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HE—HER B. pumilus DS ¥ 15 FH/KEEH FHPUAE RIS ERAE - #RER - BT lincomycin
BIFTI90 > SR HEAR 14 FEGiA R st - DLESREVR » B, pumilus D5 EAAHIHIFE N
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parahaemolyticus) MWEHERINE (V. harveyi) » 2
FEJE R - A B TR B R L i OB R
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carchariae 8N (V. anguillarum) 4537 EG
B (Yiil et al., 1997; Li et al., 2008) K fi% £
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R -
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CARREIREE T XESTINPR: - 1[1E= 3 WX /=5 = v 35T
FHEALIE ~ f27H905% ~ iKY R s KBS
Feas B E T DR R AR ~ S2EPUR T
EHyE{#3R (Tucker and Kennedy, 2001; Wang ef al.,
2008; Nayak, 2010) °
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AR - AR TP ERIFLE 184
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AR dsk B B T A AR S A /K E I E
MR > B - BEY (Acanthopagrus
schlegelii) ~ ¥g/KRZL 4 (Oreochromis spp.) HiEL
TP f (Epinephelus coioides) 585 4 FE - 1
Mk 10 ~ 15 g » B ~ /KSR A EL R A TR
KN 358 g~ 346 g ¢ 321 ge

FR A% - il S g IUA 45 mL ST
A REIZK (0.85% NaCl) 1% » DUERE (T18
basic Ultra Turrax@, IKA® Works Inc., Wilimington,
NC, USA) Bl & C i 29’8 J) (SI8N-10 G
Dispersing Tool, IKA® Works Inc.) F843F1#% » Bl
B s

SR~ KGR Fl BB L B S S S
HUBE /71 0 el DL 75% Waks 1 TR AR
DA 2.2 B )3 A IR - o SRR i
THUIGE - BURCE N > B2 g A 18 mL fiE G
HI4 B R KRR - DIRR I BRI & TR
ZYTETIFEIIHTHE - BT R E R (Parvathi et al,
2009; Hoseinifar et al., 2011)

2. BRI EE ~ RUALER LR

A 4 FEASLISEETREE - 0 hEHRNEES
Wi 2% @Al B H R OK T SR e A
(Tryptic soy agar, TSA; Difco) % » B 28+0.5°C
TRIRAE RS2 48 hr > PREEREIMEEAIHEER
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Ht 84 EEE - DIEBINRIN 2% &{bihg TSA
HEFT IR 3 K > 1S BRI L Hikk -

TERAE L WK ELURIT 2% LS
B A SRRERSEEIR (Tryptic soy broth, TSB; Difco)
[ 28 °C 55%% 48 hr 1% - BT BN 15% (vIv)
HHr (glycerol) & -80°C MEFTERTHEIRAF » B/ BRI
HIEFTHEEL (10,000 x g, 20 min, 4 °C) Fkk FEWK
& ININERERIASSF R 10% (wiv) B -AEr T
REZ M RAF (Hill er al., 2009; Parvathi et al.,
2009) °
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10° CFU/mL) » JlEEHEH%EE S ODeoonm Fy 0.4 £
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2. 16S rRNA FE KR4 3 & B F B

#IE Weisburg et al. (1991) & F7iEHEGHE
8 DNA W& 16S rRNA ELKFFo I HET T
SE o FrAANEE 16S rRNA FL X 75158 H 5[+
(16S_F:5’-AGAGTTTGATCATGGCTCAG-3> K&
16S_R:5’-GGTTACCTTGT-TACGACTT-3") #&H2
Al $5 2 FE  (polymerase chain reaction, PCR)
Jr=HERY - HHER 16S IRNA BEKIFF3 HIEZ=HRR
AYRHEARAR (2L - 28) #17 - EFRR
F]A BLAST F£=( (Pearson and Lipman, 1988) Eil
GenBank ZRHEEIYALAIAET T HLET - BRI B
B YR Ry il R B E MR BE - R A
(phylogenetic tree) HY # #§ £% F 44 3T 5 £ vk
(Neighbor-joining method) (Saitou and Nei, 1987) » [
Accelrys Gene v2.5 (Accelrys, Inc., USA) EZE#iE
LTI

=~ BRI ESRIEGNE ~ KGR b
MRKREZPTRRER (RETR)

