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Abstract: [Objective] This study aimed to screen and characterize antagonistic bacteria against
Alternaria tenuissima, the causal agent of jujube shrinking fruit disease, and to study their antagonistic
effects. [Methods] Serial dilutions and a dual culture technique were used for screening bacteria. The
bacteria were identified based on morphological, physiological and biochemical features, and a
phylogenetic analysis was conducted on an alignment of 16S rRNA gene sequences. Evaluation of the
control activity and efficacy of fermentation filtrates against A. tenuissma was carried out by a dual

EEWH: HEt IR E RS (No. 2012BAD19B08)
*BIWAEE: Tel: 86-10-62336316; <: liangym@bjfu.edu.cn
UTFE BHEA: 2014-10-20; BEZFHE: 2014-12-22; 57 H AR HE(www.cnkinet): 2015-01-22



1322 A %8R Microbiol. China

2015, Vol.42, No.7

culture assay, microscopic inspection and a spore germination test. Crude active proteins were
separated by an ammonium sulfate method. [Results] Two strains of bacteria, STO-12 and STO-45,
that were isolated and screened from the soil exhibited excellent inhibition against the fungal pathogen.
Based on molecular, morphological, physiological and biochemical features, the two strains were
identified as Bacillus subtilis. However, the two strains differed in the production of a pigment that was
shorter in length in STO-12 than in STO-45. The fermentation filtrate, the supernatant and the cell-free
filtrate of both strains exhibited excellent inhibition against the strain MY5 with a dual culture assay.
Further effects of the cell-free filtrate of STO-45 on the pathogen included inhibition of germ tube and
hyphal growth, and abnormally swollen or degraded hyphae and germ tubes. Crude active extracellular
proteins of STO-45 isolated by an ammonium sulfate method proved to restrain the growth of hyphae.
[Conclusion] Both STO-12 and STO-45 strains of B. subtilis have potential for the biological control

of jujube shrinking fruit disease.

Keywords: Fruit shrink disease of Ziziphus jujuba, Alternaria tenuissima, Bacillus subtilis,

Identification, Inhibition rate
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Figure 1 Inhibition zones of STO-12 (A) and STO-45 (B)
against Alternaria tenuissima MY5 (25 °C, 7 d)

2 E#k STO-12 (A) R EHk STO-45 (B)E K27
Figure 2 Thalli shape of STO-12 (A) and STO-45 (B)
strains
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Table 1 Physiological and biochemical characteristics of STO-12 and STO-45

ZEH Results ZE L Results

F855 Index 845 Index

STO-12 STO-45 STO-12 STO-45
MR Oxidase - + | ZF4ESKAR Cellulose hydrolysis + +
el Catalase + + i JRIRKS# Pectin hydrolysis + +
FZL2138 Methy-red reaction + - MM A r=lR Acid from glucose + +
V-P i35 V-P reaction + ' HEEEEFIF Utilization of mannitol + +
5| Indol reaction - + Z LA Utilization of maltose + +
HMRER AR Nitrate reduction + + FLHE Utilization of lactose + +
Ji% 5 17K fi# Casein hydrolysis + + ! BEBE Utilization of sucrose + +
BIAE Gelatin hydrolysis + + FrERERER A Utilization of citrate + v
TENIKfF Starch hydrolysis + + NBEREEFIA Utilization of propionate - +

e o+ BEE; - B

Note: +: Positive; —: Negative.

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



1326 A %8R Microbiol. China

2015, Vol.42, No.7

/1.00
83/1.00] Bacillus halochares (AM982516)
100/1.00 Bacillus aidingensis (DQ504377)
100/1.00 Bacillus salarius (AY667494)

—— Bacillus persepolensis (FM244839)

51/1.0 Bacillus neizhouensis (EU925618)
) Bacillus agaradhaerens (X76445)
92109919611 001 . Bacillus polygoni (AB292819)

100/1.001 Bacillus clarkii (X76444)
Bacillus alcalophilus (X76436)
Bacillus subtilis STO-12

Bacillus subtilis STO-45
Bacillus subtilis (AJ276351)

Bacillus subtilis (AB211033)
98/1.00) Bacillus subtilis (AB210968)
Bacillus subtilis (AB201120)
Bacillus subtilis" (HE582781)
Bacillus licheniformis (NR074923)
Bacillus cereus (X55060)
Thalassobacillus pellis (FN690978)

79/1.00;
10040.99 Sediminibacillus albus (DQ989634)
Virgibacillus kekensis (AY 121439)
100/~ Salinibacillus kushneri (AY321434)

Tenuibacillus multivorans (AB681155)
Filobacillus milensis (AJ238042)

75/1.00

70/0.90

73/1.00
98/1.00

100/1.00

20

Bacillus qingdaonensis (DQ115802)

3 H¥k STO-12 1 STO-45 T 16S rRNA EEFFIM BG4 BN
Figure 3 Phylogenetic tree based on 16S rRNA gene sequences
Note: Numbers in parentheses represent the sequences’ accession number in GenBank.

