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Abstract: Objective To investigate the antagonistic ability of 15 strains of y-amino butyri acid-producing microorganisms isolated
from the fermentation process of Sojae Semen Praeparatum (SSP) against toxigenic Aspergillus flavus, screened out the efficient

antagonistic microorganisms with the ability to inhibit the growth of toxigenic A. flavus and degrade aflatoxin B (AFB1), and explore
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the effect of efficient antagonistic microorganisms fermentation products on the mRNA expression of key genes for aflatoxin synthesis.
Methods The effect of 15 strains of y-amino butyri acid-producing microorganisms and their fermentation products on the growth of
toxigenic 4. flavus standard strain (abbreviation: toxigenic standard strain) were tested through the plate confrontation culture and cross
over method, respectively; Ultra performance liquid chromatography mass spectrometry (UPLC-MS/MS) was used to investigate the
degradation effect of 15 strains on AFB;. The antagonistic ability of 15 strains against toxigenic 4. flavus was also examined and the
efficient antagonistic microorganisms were screened out. For the efficient antagonistic microorganisms fermentation products, the
mycelium dry weight method was used to detect its effect on the mycelium growth of the toxigenic standard strain, and real-time
quantitative polymerase chain reaction (RT-qPCR) was used to detect its effect on the mRNA expression of key genes (afIR, afID, afIM,
aflP) for aflatoxin synthesis. Results The growth of the toxigenic standard strain was inhibited by the 15 strains and their fermentation
products, with inhibition rates between 15.88%—56.05% and 25.74%—52.12%, respectively. The degradation rate of AFB: was
between 2.74%—57.87%. It was shown that they all have certain antagonistic effects on toxigenic 4. flavus. In addition, Aspergillus
niger (JC2) and Bacillus subtilis (Xd1) with efficient antagonistic effects were screened out. When the addition amount of highly
efficient antagonistic microorganism fermentation product was 2 000 pL, the inhibition rates of JC2 and Xd1 on the mycelium growth
of toxigenic standard strain were 73.82% and 63.34%, respectively, and the mRNA expression of aflatoxin synthesis key genes afIR,
aflD, afIM and afIP could be significantly inhibited. Conclusion There are antagonistic microorganism in the fermentation process
of SSP that can not only produce y-amino butyri acid, but also significantly inhibit the growth and toxin production of toxigenic standard
strain. Its antagonistic effect may be achieved by inhibiting the mycelium growth of toxigenic standard strain and the mRNA expression
of key genes for toxin synthesis.

Key words: Sojae Semen Praeparatum; y-aminobutyric acid; toxigenic Aspergillus flavus; aflatoxin; antagonistic effect; efficient

antagonistic microorganisms; real-time PCR
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*1 OREEDPE-EETRERMARE NCBIXEEER
Table 1 NCBI comparison results of y-amino butyri acid-

producing fungi and bacteria in Sojae Semen Praeparatum

(SSP)
[ 1 LLRE
Zi j;( L TS Wf/ B35
D2 529 Aspergillus niger 100 MG659691
MD1 512 Aspergillus tamaril 100 MG662407
MD2 466 Cladosporium 100 AB763554
IC2 537 Aspergillus niger 100 NG659691
MGI 564  Phanerochaete sordida 100 KU323878
MA3 622 gspergillus tamaril 100  MG662407
ME3 446  Penicillium citrinum 100 LC317721
ME4 474 Cladosporium 100  AB763554
9R2 1368  Enterococcus avium 99  NR_113899
Z3R3 1340 Enterococcus avium 99 NR_113899
Xd3 1378 Bacillus subtilis 100 NR_113265
Xdl 1378  Bacillus subtilis 100 NR_113265
1513 1368  Enterococcus avium 99 NR_113899
9R3 1378  Enterococcus avium 99 NR_113899
15r1 1332 Enterococcus faecium 99 NR_114742

Plus), #it'5 AM81776A. AM61256A, TaKaRa £
HARAH]; Nexera X2 R EPLE AR B84, HAE
A\ F]; AB Sciex QTRAP 4500 % = 5 PUMAT £ %
B MR BRI, SEE AB Sciex AH]; 7500 Real
Time PCR System (ABI75000), Applied Biosystems
AF].

