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Abstract: In the research and development of new drugs, it is very important to investigate the in vitro
metabolism of candidate drugs. Traditional models such as liver microsomes have many limitations, while the in
vitro model of recombinant human drug metabolizing enzymes is considered as an important and useful approach
because of its convenient access, stable activity and low cost. In this study, six major human UDP-glucuronosyl-
transferases (UGTs) genes (UGT1A1, 143, 144, 146, 149 and 2B7) were cloned from human liver cDNA and heter-
ologously expressed in Saccharomyces cerevisiae and baculovirus-infected insect cell. UGT1A41, 143, 146 and 149
were successfully expressed in yeast and showed glucuronidation activity against a variety of different structural
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types of substrates, but their activities were low. All six UGTs were successfully expressed and exhibited signifi-

cantly improved glucuronidation activity when Trichopolusia ni cells BTI-TN5B1-4 (High Five) were used as the

host. The recombinant human UGTs expressed in insect cells can catalyze the glucuronidation of their specific

substrates, and the glucuronidation products were synthesized at milligram-scale with yields of 13%-66% for the

first time, of which the structures were identified via MS, "H NMR, and *C NMR spectroscopic analysis. Above

all, the recombinant human UGTs yeast and insect cell expression systems constructed in this study can be used for

in vitro metabolism evaluation in the early stage of new drugs research and development, and also provide a new

tool for the synthesis of glucuronide metabolites.

Key words: human UDP-glucuronosyltransferases; baculovirus-infected insect cell expression system; heter-

ologous expression; enzymatic synthesis; drug metabolism

A MR IR 5 # i (UDP-glucuronosyltransferases,
UGTs) & N A 3 22 TUR AR U i, mT {14 7 26 03 Tk
B [ M\ I (it 4 %% 72 21 245 ) 1) B 4 (-OH . -COOH .
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YNB, 0.13% SD-H Amino Acids Mix, 2% galactose, pH
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UGT 3t [H F BL 8 4 3] pESC-HIS #i 1k b, #4103 K iy
FEB Transl-T1H, PRI AL T 22 3 ¥ PCRAG I 5 HEAT

Table 1 Primers used for PCR in this study

P AN o Bk U 7 1 #1175 40 T 52 B E 45 R
pESC-HIS-UGTs, #| H B £F %% b i 71 & Frozen-EZ
Yeast Transformation II™ 4% 25 28 J5i b 4% N 21 R 1% B
Fak1E FINVScl Hr ) [a]IHe N 735 205 R0 A Dy B A T
Mo PRI SD-H ~F- B i ik 52 BU5T A 2E 4T PCR 46k
(%) BH 4 T BE 5% Ak F2 0 T 3& & SD-H A 15 77 5
F30°C.220 rrmin" 244 FH:9524 h, 11 000 xg FE L
6 min WCEEAN L . K USCAE 1V 200 i FH G B /K e 5% 3 I, R
=T SG-H 55 75 #{# 0D, £ 0.6~0.8 2 [11], T30 °C.
220 rmin’! NE SRR, AHEEEFR24 h 5 T4 000 xg T
250 6 min WA BRI, H AR TG Ve 1A )G, B T &
i (pH 7.4 100 mmol-L' Na,HPO,-NaH,PO,, 1 mmol-L"!
2R R S0 o HU B S R R B 3R AT 4 M
WERE (2030 E 30 s, VK 30 s, LA 10 1K), 4H A 1
T 4°C.12000 xg B0 30 mino 2500 i F B 44 K 1
F R FAR P IR AT R . K PR IR S 0 T
30 BB WA IR AT R 0 (160 000 < g, 90 min),
DUE R E 2H I B AORE R B R T OB 2% R (pHL 7.4
100 mmol-L"' Tris-HCI, 10% H ) ', Bradford %l &
HAGE, 735 E-80 °CIrfr.

FHANFRUGT RHRMAFIAARNME %
ClonExpress®Il One Step Cloning Kit it B 45, #
pFastBacl-UGTs 55 28 J5i ¥, 42 B > 1F #f 10 85 20 5 pi
¥4k, DH10Bac J& 52 & 41 e, LA pFastBacl 7% % i K 5%
TR an i st R4 . 488 AP IR Ik IS, PR A o
R M13(+) M13(-) P & 51 #3347 PCR 380 : 1 =2
ZHF 1) PCR =4 K7\ 3 900 bp, pFastBacl ¥ Kk A=
B A () PCR P24 K /N A 2 300 bp.  H2 B 4 bacmid-
UGTs, I i g 53 A4 %% Y 122 4% 8 2H bacmid-UGTs %
SO A, 5~6 K J W52 40 ffd & AE 993 A% Ja AR P1 AR
B, FRBGY T i SO A 3R 1T P2 AR R, kAT =

Primer name

Primer sequence (5'—3")

pESC-HIS-UGT1A1-F
pESC-HIS-UGT1A-R

pESC-HIS-UGT1A3-F
pESC-HIS-UGT1A4-F
pESC-HIS-UGT1A6-F
pESC-HIS-UGT1A9-F
pESC-HIS-UGT2B7-F
pESC-HIS-UGT2B7-R
pFastBacl-UGT1A1-F
pFastBacl-UGTIA-R

pFastBacl-UGT1A3-F
pFastBac1-UGT1A4-F
pFastBacl-UGT1A6-F
pFastBacl-UGT1A9-F
pFastBacl-UGT2B7-F
pFastBacl-UGT2B7-R

