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Isolation and identification of Bacillus velezenssisMY1 and evaluation
of its antagonistic effect on fungi infecting brewing sorghum

DING Shaochen!, NING Xingiang', ZHOU Lihong!", GUO Xiaoyi’, LEI Yu!, YU Xue'

1 School of Biological Engineering, Sichuan University of Science & Engineering, Yibin 644000, Sichuan, China
2 Key Laboratory of Southwest Rice Biology and Genetic Breeding, Rice and Sorghum Institute, Sichuan
Academy of Agricultural Sciences, Deyang 618000, Sichuan, China

Abstract: [Background] Sorghum serves as a crucial raw material for China’s brewing
industry. However, during harvest and storage, it is susceptible to infections by Alternaria,
Fusarium, Curvularia, and Aspergillus, which lead to mold growth and mycotoxin
contamination. These issues severely compromise the quality of brewing products and pose food
safety risks. While chemical control methods may cause environmental pollution, biocontrol has
emerged as a research hotspot due to its eco-friendly characteristics. [Objective] To screen the
microbial strains exhibiting antagonistic effects against fungi infecting brewing sorghum,
providing candidate strains for biocontrol agent development. Additionally, it sought to
establish a theoretical foundation for improving China’s brewing sorghum storage and fungal
control systems. [Methods] Taking Alternaria destruens GN3, Fusarium equiseti GNS5,
Aspergillus chevalieri GN11, Curvularia pseudointermedia GN19, and Candida parapsilosis
GNI10 as indicator strains and using the plate confrontation method, we isolated the antagonistic
strain MY'1 and further identified this strain based on its morphological features, physiological
and biochemical properties, and molecular evidence. The inhibitory activity of the sterile
fermentation filtrate of this strain was assessed via the agar well diffusion assay, while that of
volatile metabolites was evaluated via the double-plate confrontation method. Additionally,
extracellular hydrolase production was detected. [Results] Strain MY1 exhibited significant
inhibitory effects on all the five tested fungal strains, with the inhibition rates exceeding
50.00%. It was identified as Bacillus velezensis. The sterile fermentation filtrate inhibited the
growth of A. destruens GN3 at a low concentration of 0.8%, causing abnormal mycelial
morphology and achieving an inhibition rate of 53.95%. Furthermore, MYl demonstrated
protease and cellulase secretion capabilities and produced volatile antifungal compounds,
displaying broad-spectrum inhibitory activity against multiple pathogenic fungi. [Conclusion]
The antagonistic strain MY 1 shows remarkable inhibitory activity against fungi infecting brewing
sorghum and holds potential as a biocontrol agent for fungal contamination management.
Keywords: brewing sorghum; Bacillus velezensis; antagonistic strain; biocontrol; antifungal
activity; identification

% (Sorghumbicolor LORILERY , 758 i THESRERE, EUCR#EF SR+ 5 2 b

S B BC L, O R AR SRR Tk A
ALY JSURME 21, e [ e SR AT i A T AR
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¥ 1818 (Alternaria) . # JJ 7 (Fusarium) . 25 #1755
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Figure 1

Statistics on the effect of strain MY1 on colony growth and inhibition of five tested fungal strains.

A: Graph of antagonistic effect of strain MY1 on five tested fungal strains; B: Effect of antagonistic strain
MY1 on the colony diameter of different fungus; C: Statistics of inhibition rate of strain MY'1 on five tested

fungal strains. ***: P<0.001.
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22 HEHME MY HEEER A A A S 2 R R L BB A 56 A

WA EER S, Bk MY 7E NA T IELORIG 25 B BRSNS BRR A V-P JIE |
WK 24 h BHEERAAG, ZEEE DR RRRELEE . AR R . TERKE . Ak
AR, FWEARA(E 2A, 2B). AR B BB AR R FITE(E 1), SRR LR
M, HLRYE MR 2C, 2D). FIRHRE USRI R HM-3 & F B &0 45 R
A A 28, R

500 nm EHT=2.00kV  Signal A=SE2  Date: 31 May 2025

PR |
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»

&2 EHkMY1 BIESIFE  A-B: FE MY EEIES; C-D: Eik MY B B HIEE(10x100);
E: WHkMY1 BHEMREEA,

Figure 2 Morphological characteristics of strain MY1. A—B: Colony morphology of strain MY1; C-D:
Microscopic morphology of strain MY 1 (10%100); E: Scanning electron microscopy morphology of strain MY 1.

