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BBt s ER I Bacillus pumilus DS E)it FIDRE
G B B2 Hillss SRR Z 7 B

psE | ORELEL Y - BiUsE - BUERR ' - et - RGERL Y - IRERE

T b BT B K AR BR T /K AE R A
? BT B R R R
MTBE R Bk A BT

[T

IMEHE R A LASRER &K B B A S BRI B 2 —  FERBAE VI GSRIS A B SIS & 2
il o BTN I SRS YUE IS A2 5 Bacillus pumilus DS fAEARIH (107 CFU/g) BREHIE
(Litopenaeus vannamei) 8 8 o $ERHR > IR ER K EDRSCRE AN (p > 0.05) > HE
FABSHHAEEE 10 X > HIRELARY /K BT BEAR < IR (5.7 x 102 CFU/ml » 7.3 x 10* CFU/g) ¥JHA#H
(R EHIEAH (2.6 x 10° CFU/mI » 3.8 x 10° CFU/g) (p < 0.05) - GaZZfat f7ini » AAEEHHEE 8 3H > 1
IR BT A LES (phenoloxidase) 11 (0.315) JeMPgsg (0.566) HHAEES AR (0.111
0.380) (p < 0.05) » LAGRINE (Vibrio parahaemolyticus) Y84 » FXEEHH WK -H 0 S (LRI T4
(0.326) FREEZEENEIEA (0.257) (p <0.05) - GaRFFHRHELRI TR » FURER EREABSAH B R R - UG
RINE BRI - B IRER S EMIAGHT43F (Down syndrome cell adhesion molecule) ¢ i 4L,
fii (prophenoloxidase) H:[KZAHEIFEIAE (26.72 4.83) HHHHEE R EIEM (5.46 > 1.60) (p <0.05) -
DGR IME B - GABRHATEAR (16.08%) BAEHARNEIHHH (4.76%) (p <0.05) « DL -5 5EH
71 > B. pumilus D5 EAG AR ML L P 7K B AR 2 DB B - £2 7 FV R 0028 B TE B B A8 5N

G TIRE -

RASEEE « L& Bacillus pumilus ~ BB ~ BT ~ % IwmH

T

Hij

JNENE (vibriosis) £ A LIKHR R /K E BIHE
HEIEHEAREE C— » B SR E R A H A -
T RN B P R A s T8 ETT -
SINER FiE B 99 I 2 SN (Vibrio spp.) » ¥ 3N
(Vibrio alginolyticus) ~ 1% # 5l (Vibrio
parahaemolyticus) JMSHEINE (Vibrio harveyi)
e T - EE R A PR I o i S
B~ ol ~ R ZS B EESE (Ruangpan and Kitao,

“BEEE / BERMHAM -8 199 5%; TEL: (02) 2463-
3101; FAX: (02) 2462-8138; E-mail: jhjen@mail.tfrin.
gov.tw

1991; Karunasagar et al., 1994) - ¥ ECHNE (Vibrio
tubiashii) HIlEr&m EMEREIRT » 1583 HE
F1ES 12 E (Tubiash et al., 1965; Elston et al.,

K S8INE (Vibrio anguillarum) FI53 315 1 5 £a
(Yii et al., 1997; Li et al., 2008) Jfifa (Sorroza et
al., 2012) EHEIBEETERIR . — » SEISHERA
R ~ LRSS ~ Bl e E R - BIGR K
MUMFES - S SN Rtk R i R 2
— - RIFLIRZK R R K Z2TE T R A nT RE e 2
H

T

o

W L HAZE (# &5E  (shrimp early mortality
syndrome; EMS) 2 T % 4F 2 15 %% 72 22 7 SO0