2 HESHR

2.1 FHRNEFES+FRIERNESFNERE
KBRS P SAERRE KA

211 FRFES P EARERAE KRN SEAR
VAT IAR FE0), VS 55 972 % RF I 1 & 7= B R
HERR, WL 1X 105 CFU/mL F7= 8 dERR AT 10
pL #EFp TR, F A R 20 L
1 X107 CFU/mL &Ar Il w AR (LD B

(A T4 AP, DR 1X 105 CFU/mL 1
FERRAR AR IR TS TR R AR AT A, 28 °C
FiFR 5 d, sy EAMENRE VR B, B 3 AT
17, THEAERKINGIZ, SR NR 2 MK 1. 2 B
B JD2. JC2 X = B bR Ak I A KA 5 R o
B A, FHR A AN 56.05% 55.58%; 2 FRA
TR B Xd3. Xd1 6 B bn R 1 AR K ] 2L
RONAME i, H 2750008 39.10%. 29.64%.
Ja 2 = Ot HRZH B V8 ELAR — S ot 4 v 9 AR )/ R
LR AERES
2.1.2 SRR R EE = P B bR AR AR K B R
B 1 mL 1 X107 CFU/mL & 4-¢ill 1 {1 a1 T
25 mL FHR (1) R BRI HE R, AT 37 "C I 3 d,

R2 15 HRERE LB YN = SIRER R K HIH R0
AFB: [ (X£s,n=3)
Table 2 Growth inhibition of 4. flavus and degradation of
AFB1 by 15 strains (X s,n=3)

LS A KA /% AFB [§

ETRS) SRR U R R/ %

D2 56.05+1.16 48.78+1.18 41.52+0.48
MD1 45344213 34.6210.48 11.17+1.29
MD2 15.88+£0.39 29.73£0.83 24.56+0.93
IC2 55.58+1.02 52.12+0.32 57.87£0.86
MG1 16.191+1.56 25.74£0.96 11.114+0.84
MA3 46.91%0.45 35.01£0.79 17.04£1.53
ME3 21.08+0.39 28.57+1.37 8.21+0.12
ME4 21.24%0.80 31.27+1.44 19.80£0.86
9R2 25.06*1.14 29.47+0.96 26.124+0.53
Z3R3 27.05+1.42 38.87+1.11 12.59+1.12
Xd3 39.10+2.27 4376+1.7 29.54+0.51
Xd1 29.64+2.13 38.48+0.18 43.931+0.93
15R3 22.01+0.57 3295+1.19 13.441+0.97
9R3 16.361+1.84 34.754+0.95 43.76+0.90
15r1 26.59+1.31 28.31+1.31 2.741+0.39

Xd3 Xdl

Bl 1 xRN &N E X = SAR R KR

Fig. 1 Growth effect against toxigenic A. flavus of different strains each microorganisms detected by plate confrontation

culture
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HET 28 ‘C. 120r/min KB 7d, 11269.44Xg &
O 5 min JEECEW, 0.22 pL SRR 15 K B
M. B 8 mL 5 20 mL PDA 75 1% 3% L rh IR A) e /5
FEEFRM A ez Ff 20 pL 1 X 105 CFU/mL =855
HERRAL 9, DA AR 1X10° CFU/mL = 2E B
PRAERRIE TIRAE N IR, 28 CHEFR 5d, ICRERE
7, IHEMEE, F4U3 AT SGRER, B

X#ﬁé D2 JC2

TR JD2(48.78%) Al JC2(52.12%) I8 H 75 # MA3
(35.01%) F MD1 (34.62%) %5 H 1 A 55 AUk
Xdl (38.48%) Fll Xd3 (43.76%) 7Bk Z3R3
(38.87%) F19R3 (34.75%) S4B (I4MH] 5 i,
SRR IR 2 FIE 2.