FriflE e Btk I Table 1 EI5E 7 T /KNSR
B © RN ~ B89 ~ FEBLINER (V. cholerae) ~
EHE IR ~ IBRIINE ~ WEHINE (V.
proteolyticus) JEEHNE (V. vulnificus) ;5 2 ¥RANS
& (Escherichia coli BCRC 11549 F[1 E. coli BCRC
11634) KEGFEDMIKE (Salmonella typhimurium
ATCC 14028) - Hi/K SRR L Bk K 7 Tk 2
Wl LR o3 B ERSMN R 2% & bl TSB
28 °C £5%% 24 hr » DA R /KGR /K AR 0
B2 EEZE ODgoonm 1 0.4 (F#0k 108 CFU/mL) >
7 FEANFEZKER IR HEHEE S ODesoonm By 0.5 (B
ks 10° CFU/mL) » 2 #R KB s EEFEFTR
B4R TSB 1 28 °C 5528 24 hr » DI REE/K
L ODgoonm 5 0.5 (F#k 103 CFU/mL) -
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Table 1 Bacterial strains used in this study

strain incubation condition source
Vibrio aerobic

Vibrio alginolyticus ATCC 17749 TSB + 2.0% NaCl, 28°C ATCC'

V. anguillarum ATCC 19264 TSB + 2.0% NaCl, 28°C ATCC

V. cholera ATCC 14035 TSB + 2.0% NaCl, 28°C ATCC

V. harveyi ATCC 14126 TSB + 2.0% NaCl, 28°C ATCC

V. parahaemolyticus ATCC 17802 TSB + 2.0% NaCl, 28°C ATCC

V. proteolyticus ATCC 15338 TSB + 2.0% NaCl, 28°C ATCC

V. vulnificus ATCC 27562 TSB + 2.0% NaCl, 28°C ATCC
Escherichia aerobic

Escherichia coli BCRC 11549 TSB, 28°C BCRC?

E. coliBCRC 11634 TSB, 28°C BCRC
Salmonella aerobic

Salmonella typhimurium ATCC 14028 TSB, 28°C ATCC

'ATCC: American Type Culture Collection, Manassas, VA, U.S.A.

*BCRC: Bioresources Collection and Research Center, Food Industry Research and Development Institute, Hsinchu, Taiwan.

FERMPSEMAERKT 0.9 em ZEREREIERL
[IFE - B 20 mL ELJAE ~ REER GREE 45°C) ~ %
SN 2% RAESAZ TSA - LA 6 pl ZKEEFRIFEL
BRI G2 - ARSI - £F TSA el
PBRIRFIEERAAR - AEMIEFIIA S0 pl FI7K ERR L
B BRI © B 28 °C B52E 24 hr SREEHGR
N IR A R AE R < AV (mm) e

EER MPSE M BT 0.9 om ZSRERDIE R
(V168 > Y 20 mL ELJEE ~ ARBEE (R 45 °C) &
TSA > A 6 ul RIGHFESEGROFIRE R R
BEEZ%  BIARSEILF - £F TSA BEEREE
BRI o FEMIRE RN 50 pl JT/K AR IR N Pk
LB o B 28 °C K53 24 hr REISHTR > W
RMIREFT AT H R A EIRE L A/ (mm) -

VY9 ~ EANEIDTA 3R i3 At

22 Bauer et al. (1966) ff FIRGSEAIPTAR -
) FE R #E BR P 8% B 1 (standard disc diffusion
method) T« KHHL/K AR N B BRI EESMNAR
2% &Ab$iz TSB Hr 28 °C 55%#% 24 hr > DIA= B
o K R B K 7 s I R R R 2 R R R
McFarland 0.5 (B#k 10° CFU/mL) - BYEAEL %2
B 100 pl I @PREIN RN 2% @ bife

TSA - Wior G b 15 FEPUAESRER > £ 28 °C 5
24 hr 1% - HISRER Py E B P A E YR K
/N (em) > DUT R BRI A 38 < BURRE RS -

FrflEAHiAE R 05 10 Rk AR -
ampicillin 25 pg (Oxoid) - amoxycillin 25 pg
(Oxoid) ~ doxycycline 30 pg (Oxoid) ~ erythromycin
15 pg (Oxoid) ~ florfenicol 30 pg (Oxoid) ~ flumeguine
30 pg (Oxoid) - lincomycin 10 pg (Oxoid) -~
oxytetracycline 30 pg (Oxoid) F oxolinic acid 2 ug
(Oxoid) J¢ spiramycin 100 pg (Oxoid) - 5 fHEH AT
A= : ciprofloxacin 5 pg (Oxoid) ~ pencillin G 10 unit
(Oxoid) ~ sulphamethoxazole/trimethoprim 25 pg
(Oxo0id) - tetracycline 30 ug (Oxoid) F1 vancomycin
30 pg (Oxoid) °

