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Supplementary Table 1. Overview on network statistics.

Reactions Compounds

Total entries in raw BNICE.ch network 17,597 4,838
Biological / bioactive entries in raw BNICE.ch network 244 720
Total entries in benzylisoquinoline alkaloid network 7,527 1,518
Biological / bioactive entries in benzylisoquinoline alkaloid network 49 99
Potential targets 1,501
Potential targets with annotation (min 1 citation/patent) 545




Supplementary Table 2. Presence of known biosynthetic BIA pathways in the generated reaction network.

Shortest Pathways
Source In net- Shortest  pathway visualized
Compound name database  work Precursor? pathway® in source® online Comment
Allocryptopine KEGG yes (S)-cis-N- 1 1 yes
methylcanadine
Berberine MetaCyc yes (S)-canadine 1 1 yes
Dehydroscoulerine  MetaCyc  yes (S)-scoulerine 1 1 no
(S)-nororientaline  KEGG yes 3'-Hydroxy-N- 2 2 no
methyl-(S)-
coclaurine
Corydaline KEGG yes Tetrahydro- 2 3 yes Shortcut found via tetrahydrapalmatine or
columbamine isocorybulbine.
Magnoflorine KEGG, yes (S)-reticuline 2 2 yes
MetaCyc
Palmatine MetaCyc yes Tetrahydro- 2 2 yes
columbamine
Salutaridinol KEGG yes (S)-reticuline 2 4 yes 2 steps from (R)-reticuline, or 4 steps from
(S)-reticuline.
Coptisine MetaCyc yes (S)-scoulerine yes
Epiberberine MetaCyc yes (S)-scoulerine yes
Protopine KEGG yes (S)-cis-N- 4 yes Shortcuts found via allocryptopine,
methylcanadine hunnemanine, and others.
Papaverine KEGG,  yes (S)-reticuline 4 4 yes
MetaCyc
Chelerythrine MetaCyc no (S)-cis-N- N/A 4 Chelerythrine is 4 reaction steps away from

methylcanadine

the precursor. Step 1 and 2 are in the network,
but step 3 (a spontaneous reaction) is not.

3Closest noscapine pathway intermediate; PLength of shortest pathway from precursor to compound; “Distance from precursor in source database
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Supplementary Table 3. Additional information for 15 candidate targets one reaction step away from the initial noscapine pathway.

Number of Best BridgIT
Rank  Name Iteration  Identifier pathways Precursor score Predicted enzyme
3 Berberine 1 79 2 (S)-canadine 1.00 1.3.3.8
6 Tetrahydropalmatine 1 171 2 Tetrahydrocolumbamine 1.00 2.1.1.89
13 Columbamine 1 83 1 Tetrahydrocolumbamine 0.99 1.3.3.8
15 Salutaridine 1 155 1 (S)-reticuline 1.00 1.14.19.67
16 Norlaudanosoline 1 113 3 (S)-norcoclaurine 0.99 1.14.14.102
17 Stepholidine 1 150 1 Tetrahydrocolumbamine 0.78 1.14.13.31
18 Allocryptopine 1 100 2 (S)-cis-N-methylcanadine  0.32 1.14.13.239
24 Laudanine 1 169 3 (S)-reticuline 1.00 2.1.1.291
31 Codamine 1 98 2 (S)-reticuline 0.79 2.1.1.121
33 Norreticuline 1 89 3 (S)-reticuline 0.09 1.5.3.10
37 Corytuberine 1 154 1 (S)-reticuline 0.56 1.14.19.67
39 Lambertine 1 75 6 (S)-canadine 0.45 1.3.1.29
43 Armepavine 1 167 2 (S)-N-methylcoclaurine 1.00 2.1.1.291
43 1,2-Dehydroreticuline 1 93 1 (S)-reticuline 1.00 1.5.1.27
46 Nandinine 1 139 1 (S)-scoulerine 1.00 1.14.19.73




Supplementary Table 4. Top 5 BridgIT predictions for the biosynthesis reactions towards laudanine, armepavine, and nandinine.

