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F &2 RRIEFA(BAM) LA 8 Bt b Lo dn s fo 8 26 5 A 133) | MA K SW4 ~H 40 E
EMA B L4, 3T L4 AW A F . A A B IER 16S RNA 77 Bl RS, 52 0E MR A4
¥ ¥ 0 & (Bacillus subtilis), W4 ZHFE KT B FEEX B (AFB)S RO T LU, £
L4 55 BERALRRAISdE, TWERALSSAEWESFEB, FEY b FLRIZANI
FZEIR(P < 0.01), AFB, &R X 2|8 474, 96 FL 93.7%. LEH M ERT RS L4 KB LR
L1 (V)b BHAE 2R LN, FHELAERENE KRBT H LTI T 24,

KA FwE, TwEFX B, gHERRE, L, WHAER

Screening of Antagonistic Bacteria Against Aflatoxigenic
Aspergillus flavus from Fermented Bean Paste

GAOYa' DING Wen' ZHANG Qi* WANG Li-Ming”> YANG Zhi-Rong' SUN Qun'"

(1. Key Laboratory of Microbial-resource and Microbial-technique, College of Life Sciences, Sichuan University,
Chengdu, Sichuan 610064, China)
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Abstract: The mixture of broad bean and wheat flour during fermentation was used to screen antagonistic
bacteria against aflatoxigenic Aspergillus flavus. A strain L4 with strong antifungal activity against the afla-
toxin-producing Aspergillus flavus was selected using broadbean agar medium (BAM). According to its
morphological, physiological and biochemical characteristics and 16S rRNA gene sequence homology
analysis, L4 was identified as Bacillus subtilis. When L4 and Aspergillus flavus were co-cultured for 15 days,
the weight of the mycelium and the production of aflatoxin B, were both significantly lower than those of
Aspergillus flavus cultured without L4. The accumulation of AFB; was inhibited significantly, the values of
the reduction was 93.7%. When L4 culture supernatant was mixed with the spore suspension of A. flavus at

ratio of 1: 1 and then inoculated on corns, the germination and growth of 4. flavus was inhibited completely.
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PP A AR B, (AFB))JE— A # PE AR 5 B9 T 2
2, A80F . Bom . SR e =8eEmt, 4
N TSI A K A {dt B £ 35 RN T 52w, R I
Hh A B 26 R A 975 Y B — AN S A 3
DA, SR, AR R DL H AT Y A Oy
AAUME L Bk, T X S ik i . A
W AR 75 A 2 7 R R TR R B A B SR A S i, [
5 7= A g A Ak BB B Y B k5 G, XA
sy = fa® Tk, NEmEemEhL, Fl
A Z M RS PUAE L DA AR P il O ok 101 B
B AR AR KR A A HR RN M
H. HEI, 72 NP5 E0) TR HE
Yy il B B A5 Y, BIU0 Dorner 2PN AR
B A AR A S PO RS - B AR TEAE A . B
KRS YL Hua 251 % BRERE A7 2508 6 # ih 2575
GuUg S OC T 40 G 2 it 25 TR 1Y BT T B ) A i i
PERTFFE AT AR A (B, [ X o il 2 R
HA R AW A A Ak o ih 25 7 R BRIy
b, CRAMAEWE, R ERELE KRBT,
FIFHEE D B i6 Bl 2 A B D

BB G N SR R, BB RIS
B, R R S R AR T AR LN, HE
K. TrZ, WA %30 w505 g5 38008 il
HHZ B HIAUR BERH ARSI DAY
FEHUE R0 B RAEAE, AR G & e i) 2 e v 43 g mT
Pl = B A B AE KT AR, 2% AR BUR L
BTG, X i & A K M AFB, & B
PHIPER], FFRIP T HAE Tk Eatth 2 il ny
I, R Bt R AR A A o o R R A
R A R AR B

1 HEShE
1.1 ##

L1l SRIG w28 &Pkl ih & e s & T
(TRIFREEIET) . A SR K BE 12 4 A 1) & B 5 R (R PRI
M), H UL A e

112 FZRF: Wil &R B, MK ey & it
& LI IR A WA BR 2wl ) BORL Al £ 1207
% (TIANprep Mini Plasmid Kit); E. coli DH50 JE3Z2 2%
AL RS W) ); 500 X S i A

1.1.3  1FFHFE: U RAREFIEBAM): & GHHE

http://journals.im.ac.cn/wswxtbcn

BUES, B 50 g T 1000 mL 7K /) k& 30 min, 20
ik ug, MABE 15 g/L. KESAZR 1000 mL, HER
pH, 1 x 10° Pa K} 20 min.