Mook

— ~ PUKER IR Z RPREI 2 HE ~ FEAE
BAfRTF

FH R~ R ~ K IR EN S R L
flEE SR b 84 (HEM - R H YN ERE
JIHE - 3% 84 (HEMRT - ERARSLE IR
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Table 2 Antagonistic activities against Vibrio alginolyticus, V. parahaemolyticus, and V. harveyi of bacteria isolated

from 4 samples in this study

V. alginolyticus

V. parahaemolyticus

V. harveyi

inhibitory zone diameter (mm)

0 0.5-2.9 3.0-49 5.0-6.0 O

0.5-2.9 3.0-49 5.0-60 O

0.5-2.9 3.0-4.9 5.0-6.0

number of bacteria

sample origin, number

sample A', 32 8 24 0 0 22 9 1 0 16 15 0 1

sample B%, 26 1 16 0 0 10 16 0 0 10 16 0 0

sample C*, 14 1o 4 0 0 12 1 1 0 8 5 1 0

sample D', 12 ¢ 6 0 0 10 2 0 0 10 2 0 0

total 84 34 50 0 0 54 28 2 0 44 38 1 1
'White shrimp

’Intestine of black sea bream
*Intestine of brackish water cultured tilapia
*Intestine of orange spotted grouper

Fig. 1 The antagonistic activities of the strain D5 against Vibrio parahaemolyticus (A, 3 mm) and Vibrio harveyi (B,

5 mm).

Bk 0.5 mm DU REH 34 £k > 0.5~2.9 mm #FH 50
Pk BB RINEIHIEREFy 0.5 mm DUNEH 54
R 05~29mmBH 28k 3.0 ~49 mm FH2
BR 5 B HE IR Ry 0.5 mm DU EF 44
B> 05~29mmFH38H3.0~49mm EEF 1
Bk 5~6mmEf 1 £ (Table?2) -

Fr s Bt o R Bl 3 S R K AR RGN
SRR St - N SV IS R 52 - U A
Hif D5 BRI i > B AR B #E [N
ERHIERFEL 73 5Ky 3 S 5 mm (Fig. 1) » VARSI E I
BRIy 1 mm -

=~ RIPRAY AR B

T E RSB DS RREITH ETRE
o~ ALk IR S R S E - DS BPRAE TSA |
EvE 2EDMEC AR HE - BK 1.5 mm - SHE
EAFHARTHEEGIR - HHEE RG0S (Fig. 2A)
R RSB - BZHH R Ry bl RS MEAR B B
A KA CBRAEME » HEE
MacConkey’s agar 4 - #&5#& 65 °C /30 min JiZ
BREVETY - AT (Fig.2B) > EAEHE
/K fEls - NEATHENGZEIREST - AR A B R
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Table 3 Characterization of isolated D5 strain and comparison to Bacillus pumilus BCRC 11706

item

Bacillus pumilus BCRC 11706

Gram stain
morphology
catalase reaction
oxidase
survive at 65 °C /30 min
spore formation
MacConkey’s agar
methyl-red test
Voges-Proskauer test
indole test
growth at 50 °C
growth in 10% NaCl
hydrolysis of starch
hydrolysis of protein
hydrolysis of lipid
citrate utilization
nitrate reduction
substrate utilization

D-Glucose

L-Arabinose

D-Xylose

D-Mannitol

galactose

fructose

mannose

adonitol

sorbitol

inositol

16S rRNA sequence analysis

Bacillus pumilus

o+ o+ o+ o+

o+ + o+ o+

Bacillus pumilus

uyn

+” means positive reaction; “~” means negative reaction

% + DS EHERCELHTRI‘E (LR RS 165 rRNA
FER M8 E By Bacillus pumilus (Table 3) - 2%
SRR BT » DS BHREL B. pumilus 5k,
Bk (Fig. 3) » #% D5 Witk %k B. pumilus
D5 -

