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Identification of Endophytic Bacterium CI11-1 Strain from
Mangrove and Isolation of Its Antimicrobial Proteins

ZHANG Xing-Feng LIU Feng HE Hong' CHEN Zhen-Ming HU Han-Qiao

(College of Agriculture, Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

Abstract: The CIII-1 strain, a marine bacterium screened out from 422 endophytic bacteria isolated from
mangroves by the method of plate test, strongly inhibited the growth of Ralstonia solanacearum, Staphylo-
coccus aureus, Vibrio alginolyticus, Phytophthora capsici, Fusarium oxysporum f. sp. cubense, etc.. It was
identified as Bacillus amyloliquefaciens based on the characters of morphology, physiology and biochemis-
try and 16S rRNA. Antimicrobial protein which produced by CIII-1 was the main antibacterial substance.
The crude protein in culture filtrate could be precipitated with 33% ammonium sulfate and obtained by di-
alysis of the precipitate. The protein was found to be thermal-unstable, when treated at 60°C and 100°C for
10 minutes, its inhibitive activity would lost 62.5% and 100% respectively. The inhibitory activity of the
protein was observed in the range of pH value from 5.0 to 10.0, and the strongest one was at pH 7.0.
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solani) (Xanthomonas campestris pv.
vesicatoria)
, 1.3 HmEWHEREFHE L
, , 28°C NB
24 h , NA ,
, (28°C NA
() , 24 h), 28°C 24-48 h,

1.4 CIlI-1 B#kEZE

=4, 141 EMEE: [8]
Bl CIII-1 142 HTFEYF(16S rRNA)EE: CTAB
) DNA R F8 (5'-GAGAGTTTGA
) TCCTGGCTCAG-3") R1492 (5'-CGGCTACCTTGT
CIII-1 , CIII-1 TACGAC-3') 16S rDNA
, . PCR (25 uL): 10 x PCR 2.5 uL, dNTPs
, (2.5 mmol) 2.5 pL, F8/R1492 (10 pmol/L) 2 uL,
(o=l DNA (50 mg/mL) 2 uL, Tag 0.5 L,
s 15.5uL  PCR : 94°C 5 min; 94°C 1 min,
> > 50°C 1 min, 72°C 2 min, 30 ; 72°C 10 min
DNA R
( ) , BLAST
1 ﬁﬂ—?ﬁ& GenBank , ClustalX
1.1 HiXEH , MEGA4.0  Neighbor-joining
422 , 1000  Bootstraps
(Kandelia candel) (Rhizophora stylosa) 1.5 CII-1 mHEMTEER S EiRE
(Bruguiera gymnorrhiza) (Aegiceras cor- CIII-1 ,
niculatum) (Auicennia marina)
39 299 48 23 , 280 nm ,
13, 5] CIII-1

1.2 #iXmER ;

(Ralstonia solanacearum)

, (Escherichia 4°C 12000 r/min 20 min,
coli) (Staphylococcus aureus) ,
(Streptococcus suis) 20%, , 10 mmol/L
, (Micrococcus (pH 6.8) , ,
lysoleikticus) (Vibrio alginolyticus)
, 30%, ;
(Phytophthora capsici) (Fusarium ,
oxysporum f. sp. cubense) (F. ox- 40% 50% 60% 70% 80% 90%, ,
ysporum f. sp. cucumerinum) 10 mmol/L (pH 6.8)
(Colletotrichum musae) (Rhizoctonia , -20°C
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1.6.1  HDHIE R4 & E N E:

b NA b
8 mm s
100 pL , 10 mmol/L
(pH 6.8) PSB 1.4
28°C 24-48 h,
162 HHFEEERFMENE: 9 cm
PDA 8 mm R
4 8 mm
, 100 pL , , 28°C
48-96 h,
1.7 CHI-1 imEEBREMNE
171 HRBEMENE: 60°C
100°C  121°C 10 min , 1.6.1
1.7.2 EREHFRETEMRE: 10 mmol/L
- (pH 2.2-8.0)
10 mmol/L - (pH 8.6-10.6)
pH 22 3.0 40 50 6.0 7.0
8.0 9.0 10.0 11.0, 1.6.1
2 ZRE540%
2.1 FEsEYFIRE R EIIE
422 9  (2.13%)
9 15
CIII-1 ,
0.70 cm , CIII-1
12
( 2) CIII-1
22 ClI-1 E#EIEE
221 EHMEE: , CIII-1 NA
3, [8]

, CIII-1
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Table 1 Inhibition zone of strains from mangroves to R.

solanacearum

Strains Origin Radius of Inhibition zone (cm)
CIII-1 0.70
Bg-12 B. gymnorrhiza 0.10
Rs-13 0.15
Rs-34 R. stylosa 0.12
Kc-26 0.45
Kc-75 0.11
Kc-95 K. candel 0.10
Kc-182 0.22

x2 HBEBEAHM R AR CIL-1 BHRMINE L

Table 2 Antimicrobial spectrum of CIII-1 isolated from
leaf of B. gymnorrhiza

Indicative Bacteria Radius of Inhibition zone (cm)