A R RN, SM gk i R D), B R
MRS Hi 7380 £ N5 E AR 5P, PDB B
FRILPL,

1.2 §HERA*

121 AEMSE: REERFSAR TS 25 ¢
TCTRARAS TR B, FHJC A AR AR K B BE AR e, U
[ AR B 0.1 mL I ARSFR I, 43 A Be 4
DI EE RS 78 56 . SR MRS A 3R %, 30°C
K g% 48 ho R H VR IR RO A 2 PRIBCRA A 7 4l
b5 BB RR T 4°C 1555

1.2.2 EHMESFERAFIE: BCERHER IR
0.1 mL 43 BIiRAn FAEA A RS 3R 0L . SM i ik ks 7
F, 28°C KiFEMEE 5-8 K. Wi FREE 5 KR
BB T 28AMT (365 nm) FAER, 40 R Bk A R 8
SR R SRt sl A (B G R R e I R
PIBAMERI MR, 255 8 RABICHEI G nl HI W A [
BRUEL B alifb 5 i PHE AR T A R R 4°C 3
a5 FH

123 HAEHMBHEBFENE: KA Mk
BFAR B 95 1402 (CFU/mL)

1.2.4  FEIETHIE: D)0 R B x5, 2
Hi B BT 0 B 1 IR AR A TR SR R AR rp g,
3 emE RSP0 pLAFIE IR IR SR 24, 28°CHEFR
8—10 d, WEELA KRN S PR F 1

A2 0 R FHUEAC 1, G TR 5 1R 4k 2% vh il (%
5% M) 5 80) K5 ¥ il 5 A0 Mk B I #4107 CFU/mL,
e HL100 pLffl F A iR A T BAME: F5 51
FIEAC R U IO L2 A & T8 4 A TR e 35 T,
PAREEIR T2 hE, F28°CFH3%72 h, M0
[liEER e
1.3 BEHRHEE
1.3.1 FAEMERERFE: B (RARKRHRHE
EFMCER 8 I ) VO TS E
1.3.2 16S rRNA FIINERRFZLE N S
(TG 3 ) MY, SRBUHFR I
20 DNAFI 244k J5 32 BB bRk 5L [ 41 DNA R #iAR,
KA B E T 519 PCR 9735 16S rRNA B¢, 5l
Y} Eu27F: 5-AGAGTTTGATCCTGGCTCAG-3’,
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K58 1490R: 5'-GGTTACCTTGTTACGACT
T-3'. P HI41F: 94°C 4 min; 94°C 1min, 55°C 1 min,
72°C 1.5 min, 30 MEFR; 4°C £k ). B PCR j*
PIHEAT 1%R SRR REBEI UK R S, 4% PCR 774
M, giifk, [Pl Beif 425 pMD18-T 844, 1k
E. coli DH5a, 234 FIBREGfivE, RN DI 50 ik JR 15
BHAME: B o 5 20 JBOR R A8 OR B TR (b )Tl )7 91
Wy 45 S 7E NCBI W 51 | BLAST JEA7 b, %%
5 GenBank H[] P54 = O AH G FE IR P 371, ARARLRE K
T 97%H AR M R AP B bR . ] Clustal X1.83 #ff
XoF [R) U1 A T 0 A E AT 2 b, P R
MEGA4.0 %4l Neighbor-joining ¥ #) & 2 48 i1k,
W, FEEEFT 1000 YK Bootstrap #6156
14 WEMSEKMEHSE R B, SARINGHIER
B9 ZE