AATTTTTGAAAATTCGAATTCATGGCTGTGGAGTCCCAGGGC
TTGTAATCCATCGATACTAGTTCAATGGGTCTTGGATTTGTGG
AATTTTTGAAAATTCGAATTCATGGCCACAGGACTCCAGGTTC
AATTTTTGAAAATTCGAATTCATGGCCAGAGGACTCCAGGTTC
AATTTTTGAAAATTCGAATTCATGGCCTGCCTCCTTCGCTCA

AATTTTTGAAAATTCGAATTCATGGCTTGCACAGGGTGGACCAGC

AATTTTTGAAAATTCGAATTCATGTCTGTGAAATGGACTTCAG
TTGTAATCCATCGATACTAGTCTAATCATTTTTTCCCTTCTTT
CGTCCCACCATCGGGCGCGGATCCATGGCTGTGGAGTCCCAG
GAAAGCGGCCGCGACTAGTGAGCTCTCAATGGGTCTTGGA
CGTCCCACCATCGGGCGCGGATCCATGGCCACAGGACTCCAG
CGTCCCACCATCGGGCGCGGATCCATGGCCAGAGGACTC
CGTCCCACCATCGGGCGCGGATCCATGGCCTGCCTCCTTCGC
CGTCCCACCATCGGGCGCGGATCCATGGCTTGCACAGGGTG
CGTCCCACCATCGGGCGCGGATCCATGTCTGTGAAATGGAC
GAAAGCGGCCGCGACTAGTGAGCTCCTAATCATTTTTTC
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/8L High Five 41l (BF =T+ 2x10°) J5, 27 °C.
135 r'min” 2 fF R 9% 3~4 RIFITHME A RIKRIL.
2 000 xg N &0 6 min Y EE4H L, H RT-PCR (reverse
transcription PCR) 77 ¥£ /£ mRNA 437 7K 7 L 56 E A YR
UGT % 1% . 40 i F PBS 22 7 (NaCl 8.0 g-L",
KCl 0.2 g-L!, Na,HPO, 1.44 gL', KH,PO, 0.24 g-L",
pH 7.4) Yk o HEk, DU D)% 60 WUkt BHEAE S s
{51 20 s, BEHE 12~15 ¥k . Bradford 2l 5 #8 75 J (1)
2 LA B 1 B R, 43 R B 80 °CIRAF

FH AR UGT (R SMERIEMEMNR M (R S B AR &
W EARF100 pL, H A E 0.1 50.5 mmol L F 0
) .2 mmol-L"' UDPGA .6 mg-mL"' ] 5 240\ J§ UGT /#
BERORL AR 8 1 mg-mL-' 5 20 A Y5 UGT B 40 i 20 3%
¥ ~5 mmol-L"' MgCl,, /i pH 7.4 [J 100 mmol-L-! Tris-
HCLAR 2 22 100 plo  BARE NG R 25 JBURL I 9 BE INV Sc 1
WK 44 B High Five 48 B 5 S AE N BT R . e B
WOR S JEAE 37 °CoKIB i E 12 h 5 I 200 pL 67K
FR S 2% 11 OB, R BET 2T, 15 000 x g 50 30 min, HYX
IEWEAT HPLC-UV-MS 7341 3 Fl 2 Fh 25/ 2 LI
M) (1~11) PLE % UGT B (165 3 M Y (2590 12~
17) X EAANJFE UGT #ATEME %€ . % H nR Y I g
fit SO HPLC 73 M 4 PRk 2, Hoh a8 & 4 L S 50N
Agilent1260 = %0V AH 3% 13 52 Gt 55 e 4 FRL BT 55 i
2 (ESI) & 1Y Thermo LCQ Fleet & F B it i 4% ; 41
¥ : Shiseido capcell pak C18 MG III column (250 mmx
4.6 mm i.d., 5 um); VR shAH: FEE (BAH) - 0.1% F R %
R (A MD; JE3E: 1 mL-min'; BERERFR: 20 pL; # 3
30 °C.

pHEKBE AR UGTESEMRIEM  NifiE
HH NVR UGTs i Ak A5 55 24 47 1 760 W T I oo A S L

Table 2 HPLC analytical conditions for human UGT assays

Detection

Substrate Gradient program

wavelength/nm
1-11  30%-100% B 25 min, 100% B 5 min 320 (1, 2, 10), 275
(3), 290 (4, 8), 280
(9, 11), 305 (5), 340
(6),370 (7)
12 50%-95% B 14 min, 95%-100% B 280
1 min, 100% B 5 min
13 60%-85% B 13min, 85%-100% B 250
1 min, 100% B 5 min
14 50%-80% B 13 min, 80%-100% B 261
1 min, 100% 5 min
15 10%-25% B 15 min, 25%-100% B 280
1 min, 100% B 5 min
16 50%-100% B 14 min, 100% B 5 min 250
17 60%-100% B 15min, 100% B 5 min 276

