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Abstract The aim was to isolate Bacillus sp. with degrading effect on aflatoxin B,( AFB,) from samples
of different sources, so as to provide a theoretical basis for the exploitation and utilization of Bacillus. strains
degrading AFB,. The intestinal contents and anal swabs of chickens and soil samples were collected. After en-
richment, the suspected Bacillus colonies were selected through culture using MYP and primary screening me-

dium, and then the strains with degrading effect on AFB, were selected by analyzing the degradation rate of
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AFB, and identified the bacterial genus and species by 16S rRNA sequencing. The selected Bacillus strains

were tested for hemolysis, antibiotic sensitivity, growth curve, acid and bile salt resistance. The results showed

that a total of 20 Bacillus strains degrading AFB, were selected. Combined with the results of bacterial sequen-

cing and hemolysis test, three B. licheniformis strains (S51, S48, S8-2) with high degradation rate were se-

lected for further tests. The results showed that the three B. licheniformis strains were sensitive to multiple anti-

biotics ; among which, S51 had the highest growth rate, the largest concentration of bacterial fluid, and was

more tolerant to both acid and bile salt than the other two strains. Overall, one B. licheniformis strain with bet-

ter degrading effect on AFB, was selected for its good safety and tolerance, which was expected to be applied

as a microecological agent in the degradation process of AFB,.
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LIl #&®RR NFREHETSREANFH
WAAE XS 1 I N S P AT A AR AR 3L 20 435 AL
Tr AR L R4 HERE L 10 17,

112 £&XA Wi g4 (NH,), S0, 5.0
g, KH,PO, 2.5 g,MgSO, 1.0 g, Na, HPO, - 12H, 0
0.5 g,CaCl, 0.1 g, Bifig 15 ¢, 7&K 1 L,pH {H 7,
121 C KB 15 min, AT 3 BR B 007 5 K )
%1 g/L, LB R MYP 535385 MH BRAS5
S WA E BB EAYEARGRAR, 1R
B W B AYLHAE R A FRA ], AFB, AR
WERL, W FERMENTEK, AFB, ELISA i 7] &,
W e TR A R A R A R, DNA 42 Bt
& W [ RARA AR A R AR, KT
R HHR MRS 12 P2yt A, 0 A b
AR AR AR, FEE, WA Macklin, %
MRS W [ AL RS E R A RA T,

1.2 PEBHERAIIFIE

1.2.1 @0  BERERNM NGB LA E T
50 mL [y LB MARIG SR E 4R35 55 24 h g H
Je W DA YRR JC KB AR R 2R 1071 1077 . 107°, Rl
REEFET MYP BIRE;FR3E 37 CRIEE I 24 h,
FHAEEAE 2 R, Alifb)E AN Y )5 TR 4y
TR, BEIUBEALL 27 AT P 1Y) B bk 4k 22 40 2 35 7
T AT DRI 5G5S B A 0 5 57
AR RIFWANTE R S 60% M Hl 1:1RA,
-80 C¥Aft.
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1.2.2 A BEBCRATEEEMLE 5 mL LB )
KRG FREL 37 °C 180 t/min 3555 24 h, W W%
W8 59% 1Y He RN 7E 50 mL LB AR 32 3L b itk 47
KIE,37 C 160 r/min 557 48 h, IR HIG,
Bt 980 wL K EEW 5 20 pL AFB, f3 i &
(5 pg/mL) 1B &, ffi AFB, 1Y & &% 5 100
ng/mL,37 °C 150 r/min BOEHFE 72 h, LIAE
PRI LB 55230 A 20 pl () AFB, BRiUfESHAE
REEAXE, BEE L H,4 000 r/min IR0 5
min , W35, (1] AFB, ELISA 327 &6 14
WEE S AFB, & &, BAHEKER 3 K,
AFB FEf# % (%) = (X HRZ] AFB, &% & -4 4l
AFB, & &) /%84 AFB, & & x100,
1.3 THE#k 16S {RNA EEFFIEE

