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WEE. hT7E SO BRI bR R iR AR R IR L BRI (UGT) 1A1 X T DIRe 4 e .
B, ARSI UGT 1A1 3N, 50 ¥ 84K pFastBac | W @RISR A B K, REFA
DH10Bac H', 345 5241 A0 25 R S0k, FE-75 4 SI9 4MA5G 2 AR 5 , R Western blotting J5 28 45 UGT
LAL R ERIE  RHERFE R AR AT 2l A6 3RAS B A2 R0 3l ) S S8 S0 Kk 35 25 ( DON) M AC IR EA TR, &5
R pFastBac-UGT 1A TR M 8, 5 A2 540 DH10Bac H3RISHE 20 ZE M BORE Bacmid-UGT 1A1, B4
Ye R AN SO FRAF A Bacmid-UGT 1A1 A, BEW 5 2 A AR P bt & A rE R N, ik B R A RIL,
IHXFHARIME I DON #E47 T AR AN 3 1122 S RRIE T . AHIF o o 2 N v B | s R AT 7 0 0 40 B 25
RTFBARS A B 1R Wi v B 246 B Baemid-UGT 1A1 & 1, 93878 DON 78 77 A A AC 42 S 2
AR TS

KR . MKNEREER (DON) ; AR &Y ; IRIT R A4 MRS IR L R G (UGT) 5 TR
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Expression and identification of porcine UGT 1Al gene and its special
effect of degradation for deoxynivalenol

HE Wei-hua', CHEN Shi-qi', WANG Li-hua', DING Lan', ZHAI Xiao-hu', YANG Jun-hua’
(1. Jiangsu Agri-animal Husbandry Vocational College, Taizhou 225300, China; 2.Institute for Agri-food Standards and Testing Technology ,Shanghat A-
cademy of Agricultural Sciences, Shanghai 201403, China)

Abstract: To express the porcine uridine diphosphate glucuronosyltransferase (UGT) 1A1 protein in Sf9 insect cells
and characterize its function, the codon-optimized UGT IAI gene was synthesized and cloned into pFastBacl vector to con-
struct a recombinant baculovirus intermediate transfer vector. The vector was introduced into DH10Bac to obtain recombi-
nant shuttling plasmid, which was used to transfect the Sf9 cells to get recombinant baculovirus. Expression of the recombi-

nant UGT 1A1 protein was confirmed by Western blotting. Kinetic parameters of the target protease purified by nickel col-

umn affinity chromatography and its metabolism effect of

Wi B # :2023-03-21 deoxynivalenol (DON) were detected. The results showed

BT LI MR O 27 BERHIFST H (NSF2023ZR06) 5 55 —
LT 28 2 WP 208 200 2027 6 357 P BA 2R ASE 5 1 H
(712021100104 )

PEZ B B AR (1982-) 2o, INPYRA N Bt R, E2E N
YR E2AF5T . (E-mail ) heweihua010@ 163.com

BIEE , B 1% %, (E-mail) zhaixiachu010 @ 163. com; 1 12 4£, ( E- transfect Sf9 insect cells and obtained recombinant protein
mail ) yangjunhua303@ 126.com Bacmid-UGT 1A1, which was capable of taking specific

that, the plasmid pFastBac-UGT 1A1 was successfully con-
structed and was transducted into competent cells
DH10Bac to obtain recombinant shuttling plasmid Bacmid-

UGT 1A1. The recombinant shuttling plasmid was used to
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reactions with His-tagged monoclonal antibodies. The optimal conditions for the target protein expression was screened, and

the metabolism of DON in vitro was studied from the aspects of enzymatic properties and kinetic parameters. In this study,

purified Bacmid-UGT 1A1 protein with good biological activities was obtained by technical methods such as gene clone and

expression, analysis of metabolites, which provided references for revealing the metabolic pathways, metabolites and key

regulatory factors of DON in the liver.
Key words:

cine liver

FLE R B RIS B AR ST, AR
FEREVEY = R IR A ™ ), 3K R4
FLPR T BTG Yeadh AR 7 it B T o o e PR AR
422 %7 78 & AN FE (il B 7= AR A5 3, B4R 3 B 2 0%
PR EIAB A0, BA EARR AN ST L,
st 2 B2 2R, B & R | K ik 3 &R ( Deoxyni-
valenol , DON ) Z57E 4 7= i BLAG Y Rge g Horp
DON 75 Y AN B i HARE & A6 H & A =
faEW A, R, K DON TEAE WAL AR
A A A2 AR o O 1 S B DR - X B ek A
0 T S A e A R AR SR e A
FREXL,