AT, 7552 pH AH Bl P2 DR 3% ) B PR R o B S
AR R SAARFL 100 pL, H A 0.5 mmol L E (12~
17).1.5 mmol-L"' UDPGA.0.2~1.2 mg-mL" 4 A\ J§
UGT E B 400 527 .5 mmol- L MgCl,, 43 57 AR [H pH
22 (pH 5.0~6.0, 100 mmol-L™! citric acid-sodium
citrate buffer; pH 6.0~8.0, 100 mmol-L"! Na,HPO,-
NaH,PO, buffer; pH 7.0~9.0, 100 mmol-L! Tris-HCI
buffer; pH 9.0~10.0, 100 mmol-L' Na,CO;-NaHCO,
buffer) FREAT RN . [FIFEHL, 75 % UGT 0 24 4 4k X B
JES A ) B i pH 2% i R, 2B SN [ I IR (30
35.40.45.50.55 °C) XF N U5 UGT A i 5 1 52 il .
R 3ATAT

AMBE BRI E T YNEEER RN
A Z2AE 35038 I A T S BB ROR 2 ) & R AR (R
3), 60 r'min 4% 3% 7K I oS 24 he 10 000 xg N £ L
30 min, Y1 L35 ¥ AmberliteXAD16 K FLK B #f
g FE B, AR 50% (viv)< 100% (viv) L BESE L, 48
HPLC 43 #r & IF & B bR =W 7, R 48, A 1 mL
FREEVE o 1 — 28 R H I AH HPLC 43 B8 26 4k B 2 S
L= R I R ) 45 M 4 MS L TH NMR
3C NMR.HSQC & HMBC #HT % 5€ - BT A% 34k
WeE4% l Bruker AVIIIHD 400 MHz #1500 MHz (Bruker,
USA).

Table 3 Reaction conditions for the synthesis of glucuronides

Crude Tris-HCl Reaction
. Substrate Temperature

UGTs  proteins fmg buffer C volume
/mg (pH) /mL
UGTI1ALl 60 12 (6.3) 8.0 45 50
UGTI1A3 42 13 (14.3) 7.5 45 70
UGT1A4 58 14 (10.3) 8.4 45 50
UGT1A6 5 15(4.2) 8.0 40 20
UGTIA9 5 16 (4.0) 7.0 50 25
UGT2B7 48 17 (13.2) 7.0 45 70

HERE5 0

1 ANREUGTEREZKMRIE

DA % 5645 21 19 U5 BT IE cDNA AR, FH 45 2%
TR P i [V 1) 51 (BR 1), % ANJR UGT 2 R AT
PCR¥™ 1, PCR =W (35 IR HE B ri ka5 R Bon 5 2
B LR ORF K2 — 2 (Bl 1) #E— X UGT B K]
BEAT I R AN, 3L 0 BE 3K AT UGTIA1. 143144 146
1A9 F1 2B7 75 2 HE [, %of o7 1) 2 IR 4 & Al GenBank %
S5 LK 4. TMHMM 2.0 5 5 X TR B, 1% 6 A
JRUGT ¥ MR .
2 BHEANFRUGTEREBERIERGNME

PR P % BEAS HL A AN IR UGT R IA T 75 I &R 45,
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Figure 1
genes. M: DNA marker; 1: PCR product of UGTIAI; 2: PCR
product of UGT1A43; 3: PCR product of UGT1A4; 4: PCR product of
UGT1A46; 5: PCR product of UGT1A49; 6: PCR product of UGT2B7

Agarose gel electrophoresis analysis of cloned UGT

Table 4 Cloned UGTs gene length and GenBank accession
numbers
UGTs Gene length/bp GenBank accession No.
UGTIAI 1602 M57899.1
UGTIA43 1 605 NM_019093.2
UGT144 1 605 NM_007120.2
UGTIA46 1599 NM _001072.4
UGTIA9 1593 AF056188.1
UGT2B7 1590 J05428.1

[ B 3 B AR KA A B SR IA K = B B AT
KA B F7 e 10 A% 48 A ] SR S5O0 3 o a0k IR 9P 7 3k
INVScl NEIATE 32, pESC-HIS R IEFH A&, X 15
BN NVE UGT #iAT AMIE Rk . BRI T HE R K
(1.2) BB (3.4) FEHH2E (5~8) LA & iy (9~
1) L A&PxE 5 A NJEUGTs (INV-UGTIAL.1A3.1A6.
1A9 F12B7) HIMEATEMEEAT M. DL &1~111F
IR, 4 > AP UGTs (INV-UGTIA1.1A3.1A6 Al
1A9) RILH T % % BRIV TE (12): H UGT1A1
HTTA3 X B R (3.4) K ERUE ) (5~8) iETEEL
i, UGTIA6 X 77 2 32 (1.2) AL faf B X I 2% (9~
11) 35 P58 UGT1A9 &om B 56 i, Hox 7
TR VEBE R MBI A (1~11) A
SRS YE; INV-UGT2B7 %} (1~11) ¥ 35 . UGT1A4
F= B b V- R IR AL, WOk O R S R =
S hr B (trifluoperazine, 14) X} INV-UGT1A4 34T 7% 7%
IS UEM; 4, Bl UGT1A1.1A3.1A6.1A9 f12B7 % H
M) RE 7 1 IS B- M — BE (B-estradiol, 12)- & & K I
(ezetimibe, 13).5-F2 t4 ¥ (5-hydroxytryptophol, 15). #
3% (mycophenolic acid, 16) A1 4 %' 7 (gemfibrozil,
17) 09213k — 25 %F 5 4> & 41 UGT B BF 0k 78 (INV-
UGTI1A1.1A3.1A6.1A9 F12B7) #H47iG RN . &5

R INV-UGT1A9 X 5 By 15 7% B H 4 225 08 1 IR 1k

T, HAEEAR, R S eiENE.

