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Abstract: [Objective] To systematically investigate the substrate promiscuity and catalytic
performance of three UDP-glycosyltransferases: CsUGT75L12 (Camellia sinensis), CiUGT11
(Chrysanthemum indicum), and UGT73B1 (Arabidopsis thaliana). [Methods] The recombinant
proteins of plant glycosyltransferases were heterologously expressed in Escherichia coli
BL21(DE3) and purified for in vitro enzymatic assays. In vitro enzymatic reactions of the purified
recombinant proteins were performed with six flavonoids including flavones (apigenin and
acacetin) and flavanones (naringenin, eriodictyol, isosakuranetin, and hesperetin). The enzymatic
products were characterized by HPLC and LC-MS and the conversion rates were calculated
through comparative HPLC peak area analysis. [Results] CsSUGT75L12, CiUGT11, and UGT73B1
exhibited broad substrate promiscuity towards the six tested flavonoids. The primary products were
identified as flavonoid-7-O-glucosides. Notably, CiUGT11 and UGT73B1 demonstrated
exceptional catalytic efficiency, achieving >96% conversion rates for hesperetin and naringenin.
Leveraging this activity, we engineered CiUGT1] and UGT73BI with high efficiency to produce
hesperetin-7-O-glucoside and naringenin-7-O-glucoside through precursor feeding in E. coli.
[Conclusion] The three glycosyltransferases display remarkable versatility in flavonoid
recognition, with conserved preference for the C7-OH position. CiUGT11 and UGT73B1 show
high catalytic efficiency for six flavonoids. These findings provide candidate gene elements for the
efficient microbial production of flavonoid glycosides.

Keywords: glycosyltransferase; substrate promiscuity; flavonoid-7-O-glucoside; Escherichia coli
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Mini Purification Kit, Fast Plasmid Miniprep Kit,
A5t W E bR A Y B R A PR A
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XY, Agilent 23],
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Yeast extract 5.0, Agar 16.0 (W AARE F= I AN,
LB RS SR T A EE, LB [k 55
FHF BERRTE LA K IAAT B 54k o
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PUFEIT cDNA AR = RAF, CsUGT75L12
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L3O ipvivd B o o8 E R e i A g e B
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R Hh A R R PR e A BR A F S AR,
B 1 A 14 B 4H JTCRE RS A E. coli BL21(DE3 )/
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T W LA 1:500 1y LE i 42 F T 500 mL LB (7%
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1), A 50 L 1 mol/L IPTG, 16 °C. 200 r/min
RIRBESEHFIK 18-24 h, BT 1E 4 °C .
5 000 r/min &5 .0> 5 min YA FH A, F-20 °C
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EHERS b (eREK L. 1LHE
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8.0) F Ak TR A, FHRE 7 Uk A B B R AN AT
W B (B3 200 W, B%6% 10s, 8K 10s, kit
30 min). i WA AR = B 25D ALTE 4 °C
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1% W (50 mmol/L Tris. 100 mmol/L NaCl. 10%
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*1 AT rEEELBEEERSY

Table 1 Primers for amplification of glycosyltransferase genes

Primers name
CsUGT75L12-F
CsUGT75L12-R

Primer sequences (5'—3")
GTGGACAGCAAATGGGTCGCATGGTGCAACACGGACAC
TCGAGTGCGGCCGCAAGCTTGAGGCAATCACCACCGAC

CiUGT11-F AGCCATATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGCATGGACTCCGCGGCGAC
CiUGT11-R GTGGTGGTGGTGGTGCTCGAGTGCGGCCGCAAGCTTGTTGAAGTTGTTAGTGCCGGTCC
UGT73B1-F GTGGACAGCAAATGGGTCGCATGGGAACTCCTGTCGAAG

UGT73B1-R TCGAGTGCGGCCGCAAGCTTTACCTTCTCTTTTTGCAGTTTAACTAAC

1 CiUGTII %71 K/N43 il J& 1 464, 1 416 Al
1416 bp (F 2), @it 5 pET28a #i ik F Bt— 7%
G o B kA% 3 A~ 4 kL pET28a-UGT73B1.
pET28a-CsUGT75L12 F pET28a-CiUGTII,
P& EoR, 3 NEAE ARSI E
{14 35 PR P 371 TE A
212 HRERBHBERRESLHL

¥ O IE B B9 pET28a-CsUGT75LI2 .
pET28a-CiUGTI1 F1 pET28a-UGT73B1 Fik# 4k
I3 5EE A E. coli BL21(DE3) B2 A4, i 1]
LB W& iR 55 F2 LT 9 K598, 4 0.1 mol/L
IPTG. 16 °CfLiIE R HE KL 18-24 h, H 1A
R RS, 52 Ni-RAkEglifh, &
LA A% 125 mmol/L DKM P8 B3R A5 F 4 2

