7 B 2K 00 M Tl R DAL A B 2 A IR P R R S N
SEEHE AR ORVEFE oot A 0L
G RHCR AR B Be s 5B 471023)

BB AR BT S S R R (ADTZ) RS S ZE AT B P R IA S5 .
G0 I A A B S FUAT B ADTZ BRI [ B & RIA HUM, 4 ADTZ B[R B & 37 25 YA, B 2f
B (B.subtilis LN) W, 383 - be b A BB 5 P A Tt e i FiLk (SDS-PAGE) A2
W ADTZ R RIEAE D o I RIS, K o RS B 2 R B840 D R I B e i 21k %5
TR AT AR e, R R B S OKRE A b B i B R Bu(AFB) & B AL, AR ADTZ
e PRI A B 2F AT T Th I R IARBUR . 45 SRR, I8 @R S RS BRI ADTZ He R %
A BIRGESE AAT LR 4L, 7E SDS-PAGE _E A% I ) 25 211Kk 20 2 FRFT 14 RE % 40 W A 5 57t
VEER (146 . 20t B4 R R I R 85 5K AFB 18 B R B2 R R o I 2 AR 5 28 AT 1
R R LK AFB NS EERESE (P<0.05). HILAT W, ADTZ H:H 0] i Ih# 4 28
AR B ZEIAT B b, JRREAT T A M RIE , B B AR, B AUt B AFB.
O SRR REE, JERIE A, MR, R

hErES: S816 WEREREM: A EET:

WM # & (aflatoxin, AF) 2 —RUFEEEMBOIEY, FEBEME (spergillus
flavus) ZFHEMEE (Aspergillus parasiticus) %5 FL B £V A B IRGACHTF= WA, & i
B, HATRZIN B . BUE . BURARME B, #5520l (aflatoxin detoxification
enzyme, ADTZ) J&RF5 10 AR50 8 75 3R AOWEMEITL, 47 KA A e Bae e 24 it 2 95 R 110
TERET 2 RE, BRI ADTZ TS &K, WEPEZE, IRMEMNERAF KES BT, FIH
T AR TR AN ADTZ B M v B - AEAR R F by &1k, L& ADTZ 1
FERRIEE, R B R RS YR A BRI R B ME . ADTZ B H 5 T E A i
W (Armillariellatabescens ), F2IE 7N BT ML N BEEY,  HA B R IR o H 7575
RINBETT, N—TEBEMEER T A, 75K IHAT BRI BE S vh 35 Re R ik th s MR 3 R 1,
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(ETE B ) i A TR RS 8 2 0T 1 v (0 2RI I TE R 2 il 2 AT T R R G0 SR A AR rh B
LMRIERG, H&CBMMWFRENH, $) 2T LR, 2 2P 3
TR PR PR AN IR AE 030 AHIE T8 I A AL 0 A B 2 AT B SRR A A v B 11
ADTZ B[R, W% ADTZ F:RIRG B 5 O RT o R0 A 00 a4, I A 80k 5 2 A0 A 1 5 PR 4
BTG R, Rl R BRI I UE O B I R R N B AR A T, B AR SR B B R R
AR G P SR AN Sk ) JE B AR SR R B A

1 MRS T

L1 RER

1.1.1 kL. @APAIE
AR BT AP BE B AE R 1 fro,  Hodp 519 e B AE T AR A TR A & A .

® 1 AW T VI R RRAE

Table 1 Biological materials and characteristics used in this experiment

WiH Items Z X Names $F{E Characters

Pm-ADTZ ARG T WIS ADTZ 3E1A (2 088 bp)

JikL Plasmid PGEM-Kmpgmt — ASSZEG S M, Al P (R 5 G Rk 4R
PTMiM:-ADTZ  ARIGHIE, & ADTZ HE DK (R B 2F AT o 2 A ik
E.coli DH50, ARSI B ARAE, KT B e B 1

P Strain  B.subtilis LN AR S 5 i [ ZRUE P A A
B.subtilis ADTZ — AiRIGAEE, ik ADTZ FEH, I FIAE R % 1 Fl
ADTZ Eif: 5-ATGGCCACCACAACTGTC-3'

