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Section 1. Sequences of Enzymes used for Cloning and Expression in P. pastoris

>N-His CBCAS

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSNSTNNG
LLFINTTIASIAAKEEGVSLEKRGSSHHHHHHNPQENFLKCEFSEYIPNNPANPKEIYTQHDQ
LYMSVLNSTIONLREFTSDTTPKPLVIVTPSNVSHIQASTILCSKKVGLOQIRTRSGGHDAEGLS
YISQVPFATVDLRNMHTVKVDIHSQTAWVEAGATLGEVYYWINEMNENESEFPGGYCPTVGVG
GHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMGEDLFWAIRGGGGENFGITIAAW
KIKLVVVPSKATIFSVKKNMETIHGLVKLENKWONIAYKYDKDLMLTTHFRTRNITDNHGKNK
TTVHGYFSSIFLGGVDSLVDLMNKSEFPELGIKKTDCKELSWIDTTIFYSGVVNYNTANEFKKE
ILLDRSAGKKTAFSIKLDYVKKLIPETAMVKILEKLYEEEVGVGMYVLYPYGGIMDEISESA
IPFPHRAGIMYELWYTATWEKQEDNEKHINWVRSVYNEFTTPYVSQONPRLAYLNYRDLDLGKT

NPESPNNYTQARIWGEKYFGKNENRLVKVKTKADPNNFFRNEQSTIPPLPPRHH

>N-His CBDAS

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSNSTNNG
LLFINTTIASIAAKEEGVSLEKRGSSHHHHHHNPRENFLKCEFSQYIPNNATNLKLVYTQNNP
LYMSVLNSTIHEHNLREFTSDTTPKPLVIVTPSHVSHIQGTILCSKKVGLQIRTRSGGHDSEGMS
YISQVPEFVIVDLRNMRSIKIDVHSQTAWVEAGATLGEVYYWVNEKNENLSLAAGYCPTVCAG
GHFGGGGYGPLMRNYGLAADNITIDAHLVNVHGKVLDRKSMGEDLEFWALRGGGAESFGITIVAW
KIRLVAVPKSTMFSVKKIME ITHELVKLVNKWONTIAYKYDKDLLIMTHEFTTRNITDNQGKNKT
ATHTYFSSVFLGGVDSLVDLMNKSFPELGIKKTDCRQLSWIDTITIFYSGVVNYDTDNENKE T
LLDRSAGONGAFKIKLDYVKKPIPESVEVQILEKLYEEDIGAGMYALYPYGGIMDEISESAT
PFPHRAGILYELWYICSWEKQEDNEKHLNWIRNIYNFMTPYVSKNPRLAYLNYRDLDIGIND

PRNPNNYTQARIWGEKYFGKNFDRLVKVKTLVDPNNFFRNEQSTPPLPRHRH
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>N-His THCAS

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSNSTNNG
LLFINTTIASIAAKEEGVSLEKRGSSHHHHHHNPRENFLKCEFSKHIPNNVANPKLVYTQHDQ
LYMSTILNSTIONLRFISDTTPKPLVIVTPSNNSHIQATILCSKKVGLOQIRTRSGGHDAEGMS
YISQVPEFVVVDLRNMHSIKIDVHSQTAWVEAGATLGEVYYWINEKNENLSEFPGGYCPTVGVG
GHFSGGGYGALMRNYGLAADNIIDAHLVNVDGKVLDRKSMGEDLFWAIRGGGGENFGITAAW
KIKLVAVPSKSTIFSVKKNMEIHGLVKLENKWONIAYKYDKDLVLMTHFITKNITDNHGKNK
TTVHGYFSSIFHGGVDSLVDLMNKSEFPELGIKKTDCKEEFSWIDTTIEFYSGVVNENTANEFKKE
ILLDRSAGKKTAFSIKLDYVKKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIMEEISESA
IPFPHRAGIMYELWYTASWEKQEDNEKHINWVRSVYNEFTTPYVSQONPRLAYLNYRDLDLGKT

NHASPNNYTQARIWGEKYFGKNEFNRLVKVKTKVDPNNFFRNEQSTPPLPPHHH

For all N-His constructs, residues in bold denote the a-factor signal peptide from S. cerevisiae
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CBCAS NPOENFLKCFSEYIPNNPANPKEIYTQHDQLYMSVLNSTIONLRFTSDTTPKPLVIVTPS

THCAS NPRENFLKCFSKEIPNNVANPKLVYTQHDQLYMSILNSTIONLRFISDTTPKPLVIVTPS
CBDAS NPRENFLKCFSOYIPNNATNLKLVYTQNNPLYMSVLNSTIHNLRFTSDTTPKPLVIVTPS
KK KKKKKKKK s shhkhkhk ok Khsokkkes Hhhkhkkehhhdhk s AAXEX AXXKKK KKK KKK KK

