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Figure Legends
Figure S1

Confirmation of gene cloning in agarosegel electrophoresis of two surgar O-methyltransferases. A) Gel picture of
PCR amplication of SpnH and SpnK with exact gene size 753 bp and 1194 bp respectively. B) Confirmation of each
SpnH and SpnK gene ligation into pGEM® -T easy vector by enzyme restriction digestion. C) Confirmation of each

SpnH and SpnK gene ligation into expression vector pET32a by enzyme restriction digestion.
Figure S2

SDS-PAGE analyses of soluble fractions of sugar O-methyltransferases (SpnK and SpnH) proteins compared with the

standard 100 kDa sized marker in the middle including BL21 (DE3)-pET32a as control.
Figure S3

HRQTOF ESI/MS analyses of the reaction mixtures catalyzed by GTs and along with SOMTs. Mass analyses of reaction
mixtures catalyzed by AtUGT89C1 (A and B), Mass analyses of reaction mixture catalyzed by AtUGT89C1 co-
expression with SpnK (C), Mass analyses of reaction mixture catalyzed by AtUGT89C1 co-expression with SpnH (D),
Mass analyses of in vivo reaction mixture catalyzed by YjiC (E, F and G) and Mass analyses of in vitro reaction mixture

catalyzed by YjiC (H, I, J and K)
Figure S4

A. Genistein 7-O-a-L-rhamnopyranoside (*H NMR)
B. Genistein 7-O-a-L-rhamnopyranoside (3C NMR)

C. Genistein 7-O-a-L-rhamnopyranoside (HMBC)
Figure S5

A. Genistein 7-O- 8-D-glucopyranoside (*H NMR)
B. Genistein 7-O- 8 -D-glucopyranoside (*3C NMR)
C. Genistein 7-0- 8 -D-glucopyranoside (HMBC)

D. Genistein 7-O- 8 -D-glucopyranoside (HMBC)

Figure S6

A. Genistein 7-O- 3"-O-methyl -a-L-rhamnopyranoside (*H NMR)
B. Genistein 7-0- 3"-O-methyl -a-L-rhamnopyranoside (33C NMR)
C. Genistein 7-0- 3"-O-methyl -a-L-rhamnopyranoside (HMBC)
D. Genistein 7-0- 3"-O-methyl -a-L-rhamnopyranoside (HMBC)
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Figure S7

A. Genistein 7-0- 4"-0-methyl -a-L-rhamnopyranoside (*H NMR)
B. Genistein 7-0- 4"-0-methyl -a-L-rhamnopyranoside (33C NMR)
C. Genistein 7-0- 4""-O-methyl -a-L-rhamnopyranoside (HMBC)
D. Genistein 7-0- 4"-0O-methyl -a-L-rhamnopyranoside (HMBC)
Figure S8

A. Genistein 4', 7-0-8-2-D-diglucopyranoside (*H NMR)

B. Genistein 4', 7-0-6-2-D-diglucopyranoside (*3C NMR)

C. Genistein 4', 7-0-8-2-D-diglucopyranoside (HMBC)

Figure S9

A. Genistein 4'-0-8-2-D-glucopyranoside (*H NMR)

B. Genistein 4'-0-68-2-D-glucopyranoside (33C NMR)

C. Genistein 4'-0-8-2-D-glucopyranoside (HMBC)

Figure S10

A. Genistein 7-0-8-2-D-glucopyranoside (*H NMR)

B. Genistein 7-0-8-2-D-glucopyranoside (*3C NMR)

C. Genistein 7-0-6-2-D-glucopyranoside (HMBC)

Figure S11

A. Genistein 4’, 7-O- 8 -2-deoxy D-diglucopyranoside (*H NMR)
B. Genistein 4', 7-O- 8 -2-deoxy D-diglucopyranoside (13C NMR)
C. Genistein 4', 7-O- 8 -2-deoxy D-diglucopyranoside (HMBC)

D. Genistein 4’, 7-O- 8 -2-deoxy D-diglucopyranoside (HMBC)
Figure S12

A. Genistein 4'-0- 8 -2-deoxy D-glucopyranoside (*H NMR)

B. Genistein 4’-O- 8 -2-deoxy D-glucopyranoside (13C NMR)

C. Genistein 4'-O- 8 -2-deoxy D-glucopyranoside (HMBC)

D. Genistein 4'-O- 8 -2-deoxy D-glucopyranoside (HMBC)
Figure S13

A. Genistein 7-O- 8 -2-deoxy D-glucopyranoside (*H NMR)

B. Genistein 7-0- 68 -2-deoxy D-glucopyranoside (33C NMR)
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C. Genistein 7-0- 8 -2-deoxy D-glucopyranoside (HMBC)
D. Genistein 7-O- 8 -2-deoxy D-glucopyranoside (HMBC)

