46 1 461 7~12
2006 2 4 Acta Microbiologica Sinica 4 February 2006
1 2 2 1
! 116600
2 116024
Fusarium oxysporum
Q-12 16S rDNA
5¢/1. NH,Cl 1g/L. 0.8¢/L 5g/1.
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Q93 A 0001-6209 2006 01-0007-06
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S5¢ S¢ S5¢ pH 7.0
1.1.3 DNA
Ver2.0 PCR TaKaRa
} DNA BIO-RAD API
50 CHB/20 E APL 50 CHB/E
bioMérieux NaCl
OLYMPUS BH-2
1.2
200
0.5¢g 4.5ml,
20mL PDA 9cm
1 :
Paper disk 20pL
1.1 2.5¢m
1.1.1 Q-12 28°C 3~7d
1 Fusarium
oxysporum f. sp. spinaciae 0-27 2 F.
oxysporum f. sp. Ladicis-lycopersici 0-34
Rhizoctonia solani kithn O-28 1.3
1.3.1
4 Gram
1.1.2
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1.3.2 API Q-12 24h 1.5
API 50 CHB/E
0.85% F . oxysporum
API 50 CHB/E 0.85% )
37°C 48h
2.1
1.3.3 Q-12 16S rDNA PCR 10 R. solani kiihn
16S rDNA 5 PCR 028 F. oxysporum f. sp. spinaciae 0-27 F.
DNA Ver 2.0 oxysporum f. sp. ladicis-lycopersici O-34
1545bp Q-12 F . oxysporum {.
DDBJ AB199317 MicroSeq Microbial sp. spinaciae 0-27 F. oxysporum f. sp. ladicis-
Identification System software V.1.4.1 Lycopersici 0-34 R . solani
kithn 0-28 Q-12
1.3.4 Q-12 Q-12
Bacillus subtilis AS 1
1.1159 Bacill loli ;
6 acillus amyloliquefaciens 1 (e
AS1.1131 CTAB 3 Table 1 Antimicrobial spectrum of strain Q-12
DNA PCR DNA . . Width of inhibition
Test microorganism ’
PCR YyaO_ F/TetB _ R zonefmm
Rhizoctonia solani kithn 0-28 25
YyaR- F/TelB_R YyaO— Fusarium oxysporum {. sp. spinaciae 0-27 27
F 5'-GGAACCAGTCCACAGGGTTGTGG-3' YyaR_ F 5- Fusarium oxysporum f. sp. ladicis-lycopersici 0-34 26
Rosellinia necatrix 15
CGATTGAGTGGGCRAAGGAGAATCA GYGGT -3 Aspergillus flavus Link Fries fghbosos 18
TetB_ R 5'-CCATATAGAGCTGTTCCAATGGAGAAG -3’ Aspergillus flavus Link Fries var aryzae 16
PCR 9% lmin 94°C Imin 52°C Aspergillus niger var. Tie shem 18
Mucor hiemolis Wehmer fihiemalis 8
Imin 72C Imin 30 72°C Penicillium chrysogenum Thom 10
Tmin PCR 2.0% Rhizopus oryzae Went & Prinsen Geerings 7
Candida albicans Robin  Berkbont 15
Crytococcus meoformens  San felice  Vaillenism 0
1.4 Pichia membranae faciens Hansen 0
1.4.1 Saccharomyces cerevisiae Meyer ex Hansen 0
Escherichia coli 0
) Bacillus subtilis 0
Q—12 30°C 200r/min Salmonella sp. 13
3d OD
1.4.2 pH 2.2 Q12
pH  2.0-9.0 pH 2.2.1
Q-12 30°C 200r/min 3d
660nm Gram
LB
1.4.3 Q-12
2.2.2 API API Q-
pH Q-12 12 2
subtilis B . amyloliquefaciens
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Subsp. subtilis 99.48 % Brevibacterium
2 -12 . .
Q halotolerans B . mojavensis 99.29% B.
Table 2 Physiological characteristics of strain Q-12 L 99 16%
Biochemical assays Result | Biochemical assays Result atrophaeus : ¢
Control + GLYcerol - 2.2.4 Q- 12
ERYthritol - D-Arabinose + B. subtilis B.
L-Arabinose + Ribose Toli .
D-Xylose - L-Xylose - anyto Lquef acens
Adonitol _ B-Methyl-D-Xyloside _ B . subiilis subsp. subtilis B.
Galactose + Glucose + amyloliquefaciems 8 B.
Fructose + Mannose - . . .
Sorbose I ~ subtilis ~ B. amyloliquefaciens
Dulcitol + Inositol + tetB-tetl B. subtilis yyaR
Mannitol + Sorbitol - tetB-tetl. 2003 bp
a—Melhyl—D—mannos.ide + a—Methyl.—D—glucoside + yya 0 eiB L
N-Acetyl-Glucosamine + Amygdalin +
Arbutin " Esculin + B . amyloliquefaciens yyaR tetB-tetl,
Salicin + Cellobiose + YyaO _F /TetB_
Maltose - Lactose +
Melibiose + Sucrose + R YyaR’ F/TetB_ R PCR
Trehalose + Tnulin - Yyao_ F YyaR_ F yyaO yyaR
Melezitose + Raffinose +
3’ TetB_ R tetB 5’
Starch + Glycogen -
Xylitol + Gentiobiose + § Oleg
D-Turanose - D-Lyxose -
D-Tagatose - D-Fucose - -
L-Fucose - D-Arabitol - Q-12 B. subtilis
L-Arabitol - || Gluconate - AS 1.1159 B . amyloliquefaciens AS 1.1131
2-Keto-D-Gluconate - 5-Keto-D-Gluconate Yy a0 F/TetB. R
2.2.3 16S DNA Q-12 B. subuilis AS 1.1159 Q-12 B.
DNA  PCR PCR amyloliquefaciens AS 1.1131 YyaR_ F /
DNA 1545bp DDBJ TetB_ R B. subtilis AS 1.1159
AB199317 16S rRNA Q-12  B. amyloliquefaciens AS 1.113
1 Q-12 B. 2 16S rDNA Q-12
amyloliquefaciens B. subtilis
Bacillus subtilis(tAB065370)
63 L
Bacillus licheniformis(AY971527) 0.01
g2 Q-12
Bacillus amyloliquefaciens(AF489591)
% Bacillus atrophaeus(AB021181)
Bacillus pumilus(AM062682)
Bacillus oleronius(AY988598)
100
96 Bacillus halmapalus(DSM8723)
99 Bacillus fastidiosus(X60615)
_[ Bacillus mojavensis(AB021191)
72 Brevibacterium halotoler(AJ620368)
1 16S rDNA Q-12