CBCAS NVSHIQASILCSKKVGLQIRTRSGGHDAEGLSYISQVPFAIVDLRNMHTVKVDIHSQTAW
THCAS NNSHIQATILCSKKVGLQIRTRSGGHDAEGMSYISQVPEFVVVDLRNMHSIKIDVHSQTAW
CBDAS HVSHIQGTILCSKKVGLOIRTRSGGHDSEGMSYISQVPEVIVDLRNMRSIKIDVHSQTAW
KAKK KKK KKK KKk hhhkhkhkkkkkk s kk s kkkkkkkk s AXXXAK s+ sk s ks khhkhkk

CBCAS VEAGATLGEVYYWINEMNENFSEFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAH
THCAS VEAGATLGEVYYWINEKNENLSFPGGYCPTVGVGGHFSGGGYGALMRNYGLAADNIIDAH
CBDAS VEAGATLGEVYYWVNEKNENLSLAAGYCPTVCAGGHFGGGGYGPLMRNYGLAADNIIDAH
KKKKKKKK KA KKk s hk hhkk ok  hkkkkk _kkkk FXXXE AXXKAKK KKKk kkk kK

CBCAS LVNVDGKVLDRKSMGEDLEFWAIRGGGGENFGITAAWKIKLVVVPSKATIFSVKKNMETHG
THCAS LVNVDGKVLDRKSMGEDLEFWAIRGGGGENFGITAAWKIKLVAVPSKSTIFSVKKNMETHG
CBDAS LVNVEGKVLDRKSMGEDLFWALRGGGAESFGIIVAWKIRLVAVP-KSTMFSVKKIMEIHE

kAKhkkk KAkKAkAkKAAAkAAhAkAA khAkhAkhoehkkhkhkk * *hkkk*k ) hkhkkekk  **%k Kekoekhkkkhkkhkx (k%%

CBCAS LVKLENKWONTIAYKYDKDLMLTTHFRTRNITDNHGKNKTTVHGYFSSIFLGGVDSLVDLM
THCAS LVKLENKWONTIAYKYDKDLVLMTHF ITKNITDNHGKNKTTVHGYFSSIFEGGVDSLVDLM
CBDAS LVKLVNKWONTIAYKYDKDLLLMTHF ITRNITDNOQGKNKTAIHTYFSSVFLGGVDSLVDLM

KAk Kk KAKAkAKAAAAAAAA KXok K K k*k K*ekhkkhkhkkhkkhkeoekhkhkhk ke ok K hkkkeoek *hkhkhAkkhkkhkkkk%k

CBCAS NKSFPELGIKKTDCKELSWIDTTIFYSGVVNYNTANFKKEILLDRSAGKKTAFSIKLDYV
THCAS NKSFPELGIKKTDCKEESWIDTTIFYSGVVNENTANFKKEILLDRSAGKKTAFSIKLDYV
CBDAS NKSFPELGIKKTDCROLSWIDTIIFYSGVVNYDTDNFNKEILLDRSAGONGAFKIKLDYV
KKK KA AKX KK KKK K ¢ 0 s KKKk k KKKk AR KK s 0k Kk s AXKKKAARK K o 0 KKk kXX KKk
CBCAS KKLIPETAMVKILEKLYEEEVGVGMYVLYPYGGIMDEISESAIPFPHRAGIMYELWYTAT
THCAS KKPIPETAMVKILEKLYEEDVGAGMYVLYPYGGIMEEISESAIPFPHRAGIMYELWYTAS
CBDAS KKPIPESVEVOQILEKLYEEDIGAGMYALYPYGGIMDEISESAIPFPHRAGILYELWYICS
Ak kk ke ks KKKk AARK s ok Khk _ AKKKKARK e kAAK KKK AR KK AAK e Kk XX K
CBCAS WEKQEDNEKHINWVRSVYNFTTPYVSONPRLAYLNYRDLDLGKTNPESPNNYTQARIWGE
THCAS WEKQEDNEKHINWVRSVYNFTTPYVSONPRLAYLNYRDLDLGKTNHASPNNYTQARIWGE
CBDAS WEKQEDNEKHLNWIRNIYNFMTPYVSENPRLAYLNYRDLDIGINDPENPNNYTQARIWGE
KKKk kAKX KKK s kX ek XKk AAXKK s AXKKKAAXK KKK+ Kk » KKK A KKK K KA XK
CBCAS KYFGKNFNRLVKVKTKADPNNFFRNEQSIPPLPPRHH
THCAS KYFGKNFNRLVKVKTEKVDPNNFFRNEQSIPPLPPHHH
CBDAS KYFGKNFDRLVKVKTLVDPNNFFRNEQSIPPLPRHRH