R = A B AR — LA % B R/ A
BYEEAR

El2 BfrlELE = SR ERE KHRT

Fig. 2 Effect of fermentation product of different strains on growth of toxigenic A. flavus

2.2 UPLC-MS/MS ZM & EHNEXT AFB, HIBE
AP RTH L E#7 T UPLC-MS/MS &
AFB1, B AR KT 1 %A 2251 el
2.2.1 W HEAVARIGEI & FEREI 0.1 mg AFB,
XTI T 50 mL AR 2, I R R I,
$251, 13 0.22 um JEEE, RIS 2 pg/mL 1 AFB; X} HE
i AT
222 A EBR P H S WEL 1T mL 1 X 107
CFU/mL #5 I B8 il M 3, T 25 mL AHRZY
KRR, A 37 CREIR 2d. L 28 CTH
753 d Ja, BOEWE 980 pL & KB, A 20
uL 100 pg/mL ff] AFB, X &b, S FR AL ASTE Fb A5
BRI, 37 CREGIFE 72h. BURE G A S 1
mL, ZARELT, I 1mL HEERE, 10000Xg
B0 10 min, _EIEWA 0.22 pm JEMEJEE, UPLC-
MS/MS ML«
223 LKMEXRFE H AFB, XIS G A7 TR AL E
BN IR B ) AFB) X IR AR (10 50 100
150, 200, 250 300ng/mL), &%), LHLME. 15
AFB; [E| A5 FE A Y=2154.4 X+397.36, r=0.999 2,
SERER W, AFB) 7E 10~200 ng/mL £ 3 K 472k i
KFRo
224 FEEEEL WH AFB JIEIKEE N 100
ng/mL FIXF IR SRR, ESLE R RERE 6 K, TR
R, RSD N 1.87%, 45 AREK G L RIT .
225 FREMEERE HBLHEKEEWR 6 iy, K
AFB X HE SV, AR ERIKE N 100 ng/mL. 1%

“2227 BURN7EM4, 2 RIESRI %5 0. 4. 8.
12, 16+ 20. 24 h i) AFB, & &, PAEHFIHE,
RSD 4 0.51%, &5 R ENAIKMIERAE 24 h WEE
PER TS

22.6 HEMER HBLEKEHR 6 #r, KN
AFB 0 I VAT, A2 BT BRI E N 100 ng/mL. 4%
“2.2.27 TR J7 M A U AR, 3ERE 2 ul TE,
UL AFB, i EIKERITHE, RSD N 1.50%, 45HR%E
WiZ VR R M R AT

227 fOFEEIWEREE UG R IER 9 . K525
BON 500 150+ 300 ng/mL fI%FIE SR (5% 3 43),
3B AR FIAR R SR EEIRE i, K €2.2.27
W7 AT RE A, RIS &

P P P ) % AN AR B R R VAR,

FEOTHT, RS DURBEBCNEE R, MK, + .
B3 AR AT AFBy (PSR Rl R 4y
AN 98.51%- 96.70%- 96.76%, RSD 4354 0.47%-
2.13%. 1.19%.
2.2.8 AFB; &R AFB MRS o k2 £
TE ¥ UPLC-MS/MS it DL 3, S5 3R R, %
RN R Bt AFB, ¥4 — € FEMRIER, JLBE
fif 2R A/IME RN JC2>Xd1>9R3>TD2; 15 HRAFI
W R AFB) FEfRHAE 2.74%~57.87%, JC2
NEEH R, Xdl AR R g5 R 2.

ZE b, 15 BRP -2 T BRI AR e B B i
WA — BRI, ARAE EA TN P BRIk AR
KHIHNH R LR K AFB) MR, 4idimikt B
A =SB B B A A 1 AR(IC2 AT Xd DD
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AFB,
A
AFB,
B
AFB,
C
AFB,
D
]
AFB,
E
F
o WS T Ty e AR he,
0 1 2 3 4 5
t/min

A-TCH R BEBNA 100 pgmL™" AFB, X SEEA: B-JC2 RIE
BN 100 pgmL™ AFBy X HMFEAR: C-Xdl KEEHMA 100
ug'mL™! AFB, Xf i fiRE A, D-9R3 KEARMIA 100 pgmL™! AFB,
SR AFEAR: E-JD2 KEERMA 100 pg-mL™" AFB, % R FikfAs;
F-2% FU R B o

A-sterile fermentation broth added with 100 pg'mL™' AFB; standard
sample; B-JC2 fermentation broth added with 100 pg'mL™' AFB,
standard sample; C-Xd1 broth added with 100 pg'mL~' AFB; standard
sample; D-9R3 broth added with 100 pg-mL~" AFB; standard sample;
E-JD2 broth added with 100 pg'mL~' AFB; standard sample; F-blank

fermentation broth.

