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(L. bV i R 2K 7= 5 A iy B, A R AL K = R R IR A B SR A W E L%, Bl 201306
2. BLRHIR LB A Ay Bl 22 B, H B B 236037)

WE: NERAAAZTEFEFTHA L REINE AR TR N BEEE T K X3, 5 A
MEHRELEE R A I6S DNA F 2 #HATHE M R EE ;BRI A @ TN E,
XATHRY o FRTERSE BE RE FoBM KA P SHEXEMAFHHE
EHWEw., SR8 7. E AN E /D F HAFE (GenBank accession No. HM137033) ; % 20
HRAREEAE PO I3 AR FATFARE W ER, UE SR B RS S 48 h 5 8y Mg sh
FEHWEFERAREEpH AT W ERERA KB RAMEE RN RE A 5K
8CS;ZEaBKATRKEN FCLA LR MANEELE, ZEMARENE REZE
EEHAERAERMEAF R LN ITER R A AR AERER, EEHWE E A o s
FHERE SEMF AWM ENCEH EA A REER, AL ELRABNFE T A

E M A

KR BANFHRATE; MEEL; BT MEFSE

HMESES. Q937.8; S 965

ST Jes T 5 25 M i T K SR A £ BF (DL 2R 45
7K A Bl Wy v 3 3k A AE 9 40 T M 2 — , PR
AFIEE ) fa R R A 2 G . HAT, 4T
A AR B IR I ) E BTk, AR R T E
SRR T, AELHh T 40 T T 25 7 R T A R R B A ()
FIHT R R 22 AN R T (P 52 318K 8 22 1 R
il o AR, S A BT A R R 2 K R v TR Y
il AR 22 2 3 T ik B 00 A 25 07 0 4 o #8001
KA 22 BRI £ A BT 46 T K™ SR AR
b B TR ORGSR L 2R A AT
R SFL IR T D A BT, A LB T L B R A
A5 B R T X R IR A, S g A R R S iR
K 5T 45 70 4 B 2 0 T B R R
s 45 B R B, S T SR U 25 2 T A
PR A AN T R R S A AR T R i
AR A A B A B IR S 0 A0 B8 LR Y TR

%5 B #5:2013-05-19 &8 B #§:2013-06-30

XEKFRE A
RO, LR X e 1 A S AR L 8 BBl 1
I T g < I v e € A =N s R 7 R
b A, SO [ S R Y £ A S i B A Y
P FA, AT 3k Gy R IR TG Je )

VFZ AN, 28 LR 18R 2 58 70 M6 g 16 1k
B M 4h 72 ¥ ( extracellular products, ECP) , H H #
B A R ZE Y BT, A0 R A B B R T L DE R
it S5 7K A7 T8 LA B SR JC TG £ 44 2K TSR0 I 5 )
AR R TR AR B R 2R 2R A AL
A — 2 i 3 SORG A K Y AR R
BT, N FH 25 2B TR R B iR fa MR R DL 2K 9 0 2 T AT
(i I O R ) D1 I R A B B YA
) R A it

A ST 06 M fi B 37 4 K # fa ( Pseudosciaena
crocea) Iy i N 73 5 Ui 6 1Bk X S P SIC TR B
A AEPUVERTAY 45 AE B 0% 08 B AR, 0 LR AT Fh 2

FENIUE « b i ZZ BHAT AR B H (08YZL16) ; b e T 5 2 B B BT H (Y1101) 5 B BH Ul 3 2 B A 98 Bk 2% — B ot |

(2012FSKJ03) ; | 9 @& KK 7™ 2 — i 24 Bt e 3 H
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T PUR TGN AE , I — B BETE T 2 R ER I N AR X
FCHE AT = Py 00 T 0 P 0 o, LAY S HERE A K
7 7 B T H R D R B A 57 TP S B0 BRI
o AR SRS R

1 MRS Ik

1.1 LW EHRRIERER

S0 TR PR HIT VL T D 52 L AR SR A A
5K DR £ M 3 DAY O U X D oI B A A
FHECSR I 1 ARANTE , v 44 4 X93,

i g PE FE R 9K B AV I 9 B ( Vibrio
parahaemolyticus) Vpl.2164 W 5 H 5 ¥ # 4=Y)
WA DR R B P oL W B IR B ( Vibro
alginolyticus) Va-Y 475 M K A 57 85 22 i AL
SrE R,

