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Abstract: Glucuronidation is an important phase I metabolism catalyzed by UDP-glucuronosyltransferases (UGT), which is involved in
the clearance of many endogenous and exogenous substances. Glucuronidation influences the tissue distribution of endogenous and
exogenous compounds, and has a great impact on the efficacy, toxicity, and side effects of drugs. UGTs are widely distributed in various
tissues of the body, featured by various tissue-abundance and substrate-specificity among different isoforms. Preparation of glucuronides
for plant natural products provides foundation to evaluate their pharmacological activities, pharmacokinetic properties, and drug
interactions. Research progress on biosynthesis of glucuronides of plant natural products such as polyphenols, coumarins, lignans,
alkaloids, and terpenoids were summarized in this paper, in order to provide reference for their preparation and pharmacological studies.
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Fig. 1 Glucuronidation reaction (A) mediated by UGT and different types of glucuronidation products (B)
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Fig. 2 Phylogenetic analysis, tissue distribution and representative substrates of UGTs
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Table 1 Glucuronidation sites of phenols and related UGTs
s & TR UGTs A R T R AL A R SCHR

1 AKREZEZR (luteolin) 1A1, 1A6, 1A9 C7-OH, C3-OH 20

2 A% (chrysin) 1A6 C7-OH 27

3 T2 (apigenin) 1A3, 1A9, 1A6, 2B7 Cs-OH, C7-OH, C4-OH 28

4 TJR4EEK A (oroxylin A) 1A9, 1A10 C7-OH 29

5 FEXF (baicalein) 1A8, 1A9 C7-OH 30

6 WHEZF (wogonin) 1A3, 1A9, 1A8 C7-OH 31

7 BEEER (scutellarein) 1A9, 1A8, 1A10 C7-OH 32

8 FHFMARZE (diosmetin) 1AL, 1A6, 1A8, 1A9, 1A10 C7-OH, C3-OH 33

9 &XHFE (chrysoeriol) 1A1, 1A3, 1A6, 1A8, 1A9, 1A10 C7-OH, C4-OH 33
10 MR (acacetin) 1A8, 1A9, 1A10 Cs-OH, C7-OH 34
11 HMZEHR (isorhamnetin) 1A3, 1A9 C3-OH, Cs-OH, C7-OH 35
12 1hZ:® (kaempferol) 1A3, 1A9 Cs-OH, C7-OH 19
13 #iH7 2 (quercetin) 1A3, 1A9 C3-OH, C7-OH, C3-OH, C4-OH 36
14 W E (fisetin) 1A1, 1A3, 1A7, 1A8, 1A9 C4+-OH 37
15 % C(hesperetin) 1A1, 1A3, 1A7, 1A8, 1A9 C7-OH, C3-OH 38
16 KEHIL (daidzein) 1A1, 1A3, 1A8, 1A9 C7-OH, C4-OH 39
17  ZeBLAZE (genistein) 1A8, 1A9, 1A10 C7-OH, C4-OH 40
18 KiZi#E (glycitein) 1A1, 1A8, 1A9 C7-OH 41
19 TEMfER R (formononetin) 1A1, 1A8, 1A9 C7-OH 42
20 JEMEE IR A (biochanin A) 1A1, 1A8, 1A9 C7-OH 43
21 #353 (prunetin) 1A1, 1A8, 1A9 Cs-OH, C4-OH, Cs-C 44
22 EBEEFIE (calycosin) 1A1,1A9 C7-OH, C3-OH 45
23 HHHEE (glabridin) 1A1, 1A3, 1A8, 1A10,2B7,2B15 C,-OH, C4-OH 46
24 JLZ [(+)-catechin] 1A9 Cs-OH, C7-OH 47
25 REKETILE [(H)-epigallocatechin ] 1A1, 1A8, 1A9 C7-OH, C3-OH 48
26 REBETILFRRERETRIE 1A1, 1A3, 1A8, 1A9 C7-OH, C3-OH, C3-OH, C4-OH 48