3 AFB:[ER{ERRREE
Fig. 3 UPLC/MS/MS chromatogram of AFB1 degradation

23 SUENMENTHSRERNEZE KUK
AFT AR <EEE mRNA RiXHIF0

ik s B (JC2. XdD) 2, F##
- E A W A R P R P B AR AR AR B 22T EE D
Hil1E ;s A RT-qPCR VEAL I HXT AFT A o
F: K mRNA FRIiE 50
23.1 BT HEE: T 20 mLPDB £ 973 AR F0 1
mL 1 X 10° CFU/mL )7 AR AR T, #242.1.27
TR 75 5 2% e S DU B K, 430l 04 250
500, 1000+ 1500+ 2000 uL JnAZ|PDB i, 28 C
Bigr s d &, tEamiEd, Rk
T 60 CHEZAEE R E, WE W LhTmE, 843
ANSPAT, DMXEERD 1 mL 1X10° CFU/mL ()77 85
HERR TR R, B dIR . R0 4,
JC2 5 Xd1 KB 1nt r s btk i 22 A2 K3 2
EIHIER, BEAE RN 3G, $0) 2
ZH B, SINEILF] 2 000 L B, JC2 Al Xdl
B 22 A KANH R 5N 73.82%A1 63.34%, FHI1E
F R &F, 30H JC2 A1 Xd1 K EEF=Y)6E BH B30 | 7= 55
R AK .

HA i) 26 = (of W 21 B 42 4 TR B — S0 4 1 42 4K TR
)0 HE 2 T 22 T

80
-o- JC2
- Xdl

. 60 -

é

ﬂ‘:E

= 40

il

)_

x|

504

0 T T T T r

250 500 1000 1500 2000

KPR R /UL
El 4 BSRERELBFYN S SINEREL TERNFID
Fig. 4 Effect of highly efficient antagonistic
microorganisms fermentation products on mycelia dry

weight of toxigenic A. flavus

2.3.2 RT-qPCR %

(1) /& RNA [3HG: 4% “2.3.17 WU k104597
FERRARERR 2R, Al BN T 5004 1000,
2000 pL = RS U KB i B B 22, HhE,
TR R, —80 CUKFRAE. FHHEURIMA
T S PR R T R Bt R AR R B AT
FIFEHRE. $REC RNA AR BRIS a8, BHERSEH
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0.1%DEPC 7K 37 ‘Ci&ifd 12h, 121 ‘C K 30 min,
FRECARFEIH B 22 100 mg, T BEBE % HEAT RNA
FEHL, HART77%2 DL MS Plant RNeasy Plus Mini Kit
AU . 1% R EREIL HL Pk ATl RNA 585
PE, HETE BB TR RNA IR . Frigit
(15 RNA H Aoeo/doso LUEAE 1.8~2.0, TEEEHELT,
TolEfR, AT T a8 R M.

(2) 2% DNA [B2: RS A BEAFAE ) DNA
BEAT R, M BREEE A total RNA 1 pg, 5X
gDNA Eraser Buffer 2 uL, gDNA Eraser 1 uL, *%b
Rnase free dH,O % 10 uL, £ PCR {XH 42 ‘C 2 min
KN, 4 C T RAE .

(3) cDNA & H: KA TaKaRa S it
BT NAAR: FRNA 10 uL, Rnase free dH,0
4 uL, 5XPrime Script Buffer 4 uL, RT Prime MTX
1 uL, Prime Script RT Engme MTXI 1 pL. #3645
f: 37 C. 15min; 85 C. 5s; 1 M.