kAKhkkAkkhkhkkk o kA khk*k KAKhkkAkkkhkkAkkkhkkhkhkhkk kA, Kk ook

Figure S1. Sequence alignment of CBCAS, CBDAS and THCAS. Residues in bold amber
are conserved between any two enzymes; those in bold black underlined are unique to one

enzyme; residues in yellow boxes (CBCAS Y190, H292, F381, W444, Y484) are active site

residues conserved between all three enzymes. Uniprot accession numbers for CBCAS:
Q33DQ2 (no. of residues 545; MW 62039 Da; theoretical pl 8.85); CBDAS: A6P6V9 (544;
62237 Da; 8.88) and THCAS: Q8GTB6 (545; 61927 Da; 9.04).
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Section 2. Purification and deglycosylation of the CSases
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Figure S2: SEC purification of CBDAS from CIEX fractions. Left: SEC chromatogram

monitoring eluent at 280 nm. Right: SDS-PAGE analysis of fractions: ‘Ap’ = material applied

to column; A8 efc. refers to row and number of fraction in the fraction collector.
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Figure S3. SEC purification of CBCAS from CIEX fractions. Left: SEC chromatogram

monitoring eluent at 280 nm and 450 nm. Right: SDS-PAGE analysis of fractions. ‘Ap’ =

material applied to column; D8 etc. refers to row and number of fraction in the fraction

collector.
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Figure S4: SEC purification of THCAS from CIEX fractions. Left: chromatography trace

monitoring eluent at 280 nm and 450 nm. Right: SDS-PAGE analysis of fractions. A2 etc.

refers to row and number of fraction in the fraction collector.
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Section 3. Data Collection and Refinement

Table S1. Data statistics and refinement statistics for the CBCAS-FAD, CBDAS-FAD and

THCAS-FAD datasets. Values in parentheses refer to data in the highest resolution shells.

CBCAS-FAD CBDAS-FAD THCAS-FAD
Beamline 103 103 103
Wavelength (A) 0.9763 0.9763 0.9763
Resolution (A) 66.68-2.43 (2.52- 59.34-1.70 (1.73- 58.97-2.33 (2.38-
2.43) 1.70) 2.33)
Space Group PA42,2 P22,2, P2,2,2,
Unit cell (A) a=10241;b= a=63.02;b=66.00; | a=58.13;b=134.93;
102.41; ¢ =133.37 c=135.56 c=196.67
o =pB=y=90.00° o =p=y=90.00° o =p=y=90.00°
No. of molecules in the 1 1 3
asymmetric unit
Unique reflections 27448 (2818) 63060 (3273) 67180 (4425)
Completeness (%) 100.0 (100.0) 100.0 (100.0) 100.0 (100.0)
Rinerge (%) 0.09 (1.41) 0.14 (1.43) 0.11 (0.75)
Rpim. 0.03 (0.39) 0.06 (0.58) 0.04 (0.28)
Multiplicity 26.5(27.3) 13.5(13.7) 13.5 (13.6)
<l/o(l)> 244 (3.1) 11.7 (1.9) 143 (3.2)
Overall B from Wilson 57 17 37
plot (A?)
CCin 1.00 (0.97) 1.00 (0.73) 1.00 (0.96)
Reryst/ Riree (%) 0.20/0.26 0.15/0.18 0.25/0.30
r.m.s.d 1-2 bonds (A) 0.008 0.010 0.007
r.m.s.d 1-3 angles (°) 1.760 1.821 1.640
Avge main chain B (A?) 70 19 51
Avge side chain B (A?) 74 23 53
Avge waters B (A?) 62 33 43
Avge Cofactor B (A?) 58 14 39
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No. fit residues for each 480 493 1465
chain

No protein atoms used 3946 3976 11329
in refinement

Number of ligand atoms 51 51 153
(FAD) used in

refinement

Number of solvent 79 374 292

atoms used in

refinement
Ramachandran plot 93.3% residues 96.5% residues 95.0% residues
statistics (favoured regions) (favoured regions) (favoured regions)

6.7% residues
(allowed regions)

3.5% residues
(allowed regions)

4.2% residues
(allowed regions)

0.8% residues
(disfavoured regions)

S9




Section 4. Previously published mechanistic proposal
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Figure SS. Suggested mechanisms for chemodivergent outcomes of cannabinoid synthase

enzyme activity. A: CBCAS; B: CBDAS; C: THCAS (adapted from Tahir and co-workers [1]).
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