514 Primer
ADTZ FiE: 5-TCACAATCGTCTCTCAATG-3'

112 EZHEGH
TG [ Marker (MP203). 4B 2 [K 40 DNA $#2H5UAF & (DP302). 1kb DNA
Ladder (MD111), M F b RIR AR IR A7 5 AFFH G ) marker (SM0431).
DNA marker (SM0331), T 8B K /RBHE (D AIRA ] REEN VIR Sacll |
BamH 1, W4T E Promega AF]; HWEF (L8120), WAL FI3EE (Solarbio) 4
PR R AR 35 M 8735 K Bi(AFB B S WM E  (ELISAD Rrillikgr, T
bR te e ZRAEMEARGIRAT; LR (L-Trp). KEEEE A BlekEaln, %
T P R A R A A
1.2 RRWGE



1.2.1  ADTZ BERBEG HAR R g
X7 5K PGEM-Kmpgmt A1Jii ¥ Pm-ADTZ 535l FH Sac 1l < BamH 1 #EA7XEG V), HERKHE

KIS, FH Ta DNA 325 16 ‘CiEHE 12 he BEETZWHEAASI KB E (E.coli DH5a) &
AN, PREUBH M v b R TR AEARIS B A (LB) 5 373E By REEF%, IRBUFRL,
Xof B AH TORIEEAT Sacll < BamH 1 BEVI %€ f5, M. 8 B4 5 R iy 44 N PTM M,-ADTZ .

1.2.2 BFAERINSEZEATE (B.subtilis LN) &S24 B 4%
¥ A= B subtilis LN 852 25 1) 2% Z M8 SCHR[16 117547 1) 45 .

1.2.3  HE4 B B.subtilis ADTZ [FIH %
B B A= B subtilis LN B2 254010 500 pL, A0 10 pg ) PTMiM2-ADTZ kiR 5],

37 ‘C. 200 r/min %15 % 60 min, JIA 500 pL () LB AR 783, 37 ‘C. 200 r/min 577
30 min fFEAE IR, B 100 pL BRI SIRAG T & LB BlfARE R E: I, 37 CIEIRIEFRAE T {8
BEHiFE 14~16 ho MEEFAERY Bsubtilis LN WA, A2 REEFATHIERN . PR
PRI EAE R, BEATYORIE IR, SRIAR A SE R, DIORPR R 51 EiR, FIH PCR
BORBATREI, $55H ADTZ WIS 25 fUFT B BH I B e AF B.subtilis ADTZ.

124 HHE B.subtilis ADTZ R -+ b B 98 58 9 I B iZBE i B Uk (SDS-PAGE) o

M|
¥ 5 2H B B.subtilis ADTZ & Wi 4% 1:50 L5328 F 50 mL i) LB B3 373+, 37 “C 1220 r/min

B 7229 18 hy LABFAERY Bosubtilis LN AXT AL . BERICHE B0 5 min, 20 B FIEHRAE
o FTEART N 5 mL (VA R, F RS EORT ] ORI, 37 CHEFE 30 min JEEUE,
Y A5V FE R 75 0 BRSO R 10 mine 43 B BX B.subtilis ADTZ W & BARBEFERE & DA
KRR BIE . RARVTIERES,, HE4T SDS-PAGE &S HLVK, WEZI0 4,
1.2.5 BB R F KA R

500 g oA BORIIKBK & & 20%, i (25 °C) IMEREE FH 0 ERME B O5E
BRI RETK, BiZEKAE 65 CHRMA N Wi, RREGHSENEL AFB, & &
N 63 pg/kg, HSIFRBUR T KM 9 4y, &6 50 g, 405 E T 500 mL MHER RS, A
450 mL FIZETRK, 121 ‘CKW 20 min J&, K 9 MERKBENL 8 3 4, /3,
5 1 HANAG 2 4, 73 0HF 50 mL K LB WUikRE IR 4R BP AR Bsubtilis LN B O T
Hy2: I 58 35 W BN 5.0x10° CFU/mL ) B.subtilis ADTZ B i B 1 B0 52 % B 30h
4.5x10°CFU/mL) EMF bk E T K, 35 ‘ClEERE 200 r/min & EEE;7E 48 h, 413 A&