Fig.1 Phylogenetic tree of the strain Q-12 based on 16S rDNA sequence
Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch points

is the percentage supported by bootstrap. Bar 1 % sequence divergence.
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2 PCR
Fig.2  Gel electrophoresis of the PCR product of the three strains using
the primers YyaR_ F /TetB_ R and YyaO_ F/TetB_ R
1 and 4 Q-12 2 and 5 B. subtilis AS
1.1159 3 and 6 B. amyloliquefaciens AS 1.1131.
1~3 Amplification performed with the primer pair of YyaR _ F /TetB _ R

M marker 100bp ladder

4 ~6 Amplification performed with the primer pair of YyaO_ F/TetB _ R.

2.3
2.3.1

B Growth ; O Antimicrobial activity

Q-12

NH, Cl
NH, Cl 3

Inhibition zone/cm

1 1 L 0.0

NH,CI

3

(NH,),S0,

NaNO; Polypeptone
Nitrogen sources

Peptone

Fig.3  Effect of nitrogen sources on the growth and antimicrobial activity of

strain Q-12
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Fig. 4

0.8%

—— Growth

—O— Antimicrobial activity

Q-12

Inhibition zone/cm

2.4

0.5 1.0
c(Beef extract)/%

antimicrobial activity of strain Q-12

15

Effect of concentration of beef extract on the growth and

2.3.2 Q-12
pH2.0 ~ 8.0
pH5.0~8.0
pH 6.0
Q-12 10.0 ~
70.0C 28.0 ~40.0C
Excel 2
33C
0.6 r 7300
H 250
=
04 1 200 :z\
E
§ 4 150 .:;
02 —l— Growth 4 100 E
—QO— Antimicrobial <
activity
150
- - : 0
0 10 20 30 40 50
t/h
5

Fig.5 Effect of cultivation time on growth and antimicrobial activity of

strain Q-12
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Q-12

4h
8h
16h
3
1945
9
Bacitracins ~ Gramicidins
10
9
23 1415

Bacillus  atrophaeus
vallismortis 3

subtilis subsp. subtilis  B.