[ (-)-epigallocatechin gallate ]
27  JKKEIE (silybin) 1A3, 1A9 C20-OH, C7-OH 35
28 FHURTEE A (iso-neochamaejasmin A)  1A1, 1A3, 1A9 C7-OH, C7»-OH, C4-OH, C4-OH 49
29 A AZEFEE (trans-resveratrol ) 1A1, 1A7, 1A9, 1A10 C3-OH, C4-OH 50
30 FRASEE (piceatannol) 1A1, 1A8, 1A10 C3-OH, C3-OH, C4-OH 51
31 FAEEEE (oxyresveratrol) 1A1, 1A3, 1A6, 1A7, 1A10,2B7 C»-OH 52
32 R EZEEE (cis-resveratrol) 1A1, 1A6, 1A9, 1A10 C3-OH, C4-OH 50
33 combretastatin A4 1A9 C3-OH 53
34 ¥ ZE (curcumin) 1A1, 1A8, 1A10 C4+-OH 23
35 RETFEHE (methyl gallate) 1A1, 1A9 Cs-OH, C4-OH 54
36 KJE (cannabinol) 1A8, 1A10 Ci-OH 25
37 PBi#ZE (capsaicin) 1A1,2B7, 1A3, 1A7, 1A8, 1A9, C4-OH 26
2B7,2B15

38 2,6- 2 (anthraflavic acid) 1A1, 1A3, 1A9, 1A10, 2B17 C2-OH 55
39 K##E (emodin) 1A1, 1A8, 1A10 C3-OH 55
40 PEKHEE (aloe-emodin) 1A7, 1A9 C1-OH, Cs-OH 55
41 J}EEE (danthron) 1A1, 1A9, 2B7 Ci-OH 55
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1 R,=OH, Ry=H, Ry=H, R,=OH, Rs=OH 11 R,=OH, R,=OH, R;= OCH;, R,=OH 16 R,=H, R,=H, R;=OH, R,=H, Rs<=OH

2 R,=H, Ry=H, Ry= H, R,=H, Rs=H 12 R,=OH, R,=OH, R;=H,R,=OH 17 R;=OH, R,=H, R;=OH, R,=H, Rs=OH HO OH
3 R;=OH, R,=H, Ry=H, R,=H, Rs=OH 13 R,=OH, R,=OH, R;=OH, R,=OH 18 R,=H, R,=OH, R;=OCHj;, R,=H, Rs=OH

4R,=OH, R,=OCH,, Ry=H, R,=H, Rs=H 14 R,=OH, R,=H, R;=OH, R,=OH 19 R,=H, R,=H, R;=OH, R,=H, Rs=OCH; 23

5R,=OH, R,=OH, Ry=H, R,=H, Rs=H 15 R,=H, R,=OH, R;=OH, R,=OCH, 20 R,;=OH, R,=H, R;=OH, R,=H, Rs=OCHj

6 R,=OH, R,=H, R;=OCH,, R,=H, Rs=H 21 R=OH, R,=H, R;=OCHj, R,=H, Rs=OH

7 R;=OH, R,=OH, Ry=H, R,=H, Rs=OH 22 R;=H, Ry=H, Ry=OH, R,=OH, Rs=OCH,

8 R =OH, R,=H, R;=H, R,=OH, Rs=OCH,

9 R,=OH, R,=H, R;=H, R,=OCH;, Rs=OH

10 R,=OH, R,=H, Ry=H, Ry=H. Rs=0CH;§
H

29 R;=H, R,=H, R;=OH
30 R,=H, R,=OH, R;=OH
31 R;=OH, Ry=H, R;=OH
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HO 3 s
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34 35
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37 J
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OCH;