(Penaeus monodon) Bl H W  (Litopenaeus
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vannamei) WJER » BN BEIGYERE (Tranetal.,
2013) - H 2009 FHI KRR EHE I ER 325
A 1 ST R I IR 5% 1 2 T P B P W e R K
FEIEL (Leafio and Mohan, 2012) » &5/ H 2 E
JKEE 60% (FAO, 2013) - L EMS Hfgills - &
T RRR A I 220 < IRHR 3 S ] AR KR o 4
RIS TR o3 BN  Lightner et al. (2012)
fERH - RIS 2 DI B BRI R A R O B 2
G I EMS 25K o RS R — e {2 58
R R MR R BRI S - S5 [EEZE T » #ERHIAT RE
1o A I BRI AR TR e SR % - AR IR B e R By - AR
TR BT IR » B P R Ak B
DIREMEPRRE & AR -

"B T 7K 2 A P R R R R R > DA
VPR B PIARRINLIGE - i R En i
53 A R TS AeBRts - BB A Pk
PERYBPRHIB (Gatesoupe, 1999) » JTZEMEMTE A 7]
REFEERE (plasmid) B HTEENME Z BRFIARSH
BRI - M EFABIIER (Schwarz et al,
2001) » Fy=moRPAERIGHENBERTE » 4R
(probiotics) HYLJREFHAAHLERTY » INCEEIZ HHER -
WA TR AR E P EAEVIREE R
PURAEKEAYIRIGES - aT DR Er e
WHRE @ s AV 2R I W SRR A a7
3 (Balcazar et al., 2006; Nguyen et al., 2014; Wu et
al., 2014) - FEGTRHIHIRER E L BH 3 2R E
A EERK #ERZENYE
compounds) ~ YA ~ 25 HEE ~ iU pH (B 5 T*
BRYEBZEME SR W R Y
B HE % (Bacillus spp.) KFAFEH (Leyton and
Riquelme, 2010; Nair et al., 2012) - [bop - fEFHZRE
BN AT DU I I A W) s B ~ G ERRRE AL
R~ BT 90 ~ PR R RS KBS - K
A B A DS E BRI ~ SRR T ~ T
FRELN = /AKESE (Tucker and Kennedy, 2001;
Wang et al., 2008; Nayak, 2010) °

RTE(2016) H H 83 AT oy B (Y Bacillus
pumilus DS » Fy7KESRIF IR FEHTR - BAHIH]
EEEINE BRI ~ ISHERINE ~ i8N - ZERL
I (Vibrio cholerae) ¢ £ 15 il (Vibrio
vulnificus) 55 6 tHE H/KERIFINE < REST > Ed
FIER i KBRS i 3o B BN - KIIE - B.
pumilus D5 BPRELGT/KZER I 28 8 T - ASHi

(volatile

Fukt B. pumilus DS DA BURER I Bt - 3F
TRZEE i (1) pld (2) fLAIZK BAFIBRRAE
A EBELINEEC ) RRAHRNMIER (4) JURIER
DIl v e S

FORHEL ) 5

— > ERPRZRIE

AAFFEE B 2 ik Bacillus pumilus D5 » 1%
RSE (2016) H M A WU T 43 BIE A 7K 2 9 L
IMEZ TS -

=~ BRI BUE

B. pumilus D5 Ry fid IR - AWFER B.
pumilus D5 DLfFRIREBIR IO F SRR - DUAE
£¢ B. pumilus DS {ERRHEE IR E BT EE: -
Fiefo o fF B B PR 225 Leguerinel et al.
(2007) > fEFLANT T © BSERVRAHEEFG yeast extract 5
g ~ peptone 5 g ~ KoHPO4 1 g ~ MgSO4+7H,00.2 g ~
MnSO; 0.04 ¢ + CaCl, 0.1 g Bl NaCl30 g » A
ik 1L RESEALIERTEE pH Fy 6.8 B.
pumilus DS FEREFR538W > 28 °C» 150 pm #fR
B BRI TP T BE AR (RIS
FGES THI 744t (Johnson and Case, 2004) » FH#E
ARBR AT AEE S G R B - B
# 1 8% B5EIEH B pumilus DS {258
W fEFEGE 108CFU/MmI BLE -