FIH B BRI RAMINRIE T 4N NIE UGTs, %
R E RIS R 2K L R R & YR I
H T 7 B T R AL b (BN — ER 25 M R 25 W 2K
G VAR BOE VS M, T RE JE & N YR UGT 75 B E B £
INVSel 7 2k & R BlRE BRI 8 18018 5 I T AE 1
S A s WA AR . R, A ST B i AR 2 AR
A S PP A5 B T A0 B R oAb R 08 R GRS
T i I AN JE UGTs.

3 EHANFEUGT RHMMRIAGRANDE

BT ER, URIERIFUGT I, AR 212 S 1)
B2 H 2 0 S19 5 38 sk [ I % i i AL 3 40 40 il COS-1
AL, | A G & 11 50~100 1%, Fi& 1) UGTs =ik
ML 2R R 5%~ 10% 081, A, L U4 At B A 1B
I LS DA L ) R A R 1B 1 R 48, 2 AR UGT
M RIFRIETE £, BA R MAHFTRMS, BRTHT
NUE UGT RIE 1 B HU4H il 5ROk 2 9 SOOU1SL AR 5%
SR F 25 (1 R IA & & 1 High Five 418 &, HIE 3k
BERERThRENE EH A JH UGTs.

B NV UGT #F 1R 97 5 /8% 4% High Five 41 fi )5,
RT-PCR V£ 55 F UGT 2 [A 7E B HL 48 Jf High Five o %
Dk, RPULFRIE REE KT B S bl 4-F 3<%
fiil (4-MU, 1) NJEY, FIH HPLC-UV X} & #1410 ig High
Five (Hi5) & IA M 5 AN 240 N Y UGTs (Hi5-UGT1A1.
1A3.1A6.1A9 F12B7) HEAT H 2 bl 15 TR A s I 3 14 0
5, I B 5 E A EERHMORAR INV-UGTs 1% ML T F i (K
3): Hi5-UGTI1A1.1A3.1A6 fl 1A9 X} T 4-MU HIH L%
432 INV-UGTSs [ 2~34 % (L HiS-UGT1A3 R
INV-UGTI1A3 [#]34 fi5). BAF, WIRTFTIA, INV-UGT2B7
%of 4-MU THEALIEPE, T Hi5-UGT2B7 4} 4-MU H A 5
ARG (L2 32%) . 45 W2 (R S M SR (2459
12~17) %F 6 A~ Hi5-UGTs B3GR T 12— 20 V-4 (4,
% 5): REF INV-UGTs, Hi5-UGT1A1.1A3.1A4.1A6
F2B7 0 B R fE T (12)KEK DL (13)-
SRR (14). 56 (15) FIEAER A (17) KAHIE
B R AL S B (F P UGT 1 A4 A = Ji4 B8 1) N-"8
PE I IR AL, AR ¥ 9 O-7H %) Bl % B2 AL); Hi5S-UGT1A9
ST R (16) 3G 14 2 2 = F INV-UGT1A9.

FIFFFRIR AR S0 BRI RS R IR L T 64
NVEUGTs, X/ 118 A 4-MU K& 25495 12~17 3
BA RSN, \E N AR UGT B B GRS 575 41,
HH UGT & A A g 1 v T 2549 12~17 6 %) 4
TS T A U 7= A D Tl V5 T %

4 pHEMEREN NIEUGTESEMAF I
9T E B 40 High Five B 20 A\ V5 UGTs XF 2547
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Figure 2 Glucuronidation of drugs and xenobiotics by recombinant human UGTs expressed in S. cerevisiae system. (A) The conversion of

compounds 1-11 (0.1 mmol-L") by INV-UGTs. Conversion values represent the mean + s.d. of three independent replicates. N.D.: Activity

not detected in the enzymatic assay; (B) Chemical structures of substrates (1-17)
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Figure 3 Comparison of glucuronidation activities of INV-UGTs
and Hi5-UGTs with 4-MU (0.5 mmol-L™") as an acceptor substrate.
Conversion values represent the mean =+ s.d. of three independent

replicates. N.D.: Activity not detected in the enzymatic assay

12~ 17 7] 2 A8 T 2 A 1) oo o B L 2% AT i 28504
U=, 242 T pHAE F i BEXT AVE UGT BE 14 (152
Wi, 45 I UGT W AE Tris-HC 2% 7 P i AL
T VA8 v T AN G2 R UGTs iAo 7 JEE ) (1) B3¢ 3 pH
YITE7.0~8.5 218 (K5). H A UGTIAL ik g-MfE 1
s pH N 8.0 (1 5A), UGT A3 fEAL AR B 2K DL i) f3
pH N 7.5 (I 5B), UGT1A4 i AL BUIE SR W) = F P e
i) f 3% pH 9 8.4 (&1 5C), UGT1AG6 4k 5- 32 10 % 1) £
i& pH 4 8.0 (1 5D), UGT1A9 i {, % I} 2 F1 UGT2B7
AL T AR 25 1 6 pH #4128 7.0 (K] SELSF).