FIFH DNA 2 B 7] & 4 oy 125 B bk 10 58 B
ZH DNA, >R JH 40 % 16S rRNA 3@ JH 51 % (27F/
1492R) X3 BS B #k ) DNA #E47 PCR ¥73% . PCR
SR Z (20 L) : DNA BERR 1 pL, 5149 27F,
1492R 4% 0.4 uL,2x Tag PCR StarMix 10 pL,
ddH,0 8.2 uL, PCR J I 4494 °C FiAs % 2
min; 94 C7EME 30 5,60 °CiE k 30 s,72 °C FEfH 2
min, 25 PMEH;72 CIEH 10 min, PCR “¥ 4
1.5% B AR EE I L VK IR S5, 26 AR TR R SE
JBE0Y A BR 2 w1, 0 435 SR A BLAST $E47)%
H1 LEXT
1.4 BEHREEST
1.4.1 bk POPCREY, BT 5 mL LB
WSS 37 °C (170 v/min FREEFE . K HE K
RILEF M A b, 37 °CRIE R 5% 24 h, WS %
JE LA B IR
1.4.2  HHGRE  HIETE LB Pk L PRECEAIAT
B EEFP T LB MR B 52 )37 C SR, H
TR /KR R4 G 0.5 BB, K
R T L DR RV, FA A0 U A T MH B R P-4, = Ui
I 5 min, FHJCHR 84 25 B Wi 7E I A A
R EY MH 3R AR _FIFdrprRic 37 |C 157 24
h S5 AR = RO 40 P P AR AR T AR R A
JEMEPPN BRI (3R 1) FE S
143 mEAREE BAEL R 5% LM%
T LB WA B 3R 2P, 37 °C L 180 /min 55 5%
72 h, 12 h FEEARSCRI B R AE B4 630 nm 4
P S B, D% 55 B[] A A Al B, W 6 BE SR 90 Ak

b, 2 A A R

R 1 HARFREITNIRE

I T
M25(R)  hEHUR(D)  BUR(S)

HEEG 10U <26 27~28 =29
TR P bR 1 pg <10 >10~<13 =13
KAREBEZ 10 pg <12 >12~<15 =15
UIEZS 3 30 pg <14 >14~<19 =19
ZVHHER 30 pg <12 >12~<16 =16
PR 15 pe <13 >13~<18 =18
TG R 30 pg — — =15
AR 2 pg <15 >15~<19 =19
HERIE  5Sug <10 >10~<16 =16
FltEF 5 pg <16 >16~ <20 =20
AHE 30 ug <12 >12~<18 =18
HWHRVE  Spg <15 >15~<21 =21

1.4.4 A ERE IR K 0.5 mL 4
BRI WIBER T pH {2 1.0.2.0.3.0 4.0 1)
4.5 mL O LB AR F A 37 C 33 h, L)
FRALEE O h 1) LB 3G FRHAE XTI, B 100 pL
W10 5 RIS, 18 3 ANH BE BT A it 4L, 37 C
TEIRIE SR 24 h 5 IHEOE WG, IR A I E A
TR, A FE (%) = MRAE 3 h B35 W 5K
(cfu/mL) /FRALFE O h (995 B4 ( cfu/mL) X100,

it AR ER X5 . PR TR VR A T LB W AR B
FHEIFE TFEIEF 37 C 180 r/min 3 15 55,
0.5 mL WA R T 4.5 mL % 0.1%,
0.2% .0.3% I ER 1Y LB AR5 Fe 5k rh 37 °C (180
v/min}i % 3 h, DUHERALEE 0 h (9 LB #8557
SRR BB RGE B RE TR,
TR, AR (%) = MR ALBE 3 h /976 TR 5K
(cfu/mL)/fHE AL R O h A9 35 7 5L (cfu/mL) x
100,
1.5 S51 B#RBEREFHE

B 10 mL B K S51 ZBEW, 4 °C . 10 000
v/minf0 10 min, 78BS LIEWAM R, HEIR
FHTCTR 25K PEv& (8.0, R 3 IRIGINA 10 mL
TC 7Kl 2 i S51 BB, % b ikl
10 mL PR, Bl 5 IR 75 B 8 20 min, JE A
TEHI AN, #F S51 I BRI Ny
HANA AFB,,37 CHFHE 72 h J& , K45 41 AFB,
1.6 HIERESHH