=~ BRI AR IGINE ~ KA heid
MREZ ViR

B. pumilus D5 BPRES 7 TR ENR RGN E 2
B ETPRUR » RZ R ENA BN ~ AR ~ AL

~ IS HE FQHINER ~ B 280 ~ v IR SRl
B HEE SR 1.0-3.0-40-50~3.0-0 &%
3.0 mm (Table 4) » H A A HE FAN R TIHIRE R
Bt (5.0 mm) - HIEZERINE (4.0 mm) » FEX
o8N ~ Bl RAIGINE (3.0 mm) 5 $EE
H H N AIEHIHIBIS: (0 mm) -

AWFZE E F i BEHAY B. pumilus D5 BiRES
KIGHEE IR ERER » ZEERE E coli
BCRC 11549 1 E. coli BCRC 11634 7 HIIZ B4Ry
3.0 mm (Table 4) » F7< B. pumilus D5 R ANG
FEEIEHIHIRER « LAL > B. pumilus DS FRE B
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Fig. 2 Colonies plated out from strain D5 and incubated for 48 h at 28°C on tryptic soy agar (A). Endospore staining

of isolated D5 strain (B).

Bacillus coagulans (AB116142.1)

0.0483
e Baccillus amyloliquefaciens (EU855195.1)
0.0051
0.0035 0.0030 oo Bacillus subtilis (AB018486.1)
0.0090 '
Bacillus licheniformis (AY291582.1)
0.0085
0.0104 D5
0.0000
0.0035 0.0176 Bacillus pumilus (KF923455.1)
0.0003
Bacillus cereus (EU350369.1)
0.0007
0.0237 |l Bacillus thuringiensis (EU037097.1)
0.0071 0.0027
' Bacillus sphaericus (EF032669.1)
0.0437
e Bacillus circulans (EU373365.1)
0.0221
0.0039 Bacillus megaterium (EU373355.1)
0.0000 .02 : - -
Bacillus firmus (EF032672.1)
0.0169

Fig. 3 Phylogenetic tree showing the 16S rRNA relationships of the strain D5 with other relevant species. The

rectangular cladogram presents the results of the neighbor-joining method. The sequences were obtained from the
GenBank databases, and their nucleotide sequence accession numbers are shown in parentheses. The isolate and the
closest species are shown in the red box. The nearly full-length 16S rRNA gene sequence was amplified by polymerase
chain reaction using the universal 16S primers. Sequence analysis was performed using the BLAST program.
Phylogenetic analysis was performed by the neighbor-joining method using Accelrys Gene v2.5.

BRDFIRE ZHVEPRE Ry 2.0 mm (Table 4) » UK

HE RGP RE A

s Sl

EHe)] °

VY ~ BRI SR i3 At

534t B. pumilus DS PRI 10 FE7KEEH
Vi 2R BEIR - ampicillin ~ amoxycillin

doxycycline -~ erythromycin -~ florfenicol -
flumeguine ~ lincomycin ~ oxytetracycline ~ oxolinic
acid J¢ spiramycin FpEE 4 Z VB E AR 1.2~
0.8~13~07~19~19~0~1.1~1.1 0.7 cm
(Table 5) » H 3% florfenicol Jz flumeguine HYH]
HiwBkm JEESR 1.9 cm) - HX K
doxycycline (F1 B8k 1.3 cm) K ampicillin (H]
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HBl R 1.2 cm) FF X B oxytetracycline Jz oxolinic
acid (JIE B 1.1 cm) » B. pumilus D5 Bk
erythromycin % spiramycin I 20855 G
HBE 07 cm) - [ B. pumilus D5 BEAF %
lincomycin 522 » IE B 0 cm (Fig. 4) »

Table 4 The antagonistic spectra of isolated Bacillus
pumilus D5

inhibitory zone

indicator strains .
diameter (mm)

Vibrio
V. alginolyticus 1.0
V. anguillarum 3.0
V. cholerae 4.0
V. harveyi 5.0
V. parahaemolyticus 3.0
V. proteolyticus 0
V. vulnificus 3.0
Escherichia
E. coli BCRC 11549 3.0
E. coliBCRC 11634 3.0
Salmonella
S. typhimurium ATCC 14028 2.0

Fig. 4 Antibiotic susceptibility of Bacillus pumilus D5
against five tested antibiotics, namely, amoxicillin (AML
10 pg), ciprofloxacin (CIP 5 pg), lincomycin (MY 10),
sulphamethoxazole/trimethoprim  (SXT 25 pug), and
spiramycin (SP 100 pg).