40 R,=OH, R,=H, R;=CH,OH, R,=H, Rs=OH
41 R,=OH, R,=H, R3=H, R,=H, Rs=OH

B3 HAEREBRRUERXUSIRLFLEN

Fig. 3 Chemical structures of glucuronidated phenols

*2 BERFUSVNEBREBERUASFEX UGTs

Table 2 Glucuronidation sites of coumarins and related UGTs

5 WA AR UGTs A PRI AL B SR
42 ZREE (fraxetin) 1A1, 1A3, 1A6, 1A7, 1A9, 1A10 C7-OH, Cs-OH 59
43 ZHR2%E (esculetin) 1A6, 1A9 C7-OH 60
44  FEFEWE (isofraxidin) 1A1, 1A7, 1A8, 1A9, 1A10 C7-OH 61
45  %iF & (daphnetin) 1A6, 1A9 C7-OH, Cs-OH 59
46 FREFZH (scopoletin) 1A9 C7-OH 62
47 A-HEATEE (4-methylumbelliferone)  1A1, 1A3, 1A6, 1A7, 1A8, 1A9, 1A10, 2B7, C;-OH 63
2B15,2B17
48 BKATHHZEY Costhenol) 1A3, 1A9 C7-OH 64
49  #MEARE (psoralidin) 1A9, 1A1, 1A7, 1A8 C3-OH, Co-OH 57
50 WZHHZENEE (wedelolactone) 1A1,1A9 Cs-OH 58

42 R,=H, R,=OCHj, R;=OH
R, 43 R,=H, R,=OH, Ry=H
44 R,=H, R,=OCH,, R;=OCHj,

X
45 R,=H, R,=H, R;=OH

HO 0" X0 46R,=H, R,=OCH;, R;=H
R, 47 R,=CH;, Ry=H, Ry=H

48 R;=H, R,=H, Ry=prenyl

B4 AERERUFTERRUSVNUFEN

Fig. 4 Chemical structures of glucuronidated coumarins



FED 20224E3 8 $53% B 68  Chinese Traditional and Herbal Drugs 2022 March Vol. 53 No. 6

- 1881 -

23 AREZRFUEVNEEERIRE

KIERBWEDEA Z P EBENAEYEE, W
PUFREE. DU PUEA. PUR. PUERE. BUBEIRSE
HRAESE, KB HEYIANG A WAE 18 R
(EF N kA WAL . Rk I FRK RS
SNE, - [F]ESFHA FRI 4 Bf £13% P450 A UGT %57
AU, Az BCEA AN [F) 25 B PR (AR = 4103)

ZKE (sesamin) EAERE B, RIF. 5t
FESEGBAE, 2B T T2 O, HAE R AR
T2t TR A 40 B € 2R PAS0 364k N B ) LRy 2 Ik
3, AAJEH UGT #HATH &I RN 1L, ) LRIy Z R
B % ] 2 HE I R A AR U A T s 0 ) I
SHREBRINS] B TIERF TR RS
G5, RIEPUARAERCO, LAY 2 JRR 2R (158 4 A
MR LB YIR 22 50, TE ARk i E L E
— 7AW 3-O-% G PEIE TR AL LAY Z IR R AR B 1
TERRAAIE G AR R T, B)LAM 2R R T UTE
C3-OH 8{ C4-OH KRAEF ENERERRM . EHAN UGT
B E SLIR RN, UGT2B7 785 LSy 25 0K 2 1 4 b
TS T e Hp O 4 LA LT,

JE A (magnolol) f& A% 4t H 24 JEL AN 32 E g P
gy, BHAPUEMN. PUREDD . DUl s 2 fh 2
YEFALS), o2 —Fpi A B & s nsl. UGTIAL
UGTI1A3.UGT1A7.UGT1A8.UGTI1A9 1 UGT2B7
RE % 11 10 5 A1 Wy 1) 3 4 0 B R 45 A& AR,
UGT2B7 TEMEAITFE i 2 BRI, R 5

K2 (macelignan) /& —F P 58 435 H ()R
RRZRUAEY, XA EIBAT YR LA IR TR
Mo FIARNALEAN UGT BB NSRRI R, K
P2 A 20 UGT Y e A S ATy 25 1 2 s
1k, Hoh UGTIAL M1 UGT2B7 im0, IR
/. % (ebracteolata compound B) #& A IR KE AR R
K EE PSR, BA 2 E NP 2T wEiE
PE, & bEiiggaiiz R R 2 e . A A ik
PP A E AL UGT SR % e IR T 2 57
EINEIEBRALIY UGT, KIL UGT1A6 F1 UGT1A9 X}
WO R EARGFEAEN:, Ho UGT1A6 13
A oG8, BRI LR G5 TP A71E C-OH. C4-OH
2 ANEAE () A BRI FR AL 5 5 7 557, (AN 43 B 4 e Y
4-O-HEMERRUNTE LR, Y UGT MR
AL A SRR BRI, BRI PRAETATE H R KRR
AR G 4y B AT B2 AT R IR, UL E R
WAFAERPI UGT . 5 BRI IR R A
(18 S B R TR LA RURNAE G UGTs W3R 3, &b
RERR AR R B S R S5 R LA 5.
24 EYHEENEVNEEERIRE