BRI 2 M 25 B FHEE IR B.
pumilus DS (fF & & 10’CFU/g) BEHHH - Gk
TEDG=ANT - SRR AR DABE BN S B R i 2
o EEE R ARATE] 0 HEE 0 ZiE) HiE
PrEf - JRIN B. pumilus D5 #HAE-EE B. pumilus
DS il 5 RS IR B B & gkt - b
Bk 1 kg GRS 100 ml &745 B. pumilus D5
B > BRR B. pumilus DS fFHYE R
¥ 107 CFU/g - ik IR 4°C 15 & B.
pumilus DS {8 GRHMETUE - ARElEER A B.
pumilus D5 FATHEFE - fE334EE B. pumilus D5
A r&gik 107 CFU/g BARR 3 f@H) rafkaR
Eil 1 -
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=~ GARRYRIN B. pumilus D5 7 1
R

SEEEASEEN LRSI %9/ N8 P
PR T - BIEBDRIERMN FRP A% (S00L) th 2
F > ZRIAERFAE 26+ 1°C - BAEEEy 31 psu -

B 2 M R LS B. pumilus D5
fil-7 (107 CFU/g) GilRHIEERH - BUEEK 3 ¢
IR 120 BAEITEE - FEEEEIBER 6 &
96 ANFHIVHGHAEL - BEEL 20 Rl > f9fH 3 EL -
[FlfHZ 3 BT e ] — IS BRI R - 2 H
FA 9 BT S BRIRERETRL - IRERE RIRE
HEEEMY 2.0% 19 2 SRS E — K SRR
& BRERN | hr R RREE - B
BREHRAIRR 5 AR PR TE ST & BB A R S
P E R DR AR, - AT 8 -

BRI 2 EEHREEE—X - HE
HRAER - ST ESR (percent weight gain,
PWG) KEIRIEE (feed efficiency, FE) (Kureshy
and Davis, 2002) -

PWG (%)= [(lx&HIGE) — (RAIIGE) / (&)

#eHE)] x 100%
FE=(F & RS ) — (e E) / MEEaRHmR IR

VY ~ EDEPERIN B. pumilus D5 LA
AR 7K T 1 MBI Pl Pt A4 7 8 B L
Lipa 7

fEAlR s A ER R B B S & B. pumilus DS
EEEHATR 10 K - FIRER 2 K% > B
3 HLHRHHREESRLKER 10 ml - G 1 i
IR - 73 BHET THE A B SO R B T 7Kk
BU 1 ml Jg¥&hn 9 ml A= Rk » HELTEHAER
B R FMERRE R L IR RN S A 2.5%
NaCl Z tryptic soy agar (TSA) k¢ thiosulfate-
citrate-bile salts-sucrose agar (TCBS) 2 | > A 28+
2 °C K5 48 hr EHHEEH > DI nlEH et
HH¥E N E#E (Hoseinifar et al., 2011) o

FIEST T > KL 75% ethanol JETT AR
» DIRER £ BY 7 BY bR S 5 AR LA S SRR HE
PS8 HUGH AR - FEEERR BT N - A
JERRERY 3 et A B REKRE - LIgE

# (T18 basic Ultra Turrax®, IKA® Works Inc.,
Wilimington, NC, USA) fd & B E 2 & J]
(S18N-10 G Dispersing Tool, IKA® Works Inc.) 78
S3FTRE > DR B R EKHETR R - N R RRR
JERREL T BRI & 2.5% NaCl 2 TSA
TCBS Ljfi > A 28 +£2 °C K52 48 hr #% - FH#HE
A BB R FE B (Hoseinifar ef al., 2011) »

1o~ BRPESIN B pumilus DS 1R
TIZ A 2B

3 2 1) S A ER R B R SR i B
pumilus D5 Gkl 8 3 » FLURIFEKEE (st
RARELER) 7 Kig - HRGHE 3 6L 0 B
SrRIEREE 3 RN » TR R e
MHRAEE NIRRT B2 747 - B HTIgHETT 3 &
& o RIMEREEJT1E2 0 Liu et al. (2004) - L1 1 ml
WBSHENC 25 G $HUHE HiEE 5 538 6 ¥
& o MR I S e PR S R+ o L B P SRR Y
e R PLEEIMA (0.14 M NaCl ~ 0.03 M citric
acid ~ 0.11 M glucose }z 0.03 M sodium citrate, pH
5.6) DL 11 B HEBIRE & - PREEAHR I - T ECH A Lo
(600 x g, 10 min, 4 °C) » ZKfRk EIHIKE - 1FEIRID0
Py B IBUmER » DUMBRETE082 (counting chamber
Neubauer-improved, Marienfeld, Germany) ZfEIfl
BiGRAE -