I %8 F Microsoft Excel {1505 #4701
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A H GraphPad Prism 6.02 AT One — way Bl SRR SR i s R Rl A A
ANOVA SHHF FIFEREL. Yo MU S T P S 2 0 PR 1 2 22 [
BPER (I 1) W15 A 27 Bk h 2T
prE e
2 BRSO BT LA AFB ML KSR £ 5 4T
21 RN 0 2RI T [/ K RLAF T 7 1 20
D01 Anfi FUHMYP MBI 73 AL HRTRERT AFB, LA Ve R4

Bl MAOFATEEEES(A)REZREEHERE(1000x) (B),

2.1.2 A0 HTHEEREME S AFB LREE KBI FEATEA 1 RR(E2),
ANBEXT AFB, BURRMRR . S50 (K 2) BoR FER
TE 50% LA b B A 4 tk, 53 % 8 B bk S51, 548,
S8-2.S45, XF AFB, Y % fift % 4 51 4 61.03%
58.80% .53.18% .52.58% .,
2.2 THE# 16S tfRNA EEFIILE

2% BLAST HEXT, 31X 20 R Y0 ZEFAT B, H
WA ZE BT A 10 BR A FZETRAT R A 2 B,
SEREZEAUAT IR 3 bR, DUSIEHT 250 17 /N2 960

B R B2 AFB BBEKEHER
VB BRI AT 2 4 AT B (8 B R o

%2 16S rRNA MFEZER

RS A S Wbk MBI/ %  GenBank 55
_ — i B2 SR T
D23-2 W Bacillus subtilis SRCM 125727 100.00 CP116773.1
o "
_ e FRE 2 FLAF A
Ti-1 % Bacillus cereus ARCHA-01 9940 MH507250.1
i /ISR TR
T1-2 3% Bacillus pumilus BPR1 99.93 MF000303.1
" AR LT
_ 13 Lk
T2-1 45 Bacillus mycoides 1ZH-X41 99.79 KY049894.1
- " P 5 AU
N2-6-2 % Bacillus thuringiensis AN4 100.00 00566219.1
- A ZERAT 1R
— 13
N2=2 LB Bacillus subtilis NRS6160 99-49 0X419554.1
B e g e
_ i HRE S IAT IR
22-1 T Bacillus cereus BXC19 100.00 MN227494.1
- ) g A N~
75-1 14 ik il 99.93 MG780243.1

Bacillus pseudomycoides AB—CSL9
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WtkgR T SRR E LS AR/ %  GenBank Z 5
WK EE
S2-2 XA T AT 100.00 MT534569.1
Bacillus licheniformis NB45
[P —
S4-2 AT T el 100.00 AY842871.1
Bacillus licheniformis CICC10181
[P
85-2 AN LA 100.00 MT368012.1
Bacillus licheniformis YWO1-12
Hi A ZE AT T
S8-2 XA F 8 99.93 KU922431.1
Bacillus licheniformis K3
SR
S545 AT T R 99.93 MT240918.1
Bacillus subtilis DE-7
U R ZE AT TR
S15 WAL T " 100.00 KF835391.1
Bacillus cereus BC—2
A ST
S36 XA T AT 100.00 MT078630.1
Bacillus licheniformis R—QL~-77-10
TRl b AR ZE AT
S40 XTI F il AR 98.97 MN922812.1
Bacillus paralicheniformis NYGR20
[ —
S41 AT T LA AT 99.86 MT487681.1
Bacillus licheniformis MPF38
H A ZE AT B
S45 X TR T AHBHTE 100.00 MT072145.1
Bacillus licheniformis QT201
A ST
S48 XA T AT 99.86 MT534569.1
Bacillus licheniformis NB45
A AT
Ss1 AT T KT 100.00 MT043735.1
Bacillus licheniformis QT338
2.3 EREEHE BHFIE X AFB, FUREA#R 168 rRNA LK 751 5

2.3.1 WikEddd 0K 3 s, 20 BREEAAT A
i T1-1.D23-2 N2-6-2.D23-2 1 Z5-1 M
%S BIAETETS A, B MR, 455 4l 1B

B LA R 1564 % m@} HEHE S51 548 Fil S8-2
X 3 R ZE AT R AT S 2

B3 FEHRAvEmiE

232 WAARBHGRIE R 3 WA, 3 MR
FIAFRIIX R KRR ZHAER T ER AN
LU, X R G A R N 5 AR K i
245 AR BE U, T TR R S48 X 8 By
PrguRE, X 1 B2 v B BRI RR S51 %) 5 Ahgl
PIHURR, XF 4 Fh2 ) v B BURR TR PR S8-2 Xt 4 A
2R X 5 R rh R RRUR