K2 EA B RR T EDm, RIS
Tl FRRG. BERERS 2 N-ZRA A5, BmTLL
KA N-H T BERE R A AU 7EIR A — Lo A= Wi 254
Jei > PR DR HRSE I 1) K 52 114 N80 267 0 e P A A W
FEN, 2 PR 2R W T PR A AU A2 AR A N\ AR B
BRI AE BRI,

*®3 AEZEUSVHNEBREBEIRUASFEX UGTs

Table 3 Glucuronidation sites of lignans and related UGTs

I B4R UGTs AR A AL AL SOk
51 BAJLZREYZRRE (sesamin monocatechol)  2B7 C3-OH 67
52 JEFMH (magnolol) 2B7, 1A1, 1A3, 1A7, 1A8, 1A9 C>-OH 69
53 WEEAME (macelignan) 1A1, 1A3, 1A7, 1A8, 1A9, 1A10, 2B4, 2B7, Ci-OH 70
2B15,2B17
54 JRFEZLE (ebracteolata compound B) 1A6, 1A9 C4-OH 71
o}
- . 1 O o OH
O O <00/ .
/ HO o OH
52 53 54

E5 AERBRUAEREUESVNLFESEN

Fig.5 Chemical structures of glucuronidated lignans
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/NEETH (berberine ) A& MBI HH 43 B 15 21 (1) — Fh
I, AR RNEERE AR, B R
% PG PUMIE . POBEIRRSEE RS2 302 K
o /NBELLHE (berberrubine) J&/NEEBH I ACUH =4
Z—, PENEERE TR /NBE LI LG N BB R A SR A
(1% Ji SEE IR AT A= PR P s 0 7 R R TR A /N B 21
(berberrubine-9-O-B-D-glucuronide, BRBG) & /)N5¥
CUHEI 2 EAR Y, RS 24 5 /N BE A i o
N BRBG. EIR/NEEL AN BRBG # 2 A R 4T
149 & IBE RR, {HLR A BRBG TEAK P 1) 5 55 S 070 1=
T/NBELT R, Ktk BRBG 1 BEAE /INEE LT 4 4 AR ot
P ok ¥ Oy B OB AE U, 25 AR B
(jatrorrhizine) & — M/ NEEBR A4 AR ™4, R
FAC AL R BN CYP FI UGT B % e 254
WA EE, KIL CYP1A2. UGTIALl. UGTIA3.
UGT1A7. UGT1AS8. UGTIA9 1 UGT1A10 A] & 5
NI Aok A Z5 AR B A7) Shi 570125 KR iv
AR G I 3R rh AR 22 Dy 2 F R AN
2 BE R RR AL =4, KRR SORE AR AU AF 9 2
UGT1A1 1 UGTIA3 Ak 24 R ms s 4 Bl iR 1k A=
F 24 R B -3- i %) B B BR B (jatrorrhizine-3-O-
glucuronide) . KR iv /NEEB S, &5 251 BE A Ay
ZHENBERS, BfiJE UGT1AL 6 C-OH. Cs-
OH 4 & BERERR AL 47T

e (morphine ) £ 78] % A I 1R A4 A W T
M3G 1 M6G; M3G &M £ EACH ) (5
MES B 45%~55%), (HIEHIRETE. M6G Ak