FoAt 45 75 W IR 5% % 18 4R 1§ ( Edwardsiella
tarda ) Et-1, Et-11, Et-89602 5 K g #F
( Escherichia coli) Ec-25922 & &t 4 b 2 Fili 74
- H i B ;8 2% % 18R W Et-105 | Et-106 | Et-3
H b T 9 R 2 [ R K AR Bl e i P Y 5 R %
T TEARTE Bt-Y 4 MM A AN 7 B2 2 U Y 5 v
JNE Va-19, W 7 I & ( Vibrio fluvialis) VE-5 | B 7K
S BT (Aeromonas hydrophila) Ah-7  Ah-8 . Ah-
9 Ah-10, iR 22 Z {8 1 Et-32 th b1 s ¥y e
T By 42 1 v 2 G i K L B Ab-
9052 Hy VLR K = B AE )™ il HU 5 45 9 00 ) 4 K
Wi ( Staphyloccocus aureus, Sa) F W /K <, B i &
Ah-1 AR 3 PR

DL E BRI 8 37 BRI B 77 N 1 35 97 ik
MG SR
1.2 S EEH® XS HEE

2 B E Ak X93 w9 F ME E & VITEK-32 2 %
%z MIETE S A B AR PS50 2 IO
VLA R GL U E T W) T vk EAT o PR S ARk
FE] A= 4y Mg HRL 3 20 ] ) VITEK-32 413 % 8 R 48Ut
5 R AT #R A

2 8 T ¥k X93 49 16S rDNA i & PRI
LR X93 A% K 41 DNA  ffi i 16S rDNA {193 F
19y (27 £.1 492 r) 47 PCR 9744, ;= W) 5¢ il I it
YEIRHE W H R A B2 \) (SIBC) AT o BT U
J¢ %) 72 NCBI [ 3§ BLAST b . #] H] %
Clustal X il Mega 4.0 #1712 5 [ 4% 5 8 o % K
AEMERGEREW

1.3 S EE#HK X3 WinEiE

S M AR Wk, 43 9 2 A T R UK
Wi 15 AL 5 1 20 BRIE R T O TE B VR T, 45 T IR
i Bt 2 107 CFU/mL 45 W B 100 WL fin A & 57
LR R SR IO AT IR A o SRS B R0 IA 43 3
BIEE P K EE 3% 24 h 15/ ZEA0FF B X931
FE RS AR FR L, 28 CE IR B 5%, 24 h JR AT
0 P 0L R
1.4 HEEk X3 Wb =wH&

2 M8 Sugita 257 )7k K R X93 FEE 5
IR RHE _E IS AL SE R T R 7R 4L 28 C HIR
PR 1 48 h,4 T 9 600 x g B5.0> 20 min, 75 2= 41
MUTYE, g2 0.22 wm L g ok ik, Jir /5
TR RD Ry T bR AL ER ML AR . BT 4 CHAF
= H
1.5 ZFWMEZRXSBEK X3 =YW HEE
E: kA

P E A W Tk K PR #i
F6RUNE Vpl.2164 FI Va-Y 53 18 ~20 h J5
EhRE 8.5 MR AR K PR A, Y R R
WeJE o 107 CFU/mL, B 0. 1 mL 3 A FF 4 b5
TEACH AT ILHLIT B @ = 5.5 mm (1 B2 [ JE 4%
F AE TR 140 C T K 1 h 48 A 5 5
=R BUE A M AN = 30 min, 225 7E R SR A
P28 C T4 15 min, 55 B 48R I T LR Uk A 9w
JE B B4R -, 28 TR 97 24 ~48 h MEA T
B P B D SR ELAR

¥ I B 18] 6 % R 4 X93 B bk 1E IR IR 5
BiFR, AR 12 h BURE, 2 B3 B TR AR X931 i Ak
FE A& 0 05 15 A B A PR OF AR IR AR Oy vk
T 7 00 TR T P DT 560 2 47 TR 1 e A 3 7 e )

pH % % & A 1 mol/L ) HCI 5% 1 mol/
L [y NaOH J15 B Ak X93 5k 4 i) pH {H 53 i)
HJ3.5. 79 01, /E/ 1 h 5% pH [l 2= 7, %% I
A 7 DN A R