233 HEhAEKWL HE 4 AT, S51,948,
S8-2iX 3 MRHuA ZF AT R FESE IR 24 h A F| A4
KEaEW], HorP bk S51 A K e bk ; 761 12 h

PR S48 MK B 5 T S8-2;7F 24 h Z 5 A
PR S8-2 MYAE KRB T S48, RRZLUWE 72 h,3
PR DA ZF T T A VA B S BB A R R AR e KT
234 MBI 3 BREEAUAT RS R R R Y
fif 52 UL 5. 3 Ak 2 1R 19 A7 6 b % pH
(B Th AR T, oAb S51 B AR X AN [R) R 1k v T
(R 32 1 WY b v T 53 A A R ZF AT A, L AE pH
{8 1.0 44 F AFE N 26.06% , 78 pH {H 4.0 5%
T BTSN 64.12%
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R3 3HRMRFANFALHIRBER

e R

& L S48 S51 S8-2
HEEG 10U R R R
R PR 1 pg S I I
RKEZ 10 pg S S S
PUIRER 30 pg S I I
ZVIHRE 30 pg S S S
(TS 3 15 pg R R R
HHER 30 pg S S S
TR 2 pg R R R
AR 5 ug S S I
FltaF 5 pg I I 1
AHE 30 ug S I I
WHRYE 5 ug S S S

B4 3HMRFATFEOEREBL

5 3 HMREFMIFEAERE pH BEGTHEEE
3 R ZEFRFT B AN [ e 58 JIEL 6 7 8 P it A2
DLIEL 6, RHERXT 3 bR ZF AT B XA AN [R) A2 B2 g 410
TR R, 1 Bl JIR R 20 B 1) T o A0 S 1) A7 07 %
AR, S48 XFAHER AT 52 1 FAIK, 7 0.1% 1 0.3%
A BB ER IR B2 T A5 232530 32.05% Fl 22.26%
TE0.1% I EL e B R S51 M 2 M fe i, M
51.54% ; 7£ 0.2% IRV EE T S8 -2 Wi 32 14
5, h46.22%
2.4 S51 FHRPERRSFIE
PR TR PR S51 bV WL T A U L PN TR R

AFB, 1 B A R P R 30 3 TR %) % A i ) ik
K 61.03% , TR 2% VR R L PR R 114D 536 Fifk 200 S A X6 358
55, MR 0 10.17% 0 7.15% (- 7). =W
WPR S51 XF AFB, il 75 e 71 EEORIE T LI W
HR (R A A S5 T A R R

Blo 3t RFAMEEARERRE THFEER

B 7 BE#k S51 RAEADIT AFB, HIFERER
3 it

YEERE A Y MR TR R A,
Tndarl iRl b 0 vt R RE R AT RE A R SC
S AR e Ao e o 2 1 R I AR P AL
Z I —FREE ik, BT e kB R A 2R
FEBR  FLER T | BB B (o 0 SR i i 25
ZEFUFT TR AT LA 53 b 22 P G 2SR 2R 1 3 3 A e A
W BRI O 0B ARB, B4 AR R B s B R AL S
Yk B ROR . ABFRCRAE LIRS 1) g i
PN FHREAS 2l B4R MYP B o i
YL A BE A DL I & 7 5 R M SR B G IR 40 B o
HEATHIOH S i 20 BRATREXT AFB, HLA K g4 H
AT, 225 AFB, L5350 &I 4 PR 2 AFT
B (S51.,848 S8-2.845) Xf AFB, Fl [ A R AE 50%
DL a3t 16S vRNA 7 56 0 35 Sk b A 2F AT
B, EREVYONE AP R 2 PRk R 2R
AT TR, YT AFB, 19 [ i 5 3 5 4 70. 65% Fi
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61.42% AN X} AFB, (I FEA# R AFB W S
B IE] S R 5 A5 A 51 Wang 21T M+
ey B 1 BRHB A ZE AT, 120 h XS AFB,
IR RN 89.1%, FR R BT 78 i — bk fiE
SRR AFB, (1) DL ST 2E AR 18T, & B0 3 2E3m oot
LR A A A AR T AR
it — Mk AFB, B IR , LA Ao rh I IR R
ffE R I B T 3A 91.7% , At — B A 5% 2% W A
Bk S51 [Af AFB, 036 M4 4y 8 AETE TS |
B IREER N E ST S51 AR f# AFB,
A3 P 40 I B At