F1 EHRMYIHEEEUEEER

Table 1 Physiological and biochemical identification of strain MY'1

SCESI H Test item ZE L Result SCES I H Test item ZE L Result
/B 5 Catalase test - % BE Glucose +
FH 2213056 Methyl red test - FEBE Sucrose +
V-P {ll '8 Vogen-Prokauer test + Bk Fructose +
iR £h 8 & Nitrate reduction + ABE Xylose +
FeEmR T F ] Citrate utilization + FLBE Lactose +
VEN 7K f# Starch hydrolysis + JILEE Inositol +
A ALl Oxidase + 11 54EE Sorbitol +
B i 1k Gelatin liquefaction + H#2 i Mannitol +
pH 5.7 + 1% NacCl +
2% NaCl + 5% NaCl +
7% NaCl + 10% NaCl +
+o PEME; - BAME

+: Positive; —: Negative.
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WCER GN3 TR 34 AR Z e N 5B—5H),
AT, BRE GN3 TR AR S ek i 5
WEMASE, Ebk MY 1 0B SR IR B T 1
WA AT R BT, 0.1%0 Mk 3 ik v B A s
P 27.98% IR, 1M 1.0%FH 2.0%3He B I i
Fiit 60.00%.
2.6 EEIERITERE GN3 HEZ %M
ER

WAOWE R BT REA] GN3 B 220401y
51 K RIF(E 6A), ZFEH MY1 TH KB
VB AL BRSSP 22 A Z BN, R 24
K(E 6B). HLEIATE(E 6C). it 46 L& 6D)
FHEE

RGRK B WG S 1l GenBank #5% %5, 4y

SO RBUE Y A REAE, FEBIR 0.01 ZoR IR,

Figure 3 Phylogenetic tree of strain MY 1 based on 16S rRNA gene sequences. The numbers in parentheses
in the phylogenetic tree represent GenBank accession numbers, the branch node values represent log-scale
values, and the scale of 0.01 represents the nucleotide substitution rate.
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4 EHK MY TEIERX 5 MO EE KRN A EHk MY EFR 5 Bl i # Hiaicr
Kl B: WPk MY TG IEHON AR R E & B C: Bk MY FIEWRO 5 Al e iy 9 i 5
it

Figure 4 Effect of strain MY sterile filtrate on growth of five tested fungal strains. A: Graph of
antagonistic effect of strain MY 1 supernatant on five tested fungal strains; B: Effect of the cell-free filtrate of

strain MY1 on the colony diameter of different fungus; C: Statistics of inhibition rate of strain MY
supernatant on five tested fungal strains. ***: Differences are highly significant at the 0.05 level.

2.7 IEIEK MY1 SNk RESRY 24 BEHIRE ST . HoR B i IS 71 81.10 U/mL,

M P 7 AIS0, AR MY 1 FELT4E KEFIGISE R LLF4E B TE 10 18.90 U/mL. HAZEJLT
B 7A)FIEE RS ISFAR (&) 7B)MITERCIA A TG AT B-1,3- 738 SROMH Bl A I - Al oA L% 3] B
BEIIRE, LR MY 1 A WA ERHNEN BHEY B,
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5 ARIREEM MY1 TEIEGXNEBESRER GN3 FAIEER  A: LB iR, B-H: #ii

P MY 1 JCE U8 5 35 7 SRR 19 0.1% . 0.2% . 0.4%. 0.5%. 0.8%. 1.0%. 2.0%.
Figure 5 Inhibition rate of different concentrations of strain MY1 sterile filtrate against fungi infecting
brewing sorghum GN3. A: LB medium control; B—H: 0.1%, 0.2%, 0.4%, 0.5%, 0.8%, 1.0%, and 2.0% of the

volume concentration of medium by antagonist MY 1 sterile filtrate.