54 s B. pumilus D5 FIRAE ciprofloxacin ~
pencillin G ~ sulphamethoxazole/trimethoprim ~

tetracycline 7 vancomycin FffZE4: & HIEBE 451

B 1.1~ 0.1~ 1.5~ 0.8 5 0.6 cm (Table 5) » Frf
%% sulphamethoxazole/trimethoprim ]I 82 25 f o
(1.5 cm) » HZK Ky ciprofloxacin BB R 1.1 cm)
tetracycline ({1 P& Ey 0.8 cm) Kz vancomycin (F[IEE
Bk 0.6cm) 5 FE pencillin G (HIIEE 0.1 cm) -

HHCA_EZRA] A > B. pumilus DS TRPRAEFTH]
Ay 15 fEpiESRT - A lincomycin BAHHT
AEJT - A 14 FHUAE R RURIE -

Table 5 Antibiotic susceptibilities of isolated Bacillus
pumilus D5

diameter of
antibiotic inhibitory
zone (cm)
common use
ampicillin 25 ug 1.2
amoxycillin 25 pg 0.8
doxycycline 30 pg 1.3
erythromycin 15 ug 0.7
elorfenicol 30 ug 1.9
elumeguine 30 pg 1.9
lincomycin 10 ug 0
oxytetracycline 30 pg 1.1
oxolinic acid 20 pg 1.1
spiramycin 100 pg 0.7
others
ciprofloxacin 5pg 1.1
pencillin G 10 unit 0.1
phamabowid g5y s
tetracycline 30 pg 0.8
vancomycin 30 ug 0.6

EO I

I IR B AT 5 RS (Y 5I RTBi Fe AA LUAE R )2
TR EEFRIHEE SN BRI & — WF R 1Pk B
I IS B o B DR 2t 2E B BRI AR A
FRBEA - A PUEEMENER R - B AE K E
FEERSI TR - AR EE -~ PR - k5
PR ELELTT B f i AL 84 fE PR - A
o e o B PR BT IR ~ I 2SI R HE GBI



H /K sl Tk AR I DT 45

B 3 R KA R IR R R A2 K H
HR AR E SR AL P B DS AR T i
F: > DS BRI /715 5 16S tRNA LK 5]
BB E B B. pumilus » Widn44 By B. pumilus D5 -
HRTBEESI SRR » B pumilus WI2RIFELEE T
PEEREE - BE F 8 - MR A o E
e AR TR R AL SE o AR AR ~ BIIEERE ~ RPEEE ~ b
it ~ SEERE T S i ~ BRI ~ F5 2k RE
T~ BRI S i i kI o EE R B.
pumilus (Banerjee et al., 2007; Parvathi et al., 2009;
Karim et al., 2013; Liu et al., 2013) - & T8k
IEPEEE e B B, pumilus (Nair et al., 2012;
Devaraja et al., 2013; Liu et al., 2015) °

Manjusha et al. (2014) 18 #3577 B 2] B.
pumilus ; Leyton and Riquelme (2010) 7E3FENE £ 28
Concholepas concholepas WY AR 43 BER] B.
pumilus > Hill et al. (2009) {EHEMRAIGE T8
B. pumilus ; Sun et al. (2009) ~ Vinoj et al. (2013) %z
Wuetal. (2014) 53 FHEARPSRAVE AT ~
B (Fenneropenaeus indicus) [z Je%& (Scylla
paramamosain) HIGE P EER] B. pumilus -

IS o Aslim et al. (2002) 163y EEd B.
pumilus - Mohammadou et al. (2014) HZEER M
SR B, pumilus o
(2007) $&HS » B. pumilus SR NI AEBRBEA] -
Noor Uddin ez al. (2015) 7 B 2R B2 i
Sy B B. pumilus -

LA Bacillus spp. kst EE AT 2B 5
Bacillus spp. FsfdFTERE - HIRfF Rl =y
B R SN 2 5 R A A RBRE - A S i
FEEREAI iR — i A2 R (Hong et al., 2005) 5
Rl > Rz KRR BRE - B8 MBI T b
‘B B E A SR TR B AR R 8 (Gatesoupe,
1999) » X » Bacillus spp. N & 7K E K &
(Gullian et al., 2004) » FL3@ % N2 K
SEINESEE R SN S iR A R A RE e = S
FHERRYZEIA] (Moriarty, 1999) -