5o R EE UK IR il 7 M 5 B 3 ELISA AN A G e B br A BRI AFB) (K5 &, JF



TR R R
1.3 #Egiit

I H 8T SPSS 11.5 #AT HF R J7 Z 70 M (one-way ANOVA), Hdli Bk F P11
LHAEIR RN, P<0.05 BnEREE.
2 BR55T
2.1 BHBAK PTMIM2-ADTZ HI50H Je 458

XF S I B HE 5 R PTMuM2-ADTZ BEATRLIN, KA Sacll . BamH 1 X% 5E, 45 R
WmE 1 s BEVIE, o 2 BEA/NA AN 2000 bp £47, 5 ADTZ BRI K/N—8G H—Bk
/IR 6 000 bp 547, 5k PGEM-Kmpgmt %k 4436 73 K /N —2.

M1 2y 1 kb marker, B 343109 10, 9. 84 7+ 6+ 5+ 4. 3. 2, 1 kb; M2 24y DL2000 marker,
i EF 42554 2 0004 1000 750 500+ 250+ 100 bp; ¥KiE 1. 2 3 554 PTMM»-ADTZ
IR T) 45 7
M1 is 1 kb marker, from up to bottom are 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 kb, respectively; M2 is
DL2000 marker, from up to bottom are 2 000, 1 000, 750, 500, 250, 100 bp, respectively; lanes 1,
2 and 3 are double enzyme digestion identification of PTM1M2-ADTZ, respectively.
Bl 1 RG34 PTMIMa-ADTZ (¥ XU D) L vk &
Fig.1 Double digestion digestion electrophoresis pattern of integrated vector PTM1M2-ADTZ

2.2 HEAW Bsubtilis ADTZ [RBTVE B A& M 22 RGO E

XA B AL Bsubtilis ADTZ (T T BEATOLSE, 45 R VT T AR RS 20 B
o, WEATE, PEREETH, AR, SHE ST EEEES -8 WK
2-A. B EZRGE, B NERS R, £ 1600 TS, BRRERG, AT

W, BEA (K 2-C), FEFAR Bsubrilis LN B0E: T HIESHEG (K 2-B).

B
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A N B.subtilis ADTZ W4 %45 : B N B.subtilis LN Y48 C Jy B.subtilis ADTZ Y44,
A is B.subtilis ADTZ colony morphology; B is Gram staining result of B.subtilis LN; C is
Gram staining result of B.subtilis ADTZ.
K2 BRI ERESME R s R
Fig.2 Colony morphology and Gram staining results of recombinant bacteria

2.3 HEHE B.subtilis ADTZ B4 45 B A I
R E 4 B B.subtilis ADTZ ) aFE K4, PA4FE R4 NN, ADTZ 3R E s

18 (R o K BREEAN 1 5 SR S MW R AR el IR o ARSI 5 S A ] 3 R, Horhikal 4.
5. 6 NEHW B.subtilis ADTZ 2H: R HLIKEE R, KR I S A L R 2 ey, R
PREUE LA B.subtilis ADTZ 5K KB 1. 2. 3 5N EATE B.subtilis ADTZ 1) 4
PCR 455, ¥ HH KM BER/NA 2000 bp A4, 5 ADTZ F:H A BOR/N (2088 bp) #H
—8, VIBWAE ADTZ JE R B4 2 E A B.subtilis ADTZ SERYLF . K PCR ¥ 38 =43t 4T
FEHIME, WE KRS ADTZ B2 75 56 4 — 5. YiH] ADTZ B [K 56 4 % 5 31| 8 A4 Al

B.subtilis LN 3£ [R 20, pishiyad 7 EH W B.subtilis ADTZ.

M 1 2 3 4 5 6

10000 bp
8000 bp

7000 bp
6000 bp

2000 B

3000 bp
2000 bp

1000 bp

M N 1 kb Marker (MD111); ¥Ki& 1~3 SN B.subtilis ADTZ HIE: N4 H fIE R PCR 4 #4451



chinaXiv:201812.00420v1

ChinaXivOd I O O

HVK Bl VKiE 4~6 Jy B.subtilis ADTZ A HE R 20 Ha pk &1
M is DNA Marker (MD111); lanes 1 to 3 are target gene PCR product electrophoresis of B.subtilis
ADTZ; lanes 4 to 6 are electrophoresis of B. subtilis ADTZ whole genome.
K3 EZHE B.subtilis ADTZ AR K H B EE P fL ik &
Fig.3 Electrophoresis result of whole genome and target gene of recombined B.subtilis ADTZ