(4) RT-qPCR FoliZEF I RAE Ol HiEER
WAt SIrA O BEA B K (50~200bp), 1EH
18S rRNA (F: 3’-GCTCTTTTGGGTCTCGTAATTGG-
5’; R: 3’-CGCTATTGGAGCTGGAATTACC-5*) fE
RNWSER, HABFTH 5PN afiR (F: 3°-GATAGC-
TGTACGAGTTGTGC-5’; R: 3’-CAGCCCAGCGG-
GGCGTGGGG-5") 1'%, 4fID (F:3’-ACCGCTACGC-
CGGCACTCTCGGCAC-5’; R: 3’-GTTGGCCGCC-
AGCTTCGACACTCCG-5") 1, afIM (F: 3’-GTGG-
GCCTCCCTGTGGAT-5"; R: 3’-CACTTACCCATTC-
GGCTGTGT-5") 11| 4fIP (F: 3°-CACGCTTTCAGA-
GCAGGTAA-5"; R:3’-TTCGGTGGAGGAGGGAG-

TT-5>) 1121, *RH] TaKaRa A & ] TB Green® Premix
Ex Taq™ 47 RT-qPCR XV, S itk Z: FifEfE
cDNA ##i 2 pL, TB Green Premix Ex Taq (Tli
RNaseH Plus) (2X) 10pL, L Fi##5144% 0.4 uL,
ROX Reference Dyell 0.4 uL, dH»O 6.8 uL, X%
1240, BL2 pL dH,O B cDNA 1978 X

B3 PAT. NS 95 CL 30s; 95 CL 5
s, 60 ‘C. 34s, 40 fE¥; 95 C. 15s; 60 C. 1
min; 95 ‘C. 15s.

(5) 5IYRs e 4 4 0PRES I 5 it AT S
WG PCR [N, WG NE R i 202 75y . — 1,
PAFIWT 5 P Re et SR DI 5. 4 0 5104 A
42y B — U, W] W I SR R R AT

(6) Bells it MG E, H 27285 THEA
A it b 2 R R A ik &, AR W3R 3. BEE K
W= RIHE AN, 2 PR RAE TR XN R R SRl 4
AN RBEIE R mRNA Rk KPR i35 2 2,

12 | — &R
= — oD
R
§ 0.8 aﬂP
Q
&

5 0.6

Z

i

Z 04

[}

o e e

0.2

0
60 65 70 75 80 85 90 95

7/°C

B 5 IHEE PCR4XI5|4HERR L
Fig.5 RT-qPCR four-pair primer dissolution curve

R3 SYHENELXEAYNERHEESRAHXEERE mRNA RIEEMFE (X+s,n=3)
Table 3 Effect of highly efficient antagonistic fermentation products on mRNA expression of key genes in aflatoxin synthesis
(Xts,n=3)

. REEH) F mRNA AR IE & (2728¢)
I /UL aflR aflD afiM aflP
EH 0 1.000+0.000 1.000+0.000 1.000+0.000 1.000+0.000
jc2 500 0.426+0.008" 0.858+0.035" 0.437+0.012" 0.8410.045™
1 000 0.242+0.032" 0.3800.049" 0.405+£0.045" 0.560+0.019™
2000 0.098 +0.005™ 0.220+0.021" 0.263+0.025" 0.266+0.003"*
Xdl 500 0.56610.036" 0.228+0.017" 0.697+0.018" 0.482+0.028"
1000 0.41540.026™ 0.107+0.009™ 0.367+0.040™ 0.349+0.010™
2000 0.14440.017" 0.075+0.003" 0.245+0.042" 0.176+0.005"

HaEpdtik: *P<0.05 *P<0.01,
*P<0.05 *"P<0.01 vs blank group.
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2 JC2 REEF=YIIMANEN 2000 uL i, aflR Rk R
Wi, KN afID. afIM. aflP; 4 Xd1 K&
FEEP=40 N 2 000 pL B 4 ANFE R T AR H e B
WVN afID afIR< aflP~ afIM.

AAC=(Crwmm— Ct 2 )msn — (Crowmm — Crpyz )z am
Co FRAER BT cDNA FEASGAE 5 15 B E BIE T T 10
TEEREL
3 it

HAl, AFT (MEBRETZEAFEYEL. ¥
ERVEYNE . FEYERRAARE AFT AHEE T A0 2E
PR IR AN 2 AR5 o ANSERG A 15 FR72 vy-
SR T IR AR R I H A ) e R e it A B AR
KABEAR AFB) S AGs i ——RB &l JC2)
RS ELLERIAT B (Xd1), S8 h 2 B AN AT LA 2030
filre i s AR, HAKHE R, En]
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