DON @Btk &4, ka5t =Urh 5 A 2
ANFRIE XA M o TE RN B DE A B A R Y R M AR
™, BT RE2E S, 55 DON BT 2 AR
VIR B9 &30, DON TE3) ) 1 18 59 15 v 2B
WA NE R4 2R DON(DOML) ' 7
LSS SRR, W PR O R A A T R R
(UGT) 4L i R 2 MRS FR 45 & I, & DON 7 JiF 1
WA Y T8R4 A DON Hi 2 MR 28 &
Y1), DON 544 b B3R Ikal & i A BEIE BRI , 257K
PER I 55, DT A A=y AL A B 25 5 A 3038 R
DON, UGT RN Z M, C AR LN, AN
A 19 # UGT W, U UGT 1A1 ,UGT 1A3 , UGT
2B7 Ml UGT 2B15 %5'°' %4 UGT 2B31 ,UGT 2B4 .
UGT 2A1 .UGT 1AB3 %5 4 Fh UGT W R, H W55 K
B, T UGT JER W RIAN[A] , B 252 AL W A i Fh 2k
FVERE Ty T A2, AN [R] 35 PR R AR AL b 1 638
WA R, DLELCT B i 25 90 | 35 2500 2000 I 45 S AH
W7 HFIEAE A DON B Efi 5 2 B, 3G R P 2
ks DON Ak ) 4 B IR 2585 ) S Wk UGT
s o (B S 7 /U 1= AR P 1 A NS 41
19938 3= % DR AR 40 M 1% 5%, 0 DON 2 )5 & B H
UGT 1A1 Fik &, JEF I, A9 il 58 0L 4o 5 R 44

deoxynivalenol ; glucuronic acid conjugate; uridine diphosphate glucuronosyltrans ferase (UGT) ; por-

% Bac-to-Bac B ik RG 5E G UGT 1A1
14 v [ e R0 A 2 R YR R - K T
(UPLC-MS/MS) """ 45 Hi A 43 A DON (147 2 bl ik
R Aok 7240 B R S BB O T e . ANF9E B EIR
RIGR N B R DON [ 00iRAs, 15 I8 I 1E 1 1%
fife g S T B, 0y I S AR 1) 4 T & DON 1= %50t 25
T PR e ] B O 37 58 28 4 4 1A 3 el 5 i BT
i

1 MRS

1.1 #R 5

DON Hriff it ) F 75 5 5 B F AR W) TR A FR
F); PCR 5 & BRI 9 DI AT DNA % 42 il 55 1
HEAEY TR (RE) A RA F s DMEM 5 57 3L F
il S5 ) S TR R R B A w5 4 2 B2 b5 %5 (His-
tag) PUARIG 3L F A48 T A9 TR ( i) B A R
A 5 TR B IRORN RS [T S0 45 | Trizol 1550 1 36 F K
AR A BRA ] s pFastBac™ 1 WL F-FEER KA
IRBHEZA ] 5 SO A0 i LT b Rl B sh 4% G
I 0B 5 A4 P E AR WG A B i

AHIEGE T A = 2SR AT - IR IR R 4,
W A R RE A A Rk A BRA A R 5 Aok
JETE, W A bl B A AR RS A ] R
FI B HLPKAN  PCR A3 A% B8 G ISR 22 1) Rl %€ Y il
P AR SR A A B 2 i () A R W) 5 20
KRR A PR R B A R B A I 3 B
B (D) A BR A AL e ARG e A 3R (HD
IER A A B W) 5 1 TR TR 2 AR AR VKA 1 A
AT (g ) bR 5 A FRA ] B Rl [
FEf—FER 2408 ( B ) AR A W45
1.2 5|4t ERERMNY