A B

6 FEIME MY1 TELEIEEX GN3 HLFM  A: Wi; B-D: HPiE MY AR ISR A5

GN3 [ 22T 25 (H7 Sk b 1 22 I A8 0 ) o
Figure 6 Effect of antagonist bacterium MY 1 sterile fermentation filtrate on GN3 mycelium. A: Control;
B—D: Morphology of GN3 mycelium (arrows mark the aberrant part of the mycelium) after treatment with

the fermentation filtrate of the antagonist bacterium MY 1.
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2.8 FEMEHKELXMHYRINERR 15 1 (Botryosphaeria dothidea) JHAD2 . EifiR 75

SOEAR AT S I 25 SR (/] 8)F28, Witk & (Penicillium oxalicum) CSQM. /NisetRfi
MY 1 P2 A B B T 5 AR Y4 (Neofusicoccum parvum) THAA2 . & KA ¥ %
HBFENIHIER, #Pk GN3. GN5, GNI1, (Penicillium italicum) GJJ ¥JHA BEFH9) 3k 4
GN19. GN10 #2558 45.76% . 48.10% . B, IE RN 67.43% . 52.82% . 63.34%,

47.93%. 34.98%. 46.93%. 45.92%. 61.78%. 49.47%,
2.9 FEIEMRAHIE N E 3 Wk
PRSI E 25 (- 9)FR M, Fkk MY Xt
LR I R T (Colletotrichum asianum) JBAAT . D13y ZE #0FF 7 (Bacillus velezensis)j& 2F

Feolk 75 2% (Penicillium digitatum) GILM . 7% AR RN, 55/ 5 # 28 i FF 14 (Bacillus

7 B MY1 FEAYE RERA)FIEBEEB)
Figure 7 Production of cellulase (A) and protease (B) by strain MY 1.

GNI11

8 Bk MY F=E YR L MBS MR E R E R

Figure 8 Inhibitory effect of volatile organic compounds produced by strain MY 1 on the test fungus.
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Figure 9 Graph of antagonistic effect of strain MY 1 against six pathogenic bacteria.
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R A B, BRHE 5 A ZRE M PLIR )
JE HAS UL 2 AR B A i o
W P ESAAEFREE . BEY RGN
PE AR SR P A A A

ABHF5E R T VUSRI 2R AT TR MY T 1Y T8
TR FI5 W, X 5 DA RIS v 3R v 7 A5 21 1Y
AEAEWMATHYORER . 459 R BN, Witk MYl
XTI A A T 4 R B B IR ROR . &R
PR MY 1 JCTR A& U8 A0 B AT GN3 A TR
IR R B WK, HH
AT RSO0, 150 BH LR A8 0 WA A IR T 7R 4 il
BECER R AN Y BT . 5 % i S T A o)
AAARF, DI 2R 1R SB023 & I o 2 4k
J1 T (Fusarium  oxysporum) i) B8 22 H B 5 A TR
RAEFNER 22 UDPIRAIG RIIE L— B w4510
PR e B, D1 ST 2R ARAT B C3 T AR X B
7K JH 94 7 (Colletotrichum capsici) B4 3 s F5 4T
HOR, W RIAT] 80.26%. #E & BT

KIDUEW AT HN-2 1F T 2 By IR
A= i -9 78 (Col letotrichum fructicola) BA F#5Hi/F
M, FEFH AR RERTUR, SR AR
TR R 2207 K o

