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1
1.1
1.2
LB : 10g, Sg,
10g, 1000 mL, pH 7.2—7.4
SLB : 10g, Sg,
10g, 20g, 1000 mL, pH 7.2—7.4
90¢g 10.0 g,
50g, 1000 mL
CMC-Na 150 ¢g
1.0g 1.0g 1.0g 1.0g
200 g 1000 mL, pH
1.3
(Aeromonas hydrophila),
(Edwardsiella), (Vibrio harveyi),
(Vibrio alginolyticus), (Vibrio
parahaemolyticus), (Staphylococcus
aureus)
14
PCR , , )
1.5
1.5.1 10g ,
100mL 0.85% NaCl LB

, 37°C, 180 r/min, 30h
75°C 20min

1.5.2
, : FAO1 FA02 FA03 FA04
FAO5 FA06 FA(07 FA08 FA09 FAl0
, LB , 37°C, 180 r/min,
6 h, 10%

, 37°C, 180 r/min, 48h  , 10000 r/min,
6min, , , ;
CMC-Na , , 50ulL
, 37°C ;
1h, 0.85% NaCl s ,
1.6
( ,2001)
16S rDNA
1.6.1 SLB
, 37°C
, 24 h,
1.6.2
, D- L- D- D-
; V-P
1.6.3 16S rDNA ( s
2011), DNA
DNA s 16S rDNA

, 27F: 5’-AGAGTTTGATCCTGGCTCAG-3’
1492R: 5’-GGTTACCTTGTTACGACTT-3’ Taq
DNA PCR , PCR : 94°C
4min; 94°C 45s, 55°C 45s, 72°C 1 min, 30 ;
72°C 10 min ;4°C oo SanPreP
DNA PCR

PCR 16S rDNA

www.ncbi.nlm.nih.gov Blast ,
, MEGA

1.7

LB , 37°C, 180 t/min,

6h, 10%
, 37°C, 180 r/min, 24h

6min, , ,
( , 2012; , 2013), 3,5-

(DNS) ,
pH

, 10000 r/min,

1.7.1 pH

pH (3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0)
, 37°C, 1h, ,
100%
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1.7.2 2.2 FAO08
30 40 50 60 70 80°C FA08 SLB
1h , 100% 37°C 24h, , ,
1.7.3 , , ,
365nm, 10cm 10 20 30 40 2.3
50 60 min , 100% FAO08 1
I8 %1 THEEH FAOS BT IR R
1.8.1 Tab.l1 Physiological and biochemical characteristics of strain
FAO08
, 5mL LB
, 37°C, 180 r/min f '
16h 1 mL 100 mL b. .
45—50°C SLB , , b. .
+
1.8.2 FA08 B
SmL LB , 37°C, +
180 r/min 6h 10%
50 mL LB , -
37°C, 180 r/min 17 h, VP *
10000 r/min 6 min, )
1.8.3 (agar diffusion method) ’
(Tagg et al, 1971) ( ) s "
2.4 16S rDNA
2 16S rDNA , FA08 16S
rDNA 1407bp 2
21 (http: //www.ncbi.nlm.nih.
, FA08 ,
gov), Blast , ,
’ ! ’ ’ ( 2), MEGA
FA08
, , 3 ,
, FAO08
Bacillus licheniformis (X68416)  Bacillus licheniformis
(NR118959) , Bacillus
licheniformis (X68416) 99%
, FA08
(Bacillus licheniformis), KM892857
2.5
2.5.1 pH FA08
4 , FAO8 pH 4
, pH3 pH5—10 R
85% ,
1 FA08
Fig.1 The hydrolysis circle of strain FA08 2.5.2 FAO08
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5 , FAO8 30—40°C 253 FAO08
, 50—70°C 75% , 6 FAO08
80°C 70% , , 100%,

GGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAATTCCGGGAAACCGGGG
CTAATACCGGATGCTTGATTGAACCGCATGGTTCAATCATAAAAGGTGGCTTTTAGCTACCACTTACA
GATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCG
ACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT
AGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGG
ATCGTAAAACTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCT
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCC
GGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAAC
CGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGC
GGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACG
CTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
AGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTGGG
GAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG
GTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGG
GCTTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTG
GGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGT
GACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGG
GCTACACACGTGCTACAATGGGCAGAACAAAGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCCACA
AATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGC
GGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTT
TGTAACACCCGAAGTCGGTGAGGTAACCTTTTGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGG
GGGAAGTCGAT

2 FAO08 16S rDNA
Fig.2 The 16S rDNA sequence of strain FA08

23 X68416 Bacillus licheniformis

100 ——— NR118959 Bacillus licheniformis
X60633 Bacillus popilliae
o7 463]: FJ655812 Bacillus amyloliquefaciens
52 — NR115933 Bacillus coahuilensis