¥ 500 pL FEHFURREFRW(1 x 10° CFU/mL)AI
500 pL #§ A AT (1 x 10° CFU/mL)[R] i H
#| 50 mL #rfif PDB H, XFREALNLL 500 pL TR 5
TR RAEPUR G IR, 28°C K595, £ 0. 3. 6. 9.
12 d S} 53100 00 PR 22 T B A 7 v B il R B
E & & Whatman No. 4 IE40d 8RR, S38I0
W 22T 90°C M1l i, PR v a8 = e Oy
oA S 25 SOk [12], 004 SR FH I A 20K 0 382 1R A
75 4 (BLISA)IN 22, 450 nm FEFR S8, Xk HE AR o fly
LA AFB, i, I E R 3 1K, DI 22 AFB,
PR EE S TS, R SPSS13.0 H One-way
ANOVA E# T 220 M 22 7 B 5K TR . AFB,
A B Ze T XA

X — X

y= x 100%
X

xRN AL AFB, & &, x, QKA PHEL] AFB,
i, R
1.5 WEMEAEALEKBINFEIER

P 3o FURE AR B B oKk, B 10%A9 NaClo
2 60 s J5 FHICR KPR 2 Ik, $ 15 g BRI %6
1E 100 mL JoiE =i, D Aidt, 45°C H1.
B RAE O 5% IR 80 AR IR Eh % hik b,
B TWE N 1 x 10° CFU/mL, &/, #ET
BAM #3523 37°C 2K $55% 36 h J&, 5000 r/min
B0 5 min BCRIEWR . PRERBMACE R 100 L,
TR S R R WAE 6: 1., 3: 1, 1: 1 (V/V)iRA],
SEIMATCE =i, #5105 28°C 53 5 d, W

FEREAKREAEND

2 ZRE5aH

21 FHEHSHNRESERE
e S 2 —Fk 365 nm LM R LEAE A A GBS
FRHA SM iR 5L B AR SO R, S5 A
PRI A2 S S B B 5 2 W bk, i
y WGO8 .
22 EMERREKRBTFIE
GG FOR A~ rh 2 AR 3 102 BRAHTA, F)
FH TR % WP S B0 R AS 2 17 B 77 B v AR A
HilE A BRI . A I VR R B ASR], W2
ALK 43 Ay A A fioh o ) TR (A R R R sk ol R
22 A J5 2 AR A A T ) AR AR R A Tl 4 o (A
7 JE BB AR T AR PR S 4%), LA 1.

Bl1 EEMELEFEHERRENIERE

Fig. 1 Phenotypes of antagonistic bacteria during cocul-

ture with A4. flavus

iz AW G dc: AR Al

Note: iz: Zone of growth inhibition; ic: Contact growth inhibition.
R FUBAR A VL AT 2] 7 MREBORM TG P

WARGER 1), HPbk L4 AIp e mskif 2 L i

TH WA I 6 PR R o . D, AR UG SE 56 P k4

L4 Ao 6 R A 2R 77 400 ] B pbh B 2 37 AR R ROk

bl A AR K AT R R BRI TR AR L4 SR

TR AR 2 A 7 B R R A T N R 2 R

23 EHRERE

231 BEFREBEUEE: WK L4 EFRE

BAMRRE IR R SR 2 d FRE R IAIE . U8R

I RIMES . Pl @, A&V B 0.3 cm-

0.4 cm. 9 2= [R YL@, BEAG A0 2 AR AT 25

PSR | SRS | R 2-3 AR HERUE BE, 22

%A TR0 (0.6-0.8) um x (1-2.5) pm, HAH

B BE S LA 3.
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KR L4 19 B AR fLFRE DL 3R 2, S5 Gix st
BWHE UAZS R P % TR 8 [ ), #WIb

FERIVE L4 Rl B 2EAHF 1R (Bacillus subtilis)
2.3.2 16S rRNA F5Io#: LIgEHE L4 FEH4 L
DNA Mft, R 16S rRNA 5[# 14T PCR ¥

532y 1.6 kb (R RVEY ™ W) . Btk L4 1)
16S rRNA F4155 GenBank FFE B3 16S rRNA
FE A RIS X, S PR PR L4 5 28 I 17 i B Rk
16S rRNA AR &AM, HAHY5 Bacillus subtilis
BCRC 10058 FEARATA IR M, X 99.9%, HT
16S rRNA JEPH T 5 8 T 5 bk L4 AT R e &R
GREWE 4. ZRGEKEWEY], FHk L4 5 B
subtilis BCRC 10058 (DQ993674)HY Ak FE 55 5 it .
Hitk L4 WFESE/E GenBank i/, BRS N
GQ421472.