WSS H F S B B. pumilus DS SAH]
HvA RSN ~ M@0 ~ ERLINE - KEHEINER
o RN KBS S5 6 /K 2 95 [ I & Y RE
77+ Vinoj et al. (2013) ~ Wuet al. (2014) F Leyton
and Riquelme (2010) 737 H EIEE#ME ~ M5

Aunpad and Na-Bangchang

EHIBEEIE R C. concholepas WIFNFEEH 7
HEHIAY B. pumilus » 22 B NG MR IR -
Karimetal. (2013) $8H » HEBEHEEE (Rhode
Island) ¥gig b 4rBEHIRY B. pumilus SHIHINEHE
ERBINER » AELAS 2 000 ) ot 8 1 o5 i B - 35 IR B
Banerjee et al. (2007) RE » /rEEE ERyYnnlE
B B. pumilus » BAHIHIVE BN E R 5 2N
s - Banerjee et al. (2007) 38 » B. pumilus
& LUBEFHHEBR A 7 2NN w5 ol B BB S8 I -
i EH AR OER B R IRy 3 REHTIAR R HE
T e Hill et al. (2009) HEHRIIIEE F Sun et al.
(2009) HBERF OB EEHY B. pumilus - 2 HA
HIHA BN ER S RO R 14 < Liu er al. (2015)
fart - BB B. pumilus BEAARIHIE SN
BN RIS INEBIRE ST » (EA S IR HE RN -
Devaraja et al. (2013) #35 » 43 HEH F2RPURR PR
HREREIEYRZ B. pumilus EAHIRIRASEINE - Ma#E
IRINER Bl AN ERYRE ST © Nair et al. (2012) #5H1 -
3 E BN R iR PRI YERY . B. pumilus B
AHIHIA RS ~ N ~ BN ~ 5 RN
MEVEINERIEEST - Nithya and Pandian (2010) #
o B pumilus EAAHIGIASEINE - 1550 KAl
BIMEIE A PIERIRES] - ABF5EE HiRsr B
(9 B. pumilus D5 BAHEIHREBRINE - @& - &
BLINE ~ S HE SN ~ 152N s BN 5 6 Ff
7K ZE R IR BN B B RE T+ T AT e SCR R B.
pumilus BERNE] 1 ~ 5 FH/KERIFHNE - KL B.
pumilus D5 FCERTCEREN B. pumilus GERIHIR
EZL Nz TSI

Br T ERET B. pumilus D5 1] 25 1 7K AR R
MRS - ARIHFEEE B B. pumilus DS thH
A HIHIK G # K B G FTIRREIEEST - H Al
W BB SRR » ARSI B. pumilus K
BAREEKGEYPFIREIE SR A —
Mohammadou et al. (2014) FgH > KEHBEREN
H18 B. pumilus 7] DUNHI K BGRRE - (H L]
BT - Manjusha ez al. (2014) HiE R
Fhor B B. pumilus W] DI B AGFED P RTA -
Aslim et al. (2002) B 38 B. pumilus &%
PIHIANGARE - ) > Aunpad and Na-Bangchang (2007)
Wzefat - B3REAREE R 2 BEHISKEY B. pumilus
SRR HNHIRIGAR BN S G FE WP IRE - AR TERT
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Bt B. pumilus DS BAHNHIAREAT & & BB
PR R FERFARE P E R U SRR
_EHABAY B. pumilus -

BTSSP IR R B o = 2
BAG C EAVIEEIR - EAEEREYE - EABE
M ~ EEATEE B ~ U8 pH {HAGSFERYIE L
z2ft] (Leyton and Riquelme, 2010; Nair ef a/., 2012) °
Aslim et al. (2002) $8H * % Bacillus spp.
FEEHUBR R > D95 [ 1 - Nair ez al. (2012)
3> B. amyloliquefaciens ~ B. subtilis ¢ B. pumilus
i AR A E Ry AR PRI A A o A
HAHY) - BE TR ERE - Aunpad and
Na-Bangchang (2007) #F5¢$8H > Bacillus pumilus
FlrE AR TBERERR Ry pumilian » pumilian £R53 30
FSMUPTEYIE - AR ERE RIS ER T
pumilian FyESEAG TR IEIL - K68 121 °C~ 15 min
FRERR I EA 100% JE1E 5 2 pH6~9 HYERSE T -
RAE 90% HUTEME » 3 F &k 1.99 kDa - $H¥f 15 1
F R R TEBHETT pumilian BHAA R 5T
TEICHIE - A REUR BN Hrhay 12 R B A
UM AEAFARTEIEARY 9 T RE QR M B b i
HHUE -