(—) B®ALES (phenoloxidase, PO) ;&%

M A AL ERE TE CHE T2 2 R Liv et al.
(2004) ST HET - ARIHRE L ZBR EIFTRARIT
BRAIMIIA B #8488 2 Cacodylate (Cac) buffer (10
mM CaCl,, 10 mM sodium cacodylate trihydrate, pH
7.0) ° A 96 FLAEPIEMERER T - HREIA
100 uL WgIMmERHANE K, Cac buffer JREWK » KRR
IHIEGH (basal activity, BA) FF¥RIN Cac buffer
100 uL » EEESRERIEAH (stimulated activity, SA)
HIJZs I trypsin (1 mg/ml in Cac buffer) 100 uL » 7E2E
BN FE 10 min - g0 A 3,4 -Dihydroxy-L-
phenylalanine (L-DOPA, 3 mg/ml in Cac buffer) ==i5
TJE 5 min {FEE 0 A ELISA reader JHE
492 nm “NHIEEEE - 355 S PP RIRH B AR TS R o0
PR E 2 RO B 2 E R B S LRI 1 -



(Z) [PIRIR (respiratory burst) ZBIE

WP AR HGE J71E 2 M0 Secombes (1990) Jz
Stasiack and Bauman (1996) » ifi{&ck H Cook et al.
(2001) K¢ Diigenci et al. (2003) Ff3ft.Z nitroblue
tetrazolium (NBT) HetRikEf TiHIE - (EIHHE O LR
EIE AR BRI A R SR < HUBEITLR -
96 FLIEIEMERER - REIA 100 uL #
IMERHIIE S TR MARE SR > I E 2 hr £
BRI ERHR » K BR EIRRAR » A28 SR B
0 Hank’s balanced salt solution (HBSS) 100
uL - 3528 G R ARE FIITR I zymosan (2 mg/ml ) 100
ul - fE=E0 NI RE 1 hr o ZLBR BB DA 100%
ethanol #X - » 8228 ) 70% ethanol JHpE =2
®EEZ - I 120 uL 2 M KOH K 140 uL
dimethyl sulfoxide (DMSO) [L¥Afi# cytoplasmic
formazon » A ELISA reader 7 630 nm [H|E
WRCAE o 575208 G R i HF B 75 288 n 8 R
S W B Y 2 H Ry PP MR (Pick and Mizel,
1981) -

(=) RBSEILEZ (prophenoloxidase, proPO)
HERKIGGEMREM 2 F (Down
syndrome  cell
Dscam) ERAFKIR

adhesion molecule,

# RNA ZHE{Z27% Chomczynski and Sacchi
(1987) /51 FJF Trizol® (Invitrogen, USA) &
PZEEVR M BRI 2 #8 RNA - FEEEEEE
TEE IR SEAE Azeo: Azso> 1.9 %% FF LA SuperScript®
III reverse transcriptase kit (Invitrogen, USA) #E{T
[ i $5% B A T 34 85 S JE  (reverse transcription-
PCR,RT-PCR) - # RNA | i §% 5% cDNA
(Trinidad et al., 2009) » BUf&lF 2 cDNA B -20°C
TRTF ©

H B LT 2 cDNA HUR AR AR - DARIEE E &
PCR (real-time PCR) J5= - 734/l E LG LUK
I3 R S EA R 70 7 A R AR i B BB T 2
ZFHHE (Wong and Medrano, 2005) -