PRV TG TR, 20 8 P R S TR AR I FH b Jis 2R g
HESE 600 £i7, HICHSMEFE R 259 A (%0 X
FIE R AN SR B B8, wF AR B M6G al jE it
SENBHE TS E 1 2 M A M IS B -1 H4S
A AT 3ok ot i B i, 3 W] AT ik FL - e 1 1
T RAE, By HOE S i B, AR 2 2R
FORIEVER, JEWH T (nicotine) #{iA N MHELH
(1) L RRR, AEAR AR BT # 7 (cotinine),
Kuehl %8058 ) ik & AR AMRET 78, K I
UGTI1A3. UGTI1A4 f1 UGT1A9 ¥J6EME4L e T 1
N-HEIHERERR AL, AH P& T 1R V-7 2 BT BR AL R
H UGT1A4 i b . AT A1 ()8 & R I R AL
AL FIAE DG UGTs WL3E 4, 71 & BEIE R AL A= Ml
B 2R 25 DL 6,
2.5 TERUEVNEEREEERE

MRS AT AR, R RS 1)
FhE WIR. BRSEMNEERY, RIBLEYST
WO R R R AR, Ty e B £
[ I = 2 I A 1A

A EE (menthol) 72 M A A $& B ) —F g Al
WHEEE, EAEPREURE. BHULE. PLEE. B
TR 2 Fh 2 FE PR SS), J AE E — Fh TR AR
iz, DL D-BY L-#A R R A2 (E, BT UGT
ALK 2 T YR A I S ) 7R 1) 26 A B AL A B T
kM, UGT2A1 M1 UGT2B7 X} D-F 1 BE AL
TE AR, UGT2B7 A UGT2B17 o L-TE B AL,
TSR . FHEL T UGT2A1 M1 UGT2B17, UGT2B7

F 4 EYEEUEYRNEEERIRASFEX UGTs
Table 4 Glucuronidation sites of alkaloids and related UGTs

Ee] AT UGTs HE BRI AL S SR
55 /INBELTHY (berberrubine) 1A1, 2BI Co-OH 74
56 2% (jatrorrhizine) 1AL, 1A3, 1A7, 1A8, 1A9, 1A10 C3;-OH 75
57 2 HFE/NEETE (demethyleneberberine ) 1A1 C2-OH, C3-OH 74
58 ik (morphine) 2B7, 1A1 C3-OH, Cs-OH 79
59 JET T (nicotine) 1A3, 1A4, 1A9 N 80
60 A& T (cotinine) 1A4 N 80
61 F B8 (senecionine) 1A4 N 81
62 58T H 688 (retrorsine) 1A4 N 81
63 T8 (nuciferine) 1A4 N 82
64 +: 17 Cstrychnine) 1A4,2B10 N 83
65 D TH% (brucine) 1A4, 2B10 N 84
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070 ., 0
Hu,,.7l%I 1

N
N

)
61 R=CH, |
62 R=CH,0H

AL D- A L-4i7 B35 BA B MR IR E (K
HAE BT, P UGT2B7 Xt 2 Foh i i S F 4k ]
If 2 H e v PR A 1% VS VEARALL, 170 UGT1A7
ACR WU 250 L- 47 i B AT AR PR & 7 Ty
(carvacrol) S JETERHEYIRE I I E 2o 2 —,
TN TR AR RS, FAE A
JoE e 6 ) B IR AL 2 1 UGT1A9 F1UGTIAT
AL, BEAR AR 2l A S B 5 R (LRI JE I
farnesol) FA7E T V12 757 B M BA BT TS
Yo TIORLRSE B AL 2 M) 200 o, B X REAE
NHFRCRLAR g UGTI1AL AL B 2 B RS BR Ak
B R, T E i WO R v 1) 6 B TR TR A 2 2
UGT2B7 4k, [RI A oKL A4t PR <55 W AR
ORI GG, JR ik — AR O A A B TR
AT,