AIFZEE BB B. pumilus DS HYESEIR
FESEEEEE (s (10,000 x g, 20 min, 4°C) J% 0.22 pm
TENESHEE PR DL ERRE RS - BRI RIS K
PESRIF ORI ER - IXIEEHER] B. pumilus DS EEARY
TERPVE e EE e b - BEE B. pumilus DS
B /K 9 [ I BT 3 S R W 2 - T E D
HIZKEERR IR SR - HEE B. pumilus DS HIH]
7R SR I B BRI Ry P R — 20 PR -

PREY B. pumilus $HRPIA RIS TIE ST H
Wu et al. (2014) HiBFEVREE /78 B. pumilus »
AL 20 FEHTAE SRR IS - /5 REUR - &
B 9 MR EEIUE - B 1 MR -
Nair et al. (2012) H EIEEHbE R Y ERTE S HIFY B.
pumilus L)L 10 FEHTAEFRGERHRSE M - RiEREER -
1 PV ERE AU - BHER 9 HEE
T fBUREME - Parvathi et al. (2009) HENEEISTHE/K
Y B. pumilus ) 10 FE§TA FElbe H B2 M
FEREUR  BZ BN A | A R BRI B
B O R RUENE - Aslim et al. (2002) H 3k
53 B. pumilus DL 8 FEH 1A SRS HIRSZ 1 - 5

REUR - I 4 YA REAEGUE - HHEER 4
TEAI /U, - Mohammadou et al. (2014) B 25
R B, pumilus D) 8 FEPTAE SRS HIEAZ
M AEIRER B A 2 AU - HHER
6 RIS Ry U -

Ry 1R IR PR ROV RIS B B R
A RS B A B - S TSR M B R N B [RIE »
MR - R RS A R LIS BT R
AYBETE R EL (Saarela er al., 2000; EFSA, 2012) « ZA<Hff
FEE HigR 3 BELRY B pumilus DS BRAEFTHIE
19 15 fEfLAE T - A E lincomycin A HHTRE
77 A 14 FEEUASRITEBURE - EEERA
[FIPTAE SRBURHITE R LB (14/15) SRS
FERFT Y B. pumilus (4/8-9/10) » Frlae i &t fif
PRS2 28 RS AN B AR RPN R E R H L
$H#E (Saarela et al., 2000; EFSA, 2012) »

FLI HRTCER Z SUBRFR RS B pumilus 3
JR7KEIRIFNE ~ KGR B G TR ER
HIFIARDL - BB A FIF LA SR BURAITSTE - ARiF9E
9 B. pumilus D5 BAAHNHIZHEKERIFINE ~ K
HR S e UG FED P REICER - SRR ELAE

SRBUBHIRAHZ L [RIEEHER B. pumilus DS
Fo TRtk -

EeAh - BHRIRT AR B. pumilus MCRy /K2 FH %%
A B I B S BT K Hh i SR s i SR A 1 -
Wu et al. (2014) 538 B IBPETRSENY B. pumilus
TIEVRE AR R (10° CFU/g) 28R 30 K% F
BRI B2 (10° CFU/mL) 48 hr 4% » 31
BatH e <« S tHBA BL K] CAT (Catalase, i@ %L
&%)~ proPO (Prophenoloxidase, [ & LE) K
SOD (Superoxide dismutase, #8%ELIEEILEG) =
MERREZESERAWIHSR - PR ER
(respiratory burst) FYTEEINE LTt MEtERHTE
BBINTEER (T7%) WEEHRE (55%) $2m 22%-