LA MER G VT 4N B RE 5 N H 2 sh A ik
B 200 BRT A 5 L 2 O o PR AR 1 Se B 2 1
VA5 I P 40 A 30 0 DA R AR B A KU, 2 X 1
AR 7 A 3 e ot i X O
() 20 Bk ZF A B AT 2 PR, Horp T1-1,
D23-2 N2-6-2 .D23-2 Fll Z5-1 % 5 BRAN 1 H 7%
JE B 3 B A 95 I 3A , R AR AR B 5, 4%
B YIS 07 45 SR R B R I 5 SR e R 3
PRI AT IR SR80, 43002 S51.,548 .S8-2, s
XA R AR VT N T 2 A P ) T
Febrz—"0 AR X AR R BT 2 P E T DL
2 WA T A B T D a3 PR 9 AR sk
LR ARAF Y 55 T 24 6 DR 5 /0 1 1 Ak o
SR P, LT 24 35 DR 2 B 1 IR 2 il 22 ik
2T GRS T R 3 BRI X R KR .
VR T HERMAKRRY BB, MEFER
G B3 85 2 N S A Z T 245, A 4 O v R A
S T AR 2 AT TR R ST AR R B TR 2 1 S
A R ELS T 2 5 A S AR E A — 5

X} S51,548 . S8-2 iX 3 HRHLA ZEFRAT P A= K
PERE A W 25 R s  FE 24 h WIREIA B Kfa
SEM], Horr S51 BRIk AR K Bt 40 TR VR B AR i
SLEEFR 72 h,S51 AN R AR WS A T B T bR S48
I S8-2 1) 4 T A5 i kA TR, H 3 MR 4 T A 4K
B RENS A RETE AR T KT, 7R ZE AT B E A B
IR N Ji AT A28 AR AT

RERSFE B RN G2 SR BT AR A 25 2 T
I R 2 — L AR I ANURSS e s
TEH N 3 h, i B iE R pH (E2H 1.5~4.0,
Zoad BRI AL S 35 A4 B E AN, B IRERTE 1
1) 5 1 PN 2 e 40 L 4/ IS P 3 2752 A T e )

FHAEH], IHEL K 0.03% ~0.30% >, Xf R
FARER PR 37 R 77 ELHE52 0 25 A B RE 5 76 sh P 14
PIAEIG o I X 3 kM A ZE AT R A T i 32 1 3
R, BRI pH {0 1.0 SRRSO R, 3 MRiA
PSREOR-AF— 2 BTG Pk, Horh R PR S51 771 g
IKF 20% L) |, 7E pH {H 4.0 BB R S51 BIFEIG
KA LU B 60% LA I, 3¢ B H X /R 1 it 52 4 4%
5, fEfg it BRI AL, X SRR RIS 4
He—, mtARE A I 45 R WoR , FEAFF A S5l
Xof BHER F it 37 P Fee e, 7F 0.19% B ABER MR B2 T A7
KALTA 50% LA |, 1% B 455 5 2 0 b A 2F f T B
S51 X g FIAH £ i Tt A2 4 58 T 55 b 2 BRI, AR
Ry g A TR IR D

ARAIF ST N - 55 KX ) B AT A AR AR o 4
B 20 BRXT AFB, HLAT B AR AR A0 ZE AT R, S
A 4 BRHUAK ZE F0FT B X AFB, B AR AE 50%
PLE o MR HH— Rk X AFB, R A 3R 5 v 1Y)
REFHIFFIE S51, HEA RAF iR K PERE, T i
MG TR (M IRER W 222 A e N RUE )
TIMFH FREAC R AFB, S8, 58T
TF R S IR PRI AN S51 78 ShH IR N 102 4k
FFREEROR
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