BEAR, TR MY 1 TG B A T T4 400 B 3 R
Bl v 3 T TR 5, MRV N 0.2%38 3 &=
1.0%HF, X R GN3 AHIHIZE M 27.98% L F+
60.83%. EPffi7E 0.8%AMRIRIE T, iR 4hm]
iKF 53.95%. X —45H 5 £ A A PIRGE ) D3k
Wr 2R FAT I Q-2-2 WY JCTA & TR DR R % B 6 I
B (Colletotrichum musae) 1) 311 il 35 R (1% R JE T
I E 41.05%)AHL . F W82 B B 9T ) A
KI, DLW ZEHRAT I G18 W JC IR R AE 50%
() 1A FEL43 B0 X6 B2 #ik )0 T (Fusarium solani)
FIAM AR I 52.48%. X 86— (45 - 5843
TEBTRE MY 1 HA T35 00 o s MR s 2
PIEERE ST, JE—RRA LN T 0 i A B B R

EA MR, DU 2R AT B = A 1
RHEPRALTE: (1) s, 6
B, TH L= REE; (2) IS, W 2-FR .
2-BEHA ; (3) MEMESEATAY, 0 2,5-ZH kg
SRS SRR AL A 0 38 2 I I AN 5
LI AACH AR, 0 K B T
T A B B AR 25 2 T il U B 4% Sk 9
B 1 TR 110 TR 22 SiE A RN 9 i & 0050 IR 2
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T TR A5 IR 25 A0 5 W mT 0 5L 200 B B r A7 5
ot G AR 078 i ik s 25 4 S A o B O R
TRJE N 2R G B AR R B 2 0, L o) o il 2
RO MIEHRIELY, AW 5T & PSS 2E f AT
B MY D 7 A I P AR R R T 1 S5 L T
HAMGIER, BARY) FR 75 3 — 25 S50 0E A

RAEWFFE R, DUSEHT 2R JR AT 1 Al 38 i 4
WL AT 7K e Tl 2 O TR it T 24 e b 1 o
AR POO0T S ok il A AR R TR A4 R 1) S
i1 P9 25 Py it e R AR 2 A 5 B8 A0 ER B
MRS FAIY, SEERERESR, BRI
HoA K BgE2, AR R, Bk MY REf
O3 AT 4 AN AR X 2 FhOCHR K R . £F
Y T R A A Ry S R A TR AN i BE P Y
B-1,4- 4T B304 B B ml IR ANk ) TR 459 I A
Y2 B RESS M, I8 BB )-fiF 5 AL U T (Xanthomonas
campestris pv. campestris)&5E AN TE B 4
EZ ety i W IECRENAEY 1 L -4 = 3/ B}
T K S R R Y T RE TR 1, AN R A E
JIHE T, MO, R 22 R B
PR 22 K B B 2R ST, i 2 il e
RE 1 58 D1 SR 3 28 FAT TR LAt b o 40 o 1) 2 i 1k
FE PEOSTI ) {H45 D1 S 2E A R A A W B iR
RIS AU E, I A R
B 0 R0 RN 2 b i BRI T EE BRI O
it 055 B AR i

4 b

AW ESRAT | RAEBT TR MY1, %E
H oM D133 27 04T 1 (Bacillus vel ezensis) . [ B
MY 1 X 5 B 3 BRI e 5 1 B HAA A S 3 A
Prig e, MR RBAE 50.00% L |, BERS A LF
A 2 il FH 2R 1L S B ) O BB SR, B
B)IEMENE . 2P T MR B R R AR R Y B
BYEF B EALE, hIt R R Y biG
BORPEHEA RGN GTUR, o Ay T T ] PR vy
SR At g AR A BRI A

& & STRR LA

TR Jrguat, BTN, BamiioiE S i
B, DTHAER, BdEotr, EICE; TR
AR, e3CH b, R, miFEais; M
it RS, TR, BdEE SR, i
B, RBCEE, ROIR, #E, R e
o SRR PUATIEMT, MRS EE . Rt
B RMERIR /T B S RIE.

& PRI A

YR8 P W2 JOAT ] A BE-22 52 A AS SO A i AR
B A 2 sl AR R
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