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NMR data compound 5a

4
O 01507
HO"

OH

5a: 7-Hydroxy-5-methyl-isoflavone 7-O-glucoside

'H NMR (DMSO-dg, 400 MHz): 6 8.34 (1H, s, H-2), 7.53 (2H, d, J=7.1 Hz, H-2’, H-
6’),7.47-7.34 (3H, m, H-3’, H-4’, H-5’), 7.06 (1H, s, H-8), 6.91 (1H, s, H-6), 5.08 (1H,
d, J=7.3 Hz, H-1""), 3.11-3.75 (m, 6H, Glc H-2’"’-H-6"""), 2.75 (3H, s, H-1""); 13C
NMR (100 MHz, DMSO-dg): 6 176.5 (C-4), 160.1 (C-7), 158.6 (C-9), 152.7 (C-2),
142.1 (C-5), 132.2 (C-17), 129.2 (C-2°, C-6°), 128.1 (C-3’, C-5’), 127.7 (C-4’), 124.8
(C-3),117.5(C-10), 117.1 (C-6), 101.7 (C-1"""), 99.9 (C-8), 77.2 (C-5"""), 76.5 (C-3"’),
73.2 (C-2"), 69.7 (C-4""), 60.6 (C-6"""), 22.9 (C-1""). HR-MS (ESI): m/z calcd. for
CpH»O0g [M+H]™: 415.1387; found: 415.1404.
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Figure S1. SDS-PAGE of His-tagged AmGT28/AmGT44 purified by Ni-NTA

affinity chromatography.
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Figure S2. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 2 with UDP-Glec. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled

protein; STD, reference standard. (c) MS and MS/MS spectra for 2. (d) MS and MS/MS

spectra for 2a.
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Figure S3. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 3 with UDP-Glec. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 3. (d) MS and MS/MS

spectra for 3a.
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Figure S4. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 4 with UDP-Glc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 4. (d) MS and MS/MS

spectra for 4a.
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Figure S5. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic

reaction mixtures for compound 5 with UDP-Glec. (a) Reaction scheme. (b) UHPLC

chromatogram of the reaction mixtures. Control, reactions conducted using boiled

protein; STD, reference standard. (c) MS and MS/MS spectra for 5. (d) MS and MS/MS

spectra for Sa.
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Figure S6. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 6 with UDP-Glc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 6. (d) MS and MS/MS

spectra for 6a.
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Figure S7. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 7 with UDP-Glec. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled

protein; STD, reference standard. (c) MS and MS/MS spectra for 7. (d) MS and MS/MS

spectra for 7a.
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Figure S8. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 8 with UDP-Glc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled

protein; STD, reference standard. (c) MS and MS/MS spectra for 8. (d) MS and MS/MS

spectra for 8a.
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Figure S9. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 9 with UDP-Glc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 9. (d) MS and MS/MS

spectra for 9a. (¢) MS and MS/MS spectra for 9b.
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Figure S10. UHPLC/UV and UHPLC/MS analysis of AmGT28/Am(GT44 catalytic
reaction mixtures for compound 10 with UDP-GIc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 10. (d) MS and
MS/MS spectra for 10a. (e) MS and MS/MS spectra for 10b.
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Figure S11. UHPLC/UV and UHPLC/MS analysis of AmGT28/Am(GT44 catalytic
reaction mixtures for compound 11 with UDP-GIc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 11. (d) MS and
MS/MS spectra for 11a. (e) MS and MS/MS spectra for 11b.
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Figure S12. UHPLC/UV and UHPLC/MS analysis of AmGT28/Am(GT44 catalytic
reaction mixtures for compound 12 with UDP-GIc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 12. (d) MS and
MS/MS spectra for 12a. (e) MS and MS/MS spectra for 12b.
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Figure S13. UHPLC/UV and UHPLC/MS analysis of AmGT28/Am(GT44 catalytic

reaction mixtures for compound 13 with UDP-GIc. (a) Reaction scheme. (b) UHPLC

chromatogram of the reaction mixtures. Control, reactions conducted using boiled

protein; STD, reference standard. (c) MS and MS/MS spectra for 13. (d) MS and

MS/MS spectra for 13a. (e) MS and MS/MS spectra for 13b.
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Figure S14. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic

reaction mixtures for compound 14 with UDP-GIc. (a) Reaction scheme. (b) UHPLC
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Figure S15. UHPLC/UV and UHPLC/MS analysis of AmGT28/Am(GT44 catalytic
reaction mixtures for compound 15 with UDP-GIc. (a) Reaction scheme. (b) UHPLC
chromatogram of the reaction mixtures. Control, reactions conducted using boiled
protein; STD, reference standard. (c) MS and MS/MS spectra for 15. (d) MS and

MS/MS spectra for 15a.
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Figure S16. 'HNMR spectrum of compound 5a in DMSO-d; (400 MHz).
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Figure S17. BCNMR spectrum of compound 5a in DMSO-dg (100 MHz).
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Figure S18. HMBC spectrum of compound 5a in DMSO-d;s (400 MHz).
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Figure S19. HSQC spectrum of compound 5a in DMSO-d (400 MHz).
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Figure S21. UHPLC/UV and UHPLC/MS analysis of AmGT28/AmGT44 catalytic
reaction mixtures for compound 2 with UDP-Gle, UDP-Xyl, UDP-Gal and UDP-
GlcNAc. (a, b) UHPLC chromatogram of the reaction mixtures. (¢) MS and MS/MS
spectra for 2, 2a, 2b, 2¢ and 2d.
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Figure S22. Effects of reaction buffer (a), reaction temperature (b), and divalent
metal ions (c) on the activities of AmGT28. Maackiain (2) was used as the acceptor and
UDP-Glc was used as the sugar donor. An optimized reaction time of 4 hour was used.
AmGT28 exhibited its maximum activity at pH 7.0 (50 mM Na,HPO4-NaH,PO,) and
37°C.