B8 IR IR Bk X931 i Ah
PR Ay AE 28 CHEFH 24 h,40 CHEI 2 h,60 C
YER 1 h,80 T/ 30 min, 100 C4EH 10 min 5
T KR 2k SR, BL 4 CARAT G i AR P 4
A X BR, 482 3 v I S R A A X L B
PR R

HEWHn B Sugita LI RKH
B 45 ko e AR TR RR % 9 Y R O )
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O 37 %

FEOUE LA P Wy ER B o 0 Bl K X93 TR R
FERJEH 0.5.10.,20 .50 100 [ 15 73k p,28 C
TR IR K 9 — @ i), ¥ iR 7o g, B
P2 0. 22 wm G L U8 RS 0, A5 M Ah =, OF
I A1 TR 3 M o

Al K WE O KA S
B XO3 (LA 7 1y b, fd FLAWR S 2 mg/mL,
37 CHERT 1 h g e bk 75 v D 400 180 3 M, AR
INEE F G KA R0 R AR 7 W AsonT BE

Fe' " w¥om  SMXUKRESE" Tk K
Vpl.2164 F1 Va-Y 73 5l % £ 8} 10 55 55 Bk Ky 5%
20 WAty  FHER I 8.5 A R K VR P &, iy
TR VR0 3 5 AR i R TR TR AN B 45 Bt T 1) e A
FEY R B JE N FeCl, ¥ 3, 0 7 HE 2 1k 1 43 )
3 100,200,400 wmol/L, P A fin FeCl, 1) 45 Hi i

{14 Jf A0 77 ) SR B A TR A R AR B, 28 °C B 3R
24 h, o BURE TN AE 24 h F I TS T
1.6 HELEBESHH

SEH %4 ] Excel \DPS 3. 01 % 4ff 4 B8 5 {1
AT G o

2 gk

2.1 EEKXISHEE

S HBEAM X3 B EAEZ R APL AR E T

XF X93 TR R FEAT W A AR AL S E L AR
B2 QP AR A 2 R AR S O A U
By B, Bz sl 5 i — 20 % A s [ A P g L 4R
TR %5 A (VITEK-32) % H k47 2R 4L 58 0E , 45 51
Wy, X93 k5 /N ZF fl A B ( Bacillus
pumilus ) WA IPEIRE] 99.0% (£ 1),

®1 VITEK-32 AHEFEMIEKE XS WEERSE
Tab.1 Report of VITEK-32 identification system for strain X93

P} i) 3 HLP VITEK Az {48 78 03048 R 4

Date:04/16/2010 08:38:16
WSVTK-R07.01

bioMerieux Vitek Manual Vitek Lab Report

Vitek-32 ID; 000000-0 (B1-06) Mesophile
Type: Bacillus Card ( BACIL)
Status ; Final
Elapsed Time: 10hours
Organism ; Bacillus pumilus
Bionumber 63255207350
NEG - SUC + TZR + TAG + GLU + INO -
GAL - ARA + XYL - MAN + RAF - SAL +
AGA + INU - RIB + MLT - TRE + PLA -
SOR + NAG + AMY - KCN + NOL + MEN +
OLD + NAA + ARB - PAS + NAE - ESC +
THRM -
99% Bacillus pumilus

TE S+ VRN -7 RR B

Notes: “ + " positive; “ - " negative

DNA ] Jr- Fo 8t AL B 57 16S rDNA AL [ 1),

I 25 SRR B, TR AR X93 1Y 16S rDNA Bt [ J
5% /N ZE A FT W Bacillus pumilus ( EU880532)
%) 16S rDNA e [ [R] PR fe &, M 99. 0% |, & %
GenBank 3R 181 )% %] 5 & HM137033, LB 5 fF
3 A 1 400 T ik DR 71 [i) 9 A 10 2 R O 47
(% 2) ,FH#AF Clustal X Fll Mega 4. 0 #E47 i
AR o, 9E— 2D W 78 1 R 1Y 0 2 A (&