[ B} 25 %% 1 AN [ i 8 %o B 20 N U5 UGTs W& VE I 52
M), &5 5 35 7 FL A e B il FE AE 40~ 50 °C 2 (7] (& 6).
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Figure 4 Glucuronidation of drugs by recombinant human UGTs expressed in baculovirus-infected insect cells. (A) Glucuronidation

reactions of 12-17 by Hi5-UGTs; (B) HPLC analyses of the glucuronidation activities of Hi5-UGTs with 12-17 (0.5 mmol-L™") as substrates
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Table 5 HPLC-MS data of substrates (12-17) and their corresponding products (12a-17a) in enzymatic reactions with Hi5-UGTs. “RTj:

The retention time of substrates (12-17); "RT: The retention time of glucuronides (12a—17a)

Hi5-UGTs Substrate RT¢min Substrate m/z Glucuronide RT.,*min  Glucuronide m/z Conversion/%
UGTI1Al 12 133 271.31 [M-H] 12a 9.9 447.19 [M-H] 25
UGTI1A3 13 18.7 407.81 [M-HJ 13a 14.2 584.03 [M-H]" 18
UGT1A4 14 11.4 408.21 [M+H]" 14a 15.8 584.21 [M+H]" 54
UGT1A6 15 16.1 177.97 [M+H]" 15a 12.0 352.07 [M-H] 87
UGTIA9 16 10.5 319.22 [M-HJ] 16a 7.1 495.28 [M-H] 100
UGT2B7 17 14.3 272.69 [M+Na]" 17a 12.6 424.82 [M-H] 54
A UGTI1Al B UGT1A3 (& UGT1A4
100 A o 100 4 100 4
= = X
E z 3 %7
Z 60 Z 60 1 2 60 4
g o g
5 204 = 20 4 = 20 4
i (U —eo = 04 - = 04
20 A—r————————— 20 2204+
4 5 6 7758 9 1011 45 6657758 9 1011 56 7758 8409 1011
pH pH pH
D UGTI1AG6 B UGT1A9 F UGT2B7
100 100 A 100 A
T w0 ‘/‘/\ T w01 S 50
£ o £ o] = £ 60 -
g 8 5
S 40 4 § 40 S 40
£ 20/ £ 20 £ 201 /
2 0] e —e £ 04 o— s = o -
204+ 20 20 A———
45 6657758 9 1011 45 6657758 9 1011 4 5 6657 8 9 10 11

pH

pH

—&—Citric acid—citrate buffer ~—#—Na,HPO,~NaH,PO, buffer —&—Tris-HCI buffer —@— Na,CO;—NaHCO; buffer

Figure 5 The effects of pH values on enzyme activity of recombinant human UGTs. (A) The glucuronidation of S-estradiol by UGT1A1;

(B) The glucuronidation of ezetimibe by UGT1A3; (C) The glucuronidation of trifluoperazine by UGT1A4; (D) The glucuronidation of 5-
hydroxytrptophol by UGT1A6; (E) The glucuronidation of mycophenolic acid by UGT1A9; (F) The glucuronidation of gemfibrozil by

UGT2BY7. Relative activity values represent the mean + s.d. of three independent replicates

H A UGTI1AL 4k p-ifE — B (1 6A) UGT1A3 44K
BoK L (K 6B) UGT1A4 f#4b = f ks (K 6C) 1
TR FE S48 45 °C, UGT1AG6 Ak 5-52 (0 B2 1) 550 iR S
N 40 °C (K 6D), UGT1AO9 1 1k 25 Wy FR 1) 5503 I FE N
50 °C (& 6E), UGT2B7 1L 7 42 77 (& 6F) i id
T 45 °C.
5 AYEERERENIESRRENEE
23R S 7T 38 R F N B A ) I A
LA SR 1) % 247 400 460 26 W TS TR Y, AL JH U FRIORSE 2K 1) SR VR
AERE A 2 A IR 2 TR A AE 22 3 ELP 2RI, mid Ve
HNUFUGT W2 R4 B AT B, Rk, A8 58 H
iR B 41 B High Five 1A 19 2 240 N Y8 UGTs, 7F &
3T pH R 45 11 F (3R 3) X254 12~17 3EAT UK B
I SNE, 73 9 A0 A 8 26 i T IR EF =), 9 ESI-MS
'H NMR. "*C NMR.HSQC F1 HMBC X ;=4 45 ¥4 i3t 47
B-HE B (12, 6.8 mg) & H 20 NI UGT1A1 1k,