Figure S14

Anti-fungal activity test of each genistein derivatives (concentration was 500 pg/mL) comparing with 100 pg/mL
concentration Nystatin A1l (Ny-Al) antifungal agent. DMSO (100%) was also used as control since each compounds
were dissolved in DMSO. The number represents: 1. Genistien, 2. Genistein 7-O-a-L-rhamnopyranoside, 3. Genistein
7-0-3"-0-a-L-rhamnopyranoside, 4. Genistein 7-0-4"-O-a-L-rhamnopyranoside, 5. Genistein 7-O-8-D-
glucopyranoside, 6. Genistein 4', 7-0-8-D-diglucopyranoside, 7. Genistein 4’-0-6-D-glucopyranoside, 8. Genistein 7-
0-8-D-2-deoxy glucopyranoside, 9. Genistein 4’-0-8-D-2-deoxy glucopyranoside, 11. Genistein 4, 7-0-6-D-2-deoxy

diglucopyranoside.
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Cloning of SOMTSs

Two SOMTs from S. spinosa were PCR amplified to the size of spnkK (1194 bp) and spnH (753 bp). These PCR products
were ligated into the pGEM®-T easy vector. The sequence for each gene was confirmed and inserted into the
expression vector pET32a+ in the respective restriction site as explained in the materials and methods. After cloning
into vectors, enzyme restriction digestions were performed to confirm the ligation of the target genes (Fig. S1). These
recombinant plasmids were transformed into E. coli BL21 (DE3) expression hosts for protein expression analyses and

further biotransformation experiments.
SDS-PAGE analysis for sugar O-methyltransferase

Recombinant strains harboring SOMTs were cultured in LB medium and prepared for protein expression. The culture
conditions were maintained and induced by IPTG as mentioned in the materials and methods. Properly grown cells
were finally harvested for analysis of the soluble proteins. Soluble and insoluble lysates were separated. Only soluble
fractions of both proteins were analyzed by SDS-PAGE gel electrophoresis to determine the functional expression
for comparison with the 100 kDa sized marker. The recombinant strain with the expression vector pET32a+ without
genes was used as the control. During the analysis, distinct protein bands for spnk and spnH were visible at ~ 56.7

kDa and ~ 41.8 kDa, respectively (Fig. S2).



108 Figure S1
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111 Figure S2

SpnH Control ~ Marker SpnK

SpnH: Soluble fraction of SpnH; SpnK: Soluble fraction of
SpnK; Control: BL21 (DE3)-pET32a and Marker: Standard
size marker (100 kDa).
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114 Figure S3
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117 Figure S4

118 A. Genistein 7-O-a-L-rhamnpyranoside (*H NMR)
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120 (*H NMR) 6 , (300 MHz, dmso) 1.12 (6-CHs), 3.0 - 4.0 (Sugar protons), 5.57 (1"-H), 6.48 (6-H), 6.74 (8-H), 6.83 (3', 5'-
121 H),7.39 (2, 6'-H), 8.41 (2-H), 12.94 (5-OH).

122 B. Genistein 7-0-a-L-rhamnopyranoside (33C NMR)
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124 (13C NMR) & ¢ (75 MHz, dmso) 17.96 (C6"), 69.88 (C3"), 70.12 (C5"), 70.30 (C2"), 71.63 (C4"), 94.64 (C8), 98.45 (C1"),
125 99.70 (C6), 106.14 (C10), 115.15 (3', 5'-C), 121.06 (C1'), 122.64 (C3), 130.21 (2', 6'-C), 154.60 (C2), 157.26 (C8a),
126 157.56 (C4'"), 161.73 (C5), 161.80 (C7), 180.56(C4).
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129 C. Genistein 7-O-a-L-rhamnopyranoside (HMBC)
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Figure S5

A. Genistein 7-0-8-D-glucopyranoside (*H NMR)
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(*H NMR) & y (300 MHz) 3.0 - 4.0 (Sugar protons), 5.07 (1"-H), 6.48 (H-6), 6.72 (H-8), 6.84 (3', 5'-H), 7.40 (2', 6'-H),
7.42 (2-H), 12.95 (5-OH).