5 NCBI(EEE S AYHEARFERE L) EA
¥ UGT 1A1 )T A, it 56 WY, SR
FARAEOHTEERE IR AT 40 ML cDNA HEAT 3L R 3
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351 ¥ 5'-CATGTTGCTGGTGAACCAGAGCCAC-
CAGGGCTT-3' i3 Bam H 1 BYEEYI 5 ( FH
TR ) DL KA & ATG R IR % T TF51 4.
5'-CGCTAGTGGGTCTTGCTCTTGTGGCTCTTCT-3',
FEL SRS T HT I AESL 0l 6 LR 175 LA
K Hind B EFEI0; S TR Y], PCR A9 S84 1K
A 50 pl: EFHESIY45 2 pl,2 pl DNA BA,
Premix Primes STAR HS /&£ ELEFIA R 25 pl, i )5
H ddH, 0 #hFEF] 50 pl, P HGFEJF. 94 CIRHF S5
min;94 CHEHF 15 5,56 CARFE 35 5,72 CIEFF 1
min,%ﬁ 30 4?@%;72 CZEAH 8 min, 14 1% &
JEXT PCR P=Hy A TR DK, I F AR TAE W) TR ( i)
Rt A1 BRA RN, 75
1.3 E4H pFastBac-UGT 1A1 AR

1E 37 C &R, Bam H 1 K Hind I %} H Y
LR AR 3R AR R pFastBac 1 XUEGEY) 2 h, 7= ¥i8
i DNA eI, 2844 pFastBac | F B H YA
FBCE DNA S VE T 4 CiE ik, i fb sk
AN IM109, R EAZ N PUER LB EAR:
FREEHATIRIE , Peikar T AT RS i
T PCR Y (Jrikla 1.2) , /NEFRIRUTRL X BH M
IR TR S #E4T Bam H 1 1 Hind 10 3] %
PRS2 v DN VAN DS 1 T i A R
BB 4% A pFastBac-UGT 1A1,
1.4 EAFHRFRHA Bacmid-UGT 1Al HHERLETE

% Bac-to-Bac ik R4 B9 #E i A S W 3]
pFastBac-UGT 1Al ¥ A/ Z S 41 DHIO Bac, £
FEIR I 37 CHiFR 4 h BEIEFRMAT LU B, BEHGE
MY 2 AR BE TR RUR AT AE LB 5 R [y
Frir R B 10 pe/ml YRR EER (50 pg/ml iR AR
R T ny/miPIIHRER 40 pg/mliy IPTG (575 5-
B-D-FACE UM ) F1 200 pg/ml Y X-Gal ( 5-1R-4-
HA-3-M|W-B-D- LB ) | 1,37 CEIEIEFF 48 h,
PR BT 7 PRI 57, R B LB TR AR B IR AR
37 Cad i, HEHUHE 4 Bk Bacmids, 3 H 514
( MF: 5'-GTTTTCCCAGTCACGAC-3', MR: 5'-CAG-
GAAACAGCTATGAC-3") #417 PCR % HiE, 20.0 pl
FWAKZ :2xTag 10.0 pl, I FiiF5 1445 0.8 pl,0.5
wl Bacmids, ddH,0 7.9 pl, P HFEF . 94 CLEHFS
min;94 CHEHF 20 5,56 CIEFF 15 5,72 CHREES
min, P 30 Y 565 72 C 1M 5 min, MINAYEH
SEMR TR AT 44 0 Bacmid-UGT 1A1

1.5 EATRKSHIKE

AT & Cellfectin I Reagent 156845, 7
SO 4 it b F X6k B Az 4 W % Y Baemid-UGT 1A1,
[FIH i B e 520 S92 ML AR Ry BV X R 28 °C 15 5%
2972 h, 4 T S AR I R P ARAT AR R
B ARSEALAR, 3015 P2 A P3 AN AR B T
B, PRIGER YL DNA, 7 1.4 R 51991, 58
EAAFRIB IS E
1.6 EAEARMREREE