2.2 Btk X93 WmEIENE

PR X93 XF 2 B JA 9K B 4R s TR A R Y
FHHUIE X Vpl. 2164 1 Va-Y HY40 & HA2 53 5
iKE) 25.8 F1 16. 8 mm; ifif H X H & 18 ki it 45
AN TR 1L Bk B RGO ORI, o
X} Va-19 Fil Ah-9 (5 H01E F e, 30 1 Bl A2 40
WkF) 37.6 F131 mm( % 3) .,
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K2 MERZRXEWMNERREFIS
Tab.2 The stains for phylogenetic dendrogram

50 EU350368
_@EAMM 1974
GQ903423

constructed and their access numbers 21 EU167543
BRY TR 44 [ig7 =2 91 EU167544
accession number strain name strain number EU350367
AB308441
EU880532 Bacillus pumilus PRE14 X93
—
AB308441 Bacillus pumilus TUTI1346 99lL———EU880532
GQ903423 Bacillus pumilus XJISL54 GU290547
EU350368 Bacillus pumilus ST312 1 ETF 165 rDNA 5 E & 52K
S T VA A
AM421974 Bacillus sp. NJ-9 ¥
EU350367 Bacillus pumilus ST304 X3 REXEW
EU167544 Bacillus pumilus M267 Fig.1 Neighbor-joining phylogenetic tree
EU167543 Bacillus pumilus ST267 showing the 16S rDNA gene
GU290547 Bacillus pumilus Van35 sequence of strain X93
£ 3 X93 Xt E B LR
Tab.3 Antibacterial spectrum of the strain X93
i) N TR B A%/ mm i) . 74 P8 B A2/ mm
indicator dia. inhibition indicator dia. inhibition
. host . host
bacterium zone bacterium zone
Vpl.2164 i fish 25.8 Et-1 A human 5.0
Va-Y K #iff large yellow croaker 16.8 Et-3 KZE ] turbot 9.5
Va-19 W§ 7K sea water 37.6 Et-11 A human 0
Vf-5 T 3£ 2584 Jaguar guapote 5.7 Et-32 ff1 fish 8.0
Ah-1 T H Y gibel carp 0 Et-105 KEE4T turbot 0
Ah-7 % /K fresh water 9.4 Et-106 KZZ ] turbot 9.7
Ah-8 413 ¥k 5% J] 4. redstriped eartheater 0 Et-Y BT fi# Taiwan snakehead 7.4
Ah-9 HENR mysid 31. Et-89602 A\ human 10.8
Ah-10 R JK fresh water 0 Ec-25922 A human 0
Ah-9052 H ff1, turtle 0 Sa A human 19.5

23 XMEEMNERERINTUNEETEN
A

X93 kg 7 SRV TR $7 N (T4
WU XO3 B Bk Ji A1 7= 4 1 10 A 36 ML S5 R R,
AR =% Vpl. 2164 F1 Va-19 3% 2 #Ri 5K 5
Wy A W A A A P 00 R AR 43 109 AN
9.0 mm,

3 0 R 09 % e Wi 5 B[] ) S K, A )
B SR B [E] R A5 Y X93 B AR (9 L A0 7= 9, X 2 BROIR
PR TR TS PR A B R, ELY A S 5 48 h i
X2 P D oI A A I T Ak B A v ME (1A 2-
a) T 24 i [A) ik 48 hoJg, LA TR I 1 B S B AIR

pH 4% v 76 pH 3 ~7 B, X93 B bk
JRLA 7= 6 2 e i IR BT ) B0 B T M BE S pHL 1Y
ThE B I, 34 pH 7 B IS M R, 2 )5,
WG PEREE pH (% 35 0 T B G R 5 (H 0 B T
£ pH5 ~9 B AR LA K (& 2-b) |, Ui W 1) i b

PRI B G XS pH AT — RE Y3 BV

Y AL A [) i B Ak B ) X93 T
PROGILAT =1, X5 2 PR 9K A 40 B 305 1 B o 3l
T B R — B W R . TR
4 CHI28 T, M &b 7= ¥ i 40 7 0 kA2 A K
FeAcRR s , i HLAE 28 °C i 3k # b5 i {540 CHEH
2 h )5 X5 VpL. 2164 I Va-Y [0 24 T FE T
20.93% 1 19.32% ,1M7E 60 CALF 1 h j5 FR&ET
29.07% 1 29.55% ,80 C{EHH 30 min i}, ) & 7%
PEFEAH %, 24 100 CAEJH 10 min 0, #1007 3
AR A (I 2-c) , U BT T I A0 57 0 X S BRE
AT e L o