TEIE A A A A AR S JE i |, 456 168
RNA [P0 Hr &5 5 B R, Witk L4 5 B. subtilis 16S

x1 WMOEMERFERINEENE

Table 1 Characteristics of partial antagonistic bacteria
strain screened (n = 3, x + 5)

MEEEE (mm)

bk m%ﬁ'ﬂ. Average d;e:)rrrll:t(er;;f) inhibition
Strain No. Antagonistic
phenotype W MRS 1
Full cell culture Supernatant

L4 iz 35.3+0.73 30.0 £ 0.45

L14 ic 21.0 +0.87 -

B14 ic 22.8 +1.32 16.6 = 1.01
DL16 iz 28.2 +1.61 242 +1.22
DL17 ic 20.4 +1.44 17.5 +0.76
WR22 iz 24.0 £ 0.56 20.8 +0.67
DL20 ic 22.2+0.12 19.4 £ 0.34

e JEACH HAA K 13 mm.

Note: The diameter of the scrip is 13 mm.

2 HH L4 MEEEHBOMEMER

Fig. 2 Results of antagonistic of L4 with aflatoxigenic A.
flavus

T A: BAM MR IEFR IR I B: RSSO R C: R4
.

Note: A: BAM liquid medium control; B: Supernatant; C: Full cell
culture.

http://journals.im.ac.cn/wswxtbcn

3 HEME L4 MRS Y33 SR E (< 10000)
Fig. 3 Cell morphology of strain L4 under scanning elec-
tron microscopy ( x 10000)

R2 EHK L4 MEZEIEE LHE

Table 2 The main physiological and biochemical char-
acter of B. subtilis L4

Characterization

FEAIE S5 0L 25 Results
FEAl B Catalase test 4
V-P 521 V-P test
B 17K f# Casein hydrolysis
P K f# Gelatin hydrolysis
VE M /K fi# - Starch hydrolysis
il fRER I8 JFL Nitrate reduction test
Fifb & 4L B H,S production
W4k Gelatin hydrol "
AR
WA FEFEER Acid from glucose test +
AMEF=HR Acid from xylose +
H &N~ Acid from Mannose .
BT Hi A A% P2 Acid from Arabinose _
B[R 5 Indole test _
F 4°C £ K Growth at 4°C _
F 45°C A K Growth at 45°C +
F 45°C A=K Growth at 45°C +

s+ BV — B b

Note: +: Positive reaction; —: Negative reaction.

+ o+ o+ o+ o+

Gas from glucose oxidation =

rRNA J7H [RIEYE F 35 99.9%, TE A FRAEFIAE B Ak
FRAESE A ], SO e TRIAR L4 Wi 5 2F A FF 11 (B.
subtilis)
24 L4 WEHER
FaEAl

e B W A KA PUE R L4 575 s h &
SE[a] K535, T HOor Bt 2 B 22 17 i J2 AFB,
HAIEIRE S . ARE 5 PR, SR,
g% 15 dJ5, $EPUR L4 5 el 2L A R R A
B 27 RS AFB, P B AR

FEREHESE B T

]
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L4 (GQ421472
89 GQ )

Bacillus subtilis BCRC 10058 (DQ993674)

W
&)

L Bacillus mojavensis BCRC 17124 (EF433405)

Bacillus amyloliquefaciens BCRC 14710 (EF423606)
100 {
72 L Bacillus vallismortis BCRC 17183" (EF433404)

Bacillus atrophaeus BCRU 17530 (DQ993677)

~ Bacillus licheniformis BCRC 12826 (EF423608)

Bacillus sonorensis BCRC 17532 (DQ993679)

(—
0.001

B 4 ETF 16S rRNA ERFFFIHEH L4 #9 Neighbour-joining £ R % & 5 &
Fig. 4 Neighbour-joining tree showing the phylogenetic position of B. subtilis L4 and representatives of some other related
species based on 16S rRNA sequences
Note: Numbers at nodes present bootstrap percentages (based on 1000 samplings). Sequences from this study are in boldface type. The num-

bers in parentheses are accession numbers of sequences in GenBank. Bar: 0.001 sequence divergence.

r 7 12

N W kA L AN NN

Yield of AFB] (pg/mL)

Yield of mycelium (mg/mL)

£ (d)

5 BEMLAMEHSEER B SBIEHERER
Fig. 5 Inhibitory activity of B. subtilis L4 on yield of my-
celium and AFB,;

oo XTI BB R 2277 55 o: L4 Ab3ZH X HE 21 o fh 2 R 22
P A XTHRZH AFB, 77 e: L4 Ab 34 AFB, J7 .