To investigate the enzymatic properties of AmGT28, the pH, temperature and divalent
metal ions were studied. All enzymatic reactions were carried out using UDP-Glc as
the donor and maackiain (2) as the acceptor. The purified enzyme was added separately
to the reaction solution and incubated at 37°C for 4 hours. To optimize the reaction pH,
various buffers were utilized within different pH ranges: from 4.0-6.0 (citric acid-
sodium citrate buffer), 6.0-8.0 (Na,HPO,-NaH,PO, buffer), 7.0-9.0 (Tris-HCI buffer),
and 9.0-11.0 (Na,CO3;-NaHCO; buffer). To determine the optimal reaction
temperature, the reactions were carried out at different temperatures (4-70°C). For
testing the influence of various divalent cations (Fe?*, Ca’*, Zn?*, Co?*, Ba?", Mg?",
Ni?"), each cation was individually added to the reaction solution at a final
concentration of 1 mM. The resulting mixtures were vacuum-dried, and the residue was
dissolved in 150 puLL methanol. Subsequently, the samples were centrifuged at 15,000
rpm for 30 minutes for UHPLC analysis.

16



—e—CS P

j4)
—

-

(o]

N BO®O
[=NeleoleNeNe]

Relative activity (%)

b AMGT44 c AmGT44

,_.
B ® O
S 8 & B8

Relative activity (%)
8
Relative activity (%)

Figure S23. Effects of reaction buffer (a), reaction temperature (b), and divalent
metal ions (c) on the activities of AmGT44. Maackiain (2) was used as the acceptor and
UDP-Glc was used as the sugar donor. An optimized reaction time of 4 hour was used.
AmGT44 exhibited its maximum activity at pH 7.0 (50 mM Na,HPO4-NaH,PO,) and
37°C.

To investigate the enzymatic properties of AmGT44, the pH, temperature and divalent
metal ions were studied. All enzymatic reactions were carried out using UDP-Glc as
the donor and maackiain (2) as the acceptor. The purified enzyme was added separately
to the reaction solution and incubated at 37°C for 4 hours. To optimize the reaction pH,
various buffers were utilized within different pH ranges: from 4.0-6.0 (citric acid-
sodium citrate buffer), 6.0-8.0 (Na,HPO,-NaH,PO, buffer), 7.0-9.0 (Tris-HCI buffer),
and 9.0-11.0 (Na,CO3;-NaHCO; buffer). To determine the optimal reaction
temperature, the reactions were carried out at different temperatures (4-70°C). For
testing the influence of various divalent cations (Fe?*, Ca’*, Zn?*, Co?*, Ba?", Mg?",
Ni?"), each cation was individually added to the reaction solution at a final
concentration of 1 mM. The resulting mixtures were vacuum-dried, and the residue was
dissolved in 150 puLL methanol. Subsequently, the samples were centrifuged at 15,000
rpm for 30 minutes for UHPLC analysis.
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Figure S24. UHPLC/UV chromatograms of enzyme catalytic prodcuts

demonstrating substrate preference of AmGT44 and AmGT28.
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Figure S25. UHPLC/UV chromatograms of the extracts from whole-cell

biocatalysis by E. coli cells harboring AmGT28/AmGT44 gene. Control, reactions

conducted using boiled protein; STD, reference standard. The structures and numbers

of substrates are given in Fig. 2c.
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Figure S26. Calibration curves for 1a and 2a.
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Figure S27. UHPLC/UV chromatograms of the whole-cell catalytic reaction
mixtures with different substrate (2) concentration (0.2 mM, 0.4 mM, 1.0 mM, 500 uL).

STD, reference standard.
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Figure S28. UHPLC/UV chromatograms of the whole-cell catalytic reaction mixture
with a substrate (2) concentration of 0.2 mM and a volume of 10 mL. STD, reference

standard.
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Supplementary Tables

Table S1. PCR primers used in this study

Primers Sequences (5' to 3")

AmGT28-F GGTGGACAGCAAATGGGTCGCcgGATGAAGAAGAAGGACACAATAGTT
AmGT28-R CTTGTCGACGGAGCTCGAATTCGGTTGTTTCCACAATTTGGCTAACCT
AmGT44-F GGTGGACAGCAAATGGGTCGCcgGATGAAGGACACCATAGTTTTATAC
AmGT44-R CTTGTCGACGGAGCTCGAATTCGGACGAAAAAGAAAAGGGGAATTAG

G
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Table S2. UHPLC elution program for the enzymatic properties and the sugar

donor preference experiments

Time Flow Aqueous phase Organic phase
(min) (mL/min) (Water containing 0.1% formic acid) (Acetonitrile)
0 0.3 90 10
2 0.3 90 10
3 0.3 56 44
9 0.3 50 50
10 0.3 0 100
12 0.3 0 100
12.5 0.3 90 10
14.5 0.3 90 10

Table S3. UHPLC elution program for the substrate preference and whole-cell

catalysis experiments

Time Flow Aqueous phase Organic phase
(min) (mL/min) (Water containing 0.1% formic acid) (Acetonitrile)
0 0.3 90 10
1 0.3 90 10
1.5 0.3 52 48
5.5 0.3 47 53
6 0.3 0 100
7 0.3 0 100
7.5 0.3 90 10
8.5 0.3 90 10
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Table S4. Partition coefficients (logP) of the substrates

Substrate LogP
1 2.35
2 2.39
3 2.48
4 2.52
5 3.01
6 24
7 2.01
8 3.01
9 2.13
10 1.74
11 1.74
12 1.74
13 1.74
14 1.51
15 1.24
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