75— NR118442 Bacillus aryabhattai
X82436 Gracilibacillus dipsosauri

91

— NRO044086 Virgibacillus chiguensis
JT] E— NR042744 Virgibacillus kekensis
NR108949 Bacillus xiaoxiensis
53 NR112165 Paenibacillus macquariensis
497: NR114457 Paenibacillus lentimorbus
—— NR109383 Pelosinus propionicus
100L—— NR109390 Pelosinus fermentans

3 16S rDNA
Fig.3 Phylogenetic dendrogram based on 16S rDNA sequence
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x2 RBEEEFRATHERZABENMHERRERAS
Tab.2 The strains and the accession numbers in GenBank for
phylogenetic dendrogram construction

X68416 Bacillus licheniformis
NR118959 Bacillus licheniformis
X60633 Bacillus popilliae
NR115933 Bacillus coahuilensis
NR044086 Virgibacillus chiguensis
NR042744 Virgibacillus kekensis
X82436 Gracilibacillus dipsosauri
NR118442 Bacillus aryabhattai
NR108949 Bacillus xiaoxiensis
NR112165 Paenibacillus macquariensis
NR114457 Paenibacillus lentimorbus
NR109383 Pelosinus propionicus
NR 109390 Pelosinus fermentans
FJ655812 Bacillus amyloliquefaciens
120
K100
H\a 80
@ 60
B 40
£ 20
0

4 pH FAO08
Fig.4 The effect of pH on the stability of cellulase produced by
strain FAO8

9

i 80
gGO
B 40
an

< 20

0 1 L L L 1
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BE (°C)

5 FAO08
Fig.5 The effect of temperature on the stability of cellulase
produced by strain FA08

120

<100
v 80
@ 60
E 40
= 20
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6 FAO08

Fig.6 The effect of UV on the stability of cellulase produced by
strain FAO8

2.6 FA08
FAO08

>

&3 IhEEE FA08 R EiEXmEERIFEIERE

Tab.3 Antimicrobial activity of FA08’s supernatant on selected

pathogens
(mm)
(Aeromonas hydrophila) 20.54=%0.34
(Edwardsiella) 10.31=%0.25
(Vibrio harveyi) 18.12+0.46
(Vibrio alginolyticus) 17.16%0.18
(Vibrio parahaemolyticus) 17.46%0.22
(Staphylococcus aureus) 17.9540.31
3
( ,2008) 1989 FDA
( , 2011),
; (
, 2014); ,
, ( , 2006);
, ( ,
2005) ,
: ( , 2009)
FAOS8 ,
FA08
, FA08
,pH3 pHS5—10
85% (2012)
(Bacillus) ,
FAO08
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FAO08 ’

( , 2012),
FAO08

: 80°C
70% (2009)

60—80°C, FAO08
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, , 2005.
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, 2006.
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, ,2007. 3

(Carassius auratus gibelio)
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s
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, 2009. C-4
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SCREENING AND IDENTIFICATION, ENZYME CHARACTERISTICS, AND
ANTIBACTERIAL ACTIVITY OF A MARINE BACILLUS STRAIN FA08

FANG Wei-Dong"? ~TANG Xu’, LIU Yuan-Sen’, LIN Ling’,
HUANG Shi-Xin®, GAO Pei-Li’, XU Chang-An’

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Fujian Provincial Haixin Group Co., Ltd., Zhangzhou 363102, China;
3. Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, China)

Abstract To develop biocontrol technology with bacterium against pathogens for prevention from aquatic diseases, we
screened a bacillus strain FAO8 from mud in an aquaculture area in Ningde, Fujian, China. The strain could produce with
cellulase and showed antimicrobial activity, and has been identified as Bacillus licheniformis (GenBank Accession number
KM892857), based on its 16S rDNA sequence homology, together with the morphological, physiological and biochemical
characteristics. Analysis of its enzyme characteristic showed that the cellulase could stand in a wide pH range from 3 to 10
and remain thermally stable in 30—80°C with relative cellulase activity up to 70%. Moreover, the cellulase was insensitive
to UV. In addition, we tested the antimicrobial activity of FAOS8 against selected aquatic pathogens. The results revealed
that supernatant of the strain could inhibit strongly against Aeromonas hydrophila, Vibrio harveyi, Vibrio alginolyticus,
Vibrio parahaemolyticus, and Staphylococcus aureus. Therefore, strain FAO8 and its cellulase product shall have
promising values of development and application for aquaculture.

Key words Bacillus licheniformis; cellulase; screening and identification; enzymatic character; antimicrobial

activity