B. Genistein 7-0-68-D-glucopyranoside (13C NMR)
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(13C NMR) & ¢ (75 MHz, ) 60.67 (C6"), 69.64 (C4"), 73.12 (C3"), 76.44 (C2"), 77.24 (C5"), 94.59 (C8), 99.64 (C1"), 99.93
(C6), 106.15 (C10), 115.14 (3', 5'-C), 121.06 (C3), 122.63 (C1') , 129.827, 129.827, 130.214, 154.592, 157.270,
157.366, 157.539, 161.699, 163.057, 180.553.



146 C. Genistein 7-0-8-D-glucopyranoside (HMBC)
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153 Figure S6

154 A. Genistein 7-0- 3"-0-methyl -a-L-rhamnopyranoside (*H NMR)
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156 (*H NMR) &, (800 MHz, ) 1.12-1.13 (6"-CHs), 3.0 - 4.0 (Sugar protons) 3.40 (3-OCHj3), 4.09 - 5.19 (Sugar Hydroxyls),
157 5.63 (1"-H), 6.51 (6-H), 6.76 (8-H), 6.83 (3, 5'-H), 7.40 (2', 6'-H), 8.43 (2-H), 9.63 (4'-OH), 12.94 (5-OH).
158

159 B. Genistein 7-0-3"-O-methyl -a-L-rhamnopyranoside (**C NMR)
| \a'dl | I | | o | £ | |

c2.6 [

&"-CH3

c4

180 170 160 150 130 120 110 100 20 80 70 60 50 40 30 20

160 1 teerm)

161 (33C NMR) & ¢ (201 MHz, DMSO) 18.34 (C6"), 57.06 (3"-OCHs), 66.31 (C2"), 70.43 (C5"), 70.84 (C4"), 80.59 (C3"),
162 95.17 (C8), 98.80 (C1"), 100.16 (C6), 106.62 (C10), 115.57 (3', 5'-C), 121.48 (C1'), 123.07 (C3), 130.65 (2', 6'-C),
163 155.07 (C2), 157.67 (C8a), 157.98 (C4'), 162.08 (C7), 162.16 (C5), 181.00 (C4).
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167 C. Genistein 7-0- 3"-0-methyl -a-L-rhamnopyranoside (HMBC)
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173 Figure S7

174 A. Genistein 7-O- 4"-0-methyl -a-L-rhamnopyranoside (*H NMR)
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176 (*H NMR) &, (900 MHz, ) 1.15 (6"-CH3), 3.0 - 4.0 (Sugar protons), 5.01 - 5.32 (Sugar Hydroxyls), 5.57 (1"-H), 6.49 (6-
177 H), 6.75 (8-H), 6.83 (3', 5'-H), 7.39 (2', 6'-H), 8.42 (2-H), 9.65 (4'-OH), 12.94 (5-OH).

178
179 B. Genistein 7-0- 4”-O-methyl -a-L-rhamnopyranoside (3C NMR)
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181 (33C NMR) & ¢ (226 MHz, DMSO) 18.39 (6"-CHs), 60.52 (4"-OCHs), 69.11 (C2"), 70.54 (C5"), 82.47 (C3"), 95.10 (C8b),
182 98.55 (C1"), 100.12 (C6), 106.60 (C10), 115.57 (3', 5'-C), 120.00 (C1'), 123.06 (C3), 130.65 (2', 6'-C), 155.06 (C2),
183 157.85 (C8a), 157.96 (C4'), 161.45 (C7), 162.15 (C5), 180.99 (C4).
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185 C. Genistein 7-0- 4"”-0-methyl -a-L-rhamnopyranoside (HMBC)
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190 Figure S8

191 A. Genistein 4', 7-0-8- D-diglucopyranoside (*H NMR)
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193 (*H NMR) &, (700 MHz, DMSO) 3.0 - 4.0 (Sugar protons), 4.50 - 5.42 (Sugar Hydroxyls), 4.92 (H-1"), 5.08 (H-1"),
194 6.49 (H-6), 6.74(H-8), 7.11 (3', 5-H), 7.53 (3', 6'-H), 8.50 (H-2), 12.82 (5-OH).
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197 B. Genistein 4', 7-0-6- D-diglucopyranoside (*3C NMR)
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199 (13C NMR) & ¢ (176 MHz, DMSO) 61.09 (C6"), 61.16 (C6"), 70.06 (C5"), 70.18 (C5"), 73.55 (C2"'), 73.71 (C2"), 76.88
200 (C3"),77.10(C3"), 77.54 (C4™), 77.66 (C4"), 95.09 (C8), 100.13 (C1'"), 100.31 (C1"), 100.77 (C6), 106.56 (C10), 116.54
201 (3',5'-C), 122.66 (C3), 124.46 (C1'), 130.55 (2', 6'-C), 155.54 (C2), 157.71 (C4'), 157.83 (C9), 162.06 (C7), 163.55 (C5),
202 180.84 (C4).
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C. Genistein 4', 7-0-8- D-diglucopyranoside (HMBC)
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Figure S9
A. Genistein 4'-0-8-D-glucopyranoside (*H NMR)