RAIRFHR A 5 08 2 — R M S RHE R 59
PRI PURE i S, AT AR (steviol)
N TC, R B AR R &5 DA B A
-7 ) W L Tl A K PR R A T L300 o P 5 T ) 44
AR =W, ARSI 21 C19 A7 235 1) 381 7 0 P TR
=0, KB UGT HAEN-FRtsmEn) C19 AR
BRI AP IR I . A FE 2 (dihydroartemisinin,
DHA) ZHERNTAEYEEIENE (artesunate) HI7E
AU, 58 RAROKIE T &, VI,
FIN I RATIE PLR. PUMNRE . TUMB LT 4E1b 551
PPN, AR N FRIBE S AN OB AR (A 14 22 Hh 25K
DL R OB SRR L WA B R (o-DHA-B-
glucuronide), UGT1A9 1 UGT2B7 s&ix—id &+
FERMCHIEESY, polyandric acid A (PAA) & M
KA 25 FAEY) Dodonaea polyandra Merr. & L. M.
Perry 1173 BEARAF G PE R SY , 7E N JHASORLAAR (A 4

4
56 R;=OCH3, R,=OH, Ry=OCHj, R,=OCH,
57 R,=OH, R,=OH, R;=0CHj, R,=OCH,

64 R,=R,=H
65 R;=R,=OCH,

El6 BAEREBERILEYEENEMNLFESEN

Fig. 6 Chemical structures of glucuronidated alkaloids

A, PAA B KAEFHEKME, 4 hydrolysed
polyandric acid A (PAAH), Ff@id UGT2B7 Al
UGTIA1 BEATHI R IR I SN . PAAH BAT Co-
OH. Ci7-OH. Cis-COOH 3 AN Rl EAT il £ FEmE IR AL,
(A 5, H 5 Aok 4 #2H UGT1A1 8 UGT2B7
I AT 3 P A B R A AU, R4
AL S R = X S B PR3,

20(S5)-Ji N2 —_[i# (protopanaxadiol, PPD) #& A
ZEENREKE R —, BATZMAHEEE. £
N BCREAAR TN K SR ORE AR 5 & 1) PPD 4] %5 4
R AR P29, $2)°N PPD-3-O-B-D-7i %] ¥E BE 1R
B, ARAILE C1o-OH FI Coo-OH A7 5 110 58] %) HEIE iR
A=), KB UGT Bgx PPD A U7 ARk
Pk LG A E AN UGT WA AT R B, EA
R AR, PPD ) 4] %5 R T R Ak S B 22 i
UGT1A4 {4k, UGT1A3 BAR M W] DI — S,
{HIE PR 5504,

REIRR Cursolic acid) & —Fh RIRI FIL =ik
BRIRWEY), & —fbgrpeimbi, Lot e r
N FEGHIETERY o RERIR 5 N FICKE A4 |
JRORIARS 53 I 6, 50 B ) A o ) ) R e PR A
YIHE . FERRFERM KR E T, 6 BT R A A Lt
PR LT A, 00 4 BRI R A A e i
MARIERIRE KA. SAFENERR) UGTs i
B, %E R UGTIA3 Fl UGT1A4 Xt A8 B 47 b
i PR AN I B Sl s HH o 35 (R A T 1 RS 2R RR
(chenodeoxycholic acid, UGT1A3 #filF]) &2
(hecogenin, UGT1A4 #ill77)) BRAEF, SR A
AT £ SRR 61 6 W T R A = = B B L PRS0 il
AL AW BERE TR AT SR ¢ UGTs W3R S,
A FERE R AL R A AL S5 L 7.
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*®5 BERUESVNAERERRLERAMSMEX UGTs
Table 5 Glucuronidation sites of terpenoids and related UGTs

G e/ EA S UGTs 2 B R A AT o SCHR
66  D-U#fif¥ (D-menthol) 2A1,2B7 C1-OH 86
67  L-#ifilE (L-menthol) 2B7,2B17 Ci-OH 86
68 /Ty (carvacrol) 1A7,1A9 C1-OH 87
69 & &XKEE (farnesol) 2B4,2B7, 1Al, 1A9 Ci-OH 88
70 EHZEE (steviol) 2B7 C1o-COOH 90
71 WAFHFEZFR (dihydroartemisinin) 1A9, 2B7 C10-OH 92
72 hydrolysed polyandric acid A 1A1, 2B7 C2-OH, C17-OH, C13-COOH 93
73 20(5)-JEANZ Rl [20(S)-protopanaxadiol ] 1A4, 1A3 Cs-OH 94
74  RERMR (ursolic acid) 1A3, 1A4 C3-OH 59

