington Blvd. , #507 
Marina Del Rey, CALIFORNIA 90292 

CLASS 5: Medicated lip balm and medicated skin care preparations comprised of hemp seed 
oil and menthol 

FIRST USE 3-1-2017; IN COMMERCE 4-11-2017 

THE MARK CONSISTS OF STA DARD CHARACTERS WITHOUT CLAIM TO ANY 
PARTICULAR FONT STYLE, SIZE OR COLOR 

SER. 0 87-426,938, FILED 04-26-2017 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 

Page: 2 of2 I RN # 5363541 



Generated on: This page was generated by TSDR on 2018-11-09 14:38:36 EST 

Mark: PRIME MY BODY 

US Serial Number: 

US Registration 
Number: 

Filed as TEAS RF: 

Register: 

Mark Type: 

87794756 

5589298 

Yes 

Principal 

Trademark 

Application Filing Feb. 12, 2018 
Date: 

Registration Date: Oct. 23, 2018 

Currently TEAS RF: Yes 

Status: Registered. The registration date is used to determine when post-registration maintenance documents are due. 

Status Date: Oct. 23, 2018 

Publication Date: Aug. 07, 2018 

Mark Literal PRIME MY BODY 
Elements: 

Standard Character No 
Claim: 

Mark Information 

Mark Drawing 3 -AN ILLUSTRATION DRAWING WHICH INCLUDES WORD(S)/ LETTER(S)/NUMBER(S) 
Type: 

PRIMECBODY 

Description of The mark consists of the distressed stylized word "PRIME"; next to the cursive stylized word "MY" in a circle; next to that is the stylized 
Mark: word "BODY". 

Color(s) Claimed: Color is not claimed as a feature of the mark. 

Design Search 26.01.21 - Circles that are totally or partially shaded. 
Code(s): 

Goods and Services 
Note: The following symbols indicate that the registranVowner has amended the goods/services: 

• Brackets [ .. ) indicate deleted goods/services; 
• Double parenthesis(( .. )) identify any goods/services not claimed in a Section 15 affidavit of incontestability; and 
• Asterisks*.! identify additional (new) wording in the goods/services. 

For: Skin moisturizers; Cosmetic preparations, namely, firming creams 

International 003 - Primary Class 
Class(es): 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: Jul. 2013 

U.S Class(es): 001 , 004, 006, 050, 051 , 052 

Use in Commerce: Jul. 2013 

For: Dietary and nutritional supplements; Protein supplements; Hemp oil for use as a dietary supplement 

International 005 - Primary Class 
Class(es): 

Class Status: ACTIVE 

Basis: 1(a) 

First Use: Jul. 2013 

Filed Use: Yes 

Filed ITU: No 

Filed 44D: No 

Filed 44E: No 

U.S Class(es): 006, 018, 044, 046, 051 , 052 

Use in Commerce: Jul. 2013 

Basis Information (Case Level) 

Currently Use: Yes 

Currently ITU: No 

Currently 44D: No 

Currently 44E: No 

Amended Use: No 

Amended ITU: No 

Amended 44D: No 

Amended 44E: No 



Filed 66A: No 

Flied No Basis: No 

Currently 66A: No 

Currently No Basis: No 

Current Owner(s) Information 

Owner Name: Digital Media Group - US, LLC 

Owner Address: 1501 LBJ Freeway, Suite 500 
Dallas, TEXAS 75234 
UNITED STATES 

Legal Entity Type: LIMITED LIABILITY COMPANY State or Country NEVADA 
Where Organized: 

Attorney/Correspondence Information 

Attorney of Record 

Attorney Name: Joshua M. Gerben, Esq. Docket Number: 06869-0002 

Attorney Primary jgerben@gerbenlawfrm.com 
Email Address: 

Attorney Email Yes 
Authorized: 

Correspondent 

Correspondent JOSHUA M. GERBEN, ESQ. 
Name/Address : GERBEN LAW FIRM, PLLC 

1050 CONNECTICUT AVE. NW 
SUITE 500 
WASHINGTON, DISTRICT OF COLUMBIA 20036 
UNITED STATES 

Phone: 202-294-2287 

Correspondent e- jgerben@gerbenlawfirm.com eperrott@gerbenlaw 
mail: firm.com 

Correspondent e- Yes 
mail Authorized: 