2 CsUGT75LI12. CiUGTIIFAUGT73B1E EH)
B ER K E

Figure 2 Gel electrophoresis of CsUGT75L12,
CiUGTII and UGT73Bl1.
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Ho 4lifbf3 3000 HE 48 [T SDS-PAGE 43#7 .
A JBORE R 53 12 P ) 38 (https://web. expasy.
org/protparam/) 45 £ W /8, CsUGT75L12,
CiUGT11, UGT73B1 4 5 H YA X o0 F i
N 574, 56.6. 59.8 kDa, SDS-PAGE /3#7
7%, CsUGT75L12 Fil CiUGTI11 41 4K [ e 4
i 55.0 kDa A A 4574, UGT73B1 HALE
F7E 55-70 kDa A — MU 5%, X 5 U Y
FHE A KD 3), LibgE R, AR0F
FERIIREL T 3 MEYIFEIE RS CsUGT75L12,
CiUGT11. UGT73BI HRIbEHE A

2.2 EYIEEEBEIINEERIE
221 PEEREBERINEEINIE

Y5 SCHk[21]403E , CsUGT75L12, CiUGTI11
1 UGT73B1 4RE LMl B2 = M WA it B2
R-T-O-FH B . A 5T 44k 15 2 1Y
3BEILEE RSB R TIRE, LAM 2 R () ik 3z
& . UDPG MK, 4005 3 SR
fifg A7 1A SN B SN . HPLC 45 573 M7 7
XA L, 3 AR S b ¥ AR T R
AL G P 1a, 385t 5 -7-0- 8 % BT
PRfESsh LT & B 1a Sl 2 R -7-O- i F i e
i A LR B I (A — 2 (&l 4. 5A). LC-MS 253 R
1a (50 F = Sl R -7-0-# A —20, Hik
Wi 1a J&: M B2 R -7-0- A BT (K] 6).  Lik%h
W] CsUGT75L12. CiUGTI1 Fil UGT73B1 ¥
REWS 1 AL il Jz R () A C7-OH A3 B % A= Hi e 1k
B4
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1a 1
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1a 1 .
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la 1
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1
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1

/\ Naringenin (1)
la
/\ Naringenin-7-O-glucoside (1a)
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El4 =MHEEEBEEAMEROVEBIRR ™
YIBHPLC /A HrzE R

Figure 4 HPLC analysis results of the enzymatic
of three

catalyzing naringenin (1) as the acceptor.

reaction products glycosyltransferases

222 RERBHBEYGFRMEHAR

WL RS il 0 (W IS e S e B T P ) 2
AR —AEZR R, AREF0K CsUGTT5L12,
CiUGT11 #1 UGT73B1 = 21 & (M 435I 5 #h 7 %

SDS-PAGE analysis result of recombinant proteins CsUGT75L12 (A), CiUGTI11 (B), and

1), EHEBQ2). FEALRQG). BER@. 7K
RO A ERER(O) A TIRIMEFIE S, DAIFRSE
AT PR

TE LU B2 25 () RS e AL R AR &
HPLC 4345 3R ok, CsUGT75L12, CiUGTII
FIUGT73B1 Ak 1 4B T— e 5 4(1a), 4
FRUfEdh LA LC-MS 434l L, 1a (+=6.39 min,
m/z=435.100 [M+H] ", m/z=457.200 [M+Na] ",
m/z=891.200 [2M+Na] ") A Hh fz % -7-O-7) % B 1T
(K 5A. 6A).

TE LA B (2) R ) i A AL S AR &
HPLC /s B s, CsUGT75L12 R5EY) 2
KA, CiUGTIL fEfe 2 Al T —1Me &9
W (2a), UGT73BI fitfk 2 A2 T 3 MEA Wik
(2a. 2b. 2¢). ZEad ik — 20 M bR UE S X LA &
LC-MS % #r, 7 %% 2a (+=5.50 min, m/z=
451.200 [M+H]", m/z=473.100 [M+Na] ")}y 3£ ¥
My -7-0-75 Z B4 (] 5B, 6B); AR 4> T 4
il 2b (+=4.58 min, m/z=613.200 [M+H]", m/z=
635.200 [M+Na]") (&l 5B. 6C)fll 2¢ (+=5.06 min,
m/z=613.200 [M+H]", m/z=635.200 [M+Na]") K
SEEL B R A A& =4 (] 5B 6D).
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FELL S EAE R G) MR AL R AR &
HPLC 73 Hr&s 7%, CsUGT75L12, CiUGTII
M UGT73B1 ik 3 AR T — L & 414 (3a),
28 FR AE & H %L K LC-MS 43, A K E 3a
(=8.59 min, m/z=449.200 [M+H]", m/z=471.200
[M+Na]*, m/z=919.300 [2M+Na]") N S L % -7-
O-H# LT (K 5C. 6E).