4 FEIE STO-12 (A)H1 STO-45 (B) & B4 =4t ik
MY5 BYHIFIE @25 °C, 3 d)

Figure 4 Inhibition activity of fermentation production of
STO-12 (A) and STO-45 (B) against MY5 (25 °C, 3 d)

TE: CK: LB JiFRIEXIIE; a: RBARXTIFAERE; be BN
URFAL IR c: JCRRT USROG IRFAL .

Note: CK: Control; a: Fermentation broth; b: Culture supernatant; c:

Cell-free filtrate.
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5 AREIKE STO-45 THEIERXHERE MYS5 BHIEERQRS °C, 7d)
Figure 5 Inhibition rate against Alternaria tenuissima MY5 by cell-free filtrate of different concentration (25 °C, 7 d)
T a: LBREFREEN R, b-h: FHUISTO-45U8R 5 5 F BRI E0.1% . 0.2%. 0.4%. 0.5%. 0.8%. 1.0%. 2.0%.
Note: a: Control; b—h: treat with 0.1%, 0.2%, 0.4%, 0.5%, 0.8%, 1.0%, 2.0% cell-free filtrate.
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0(CKY1 2 4 5 8 10 20

TER ISR AARTRAE BE
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6 AEIREIEHIE STO-45 TEIERXHERERE MY5
HHIE R

Figure 6 Inhibition rate against MYS by different
concentration of cell-free filtrate of the strain STO-45

EHW R MIRZ . SRR, Witk STO-45 KFEK
HR R A SO MY'S AR HAT B B P
., SHMEYT, HIX PR IR e R Eh ATk
TR R RSCR 22 5 A

3 ZikHitig

IAER, RARAYR B AR X AT R,

FE A 75 0590 77 9 2 4 SR A A i, 24
R A R 2 O TR R IR A 1 RE 8 410 ) A4 4 2R
s . Alternaria alternate (Fr) Keissler, {HZ, H
L FH A= 77 240 TR B 4 A R AL tenuissima

7 FEIE STO-45 ZBEE RN EK MYS EL£ A
400x, 2d)

Figure 7 Effects of cell-free filtrate of the strain STO-45
on the hypha of MYS5 (400%, 2 d)

E: A: X B-D: FEPUASTO-45K BEIE WAL FLE MY STH 24
TEAS (i SAT 7R A 22 B KB 4 7).

Note: A: CK; B-D: Treat with cell-free filtrate the strain STO-45
(the arrows directed abnormally swollen or degraded hyphae).

I R A RIE . Ik, AHFFE LIRS0 R
JREARA. tenuissima MYSh BRI G, M (d
SRR o - 98 v 7 2 H R R LA A e IO R 7 1
HUHERESTO-12F1STO-45 , 2 %1 T T4 bR A4 A B 24
HFFR . G2 AEREEFRIA T POLIIE R, I
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8 FEHE STO-45 LBFIERXE K MY5 18 FiE & HY
S205(400x)

Figure 8 Effects of cell-free filtrate STO-45 without
bacteria on the spore germination of MY5 (400x)

T A: X B-D: f5HURISTO-45 K FEERAL H MY 51T
.

Note: A: CK; B-D: Treat with cell-free filtrate of the strain
STO-45.

9 FEHLE STO-45 A& XINIXE MYS5 BUHIE
EM@R5°C, 7d)

Figure 9 Inhibition activity of crude protein of the strain
STO-45 against Alternaria tenuissma MY5 (25 °C, 7 d)

TE: A: X Be GRERELIE AR L40RIFHOHLEE 11 S MY SX
W C: BRBRELIRANHREE S0PAF AL E 1 S MY SHFIRHALGS.
Note: A: CK; B: Saturation of ammonium sulfate was 40% for

precipitating antifungal protein; C: Saturation of ammonium sulfate
was 50% for precipitating antifungal protein.
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KB, PIHETURMRIIRE ™ A AR, 2R
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