BridgIT rank BridgIT score Predicted EC number Corresponding enzyme
Laudanine

1 1.00 2.1.1.291 CjColOMT

2 0.98 2.1.1.89 Ps7TOMT

3 0.77 2.1.1.118 Ps7TOMT

4 0.75 2.1.1.128 PsHNC4’OMT
5 0.74 2.1.1.121 Ps6OMT
Armepavine

1 1.00 2.1.1.291 CjColOMT

2 0.98 2.1.1.89 Ps7TOMT

3 0.78 2.1.1.118 Ps7TOMT

4 0.77 2.1.1.128 PsHNC4’OMT
5 0.76 2.1.1.116 Ps6OMT
Nandinie

1 1.00 1.14.21.5 AmCYP719A13
2 1.00 1.14.21.1 EcCYP719A3

3 1.00 1.14.21.12 EcCYP719A3

4 0.97 1.14.21.2 EcCYP719A3

5 0.76 1.14.21.11 ShCYP719A23




Supplementary Table 5. Genes used in this work.

Gene ID Description Source organism Accession ID
AtCafOMT Caffeoyl-coenzyme A O-methyltransferase Arabidopsis thaliana NM_001342249.1
CjColOMT Columbamine O-methyltransferase Coptis japonica ABO073908.1
LjFlaOMT 2.4’ 7’-trihydroxyisoflavanone O-methyltransferase Lotus japonica AK339587.1
SaPurOMT O-demethylpuromycin O-methyltransferase Streptomyces alboniger M74560.2
PsBBE Berberine bridge enzyme Papaver somniferum AF025430.1
PsSOOMT Scoulerine 9-O-methyltransferase Papaver somniferum JN185323.1
Ps6OMT Norcoclaurine 6-O-methyltransferase Papaver somniferum AY268894.1
PSCNMT Coclaurine N-methyltransferase Papaver somniferum AY217336.1
Ps4’OMT 6-Methyl-(S)-laudanosoline 4’-O-methyltransferase Papaver somniferum MF038041.1
Cj4’OMT 6-Methyl-(S)-laudanosoline 4’-O-methyltransferase Coptis japonica D29812.1
Ec4’OMT 6-Methyl-(S)-laudanosoline 4’-O-methyltransferase Eschscholzia californica AB745041.1
74" OMT 6-Methyl-(S)-laudanosoline 4’-O-methyltransferase Thalictrum flavum AY610510.1
CJN6OMT Norcoclaurine 6-O-methyltransferase Coptis japonica D29811.1
Ps7TOMT (R,S)-reticuline 7-O-methyltransferase Papaver somniferum AY268893.1
PsHNC4’OMT 3'-Hydroxy-N-methylcoclaurine 4'-O-methyltransferase Papaver somniferum AY217333.1
AmCYP719A13 Stylopine synthase Argemone mexicana EF451151.1
EcCYP719A3 Stylopine synthase Eschscholzia californica AB126256.1
NNSCNS Stylopine/canadine/nandinine synthase Nelumbo nucifera XM _010268782.1
PsCYP719A21 Canadine synthase Papaver somniferum JQ659003.1
ShCYP719A23 Pluviatolide synthase Sinopodophyllum hexandrum KC110997.1




Supplementary Table 6. Yeast strains used in this work.

Strain 1D Description Genotype

CSY1314 De novo (S)-tetrahydrocolumbamine (THCB) strain  CSY1171%; trpl- Ppeki-PSBBE-Tpros, Prer1-yPSSOOMT-Tcver
CSY1315 De novo THCB strain with eCj4’OMT CSY1314; Ps4’OMT :: eCj4’ OMT*; A yPs4 OMT*

CSY1316 De novo THCB strain with yCj4’OMT CSY1314; Ps4’OMT - yCj4’OMT; A yPs4’ OMT*

CSY1317 De novo THCB strain with eEc4’OMT CSY1314; Ps4’ OMT :: eEc4’ OMT*; A yPs4’ OMT*