R. solanacearum 0.70

X. campestris pv. vesicatoria 0.52
E. coli 0.64

S. aureus 0.72

S. suis 0.32
V.-alginolyticus 0.27

C. musae 1.35

F. oxysporum

f. sp. cucumerinum 125
F. oxysporum f. p. cubense 1.32
R. solani 1.22
P. capsici 1.53
M. lysoleikticus 0.55
222 HFEMFLE: CIII-1
DNA, PCR 1.5 kb 16S rRNA
( ) CIII-1
16S rRNA s 1494 bp, GenBank
EF488979 BLAST CHI-1  16S rRNA
16S rRNA R
16S rRNA, ClustalW
, MEGA4.0  Neighbor-joining
1 )
(B. amyloliguefaciens) ,
, 99% , B. subtilis
CIII-1
, CIII-1
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&3 CII-1 EbREEE LS

Table 3 Physical and Biochemical characteristics of CIII-1 strains

Index Characteristics Index Characteristics
Phenylalanine deaminase = Tryptophane deaminase =
Usage of citrate 4 Usage of Carbon source

H,S Production of H,S - D—-Glucose 4
Indole production A Sucrose 4
Nitrate reduction - Fructose 4
V-P V—P reaction + Maltose 4
Aamylohydrolysis 4 D- D-Galactose -
Hydrolysis of cellulose - D- D-Mannose 4
Hydrolysis of esculine +* D(+) D—Xylose -
Gelatin liquefaction A L- L—Sorbose 4
Anaerobic growth 4 L- L—Arabinose -
Contact enzyme 4 Raffinose 4
Oxidase - Inositol 4
Methyl red - Starch soluble I
Glucose acid production +* Creatine =
Growth at: pH 6.8 A Sorbic acid -
5.7 4 Glycerol +

Growth at: NaCl 2% 4 Usage of Nitrogen
5% + Ammonium chloride +
7% I Ammonium sulfate I
10% = Diammonium hydragen phosphate I
Growth at: 10°C - Ammonium nitrate 4
30°C + Sodium nitrate 4
40°C = Urea 4
50°C - DL- DL-Aspartic acid 4

L+ ;=

s

Note: +: Denote positive reaction; —: Denote negative reaction.

97 1 Strain CII-1 (EU488979)

0.01 TT\| Bacillus amyloliquefaciens BCRC 14193 (EF433408)
98 |- Bacillus amyloliquefaciens NBRC 15535 (AB325583)

9% Bacillus subtilis subsp. spizizenii NBRC 101239 (AB325584)

921 Bacillus subtilis subsp. subtilis NBRC 13719 (AB271744)

Bacillus licheniformis DSM 13" (X68416)

Bacillus pumilus DSM 27" (AY456263)

Paenibacillus popilliae ATCC 14706 (AF071859)
1 4B¥EZMERY CIIO-1 16S rRNA R RFE L B
Fig. 1 Phylogenetic tree based on 16S rRNA sequences of selected strains

Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch point is the percentage
supported by bootstrap. Bar, 1% sequence divergence.
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Fig. 2 Inhibition of proteins precipitated at different
saturations of ammonium sulfate to R. solanacearum

*4 CI-1 B EEEMNEE

Table 4 Antimicrobial spectrum of antimicrobial pro-
tein from Cll1I-1 strain

Indicative Bacteria IRAEHES OfF A Moo

zone (cm)
R. solanacearum 1.60
X. campestris pv. vesicatoria 130
E. coli 1.70
S. aureus 1.75
S. suis 1.60
V. alginolyticus 1.40
C. musae 1.60
F. oxysporum f. p. cubense 1.30
F. oxysporum f. sp. cucumerinum 1.25
R. solani 1.30
P. capsici 1.10
M. lysoleikticus 1.05
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241 HRIZTEM: 5 ,
4°C , 5d,
12.5%, 10 d,
18.75%, 20d )
25°C 24 h, 15.6%, 72 h
; 60°C 10 min,

62.5%, 100°C  121°C 10 min,

Fz5 HAIEX ClI-1 EHRREEB MBI

Table 5 Effect of temperature on antimicrobial activity of
antibacterial protein

(°C) (cm)
Temperature Radius of Inhibition zone (cm)
O 10min  24h 72 h 5d 10d
4 1.60+£0.09 1.60+0.10 1.53+£021 1404023 1.28+0.12
25 1.52+0.08 136+021 032+0.14 -

60 0.64+0.07 -

Note: —: No antimicrobial activity.

242 pH BEM: ( 3), pH
CIII-1 ., pH
5.0-10.0 ., PH 7.0
;  pH=40 =110
, pH=4.0
pH .

|

g

B4

€

50l

£ ) .

40 50 60 70 80 9.0 10.0 11.0
pH

E3 pHMCI-1E#iTEERQMEE RN
Fig. 3 Effect of pH values on antimicrobial activity of an-
tibacterial protein
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: Liu ™
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formis) W10 (Botrytis
cinerea)

46049.2 D ; Yoshida [

(B. amyloliquefaciens) RC22
iturin A2

[14] [15]
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b
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