YR AN [A) £ BE Ak B X93 T R
BRI A0 7= 0, X8 2 A s D SIS 0 T B AR
JEE 1) 3 IR S B i S T e B R R . TR
FRBE Ry S I VT T P A o, 0 T R AR 0 s E
8.1 f1 8.6 mm, i £ B & F 5 M, Ho A0 96 1k Bl
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o 37 %

HEHRERTHR T REE(E 2-d) .

Fad KeHeh X3 w2
R I I BT P 300 B T X 52 R KA SE L B
TR KA S 6 2 0 R T N R R 4 (1]
2-e) . FRWIE A M K XIZHE D0 E 000 E A
50 5 14 40 ) 2R

12+ B Vp-1.2164
o 11 O Va-Y
S
é g 10
e 9
m 8
HY 8f
(53 7 L
g
B 6l
5
0 12 24 36 48 60 72
Ff1E) /h time
(@)
9 —
mVp-1.2164
OVa-Y

B EA / mm
diameter of inhibition zone
~

Fe' ' ik & 49 % vf B & Bk B T % T
5, X93 FRBR A I A1 7 My B 0 T R Y B AT
XF AR, Bk T A B 400 pmol/L i, LY
Hh7 1 B A R (HARR (I 2-0) o ik
AT LA 2 B 09 S 7 ) B 40 BRI 1 52 3k
BT IR

95T1 mVp-1.2164
OVa-Y

e
W
T

MEHEER / mm
diameter of inhibition zone
o <
Wi WK

33 3 5 7 9 11
pH
(b)
9
W Vp-1.2164
OVa-Y

HHE B E / mm
diameter of inhibition zone
~

5
0 5 10 25 50 100
A salinity
d
9_
B Vp-1.2164(12 h)
o OVa-Y(24 h)
g
R 8t
£ g
-
mE 7
B3
-t
Q -
S 6
|
s . ; ! I
0 100 200 400
Fe*' ¥ / (umol/L)

concentration of Fe**

®

B2 #EEetiE(a) pH(b) GBE (¢) EE(d) EEE K(e)f Fe' (f) 34 X93 HkMI =M E B I

5
4 28 40 60 80 100
W /°C temperature
(©
9 -
mVp-1.2164(12 h)
9 OVa-Y(24 h)
R 8t
Eg
E:
mE 7
5
P
Q -
£ 6
B
> 0 2
HEHE K/ (mg/mL)
concentration of proteinase K
(e)
Pl e 8 22 4 O A i 22
Fig. 2

Influence of culture time, pH,temperature, salinity , proteinase K,and Fe’* ions on

the antibacterial activity of the extracellular products from strain X93

Error bars means the standard deviation
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3 ihg

$IIRC o57 7 (Y o s W A2 VA 5 e R O 1 1 W[4
b, TR RS ORY R H A ZF A AT I ( Bacillus
licheniformis )" | A B #H 3@ 4T ( Bacillus
subtilis) "™ 4N 5 KT ( Bacillus natto ) 25 | 45
INZEHIFTF R R ARGE LD H E AR B & K7
FRURE R 0 30 5 L, H AT BT A 2 A AT
TR 20 DA - 9 S5 0 0 1 R 11, R ORI I LD T T
VDL FLRR IR B BB - R AR s TR O B A AR
Uit 25 A VR VE GO W) AR P e A R R
ZRE O TGS R R L AR SE I Y /N 2E 7
FETE XO3 J& DT 7K 57 B 114 fdt B 0K o £ )i 3 v O
T HE R, YRR A A i D R ) AR B e A 7 )
1) A ) 2 3 R AT 4R D 32 /N 2 A TR TR R
B SR PR AR A T RS A