Q-12
16S tDNA

Bacillus  mojavensis

pH
5 1A cheA a-amylase *
10h
yyaR yyaO tetl. tetB
Johnson Q-12
Q-12
pH
Eleines Q-12
D-
1 2003 42
5 6-8
2
199 152 90-96.
3
2003 237 1-4.
11 4
10 1986 6570 178 - 180.
5 Quan CS Liu Q Tian W] et al. Biodegradation of an endocrine —
disrupting chemical ~di — 2-ethylhexyl phthalate by Bacillus subtilis
. No. 66. Appl Microbio Biotech 2005 66 701 —710.
Bacillus
Ausubel FM Brent R Kingston RE et al .
B. 2001 36
subtilis subsp. spizizenii _139.

7
2001 267 -295.

8 Oleg NR  Christina D Johan M et al. Taxonomic characterization
and plant colonizing abilities of some bacteria related to Bacillus
amyloliquefaciens and Bacillus subtilis. FEMS Microbiology Ecology
2004 48 249 -259.

9 XO8I1T
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514.
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Identification and characterization of a Bacillus amyloliquefaciens with high antifungal activity

QUAN Chun-shan'*  WANG Jun-hua® XU Hong-tao> FAN Sheng-di'
! College of Life Science ~ Dalian Nationalities University ~Dalian 116600 China
2 School of Environmental and Biological Science and Technology — Dalian University of Technology — Dalian 116024  China

Abstract Plant disease can cause serious crop losses and chemical control of disease is costly both to the environment and
to the farmer. Some microorganism can produce the substance which has the preventing and exterminating functions to plant
pathogens. These substances are valid to plant pathogens with only lower concentration in addition the substances do not
remain in soil and crops without being decomposed. If composization is performed with the microorganism or the
microorganism is mixed into compost the functional compost having preventing and exterminating action will be made out
and that can be more useful to environmental preservation.

In order to screen antifungal bacteria for use in biological control 200 compost samples were taken from different
regions in China over 10 bacterium with clear antifungal activity were isolated from composts among them strain Q-12
exhibited the highest antifungal activity which was strongly inhibits the growth of many plant pathogenic fungi such as
Fusarium oxysporum and Rhizoctonia solan . According to the characteristics of morphology physiology and biochemistry
tests API 50 CHB/E system and the comparison of 16S rDNA sequence the strain Q-12 was similar to B. subtilis and
B . amyloliquefaciens . Some specific genes yyaR yyaO and tetB  which have previously been shown to be effective for
resolving these closely related taxa of the B. subtilis group were analysed to clarify further the classification of Q-12 and
two pairs of primers YyaR_ F/TetB _ R and YyaO_ F/TetB _ R were designed. From the analysis of fingerprints obtained with
the two primers strain Q-12 and B. amyloliquefaciens showed identical genomic fingerprints with primers YyaR_ F/TetB _
R indicating their closely genetic relationship and was identified as B. amyloliquefaciens .

In the investigation of the culture condition growth was carried out in a basal medium and gradually supplemented
with the various ingredients to be investigated. The major ingredients being investigated included carbon sources nitrogen
sources and inorganic salts. The optimum medium and culture conditions of the strain all were studied with single factor
test. The strain is easy to cultivate and the optimal antibiotic production condition is growth in a medium 5 g/L glucose
1 ¢/ NH,Cl 0.8 g/L beef extract 5 g/I. MgCl, pH 6.0 at 33°C for 40 h.

A number of Bacillus strains have proven safe over many years as a nonpathogenic species and are consumed in ton
quantities in several human food preparations. Strains of Bacillus have several advantages over other biocontrol bacteria in
that they are often soil isolates capable of sporulation easy to cultivate and store and some strains have been shown to
increase yields of various crops.

Keywords Bacillus amyloliquefaciens  Bacillus subtilis Identification Antifungal activity
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