WT S 41 1 ml 1.0x10°, % P3 1L Bac-
mid-UGTIAI FAh T Hip 28 CEIFE £ 72.0 h, 4
80% 4 it B A5 B, S 4R A B, HBOE SR R, K
(300 r/min) &> 15 min, 43525 11 WA, W4
TUTELNAL , 7 8 1 A0 i 700 i) B R0 1 2 1 i 4
IR 2L AN, 3% 10° g B0 5, B R A2 B At i
—Baifb iR A, SeEE T A B Uk, $E G PVDE
(R M ) BS54 5% 1) B A 5 3 34 1A
1.0 h, —H BT His (1 : 2 500, FRBE)4 CiEdE
W, ZHUONFEPURBUA (L = 2 500, B ) 2 3G
7% 1.5 h, H DAB( & BB ) 150 & o, k)
FEIRER A HERRE
1.7 EAEBEHHFESHENERIT DON BB
1.7.1 EBEsh A FAKM T K% B BN E R
JFE %) DON %5 W8 A 38 g A3 il v 52 17%) o 260 il 2 11
B, 3 22 B K& D1 410 nm, 78 BEAR AL _E X}
25 14 Sf9 ZF R DON 1) S19 & H ¥k b 1 7 & ik
AT HE S, AR B 08 2 pmol/L, 5
pmol/L, 10 pmol/L, 20 pmol/L., 50 wmol/L. 100
pmol/L 200 wmol/L, H 41 filff it S e & 1 ¢/L, 37
CHMFA 5 min, IAJH 7K NADP/NADPH (38 )7 7
WG 1 /30 RV 1) SN, 24 h JS0 400 pl % —
FEHENBR DON 1) 2R B 2 1k N, T E 90 s
1#%7,6 000 r/min 0> 10 min, X FERE AR
W BE AL 100 Wl B E %, IRE 90 s IR A
13 000 r/min®.L> 15 min, B35 H 20 pl HE47TH8 =
R (5 - R 6 B3 40 B, 0 R R4 DON ) 36 4%
HEF DON-3-Glu A9 2E B, BN IR v B 1l 3 487 F
175, #% Lineweaver Burk XUEIECAE KR53 K
( FgAE 5 B e K SN R — 2 IR B ) FL v
(T %) F R B of B8 ), O AR 41 2 X 58 7 B o
(CL,): CL, =V, /K x100%,
1.7.2  LC-MS/MS 7 i # M 3% & & F DON #=



BBAESE H UGT 1A1 IR FURE | ik M T K ik 5 22 e S P e ik ) 1 1725

DON-3-GleA 2 M7 % : DON YL 15 5% S19 41 Jifg
24 h J5,2 000 o/min 2.0 U8 1.0 ml BIFWR T 1.5
ml Z0A B 400 wl B9 EWEROINA 1.2 ml ) H
VW, e 30 s i U A, VKIS B S 40 min JT
12 000 g &5.0> 10 min, B EVE W, & TR THLH
Jm 60 wl 1% R KR Z 3%, FIR T 4 °C (12 000
g B0 10 min, BBV, T 0.22 wm B UE, 75
EHLAT

g &4, (1) 3% A, XBridge BEH-C 4 #F
(100.0 mmx3.0 mm,2.5 wm) . (2)FishtH: A HH
HEE,B #H°8 5 mmol/LAFREEVE WL, (3) BBEEVEN
F2F.0~1.0 min, 10% A;1.0~6.5 min, 10% ~90%
A;6.5~6.7 min, 90%~ 10% A;6.7~8.0 min, 10%
A AR 2. 0 min, SGs 7 [E 4 10. 0 min, i
0. 4 ml/min; PEREE 3wl HEIR 40 €Y

FiE 2 R FHEL 55 H 2 ( Electron spray ion-
ization , ESI) 1F £ B A5 =[] B 4941 5 1F £ 25 1 mi 55
HLH ;5 500 V 14 500 V; ZfEHLE 96 Vi BF AHLE
8 Vit 12 V55 kiR . 500. 0 °C 5 55 fb Fifl
IR E g ], b 256N 10 342.14 Pa,
Wi Bh R 17 236.89 Paj filf 1 KR 4l A K
55 158.06 Pa;Mi% M ST :2.41x10° Pa; it £
S Wi ( Multiple reaction monitoring , MRM ) A5 X}
HARMEA A TR R R i R 1l 2
FhigE RIS S50
*1 RBEMEMEE-HEREORLESH

Table 1 Mass spectrometric parameters for deoxynivalenol and de-

oxynivalenol-3-glucoside

R BT FETR REEE REERE

ladch itk (m/z) ikt (m/z) (min) (eV)
DON 297 203 /175 3.70 28/28
DON-3-GlcA 471 175" /265 2.66 -40/-36