Iy B ARG 7 1) 12a (4.7 mg, 73R 42%), MS K¢ NMR
$i¥9: ESI-MS m/z 447.19 [M—-H]"; "H NMR (methanol-
d,, 400 MHz) 8,: 7.19 (1H, d, J = 8.6 Hz, H-1), 6.84 (1H,
dd, J = 8.6, 2.5 Hz, H-2), 6.78 (1H, d, J = 2.5 Hz, H-4),
4.89 (obscured by H,0, H-1", 3.90 (1H, d, /= 9.6 Hz, H-
5", 3.66 (1H, t, J = 8.6 Hz, H-17), 3.57~3.62 (1H, m,
H-4), 3.47~3.49 (2H, m, H-2',3"), 2.81~2.84 (2H, m,
H-6), 2.30~2.34 (1H, m, H-11), 2.14~2.20 (1H, m, H-9),
2.01~2.08 (1H, m, H-16), 1.94~1.99 (1H, m, H-12),
1.87~1.90 (1H, m, H-7), 1.66~1.74 (1H, m, H-15),
1.50~1.54 (1H, m, H-16), 1.42~1.48 (1H, m, H-8),
1.37~1.41 (1H, m, H-11), 1.33~1.36 (1H, m, H-15),
1.27~1.30 (1H, m, H-12), 1.24~1.27 (1H, m, H-7),
1.16~1.21 (1H, m, H-14), 0.78 (3H, s, H-18); *C NMR
(methanol-d,, 100 MHz) d.: 173.0 (C-6"), 156.8 (C-3),
139.0 (C-5), 135.9 (C-10), 127.25 (C-1), 118.0 (C-4),
115.4 (C-2), 102.8 (C-1"), 82.5 (C-17), 77.4 (C-3"), 76.6
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Figure 6 The effects of temperature on enzyme activity of recombinant human UGTs. (A) The glucuronidation of S-estradiol by UGT1A1;
(B) The glucuronidation of ezetimibe by UGT1A3; (C) The glucuronidation of trifluoperazine by UGT1A4; (D) The glucuronidation of
5-hydroxytrptophol by UGT1A6; (E) The glucuronidation of mycophenolic acid by UGT1A9; (F) The glucuronidation of gemfibrozil by

UGT2B?7. Relative activity values are the mean + s.d. of three independent replicates

(C-5", 74.7 (C-2"), 73.1 (C-4"), 51.3 (C-14), 45.5 (C-9),
44.4 (C-13), 40.4 (C-8), 38.0 (C-12), 30.8 (C-16), 30.6
(C-6), 28.4 (C-7), 27.5 (C-11), 24.0 (C-15), 11.7 (C-18).
DL b # 4 5 SCERPHRGE (146 & ) B-estradiol-3-O-p-D-
glucuronide — £, HUHt & W 45 K 7€ 4 B-estradiol-3-
O-p-D-glucuronide

WFK DL (13, 14.3 mg) L EALNJE UGT1A3 {1k,
Iy AL IRTE P 1) 132 (6.9 mg, 772 34%), MS S NMR
B4 N ESI-MS m/z 584.03 [M—H]; '"H NMR (methanol-
d,, 400 MHz) ¢,;: 7.31~7.34 (2H, m, H-12, 16), 7.28~
7.31 (2H, m, H-21, 25), 7.25~7.28 (2H, m, H-6, 10),
7.10 (2H, d, J = 8.6 Hz, H-13, 15), 7.01~7.05 (2H, m,
H-22, 24), 6.97~7.01 (2H, m, H-7, 9), 4.96 (1H, d, J =
7.6 Hz, H-1"), 4.81 (1H, d, J = 2.1 Hz, H-4), 4.60 (1H, t,
J=6.7Hz, H-19), 3.97 (1H, d, J = 9.7 Hz, H-5"), 3.58~
3.61 (1H, m, H-4"), 3.48~3.50 (2H, m, H-2', 3'), 3.10~
3.11 (1H, m, H-3), 1.83~1.97 (4H, m, H-17, 18); *C NMR
(methanol-d,, 100 MHz) d.: 172.6 (C-6"), 169.7 (C-2),
162.3 (C-23), 159.3 (C-8), 159.0 (C-14), 142.2 (C-20),
135.2 (C-5), 128.8 (C-21, 25), 128.6 (C-12, 16), 119.9
(C-6, 10), 118.5 (C-13, 15), 116.8 (C-7, 9), 116.0 (C-22,
24), 102.2 (C-1"), 77.3 (C-3"), 76.5 (C-5"), 74.5 (C-2"),
73.7 (C-19), 73.0 (C-4"), 62.0 (C-4), 61.2 (C-3), 37.5 (C-
18), 26.1 (C-17). LA b %45 5 SCHRPH E 116 & )
ezetimibe-O-f-D-glucuronide — £, #1k &4 13a 1) 45
¥ 58 N ezetimibe-O-p-D-glucuronide .