FE IR K2 22 (4) IR i Ak B AR R
HPLC 7 #rzs 3 W n, CsUGT75L12, CiUGTI11
M UGT73B1 4k 4 8 T — b B 916 (da),
2R UE b R L K2 LC-MS 43, ] 4 5E 4a
(=6.83 min, m/z=465.100 [M+H]", m/z=487.200
[M+Na] ") W8 i £ -7-0- 8% (I 5D, 6F).

FE LU 22 (5) 0 I W i A Ak B b AR &
HPLC /3Hr45 R s, CsUGT75L12 fiEfk 5 42 il
T — kA Yk (5a), CiUGTI1 Hl UGT73BI
fiEfl 5 BT 2 DL G % (Sa. Sb), ZhnifE
i EEXT LA K LC-MS 7347, FI%E5E Sa (/=6.71 min,
m/z=433.100 [M+H] ", m/z=455.200 [M+Na] *,
m/z=887.200 [2M+Na] ") A j7- 3% & -7-O- 1 %) B 17
(B 5E. 6G); M4+ = HEM Sb (/=5.01 min,
m/z=595.200 [M+H]", m/z=617.200 [M+Na] ") &
TR 2R B A AL B =) (B] SE. 6H).

FELL AR ER (6) MR Y AL R AR 2R
HPLC /3 Hr&s 7%, CsUGT75L12, CiUGTII
M UGT73B1 1k 6 8 T — b & 914 (6a),
bR UE S AT A K LC-MS Zr B, A %5 6a
(=8.84 min, m/z=447.100 [M+H]", m/z=469.100
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Figure 5 HPLC analysis results of the enzymatic reaction products of three glycosyltransferases catalyzing
flavonoids (1-6) as the acceptors. A: Naringenin (1) as the substrate; B: Eriodictyol (2) as the substrate; C:
Isosakuranetin (3) as the substrate; D: Hesperetin (4) as the substrate; E: Apigenin (5) as the substrate; F:

Acacetin (6) as the substrate.
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LC-MS analysis results of the enzymatic reaction products of glycosyltransferase catalyzing

flavonoids (1-6) as the acceptors. A: ESI-MS spectrum of 1a; B: ESI-MS spectrum of 2a; C: ESI-MS spectrum
of 2b; D: ESI-MS spectrum of 2¢; E: ESI-MS spectrum of 3a; F: ESI-MS spectrum of 4a; G: ESI-MS spectrum
of 5a; H: ESI-MS spectrum of Sb; I: ESI-MS spectrum of 6a.
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Figure 7

Conversion rate of six flavonoids (1 — 6) catalyzed by three different glycosyltransferases. A:

Naringenin (1) as the substrate; B: Eriodictyol (2) as the substrate; C: Isosakuranetin (3) as the substrate; D:
Hesperetin (4) as the substrate; E: Apigenin (5) as the substrate; F: Acacetin (6) as the substrate.
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Figure 8

Yield analysis of naringenin-7-O-glucoside (1a) produced by Escherichia coli carrying UGT73B1

when feeding naringenin (1). A: Biosynthetic pathway of naringenin-7-O-glucoside (1a) catalyzed by UGT73B1
using naringenin (1) as the substrate; B: HPLC analysis of the production of naringenin-7-O-glucoside (1a)
produced by E. coli carrying UGT73BI; C: Standard curve of naringenin-7-O-glucoside; D: Yield analysis of
naringenin-7-O-glucoside (1a) after feeding different concentrations of naringenin.
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Figure 9 Yield analysis of hesperetin-7-O-glucoside (4a) produced by Escherichia coli carrying CiUGT11 when
feeding hesperetin (4). A: Biosynthetic pathway of hesperetin-7-O-glucoside (4a) catalyzed by CiUGT11 using
hesperetin (4) as the substrate; B: HPLC analysis of the production of hesperetin-7-O-glucoside (4a) produced by
E. coli carrying CiUGT11; C: Standard curve of hesperetin-7-O-glucoside; D: Yield analysis of hesperetin-7-O-
glucoside (4a) after feeding different concentrations of hesperetin.
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