CERET,

2 ER 55T

2.1 %5 UGT 1A1 EEK) PCR # K F

25 1% N HEBE I FL UK 5 S8 PCR 973 71,
TEZI1 677 bp ZE A B B H B 1 &5 FIE UueT
IA1 R B R/ h—80m 55 (B 1)
2.2 pFastBac-UGT 1Al BIEE

2% PCR ZrHr I UK 25 5, Kl 4 291 677 bp

4500 bp

3000 bp

20000 1677b
p

1 BRE_BREEEBRBREBEIAI BEEFRNAPCR Y
WER
Fig.1 PCR amplification results of gene fragments of porcine

uridine diphosphate glucuronosyltrans ferase 141

() 1 SRS 45T s 2N VI Bam H T | Hind T XL
BV, B pk Zs R B 2 450, Hib 1 o dliik, 4
5200 bp, 7358 1 250 BIWARH, 291 677 bp, 5 Tl
GER 3, 45 (E2) R, HAREEE )55 1E 4
I EE T pFastBac-UGT 1A1 W HE4H Bk,

MK 1 2 3

2000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

1: BHI4HE PCR 74 ;2 pFastBac UGT 1A1 W] (Bam H 1 Al
HindIl) ;3 :pFastBac UGTIAI BURBAMGEIZ AL ; MK ; DL 2 000,
[ 2 pFastBac-UGT 1A1 HHEE
Fig.2 Identification of pFastBac-UGT 1A1

2.3 EAFHREF Bacmid-UGT 141 4T

K3 o, KA 1.4 19514, L Bacmid-UGT
IA1 {9 DNA WA 5E B PCR ¥4, §7 14 25 1 5 1
B85 R —3 75 K294 000 bp AYHL 7 S P01 4%
SPERY DNA Fr B,
24 EHRFTEERMKN

JEYY SI9 AL 72 b, WA TR, Ve R, AR
FEHAZHTRE T Ak, 58 B 15 L Uk T b S
PR - 3R TR I TE Fe 5 JE L WK ( SDS-PAGE) (&1 4) . %
JE S AT BRSO, 762 20040 HY B 1 4% S 455
(E'5), 5WK/h—3, JH UCT 1A1 i F%
T SfO B B4 Py Rk
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1~5;PCR /4 ; MK DL5000 plus DNA #RiC
3 EAHRAES Bacmid-UGT 1A1 K%E
Fig.3 Identification of recombinant baculovirus Bacmid-UGT

1A1

120 000
90 000
60 000
40 000

14 000

A VGBI SR FIET C ARTUTTE ; MK . 2 L BidARic .
4 IR ETRES -5 T M PR R A R ke i
Fig.4 Sodium dodecyl sulfate-polyacrylamide-gel electrophore-

sis detection

2.5 UGT 1A1 EREBHNZESE I

UGT 1A1 T AW sh 12550 % H Lineweaver-
Burk EAEE], 455 (18 6) %W, R[] DON ik B 4557
ZMF T, Lineweaver-Burk [ £¢ 5 R 4 (9 £k P ¢ &R
(R*=0.99) , VLEHIK 30 2514 F UGT 1A1 75 41 fifj %
DON 1 A 52 N A5 & oK TG J7 B2, 48 53 43 ol 45 3]
UGT 1A1 fifi%} DON Y K, = (2.71+0.29) pmol/L,
V. =(0.359 5£0.006 4) wmol/(min + mg) ,CL, =
0.132 7 L/(min * mg) ,
2.6 DON #1 DON-3-GlcA #J LC-MS/MS %4 7 45
ES