Date 

Oct. 23, 2018 

Aug.07,2018 

Aug.07,2018 

Jul. 18, 2018 

Jun.29,2018 

Jun.22, 2018 

Jun.22, 2018 

Jun.20, 2018 

Jun.06, 2018 

May 31, 2018 

May 31 , 2018 

May 31, 2018 

May 31, 2018 

May 25, 2018 

Feb. 22, 2018 

Feb. 21 , 2018 

Feb. 15,2018 

Domestic Representative - Not Found 

Prosecution History 

Description 

REGISTERED-PRINCIPAL REGISTER 

OFFICIAL GAZETTE PUBLICATION CONFIRMATION E-MAILED 

PUBLISHED FOR OPPOSITION 

NOTIFICATION OF NOTICE OF PUBLICATION E-MAILED 

APPROVED FOR PUB - PRINCIPAL REGISTER 

TEAS/EMAIL CORRESPONDENCE ENTERED 

CORRESPONDENCE RECEIVED IN LAW OFFICE 

ASSIGNED TO LIE 

TEAS RESPONSE TO OFFICE ACTION RECEIVED 

NOTIFICATION OF EXAMINER'S AMENDMENT/PRIORITY ACTION E-MAILED 

EXAMINER'S AMENDMENT/PRIORITY ACTION E-MAILED 

COMBINED EXAMINER'S AMENDMENT/PRIORITY ACTION AUTOMATIC ENTRY 

EXAMINERS AMENDMENT AND/OR PRIORITY ACTION - COMPLETED 

ASSIGNED TO EXAMINER 

NOTICE OF DESIGN SEARCH CODE E-MAILED 

NEW APPLICATION OFFICE SUPPLIED DATA ENTERED IN TRAM 

NEW APPLICATION ENTERED IN TRAM 

TM Staff and Location Information 

TM Staff Information - None 

File Location 

Current Location: PUBLICATION AND ISSUE SECTION Date in Location: Oct. 23, 2018 

Proceeding 
Number 

73797 

73797 

73797 

6326 

6326 

93972 

93972 

93972 



Reg. No. 5,589,298 

Registered Oct. 23, 2018 

Int. Cl.: 3, 5 

Trademark 

Principal Register 

Director of the United States 
Patent and Trademark Office 

Digital Media Group - US, LLC (NEV ADA LIMITED LIABILITY COMPANY) 
1501 Lbj Freeway, Suite 500 
Dallas, TEXAS 75234 

CLASS 3: Skin moisturizers; Cosmetic preparations, namely, finning creams 

FIRST USE 7-00-2013; IN COMMERCE 7-00-2013 

CLASS 5: Dietary and nutritional supplements; Protein supplements; Hemp oil for use as a 
dietary supplement 

FIRST USE 7-00-2013; IN COMMERCE 7-00-2013 

The mark consists of the distressed stylized word "PRIME"; next to the cursive stylized word 
"MY" in a circle; next to that is the stylized word "BODY". 

SER. 0. 87-794,756, FILED 02-12-2018 



REQUIREMENTS TO MAINTAIN YOUR FEDERAL TRADEMARK REGISTRATION 

WARL'1'ING: YOUR REGISTRATION WILL BE CANCELLED IF YOU DO NOT FILE THE 
DOCUMENTS BELOW DURING THE SPECIFIED TIME PERIODS. 

Requirements in the First Ten Years* 
What and When to File: 

• Firs1 Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) between the 5th and 6th 

years after the registration date. See 15 U.S.C. &&1058, l 141k. If the declaration is accepted, the 

registration will continue in force for the remainder of the ten-year period, calculated from the registration 

date, unless cancelled by an order of the Commissioner for Trademarks or a federal court. 

• Secona Filinp, Deadline: You must file a Declaration of Use (or Excusable Nonuse) and an Application 

for Renewal between the 9th and 10th years after the registration date.* See 15 U.S.C. § 1059. 

Requirements in Successive Ten-Year Periods* 
What and When to File: 

• You must file a Declaration of Use (or Excusable Nonuse) and an Application for Renewal 
between every 9th and 10th-year period, calculated from the registration date.* 

Grace Pel'iod Filings* 

The above documents will be accepted as timely if filed within six months after the deadlines listed above with 
the payment of an additional fee. 

*ATTENTION MADRID PROTOCOL REGISTRANTS: The holder of an international registration with an 
extension of protection to the United States under the Madrid Protocol must timely file the Declarations of Use 
(or Excusable Nonuse) referenced above directly with the United States Patent and Trademark Office (USPTO). 
The time periods for filing are based on the U.S. registration date (not the international registration date). The 
deadlines and grace periods for the Declarations of Use (or Excusable Nonuse) are identical to those for 
nationally issued registrations. See 15 U.S.C. §§1058, l 14lk. However, owners of international registrations 
do not file renewal applications at the USPTO. Instead, the holder must file a renewal of the underlying 
international registration at the International Bureau of the World Intellectual Property Organization, under 
Article 7 of the Madrid Protocol, before the expiration of each ten-year term of protection, calculated from the 
date of the international registration. See 15 U.S.C. § l l 41j. For more information and renewal fo1ms for the 
international registration, see http://www.wipo.int/madrid/en/. 

NOTE: Fees and requirements for maintaining registrations are subject to change. Please check the 
USPTO website for further information. \Vith the exception of renewal applications for registered 
extensions of protection, you can file the registrntion maintenance documents rnferenced above online at h 
ttp://www.uspto.gov. 

NOTE: A courtesy e-mail reminder of USPTO maintenance filing deadlines will be sent to trademark 
owners/holders who authorize e-mail communication and maintain a current e-mail address with the 
USPTO. To ensure that e-mail is authorized and your address is current, please use the Trademark 
Electronic Application System (TEAS) Correspondence Address and Change of Owner Add1·ess Forms 
available at http://www.uspto.gov. 
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