Note: A: Yield of mycelium of control group; o: Yield of mycelium

of L4 treatment group; a: Yield of AFB; of control group; e: Yield
of AFB, of L4 treatment group.

(P<0.01), XHEZHH AFB, P24 8 K& 12 KiAF|
g LA TESS 3. 6. 9, 12, 15 KX} AFB, Al
IR 50K 82.7% . 90.4% . 92.8% . 92.4%. 93.7%.
25 Bk L4 WEMBEER EERKOAFIER
WL AR FEMR R L4 B3 B S s ith 5
GWO8 LAl £k Aififf 4 d ] B & £k LW
ARG, R WE 6 iR, BE% L4 Kl LIE W

6 L4AE FEFERAMEMSERER EEKAINHER
Fig. 6 The inhibitory activity of culture supernatant of B.
subtilis 1.4 on the growth of A. flavus on corns

A MR B C. D: aril B A R KR R
Jg6:1, 3:1. 1:1. (VD).

Note: A: Control; B,C,D: Different treatments of spore suspension
of A. flavus; Culture supernatant of B. subtilis L4 at 6:1, 3:1,
1:1 (VIV), respectively.

weEE RSN, s AR b, SR LG, Y
WA TS L4 R RIS RATR L 11 B, #
it 2 1 2B A RN B A5 B 58 e P .
3

VI 240 RO A TR A S PR T A AR Hh
IS BUE F LG FLBR W & (Lactic acid bacteria
sp.) . /DN MK B (Bacillus pumilus) . 5 5

(Streptomyces sp.) 51710 AR SZIGFI G &K SR 1%
FRIAE AR R R S E T b oy B B — bk A B

© [Eﬂiﬁﬁ’ﬁ@%%mlﬁ'ﬂ%gﬁwﬁw&bvcﬂuma I's. im. ac. cn



374

#od g AR

2010, Vol.37, No.3

) 7 7 T B A K S AFB A B B 2 AT
il L ZE A AR AR P9 B A PR A R 24t
i, HFHEENEY RS ZHH, fprrt %
I3 B B — MRS B ZEAFT R, I R ARFE A AFB R 1fE
i TR VR B 3% L S BB BT AFB i B, EOR L
238 1% B X v A AR K B RS BT DL R HE S
HVER

FE VR XTIRE IR TS T, BERRLAR I e R A A K
Pl I, AT RE A4 DR RS PTBE  A T R B
BRI 0 T A AR FR 0 3R T/ B I
Pl IS AT R A 2R AT O 20 TR T AR BT
Z Rk, U Cho %5 78 # 35 i Hh 4385 51— bk de /N 2E 7
FFE (Bacillus pumilus) HY-1, %18 3 43 ik o
BRI 2 00 7 e R A

ZucchiZE7E Xt Streptomyces sp. ASBV-1/JHF5%
FREL, MASBV-1LL1 x 10° CFU/mL 5 Aspergillus
parasiticusf T EE/F M1 x 10*411 x 10° CFU/mL
SR FREE AR FR M) 25°CH 327 dJR, AFB, A
B T 2853 91 S 98% F183.4% 'O fEARWFFE , 4
RIS PUE AR L4 (1 x 10° CFU/mL) 5 # ith 3576 7
(1 x 10° CFU/mL)7E28°CH: M55 7715 disf, ol 2 4
22 AR K TN AFB, 1 77 A ¥ 45 2048 &m Ao
AFB & B0 28 93.7%, [l B, FBARAE AT 5
L4xt #5 ph 25 19 42 K AT AFB, & RS2 0 2 TE A, SR
T LAMGIAFB, & B A HLELA A 1 T it — 5% -

A FE i e 45 30 1 B h AR KRB R A
M REZEFRAFFEPUBE, X TR . 8 5 & i 4 il
W& K MR R R A wEE N M E. F
GG E— AR B PR LA ) i i 2 AR K P B A ML
PR, A AR A S Tl A AR A AR

& * Wk
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