7 4 DON 4 UGT 1A1 £33 WA A A MRM
&l A W, DON F1 DON-3-GlcA 2 Fi) i (0, 15 1 I
At HL e 5 B2 v, HET DON 78 UGT 1A1 FIVEH

A B C MK Cul+

o 94000

& 8 — 72000

62200—> - - 55000
L, 13000

- — 34000

— 26 000
- — 17 000
- — 10 000

A LYW B AN LW C: AR UIHE ; MK 8 H AR T,
Ctrl+ : ZHZRPLAA Western blot BHH: X BA

5 E4 UGT 1A1 EH ) Western blotting % 7E

Fig.5 Identification of recombinant UGT 1A1 protein by West-

ern blotting

Tl L8 DON-3-GleA , &R K 45%
3 v

UGT JE&7E PN [ 0 J R A% JIEE 4 Ak T AR AR 8 3%
e, B B R WA IR S5 TN BB R IEIN
UGT 1A Fl UGT 2B W5 Ji% (%) B IR 78 4 1k A= W VE
FCEREYE 25 W 03 I T RS G . ik S 3=
FRALIR B 5 R 7 R AR (UDP) -3 25 0 1 1R
FR R 2T B 8, TR, tho T AL B SN i R 0
T B2 E RE AT A, 32 i R oA A 2 M 1 T
BT AR P — M v 9 A Qg X —
FLNE, 0 PN R W o ELT 25 2 T A 0 o i it
PRl FIBESE K B0 DON £ B AE Nk % UGT
Pk T AR g 42 & A i A A R 46 - i I
TR EHE RSN, BEACLEREAE A, 1T UGT £
KA 2 FEME RN R 2RI UGT WA
$& UGT 2B31 .UGT 2B4 .UGT 2A1 .UGT 1AB3 4 il ;i
ST T I DR A B i R AR AR VR A A
I AR RS AR ASBIFSEAE AT TAESLRE I
PER AL DON 7555 41 i b K 74 481 265 W 1 1 Ak 1)
UGT 1A FEEYRIFE

i 4R R AR T DA A S R g 3
RIS Ak B WL 5% 5 W, Bac-to-Bac #ik & 4t il %
4t 1) [m) Y5 2 4 AH bL R LSRRG b A L AR
AFEE TR EEA HEAES, 2R ERAE T
FAHE ARG 1Y pFastBac F A DH10Bac 8432 4 4
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1/3# % [umol/(min *+ mg)]

1 1 J
0 0.2 0.4 0.6

DONVEJE (umol/L)

DON:MKMFZE, A ACEHERSIEYIRIE KR sB:UGT 1A1 A AFCH DON 49 Lineweaver-Burk 4k .

Fig.6 Enzymatic kinetics of deoxynivalenol metabolism by UGT 1A1 recombinant enzyme
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DON ; FX - %5 % ; DON-3-GlcA ; DON-# 25 8RR . A : DON fLIFT 19 MRM (&3 ; B fL/5 DON F1 DON-3-GleA (1 FiE 22 [ v Wil (513
E7 DON #1 DON-3-GlcA £ UGT 1A1 R iEH Rt & I K7 M il 1L

Fig.7 Multiple reaction monitoring diagram of deoxynivalenol and deoxynivalenol-3-glucoside after UGT 1A1 metabolism

JL K 1 AN AT LA i 2 38 9 JBOR 38 i B G 40 i R T
R AFFRERE pFastbac 1 MYFF &R IBKF
B RSO E A AcMNPV B2 (PH) AT
PR T SRR R T AR 1R
KA BT IR EE A R 1 8 UGT 1AT B3,
WIS UGT 1A1 A ¥ H iR va e &
pFastbac 1 FRARIGEEZRAAK [, SR 5 4L pFastbac-UGT
IA1 itk % DH10bac /3235, il £ Bacmid (FFHL) ,
Sf9 4Hiffi 4% Bacmid %4 515 B A 0 B 0T 4RA5 K
=B REH, Anti-His Western blot #6 F1 5l K %%
Yo FRIBKM LR -8, BRI NEA T
UGT 1A1 #£H 33k, @i UPLC-MS/MS 4341 DON
R4 % B, DON FERE A i@ it UGT 1A1 Tif§
FIMEALAVE FHAC ISl DON-3-7i 2 WHIE 1R |, 2 7 1 -2
Jfirf DON i 5 W% 1 18 2 N G 58 UGT BN UGT
1A1 BAAEZAEH,

HTEREFRGRER S H L Pl
FIRE Sk, W5 A2 32 L T 1 3% TE LA P B PR R A 3l
AR R T R T LS A ERE L, AR A
B, DON FE5 40 A i oo T AR AR g 4% 2 A i 4
WHIEBR 5 A N B 5 UGT B3N & UGT 141, 5
Sy VF A BB 5 %) UGT 1A1 J R 45 ¥ b 47 98 2% 17
AP AR S R AR S AR AR O e R
Bh DON B35 500 & 58 R 8 1l B i 28 4
BERMESE

SE

(1] BTt R R, 5. A8 B b b B K T5 e Al
BERIEHIFE[ )], WA ,2023,64(1) :1-8.