=& Sz (14, 102 mg) L HHNVE UGT1A4 i1k,
Iy B AL IR W) 14a (1.9 mg, 773 13%), MS $dfE M-
ESI-MS m/z 584.21 [M+H]", 5 SCHREIR & K1k & 9
trifluoperazine-N-fS-D-glucuronide — %, 2t NMR it — &
fiff %8 14a %5 ) A trifluoperazine-N-B-D-glucuronide,
NMR %45 7: '"H NMR (methanol-d,, 400 MHz) 6,;: 7.28
(1H, d, J = 7.8 Hz, H-3), 7.25 (1H, dd, J = 8.2, 1.5 Hz,
H-8), 7.22 (1H, d, J = 7.8 Hz, H-4), 7.19 (1H, brs, H-1),
7.13 (1H, dd, J = 7.7, 1.5 Hz, H-6), 7.06 (1H, dd, J =
8.2, 1.1 Hz, H-9), 6.98 (1H, dd, J = 7.7, 1.1 Hz, H-7),
472 (1H, d, J = 8.8 Hz, H-1"), 4.07 (2H, t, J = 6.3 Hz, H-
1", 3.79~3.83 (1H, m, H-6"), 3.76~3.79 (1H, m, H-5"),
3.73~3.76 (1H, m, H-2"), 3.68~3.72 (1H, m, H-6'),
3.63~3.68 (1H, m, H-9'), 3.50~3.53 (1H, m, H-3"),
3.47~3.50 (1H, m, H-9'), 3.42~3.46 (1H, m, H-4"),
3.14 (3H, s, H-8'), 2.81~2.88 (2H, m, H-5"), 2.67~2.73
(2H, m, H-10", 2.62 (2H, t, J = 6.6 Hz, H-3"), 1.89~
1.96 (2H, m, H-2'"); *C NMR (methanol-d,, 100 MHz)
dc: 175.0 (C-5"), 147.4 (C-10a), 145.9 (C-9a), 132.0 (C-
2), 130.6 (C-4a), 129.0 (C-4), 128.7 (C-8), 128.5 (C-6),
125.5 (C-5a), 124.4 (C-7), 1202 (C-3), 117.7 (C-9),
113.3 (C-1), 95.1 (C-1"), 79.2 (C-5"), 78.6 (C-3"), 72.7
(C-4"), 71.5 (C-2"), 61.5 (C-6"), 60.8 (C-9"), 54.8 (C-3"),
47.5 (C-10"), 47.3 (C-5"), 45.6 (C-1), 43.1 (C-8"), 24.9
(C-2

5-FEE (15, 4.2 mg) £ H 4 NJF UGT1AG6 1L,
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Iy B AALIRTE ) 15a (2.4 mg, 7% 29%), MS J NMR
HedfE N: ESI-MS m/z 352.07 [M-H]; 'H NMR (methanol-
d,, 500 MHz) d,: 7.30 (1H, d, J = 2.1 Hz, H-4), 7.23 (1H,
d, J = 8.7 Hz, H-7), 7.07 (1H, s, H-2), 6.96 (1H, dd, J =
8.7, 2.1 Hz, H-6), 4.87 (1H, d, J = 7.3 Hz, H-1"), 3.88
(1H, d, J= 9.6 Hz, H-5"), 3.79 (2H, t, J = 7.2 Hz, H-2"),
3.60~3.63 (1H, m, H-4"), 3.54~3.46 (2H, m, H-2",3"),
293 (2H, t, J = 7.2 Hz, H-1"); *C NMR (methanol-d,,
125 MHz) d.: 173.9 (C-6"), 152.7 (C-5), 134.7 (C-8),
129.2 (C-9), 124.8 (C-2), 114.5 (C-6), 112.8 (C-3), 112.5
(C-7), 107.4 (C-4), 104.8 (C-1"), 77.5 (C-3"), 76.7 (C-
5"), 74.8 (C-2"), 73.3 (C-4"), 63.5 (C-2), 29.8 (C-1").
DL b s 5 SCERMHR IE 146 & 4 5-hydroxytrptophol-O-
B-D-glucuronide — 2, # it & ) 15a 11 45 14 i & A 5-
hydroxytrptophol-O-f-D-glucuronide.

IR (16, 4.0 mg) £ EA ANJH UGT1A9 ik, 43
B a4k 3R13 77 ) 16a (4.1 mg, 7 66%), MS K NMR
BHEy: ESI-MS m/z 495.28 [M—-H]"; "H NMR (methanol-
d,, 400 MHz) 6,: 5.34 (1H, d, J = 7.6 Hz, H-1"), 5.32~
5.26 (3H, m, H-3,2"), 3.82 (3H, s, 5-OCHj), 3.76 (1H, dd,
J=14.4,7.1 Hz, H-1'), 3.63~3.52 (4H, m, H-2",3",4",5"),
3.49 (1H, dd, J = 14.4, 7.1 Hz, H-1), 2.34~2.39 (2H,
m, H-5"), 2.28~2.31 (2H, m, H-4"), 2.24 (3H, s, 4-CH,),
1.84 (3H, s, 3'-CH,); *C NMR (methanol-d,, 100 MHz)
5e: 176.0 (C-6"), 172.3 (C-6"), 164.7 (C-1), 154.1 (C-7),
148.7 (C-5), 135.0 (C-3"), 132.2 (C-7a), 124.7 (C-6),
124.7 (C-2"), 122.7 (C-3a), 113.0 (C-4), 105.9 (C-1"),
78.2 (C-5"), 77.2 (C-3"), 75.7 (C-2"), 73.4 (C-4"), 70.2
(C-3), 61.6 (-OCH,), 36.2 (C-5), 33.1 (C-4"), 25.1 (C-
1, 16.7 (3'-CH,), 11.6 (4-CH,). LA _E%i#E 5 RO
JE )4k & %) mycophenolic acid-7-O-f-D-glucuronide —
£, WAk A ) 16a 1) 45 74 1 7€ 29 mycophenolic acid-7-
O-p-D-glucuronide