El7 BAEERRAIERLSYRINFLEN

Fig. 7 Chemical structures of glucuronidated terpenoids

3 FIRMEYHEEDRAN BB R T
53 AR 1 6 e R T R A A A P L iR Y
29 EA A 2R R tEBUKIENE, R
M58 BT VR 2 A T BRI TR B R R L A [
PR, LS T A AR . FERIGAT R BRI
W BFETE b Al B — RIS W) B ) RV Y
UGT, JFFHHIfE 3= N IRESNE ) UDP-H & 8% 6-Jlii
Z (UDP-glucose 6-dehydrogenase, UGDH) #Z{it
UDPGA., FJ L) gt o 245 3% 14 B2 11 e e W R A0
FETR o I AT IR, UL E AR TS TR IR,
AT AR A ] % Ho g ) B IR LT A2, it st H
PRSI AR R 24 3P ot B2 5E B Al
Pandey &WEKIZAF B BL21(DE3)H g #RIA
UDP-7] %) BEBE TR L W6 i BE R (gl pgm2. galU,
ugd), FFIRFRIERIETH &K VVGTS & H AR
FAA BN UGTS8DS H 1, il LT R A
Wi e 2 () T T B TRAL, ) 4% SR R -7-O- 76 4 W T
% (apigenin 7-O-glucuronide) FIHft 57 25 -3-O-71 % Hik

FEFR (quercetin 3-O-glucuronide ). Kim 0I5k T
KT BL21(DE3) AR UDP- i % 4 I 1R (1)
arnd FEF, LI UDPGA LR, AR EHZK-7-
O-F B PHRE BRI~ M 14 mg/L _ET+3] 30 mg/L;
53 RIE KT ugd S5, RBE RN
) BEIRETR ) P 't — 2P EFH 2 300 mg/L . Tkushiro
SEOTE TR e BRI AL E I B SR R A, 85T A
JEI4RS UGT1 BAK BRIEI4afS UGDH F%EA, #)
HILRIAE R 10T B S R PRdE AT 4 40 i
1, AT 4-HERTEE . WESFR. 255k, &
TG ST BT R HR BRI L A0 40 V7 26 0 1
R F= . NZ 21 Rhy (ginsenoside Rhi) B
SRIGZGERVEYE, ELAGANMREREAE R . PURIE .
LR E MBS BIER, (H KB PR,
R 1) &5 G mT DA N BEAA AR A ) 1) R e M AN K
P, T8 I Ak A T VA N S R T A B I
FRACRT A=A LLEAT 0000, Luo ZEUONLE K g AT B
BL21(DE3) 1 43 il 53 5 2 32 Ak L 2 FE AT B R R 1)
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it UGT BE ydhEL. yoiK1 F1 yjiC1 3£, Hr
FIE yojK1 M yjiC1 ) TREBE R T4 NS 2 Rhy
ARG 3-O-B-D- Atk e 1 %] 4 5 -6-O-B-D- WLk Wi ] 46 47
F20(5)-JFFE IV =B . Yue ZEUOALE KT
BL21(DE3)H 3%k 1R T 5751 UGT88D7, i
AR T AR AR, HH KRR LS
My, iR, FOER. ZEAMER. BEER. EY

TR A LEWN I Z PR R IR ) ) R R TR
. Marvalin S5EUOIR| F 8 % % Streptomyces sp.
M52104 FAbmti ez MR . I E 22 B AE Ty
FKHEVRIRTW, AT T AT 3 %0 e 1 ™
W o I FHACAE P Al o 2% (KAL) DR S8 77 W 1) e 26 B
MR E A E B 6, thaY) 75~78 ik
SER LA 8.