Karim et al. (2013) #4578t EE/KZ B. pumilus
AN EE Rk R (10 CFU/mL) 24 hr 4% »
P LU -85 RN R B % - SRR 2 TE 1
K (45%) BEAlEH (30%) #2m 15% - MEREES
REBHEUR » B. pumilus MK TS FONE & AE
H R B A RE iR W U5 RN - R TS
#3R > Karimeral. (2013) 8k » FIRERE B. pumilus
R bR L R DIRE -
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Banerjee et al. (2010) E &R nA 10°
CFU/mL B. pumilus & » 55 3 R » BHEHH s S
FH 7K HR R & 43 A Ry 2x10° CFU/mL k¢ 2x10!
CFU/mL » 55 18 KIRf » ¥l kel K Hhol B &
43Rk 10° CFU/mL K < 10" CFU/mL - $fI8#H K
ABEH A BRI R Ry 28% B 32% - HfHE
B BErH A LR RR (specific growth rate) 7331
Fy 8% Je 10% » FABmRH A SIS 7R S bR RS
EREIEH (p <0.05) ° Devaraja et al. (2013) [Elfz
FEEEE AN A 106 CFU/mL B. pumilus > 55 18 X
IRF - SR R e Bs A IR 7R Ry 26% ¢
32% FERCRIRGT ARy 9% J 1% » GlsH A S
TR S L ERR R A I (0 <0.05) -

Sun et al. (2010) BREGH =4 B. pumilus
(10° CFU/g) gkt 60 K% » B HHH B A
PRSI ERHE R (feed conversion rate) 737Ky
1.03 5z 0.98 » GREEH A B FarY iR B ESRi E i
fHE: (p<0.05) « 3> GBI VA TREHS T
RS 34.7% (p < 0.05)

it H AR SRR B pumilus $J%
KAV RS ~ BRI & - MR ) &
T HR R BB R ITE AR5 R - Af9ERY B.
pumilus DS BAHIHI 2K RN - KR
K EGFEDFIREAIRIR - HGE P HRETE R
JFERI R B Pas 3k -

A

AWZEE HigAT B DS Bk - (KHAHER
A H S AR ALRRE S ER ST 16S RNA BRI o3 Ry
B. pumilus » ity 44Fy B. pumilus D5 ° B. pumilus D5
AT BN ~ B 20N ~ B HE GO ~ #8500
~ BRI MBI IS 6 FH A /KERR
N - BRPTIIERY 15 AR - GgH
lincomycin EAHHIREST - BHAM 14 FHHI4E 3RS
FefBUdM: « DL EAS SRR » B. pumilus DS Rk EA
WO H/K R I B RE IS AL TR L R R ) -
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Huei-Jen Ju!, Mei-Ying Huang'", Hsu-Chan Liu!, Liang-Wei Tseng!,
Chorng-Liang Pan? and Chin-I Chang!

' Aquaculture Division, Fisheries Research Institute

2Department of Food Science, National Taiwan Ocean University

ABSTRACT

There is an urgent need to develop microbial control strategies to control vibriosis outbreaks in aquaculture
industries. The present work was devoted to screening for aquatic pathogenic Vibrio spp. antagonistic bacteria in
marine fishes and shrimp. The sensitivities of the probiotic to various antibiotics were tested as well. In the present
study, a total of 84 isolates were isolated from four samples. All the isolates were tested against pathogenic Vibrio
spp., including V. alginolyticus, V. parahaemolyticus, and V. harveyi. Among the 84 isolates, the strain D5, isolated
from white shrimp, showed high antagonistic abilities toward pathogenic Vibrio spp. The strain D5 was identified
as Bacillus pumilus by Gram stain and 16S rRNA sequences, as well as by its physiological and biochemical
characteristics, and was thus named Bacillus pumilus D5. The B. pumilus D5 exhibited antagonism against V.
alginolyticus, V. anguillarum, V. cholerae, V. harveyi, V. parahaemolyticus, and V. vulnificus. Moreover,
Escherichia (E.) coli and Salmonella typhimurium were also inhibited by the B. pumilus DS5. To test the sensitivity
of the B. pumilus D5, 15 different antibiotics were used. The B. pumilus D5 exhibited at least some sensitivity to
14 different antibiotics tested in this study, while it was resistant to lincomycin. In conclusion, the B. pumilus D5
exhibited antagonism against V. alginolyticus, V. anguillarum, V. cholera, V. harveyi, V. parahaemolyticus, and
V. vulnificus, as well as sensitivity to most of the antibiotics tested in this study. The present study results reveal

that the B. pumilus D5 has potential applications for controlling pathogenic Vibrio spp. in aquaculture practices.

Key words: against pathogenic Vibrio spp., antagonistic bacteria, Bacillus pumilus, antibiotic resistance
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