2.4 FEEHH B.subtilis ADTZ B[R #ik 45 51
Xt E A B.subtilis ADTZ BEATRRIRREF%,  USCER BRVBURN B A, %o o A it 47 B e J5 R0 B A

® B.subtilis LN 3£4T SDS-PAGE HLyKK I, 45 R4l 4 o, (EEAWE B.subtilis ADTZ |
BRI T 29 70 ka WA %A, 5 ADTZ FER IR IE =P RN —8 T AEE 45 B.subtilis
LN (R BEORE il A I XA RN R 5% I 7E BT B.subtilis ADTZ B 1A O BRI
B P A R VB R B AT o IF A R R EE AT T R A i RO R . AR
SDS-PAGE HLIKATIIZE SR, W10 € ADTZ B[R AE E W B.subtilis ADTZ ik, Fikr=¥)
Gy W BRI

UKI& 1~3 N B.subtilis ADTZ KW L5, VKi& 4 NEF AR B.subtilis LN K LI, M
N Protein Marker (FH R3] R4 1164 66, 45, 35, 25, 18. 14 ku), ki 54 B.subtilis
ADTZ i BB AR o

Lanes 1 to 3 are fermentation supernatant of B.subtilis ADTZ, lane 4 is fermentation
supernatant of B.subtilis LN, M is Protein Marker (from top to bottom are 116, 66, 45, 35, 25, 18,

and 14 ku, respectively), lane 5 is bacteria body protein of B.subtilis ADTZ



4  HUHW B.subtilis ADTZ K SDS-PAGE
Fig.4 The SDS-PAGE picture of recombined B.subtilis ADTZ fermentation broth

2.5 HEMHE Bsubtilis ADTZ %t K % KKk AFB) (%R

Fz A7) G P S SRR R T 0 10 % i BEAT AL B, AR AR I 45 AL3d T ELISA 43 #r K
oM BB RS, W 2 Fom. AWRIATLLE W, Gl I A P R e R 2 KR it e 1
AFB, & &A%, FE AR B.subtilis ADTZ W R KBRS | 40 AFB) & & % E KT Hifth 2
1 (P<0.05), AFB; B EEm T35 2 41 (P<0.05). FEFAERY Bsubtilis LN B K
o BERE MR — 455> AFB1, {H5 B 41 B.subtilis ADTZ R I#HIEL AFB, & &A1 AFB, FfR 5 172

FEZE (P<0.05).

%2 HEAW Bsubtilis ADTZ 4 K% KK AFB (1141
Table 2 Degradation of AFB; in moldy corn by recombined B.subtilis ADTZ

i H AFB, & & AFB B fif
Items Content of AFBi/(ug/kg) Degradation rate of AFB1/%
MHRA (CREFEA 60.75+0.43¢

Control group (moldy corn)

WK% 1 4H (Bsubtilis ADTZ KB 19.20+0.322 68.40+0.382
Experimental group 1 (B.subtilis ADTZ

fermentation)

W 2 A Bsubtilis LN K D 55.00+0.65° 9.47+0.57°
Experimental group 2 (B.subtilis LN

fermentation)

F S B AR A NG FREROR Z R ¥ (P<0.05).
In the same column, values with different small letter superscripts mean significant difference
(P<0.05).
300w
3.1 ADTZ BERAEAFETE EhHIRIA

ADTZ 3L F Sk U5 T B0 B 1B 25 30 18 (Armillariellatabescens), CF 18 ADTZ %R 5 344
pMAL-c2x HZ, SAFI KT H# BL21 (DE3) 40 b SBT3 il 55 75 278 KIAF i v
SFURRL GRS, R SRR AU, S R e I BRI T — BT AFB) B AL RE

% it 5 R4S (aflatoxin-oxidase, AFOQ) 171, #t—HI03F T ADTZ FE R 156 84, {#



ADTZ KR G % 16 FURZ 20 i Y2 7l % BF 3 o R A7 F IR0 . AR e e ol 40 8 5 R B Al
ADTZ JERES)Y) i A DA 28 P 18 ThodbAT T 3Rk, TEXSZh kit Ab 2 b 58 BT AT 4.
3.2 RhECZFIAT BRI RA ML