Genistein 4'-O-beta-D-glucoside

FRRg==228s SBas 3 E3Y5 REeRYEEN

—t12a

s Y9 A D it

(*H NMR) 6 4 (700 MHz, DMSO) 3.0- 4.0 (Sugar protons), 4.58 (Sugar hydroxyl), 4.92 (H-1"), 5.34 (Sugar hydroxyl),
6.23 (6-H), 6.40 (8-H), 7.10 (3', 5'-H), 7.50 (2', 6'-H), 8.38 (2-H), 12.91 (5-OH).
B. Genistein 4'-0-68-D-glucopyranoside (33C NMR)

3 8:% £ &5 4 TR s g2 5= =
= A% = K| = e 25 3 EE B B 1
I 1 (T 7 (Y (VAN ]
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c2, 6
ce ©

\ c4" G

185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 S0 &85 &80 75 70 65 60 55 50
f1 (ppm)

(13C NMR) & ¢ (176 MHz, DMSO) 61.16 (C-6"), 70.18 (C5"), 73.71 (C2"), 77.10 (C3"), 77.53 (C4"), 94.27 (C8), 99.62
(C1"), 100.80 (C6), 104.79 (C10), 116.52 (3, 5'-C), 122.34 (C3), 124.71 (C1"), 130.53 (2, 5'-C), 154.85 (C2), 157.75
(C4'), 158.10 (C9), 162.44 (C5), 165.22 (C7), 180.47 (C4).



221 C. Genistein 4'-0-8-D-glucopyranoside (HMBC)

Genistein 4-O-beta-D-glucoside
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Figure S10

A. Genistein 7-0-8-D-glucopyranoside (*H NMR)
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g g = s s 4 § 8 £ 83§ oA

135 130 125 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
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(*H NMR) & (900 MHz) 3.0 - 4.0 (Sugar protons), 4.36, 4.62, 5.43 (Sugar hydroxyls), 5.07 (1"-H), 6.48 (6-H), 6.73 (8-
H), 6.84 (3', 5'-H), 7.41 (2', 6'-H), 8.44 (2-H), 9.64 (4'-OH), 12.94 (5-OH).

B. Genistein 7-0-8-D-glucopyranoside (*H NMR)

8 2= a3 2 W 3% 5 5 a8 2 % %
£ % w8 : 8 8§ 2 : 8 3 R R R 5
1 1A [ v i 1oV W i
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20 115 1o 105 100 95 90 as 80 s 70 &5 80

185 180 175 160 155 150 145 140 135 130 1
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(13C NMR) & ¢ (226 MHz, DMSO) 61.10 (C6"), 70.07 (C5"), 73.56 (C2"), 76.89 (C3"), 77.67 (C4"), 95.01 (C8), 100.05
(C1"), 100.33 (C6), 106.57 (C10), 115.57 (3, 5'-C), 121.47 (C3), 123.04 (C1'), 130.26 (C6'), 130.65 (C2'), 155.07 (C2),
157.70 (C4'), 157.99 (C9), 162.11 (C5), 163.49 (C7), 180.99 (C4).



243 C. Genistein 7-0-8-D-glucopyranoside (HMBC)
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247 Figure S11

248 A. Genistein 4', 7-0-8-2-deoxy D-diglucopyranoside (*H NMR)

E
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249
250 (*H NMR) 6 4 (700 MHz, ) 1.57 - 1.62 (2-deoxy), 2.18 - 2.21 (2-deoxy), 3.06 - 4.0 (Sugar protons), 4.58 - 5.06 (Sugar
251 hydroxyls), 5.30 (1"-H), 5.43 (1""-H) , 6.48 (6-H), 6.73 (8-H), 7.09 (3, 5'-H), 7.51 (2, 6'-H), 8.47 (2-H), 12.87 (5-OH).
252