® 6 FIARMEYEASENEYRATINEERERE

Table 6 Biosynthesis of glucuronidated plant natural products using microbial biotransformation

G AR RikTEF UGT G PR R AN R STk
1 ARRBREZE (uteolin) KM #FE BL21(DE3) UGTIAL, UGTIA7, UGT1A9  C3-OH, C7-OH 20
2 A#E (chrysin) KJAFF# BL21(DE3) UGTS88D7 (475) C7-OH 102
3 3% (apigenin) KJAFFH# BL21(DE3) UGTS8DS (Hi%i) C7-OH 99
8 EHFMAZE (diosmetin) KA # BL21(DE3) UGT88D7 C7-OH 102
12 112/ (kaempferol) KIAF# BL21(DE3) UGT88D7 C7-OH 102
13 #it & (quercetin) KT BL21(DE3) VvGT5 (FiHi1H 2 444) C3-OH 99
13 #it & (quercetin) SR Streptomyces  FFRAE C3-OH, C7-OH, C3- 103

sp. M52104 OH, C4-OH
14 #EHE (fisetin) KJFF B BL21(DE3) UGTS88D7 C7-OH 102
15 R (hesperetin) KA # BL21(DE3) UGT88D7 C7-OH 102

20 JEMEGZEER A (biochanin A) KA # BL21(DE3) UGT88D7 C7-OH 102

29 RINARPTEE (trans-resveratrol) HERF 1H RFAE C3-OH, C4-OH 103

47  A-HEETEERE FRIF R RE AH22 UGTI1A1, UGT1A6 C7-OH 97

(4-methylumbelliferone )

75  ANZE1F Rh (ginsenoside Rhy) KT BL21(DE3) yojKI, yjiCl (R EfIFTE)D  C3-OH 101
76  Z(FE (morin) KJFFH# BL21(DE3) UGTS88D7 C7-OH 102
77 ZAMiE &R (dihydroquercetin) KT BL21(DE3) UGTS88D7 C7-OH 102
78  (2S)-#i % [(2S)-naringenin ] B RFRAE C7-OH, C4-OH 103

76

HO

OH

OH O

78

8 L&Y 75~78 Mtk FLEH

Fig. 8 Chemical structures of compounds 75—78

4 HESRE

4 B FRA AR 29 I PR AR R P
A AT B EO1E L, Gl UGT HIEF, 40 I
FIA E BRI B R R 25 7 b, BERSAY)

I RIKEEPE RN, —J7 TE 25 28 g iR A0
PR RS, BEK T 2500 T AEMAM A, 5
— 7 T B AR T 25008 L HE A 10 2 A0 4k A0 28 B
Vo BEAh, 2 BERE IR AL S MLAE 25)- 25 WA LA
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Tt AR B AR . W SO A BRI S SR 2454
FEAE R0, ANBURT DL T 245490 0 245 ORI Ry
PE, -t A PN 2 A 2 AR ELATE S S 25 20K
. AR EEE L TERA R AR,
VEISE M2 5507 10, RN FU ) BEIE IR A S %
T2 A AR TE R MBS R R
Wi, $FAE T UGTs HIFEK 281 RiBKF %
Ft BRE HZGEE R ZO0 TR 2T O R AR 2R 5
021, Sof - b 2 gAML« RS AL A 244 i B
I
BB IR K 7 24 WA 7 e R P PR A AU I 0 P B
i, AEHER 7> 2590 (0 46 A R R AL AR, 10 M6G
RILRR-3-0-H B HERERR 8 f2 3K -7-0- ] %) Bl
P2\ Wit B 2R -3-O-H BRI IR S5 B L IR R S
PRI BE TN o TF A R 25 A R AR W
EIMERERR A AR B 77, RS ] 5 1 2 W TR
AR 1, 2 LU 7 iR 5 245 ) M A e W T T A
AR E AR BRI 2 B L AN 5 24 1 F)
PR Z M A EAR . PR T
RIRF=INE 2t Eeaiti. T UGTs REAET H
AR SR L, AR ANRIE, EE BRI
BAAERCRAAME, K5 UGTs R aeisid i #L.zh
N, B dAmi AT RIL, AR MERLBOR,
AN AT R B IR AL P M AR ) 2 R
A FEBOR, FERIAT G BRI BEE AL 20
W RIS YR B IR ) UGTs,  w] LUF A %
BESE BRANT TR, XA RO AT i e B IR AL
FAL, R R IR0 R 25 R RIT SR 245 0T K B2
SE VAR o
R BHR FIANEHHFEATALA ZFR
SE R
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