HAEP A (17, 13.2 mg) & EAH ANJE UGT2B7 i1k,
Iy B A LIRIE 2 17a (8.1 mg, P2 # 36%), MS X NMR
BHE H: ESI-MS m/z 424.82 [M-H]"; "H NMR (methanol-
d,, 400 MHz) é,: 6.73 (1H, d, J=7.3 Hz, H-10), 6.42 (1H,
d, J = 7.3 Hz, H-9), 6.41 (1H, s, H-7), 5.54 (1H, d, J =
7.5 Hz, H-1"), 4.05 (1H, d, J = 7.9 Hz, H-5), 3.64~3.55
(4H, m, H-2',3",4",5"), 2.06 (3H, s, H-12), 1.97 (3H, s, H-
13), 1.50 (4H, s, H-3,4), 1.08 (6H, s, H-14,15); 3C NMR
(methanol-d,, 100 MHz) d.: 177.8 (C-1), 171.7 (C-6"),
156.6 (C-6), 136.3 (C-8), 130.3 (C-10), 123.2 (C-9), 121.0
(C-11), 112.5 (C-7), 93.7 (C-1"), 75.3 (C-5"), 75.3 (C-3"),
71.8 (C-2'), 71.1 (C-4"), 68.0 (C-5), 41.9 (C-2), 36.3 (C-

3), 24.5 (C-4), 24.3 (C-14, 15), 20.9 (C-13), 15.5 (C-12).
DA b4 5 SRR GE (146 5 ) gemfibrozil-1-O-4-D-
glucuronide —&L, b 54 17a 45 41 € N gemfibrozil-
1-O-p-D-glucuronide-

g

AR UGT 1 A4 % 5 B8 2 Ak s A2 245 P 11 32 22
fREEANE BRALE 2 — o IGIR BRI, B3 UGT 2R
ZEMAAESFEMEA LM ZER, 4% UGT 140
il T 51 & 259 - 25 AR ELAE FHO, I H 3 2 25 9 (1) A
2 R A AR U = ) B AT R v A P R SR R R
281 R, ST 24T R R T 2 A R AL A R A
HE, g —EARMHNERELHNFEUGTs £ik
RGAURTAE 8 25 AR A ST (1 °F &, 38 7T S2 80
XoF 250 e B T R A AR ) ) AR i 2%, T 24
Wk R 25408 )% R E S A AR .

A 7T MR AT cDNA A 4 38 753 3 6 4 UGT 2
(UGTI1AI.1A3.144. 146149 A1 2B7), 43 Bl T
TR PG T BE 2 08 2R GO AT DRO08 3547 L 1) B 4 i 3R &
Gt. LERRI I BEINVScl DR iE 1 4 A HH NJE
UGTs (UGTIA1.1A3.1A6 1 1A9), i £ Fift fi] 545 #4 24
Bk 5 ) 22 UL HE T 26 0 T I AT 1, R AR AR 1
ZGWNToTE T o R ST v ) AR AR A PR AN B
B, BRI I RER IA R G AT A RLIRAL, an i i A Ak
4 i N B R S B A o A B 6 v R A B BT
F 1 MR, DTS R s v 0 AR UGT; A 72

— M TR RN R R M ERIL RS, &
I B % ik &8 & T S9 () High Five i sl Th &£i5 T 6
A EETENIR UGTs, AL T BERERIA 1) UGTSs, HAF T
4-MU (5 Z 1R T 34 1%, I H s = i b %0
BURE 5 1 S (0 BRI R AL . AT Fh R
KRG R BTG E AN UGTs, (HRAF & A
IR EBMBEARBREN FEBUSEATEER . B
AKX R G AR A A 0 RS 55 N TR AE R AR R R AR
fiK, SRR IA M H UGT 36 PR, 7T FH T o & 07
36 ARG AR M 22 4% 34 24470 1D O L ) A A 0 L g
TR AAR 2 ] 25 25 AR 7= A DA 24 3 R 22 4 1 DR 5 A
RIRER G BRI RIE REEAE R A, ik
FREER K, BRIENEH UGT iE &, & T4k
Z B2 IR SR VRO S 245 4 e W I IR A A
Y= & . ABFFUR A R R IA ) E AN
PR UGTs SEHL T 259781 & b SRR AL AR B =9 (2
BRI A 45, 72 26 13%~ 66%; 1T 2 BT X S AR i 4 1y
KA 2B 420 B 41 SRR A2 B 52 R HE
W) o B AR i EAF B . ABFARE — UCR FHE A
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AR UGT BV 25 U 86 A0, 48 EG 2 T 107322, B
AL AF IR $R A A R ] B H AR TR 1) A

b F TR, AT 5 PR TSP AR HR 75 2 12
F) & sk 40 23 110 7 LA 9 UGTs AT T HEAT 3
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