[2] YAOY Z, MIAO L. The biological detoxification of deoxynivalenol ; a
review[ J]. Food Chem Toxicol ,2020,145;111649.

[3] PIERRON A, ALASSANE-KPEMBI I, OSWALD I P. Impact of

two mycotoxins deoxynivalenol and fumonisin on pig intestinal



1728

FAND N S| A=

2023 4 55 39 % 8

(5]

(6]

(7]

health[ J]. Porcine Health Manag,2016,2:21.

SUN Y, JIANG J, MU P Q, et al. Toxicokinetics and metabolism
of deoxynivalenol in animals and humans[ J]. Arch Toxicol 2022,
96(10) :2639-2654.

MAUL R, WARTH B, KANT J S, et al. Investigation of the he-
patic glucuronidation pattern of the fusarium mycotoxin deoxyni-
valeno in various species[ J]. Chem Res Toxicol,2012,25(12) .
2715-2717.

MACKENZIE P I, BOCK K W, BURCHELL B, et al. Nomenclature
update for the mammalian UDP glycosyliransferase (UGT) gene su-
perfamily[ J ]. Pharm Genom,2005,15( 10) :677-685.

GUILLEMETTE C, LEVESQUE E, HARVEY M, et al. UGT ge-
nomic diversity: beyond gene duplication[ J]. Drug Metab Rev,
2010,42(1) :24-44.

SCHWARTZ-ZIMMERMANN H, HAMETNER C, NAGL V, et
al. Glucuronidation of deoxynivalenol ( DON) by different animal
species: identification of iso-DON glucuronides and iso-deepoxy-
DON glucuronides as novel DON metabolites in pigs, rats, mice,
and cows|[ J]. Arch Toxicol ,2017,91(12) ;3857-3872.

LU B J, TANG Q, WANG Q Y, et al. Recovery infectious entero-
virus 71 by Bac-to-Bac expression system in vitro and in vivo[ J |.
Front Microbiol ,2022,13.825111.

LATTANZIO V M, SOLFRIZZO M, DE GIROLAMO A, et al.

LC-MS/MS characterization of the urinary excretion profile of the

[12]

[14]

[15]

[17]

[18]

mycotoxin deoxynivalenol in human and rat[ J]. J Chromatogr B,
2011,879.707-715.
FAN K, XU J J, JIANG K Q, et al. Determination of multiple my-
cotoxins in paired plasma and urine samples to assess human expo-
sure in Nanjing, China[]J]. Environmental Pollution,2019,248.
865-873.
ROWLAND A, MINERS J O, MACKENZIE P I. The UDP-glucu-
ronosyltransferases; their role in drug metabolism and detoxifica-
tion[ J]. Int J Biochem Cell Biol,2013,45(6) :1121-1132.
BARBIER O, TROTTIER J, KAEDING J, et al. Lipid-activated
transcription factors control hile acid glucuronidation[ J]. Mol Cell-
bio Chem,2009,326(1) :3-8.
GALL W E, ZAWADA G, MOJARRABI B, et al. Differential glucu-
ronidation of bile acids, androgens and estrogens by human UGT1A3
and 2B7[J]. J Steroid Biochem Mol Biol,1999,70(1/2/3) :101-108.
ZENG W, LIU X, WU Y, et al. Dysregulated hepatic UDP-glucu-
ronosyltransferases and flavonoids glucuronidation in experimental
colitis[ J]. Frontiers in Pharmacology,2022,13:1053610.
FEDCHIL, W R B PR TR A I R e B A AT D55
TP FH B 3 Sy 4 BRI [ 7). A 5 35 A L2, 2022, 20
(1):36-42.
VAN OERS M M, PIJLMAN G P, VLAK J M. Thirty years of bac-
ulovirus-insect cell protein expression; from dark horse to main-
stream technology[ J]. J Gen Virol,2015,96( 1) :6-23.
(TTAE G 8 TR i

%)