AR I A 0 2351 EFF AL Bosubtilis LNUS), 5 W FA 2 (K37 i 265 4) B8 Rk 452,
BEAT T VRIS 5E, ARSI e AR VR N o BFAERY Bosubrilis LN /E R —Fhas A2 14,
AN R, AR BT, T S TE RO SR TR E RS,
A ZE AT BT T K /U DR 2 (R B U, 3 o R ) - WA T L A WA B A, AL T
R RRIE RGNREE Ak R O RE, EF S B AREiEd SDS-PAGE il
RILEE B.subtilis ADTZ B AH R IEE A%, H5CHRIRIER ADTZ HE %K
N B200, i E X B BT AR AL Bsubtilis LN AR A RF it o R R DURE S 2R 1 20, D0 AR S0
SERAE O AT B B AN S0 B R o IXAMRAVE A R T AL RIS, A 80>
IR, itk TR0 20, WA FI T ADTZ RAMNERE. 5EEEWERERGHL,
R R B LG R AR AT o R R L . TC B I B T A o 2R P AR AR AR A
[22]
3.3 Bfrve ih B R R AR G

K] P &1 0of B fige o 1t 2 2 3 (R S A ) A B T AR 2098 Doyle S5V BI, #5 AR ith B AR AR
K 14hJG, BELRerA—FAid S G REfE AFB., =) 3k i 55 5 B (AFB2) )
WTEA S —FOKEERTEY, 22T IZ K T AFB). Motomura 25124 )\ F-%5 b 43 B9 3k
BEEAKANLA 90 ku (MM th & 2 2= 08, wd5Ob & EMINE, R FPEEZ M
5 P T P P S DA — b LA Il o 7 T35 S50 A B 2 AT T R AT B s i B i R B
WETE PUBEMERBUSTERIRT AL, AREW], KR IS T R RS TRy, R RS
VR BREAT INFARI 2R TG K AR AR FR S, ARl R B B BRAR, R AR 2R 45 IS P ot
T WA — b LA o il 5 PR I A SR R B2 R TR R BN AFB A Y 1) B i 2 1 )
70%~80%!2028 ., AR I R R B ERAE N REXT B, R R 5 BAEAE T N A
IRKIX . ELE B.subtilis ADTZ 587 ERY B.subtilis LN %} i5 55 85 26 MEIER, (H2
S5 o IXUCYIRG B AT B R PR B I R R AR Y, (R B R AN R A BUR
ZE o A I PR AR A 2 0 S R R v A T e B ot B R R R
4 4 %

ADTZ 3N Al o4 4 B 7 £ R Bsubtilis LN vh, FEHHT 1IN R L, FikF=Y A
AEYNETE, BEA BOBIEME AFB .
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Expression and Application of Aflatoxin Detoxification Enzyme Gene in Bacillus subtilis
SHI Dunsheng NIE Libo SONG Yangyang LI Yuanxiao LI Wang"
(College of Animal Science and Technology, Henan University of Science and Technology,
Luoyang 471023, China)

Abstract: This experiment was conducted to study the expression and application of aflatoxin
detoxification enzyme (ADTZ) gene in Bacillus subtilis (B.subtilis) . The ADTZ gene was
transformed into wild-type B.subtilis LN genome by constructing an integrated vector of B.subtilis.
The expression of ADTZ protein was detected by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) . And the recombinant B.subtilis were inoculated in moldy corn as
fermentation strains for the fermentation experiment, and the content of aflatoxin Bi (AFB) in
moldy corn samples was detected to validate the expression effect of ADTZ gene in B.subtilis. The
results showed that the ADTZ gene was successively integrated into wild type B.subtilis genome
by constructing integrative expression vector. The recombined B.subtilis could secrete the specific
protein and it was detected by SDS-PAGE. The content of AFB; in the fermented moldy corn of
recombined B.subtilis had significant difference with the fermented moldy corn of uninoculated
and wild type B.subtilis LN (P<<0.05) . It showed that the ADTZ gene is successfully integrated
into wild type B.subtilis LN and expressed in extracellular. The expressed product has biological
activity, and can degrade AFB; effectively.

Key words: aflatoxin decomposition enzyme; gene recombination; Bacillus subtilis; fermentation
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