253
254 B. Genistein 4', 7-0-68-2-deoxy D-diglucopyranoside (13C NMR)
| Woowvl I (Rl 1 | | VoSN Y
c2 s c3¥ Cc5
255 185 180 175 170 165 160 155 150 145 140 135 130 ‘25l\(éui?n)”5 110 105 100 @5 0 BS B0 EE) 70 65 &0 55

256 (13C NMR) & ¢ (176 MHz, DMSO) 61.21 (6"), 61.28 (6"), 70.23 (C5'"), 70.60 (C5"), 70.83 (C2'"), 70.88 (C2"), 71.52
257 (C3™), 71.63 (C3"), 77.71 (C4™), 77.90 (C4"), 95.07 (C8), 96.83 (C1™), 96.97 (C1"), 100.034 (C6), 106.51 (C10), 116.37
258 (3',5'-C), 122.64 (C3), 124.37 (C1'), 130.55 (2', 6'-C), 155.51 (C2), 157.21 (C4'), 157.68 (C8a), 162.08 (C5), 162.96 (C7),
259 180.84 (C4).
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C. Genistein 4', 7-0-8-2-deoxy D-diglucopyranoside (HMBC)
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D. Genistein 4, 7-0-8-2-deoxy D-diglucopyranoside (HMBC)
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270 Figure S12

271 A. Genistein 4’-O- 8 -2-deoxy D-glucopyranoside (*H NMR)
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272 f1 (ppm)
273 (*HNMR) & ,; (700 MHz, ) 1.51-1.62 (2-deoxy), 2.18- 2.20 (2-deoxy), 3.0-4.0 (Sugar protons), 4.0-5.0 (sugar hydroxyls)
274 5.29 (1"-H), 6.15 (6-H), 6.30 (H-8), 7.07 (3', 5'-H), 7.48 (2', 6'-H), 7.483, 8.31 (2-H), 12.89 (5-OH)
275

276
277 B. Genistein 4’-0O- 8 -2-deoxy D-glucopyranoside (13C NMR)
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278 f1 (ppm)

279 (33C NMR) & ¢ (176 MHz, DMSO) 61.28 (C6"), 70.60 (C5"), 70.84 (2C"), 71.63 (C3"), 77.71 (C4"), 94.53 (C8), 97.00
280 (C1"), 100.02 (C6), 104.17 (C10), 116.26 (C3"), 116.32 (C5'), 122.16 (C3), 124.78 (C1'), 130.43 (C2'), 130.51 (C6'),
281 154.48 (C2), 157.07 (C4'), 158.20 (C9), 162.35 (C7), 164.74 (C5), 180.12 (C4).
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284 C. Genistein 4'-0- 8 -2-deoxy D-glucopyranoside (HMBC)
0314_smu_sjk_700_6.14.1.2r
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286 D. Genistein 4’-0- 8 -D-deoxy D-glucopyranoside (HMBC)
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289 Figure S13

290 A. Genistein 7-O- 8 -2-deoxy D-glucopyranoside (*H NMR)
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292 (*H NMR) & ; (700 MHz, ) 1.57 - 1.61 (2-deoxy), 2.18- 2.22 (2-deoxy), 3.07- 4.0 (Sugar protons), 4.62 - 5.08 (sugar
293 hydroxyls), 5.42 (1"-H), 6.47 (6-H), 6.71 (8-H), 6.83 (3', 5'-H), 7.40 (2', 6'-H), 8.42 (2-H), 9.68 (4'-OH), 12.93 (5-OH).
294

295
296 B. Genistein 7-O- 8 -2-deoxy D-glucopyranoside (:3C NMR)
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298 (13C NMR) & ¢ (176 MHz, DMSO) 40.254, 61.21 (C6"), 70.56 (C5"), 70.60 (C2"), 71.52 (C3"), 77.90 (C3"), 94.95 (C8),
299 96.83 (C1"), 99.95 (C6), 106.51 (C10), 115.58 (3', 5'-C), 121.46 (C3), 123.02 (C1'), 130.65 (2', 6'-C), 155.06 (C2), 157.67
300 (C4'), 157.96 (C8a), 162.09 (C9), 162.89 (C7), 164.39 (C5), 180.98 (C4).
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303 C. Genistein 7-O- 8 -2-deoxy D-glucopyranoside (HMBC)
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305 D. Genistein 7-0- 8 -2-deoxy D-glucopyranoside (HMBC)
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308 Figure S14

16 hour incubation
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