A S 43 85 0 0 ) B R ZF AT I X93
e, LA 77 o8 o D oI T 3R % 7% A T N v K
AR T A KT B LR 32 O A ARG
MHIROR . B AT Z R pH NV 4 ~
28 CHLE P, 0B PR R AR A (AN 5 I R
125 ~ 10 I, 5540 T A 300 B 376 M PR 4R 78 B R
Bl R B B T S MR R R SRR AT RES
F P 75 T s — 7 T2, 4 9 NaCl il 1 40 i 19
A KEE B S BOA AR K FE T, O A3 W 1 2R T
WD, o — 5 T T AR ) b v B 1Y) NaCl
WS T Wl TR A0 B A R A G A P, S RS B e B
VARNOE N L7/ D50 N B N ) N B (B2 R Y ]
SRS AR R KOS R TS R R,
WA T o B R R A B L R R
1) FeClL A ] T 28 AT T i ML A0 7= 1y, % HAM B 3%
PEF= A X AT B2 R A BH B 145 & T I AR i
JBE s G R AT A B B e A T S g AR R IR
AR M I T AR TR BRIk
B BT AR RSB T-10 f Hu oh
P 04 TR B o PR Xof TR R AN R, e 1
NaCl fE fdf HA T 16 PERR AR, 3 28 55 7 5256 45 SR AH
Bl 17 2 B KX T-10 B A0 77 (4 40 B 0 M AT
SR, 5 A S () A5 RN, 58 H R A AT R T
TR R 1) 2k AN ] 2 OB R 40 A ) sl B A K
P JB 2% 57 o

A S B FH 0 A /N 28 F AT T e R Ah 7 ) 2
Xof i DI T B HG e LK B0 T E A B A

SR, BT AR A i S 0 0o 4 Ji K R ]
TE K 7 F7 5 B0 358 28 RG] K7 A RE I ) LA B ok
7 SRR B A 5 I, 6K B T R BT R . AR
A S T TR R PR A0 R AT AR SR 1 R
TESE 5 S YR A ACDR 37 52 5, O EL g 75 X 6 Ak
7 R B R B AR R S s O SR A i — 2
AT

S & 30K
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The antagonistic effect of Bacillus pumilus on pathogenic Vibrio

GUO Jing' , WANG Juan’, SONG Zengfu', JIA Liang' , ZHANG Yonghua',
FAN Bin', ZHANG Qinghua'"
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,Ministry of Education
College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China;
2. College of Life Science , Fuyang Teachers College ,Fuyang 236037 ,China)

Abstract. Vibrio species are the causative agents for vibriosis, the most serious aquaculture disease
worldwide. Probiotics are well known to have the potential for broad use in aquaculture environments. In this
study , the aim is to screen the probiotic candidate strain from the intestinal tract of healthy , aquaculture-raised
large yellow croaker ( Pseudosciaena crocea ) for the aquaculture. We identified the strain by rapid
identification system and 16S rDNA gene sequence analysis. Based on the both identification results, strain
X93 was identified as Bacillus pumilus ( GenBank accession No. HM137033 ). We also checked its
antagonistic activities against pathogenic Vibrio parahaemolyticus ( Vp-1. 2164 ) and Vibrio alginolyticus
(Va-Y)by the dot-inoculating method and tested the effects of temperature, salinity , pH, proteinase K and
FeCl, on the antibacterial activity of the extracellular products. The results indicated that strain X93 could
strongly inhibit indicator bacterial strains,such as Vibrio parahemolyticus, Vibrio alginolyticus , Edwardsiella
tarda and Aeromonas hydrophila ,exhibiting a very broad antibacterial spectrum. The cell-free antibacterial
extracellular products secreted by strain X93 most strongly inhibited Vibrio parahemolyticus( Vpl.2164 ) and
Vibrio alginolyticus( Va-Y ) when X93 was cultured at 28 C and 5 salinity for 48 h. Our data suggest that
strain X93's antibacterial extracellular products exhibit a fairly broad tolerance to pH, temperature, salinity,
and FeCl,. The antibacterial activity of the extracellular products, however, is proteinase K-sensitive,
indicating that the active components are proteinaceous. In summary, the results presented here demonstrate
that Bacillus pumilus strain X93 can be considered a probiotic since its secreted extracellular products are
able to inhibit pathogenic Vibrio,which could have useful antibacterial applications. On a broader level, these
results point to the potential for isolating bacteria with novel antibacterial activity from cultivated large
yellow croaker. Most importantly, these results provide the necessary data for further development of
probiotic products that inhibit pathogenic bacteria in aquatic environments.
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