CSY1318 De novo THCB strain with yEc4 ' OMT CSY1314; Ps4’OMT - yEc4’OMT;, A yPs4’ OMT*

CSY1319 De novo THCB strain with 74’ OMT CSY1314; Ps4’OMT = Tf4 OMT, A yPs4 OMT*

CSY1320 De novo scoulerine strain CSY1171%; trpl- Ppgk1-PSBBE-TeHos

CSY1322 De novo N-methylcoclaurine strain CSY1171%; A PsCYP80B1; A PsCPR; A Ps4’OMT*

*CSY1171 contains two different isoforms of the Ps4’OMT gene — one that is wild-type, called here Ps4’OMT, and one that is codon-optimized
for the yeast S. cerevisiae, called here yPs4’OMT
! The prefix “e” here denotes that the gene is codon-optimized for expression in E. coli



Supplementary Table 7. LC-MS/MS multiple reaction monitoring (MRM) transitions and parameters used in this work.

Compound Quantifier MRM transition (m/z*) Fragmentor voltage Collision energy  Reference
(S)-tetrahydropalmatine 356.2 — 192 170 29 This work
(S)-tetrahydrocolumbamine 342 — 178 135 29 2
(S)-reticuline 330 — 192 120 19 2
(S)-scoulerine 328 — 151 135 30 2
(S)-N-methylcoclaurine 300 — 107 100 37 5
(S)-armepavine 314 — 107 100 35 6
(S)-laudanine 344 — 137 120 35 !
(S)-nandinine 326 — 176 135 30 8
Compound Qualifier MRM transition (m/z*) Fragmentor voltage Collision energy  Reference
(S)-tetrahydropalmatine 356.2 — 176 170 61 This work
(S)-tetrahydrocolumbamine 342 — 163 135 29 2
(S)-reticuline 330 — 137 120 31 2
(S)-scoulerine 328 — 178 135 29 2
(S)-N-methylcoclaurine 300 — 175 100 25 o
(S)-laudanine 344 — 189 120 35 !
(S)-nandinine 326 — 149 135 30 This work




Supplementary Table 8 Exact p-values from Student’s two-tailed t-tests in Figures 3 & 4.

Figure Test p-value
3b PsS9OMT only vs. +CjColOMT 0.0148
3c Without CjColOMT vs with CjColOMT for eCj4’OMT 1.92 x 10*
3c Without CjColOMT vs with CjColOMT for yCj4’OMT 3.52 x 10°
3c Without CjColOMT vs with CjColOMT for eEc4’OMT 4,91 x 10*
3c Without CjColOMT vs with CjColOMT for yEc4’OMT 2.46 x 1073
3c Without CjColOMT vs with CjColOMT for Tf4’OMT 2.49 x 107
4b Empty vector vs. yCjColOMT 2.45 % 1073
4b Empty vector vs. yCiN6OMT 0.0362
4c Empty vector vs. yCjColOMT 4.35x 107
4c Empty vector vs. yPSsHNC4’OMT 8.95 x 10°
4d Empty vector vs. yECCYP719A3 3.86 x 103
4d Empty vector vs. yPSCYP719A21 0.0467
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Supplementary Figure 1. Distribution of the total number of annotations (patents + citations). Compounds were ranked from highest
number of annotations to lowest, and the number of annotations was plotted on a log scale. The corresponding data for this figure can be found
in Supplementary Data 3.
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In vitro reaction of CjColOMT on (S)-scoulerine

(S)-scoulerine
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Supplementary Figure 2. LC-MS/MS traces of in vitro reaction of CJColOMT on (S)-scoulerine. The MRM transitions used for each
compound are those described in Supplementary Table 7. The identities of (S)-scoulerine, (S)-tetrahydrocolumbamine, and (S)-
tetrahydropalmatine were confirmed by coelution with authentic standards — an authentic standard for (S)-tetrahydropalmatrubine was not
available, but its fragmentation pattern is consistent with that previously reported for (S)-tetrahydropalmatrubine?.
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