AEBHIREER PCR 25T HEHERER
BOR BB R EEHE M E =42 pro
PO 1FE A 5| F (forward primer) :@ 5’-
GCCTTGGCAACGCTTTCA-3" ~ Pro PO [[a]E [ F

(reverse primer) : 5’-CGCGCATCAGTTCAGTTT
GT-3" ; Dscam (E[A15[F : 5’- ACAAGCCAAGGC
ACCAGACT-3’ ~ Dscam [ZJa]5|F : 5°- GTTGCC
TGTTGGGCTCACTT-3’ ; B-actin IE[A]B[F : 5°-
CACCACCGCTGAACGAGAA-3’ ~ B-actin 2[4 |
5t 5°- AAGGGCGACATAGCAAAGTTTC-3’ »

AEEEfEF TOptical thermocycler (Biometra,
Germany) #E{TRIFRFEF PCR - SR =EH & B [
FEREFE B 20 pL > A24%5 © 10 pL luminaris color
HiGreen qPCR Master Mix (Thermo Scientific,
USA) ~ I~ KB T4 04 uL ~ 1 pL #IfiEk
cDNA K 8.2 uL #fizk o SRRy ¢ IRIRLFE B
(holding stage) » 50 °C ~ 120 sec » 95 °C ~ 600 sec
1T DNA % 5 fEERREE: (cycling stage) » 95°C ~
15sec » 60°C ~ 60sec I 40 XIGFERLITERS DNA ;
TAFERIAAPSEY (melt curve stage) > DL 95°C~ 15 sec
60 °C ~ 15 sec » 95 °C, 15 sec ARk f#EEHhE -

HisE & PCR BB ATikiEe s qPCRsoft 2.1
(Analytik Jena AG, Germany) » FE[KIZFIFAIAEENE
= U KB ROERG I A A - fERAn T ¢ 5B
B # (cycle threshold value, C; value) ‘EF e
HEOLEF . PCR EVIERKEERG A E
(threshold value) HYTHEREL - AN BB
(copy number) Eil C; value 2 EMHEAM: - KL -
B AR S S BRI - Covalue JEHERR
B A B S BIEER R - ek B
TIAHRA R RIS 2 IEER BB B P25 25 #H B-actin
BRI VEERRE S - 195 AC: {H » B-actin FEKIfFE
FsFREIHR (internal control) » i 25 H BHRATAE(L >
DIHHIERE RNA B~ RT-PCR [ JERLR ki HA AT
REIG R Y22 52 - SR IR R AC
HIREBRAT AC {8 HEZEFERE AAC {H -
SIATIRELA 2740 (L Hlis i B8 » BRSO
AR RZ A RIS B S 5L -

N~ BRI B pumilus DS 51
YU IRINE < 528

HE i FE R Luis-Villasenor et al.
(2013) « B 2 IR I Ry A PRI R S E e
it fREGE AP3 5 [F38H - T EMS Rtz imR
5 (Sirikharin ef al., 2014) - BF#EFER tryptic soy
broth (TSB) » fA 28 °C %% 24 hr - K neEk
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L (8000 x g, 10 min, 4°C) FRE LIGHK > KL
HHER AR B R E/KIEVE 2 K Bt DAL
JRIEE 600 nm NHITE - G TR VR IR B B B
1x10" CFU/ml REFK - 3l e 2 RHNEIEE
K 8 M8 - DU ARARES RS ELA -
SRR SRS ERY 0.5% (viw » Bl 10 g &2 S ES
w50 pL) 5 G S HV BRI I S AR B R K
DISCR BT TSR B EC SRR SE I E - #7
8 2 38 (Luis-Villasenor et al., 2013) -

L~ M

ARFFEEPRIAR N B. pumilus DS $HELA 7K
HAA: RGN B 528 - R 3 fLRs[Rl—7E
BUKRAME - HEL 3 GLEHR SEME » AR THGE 5
- HeRE\ B 838 L1 SAS (Statistical Analysis
System) & # GLM (General Linear Model
Procedure) (SAS, 1988) @ik {s {F B |y 48t L 8 /0 M
(one-way analysis of variance) » 3fi DB = 26 %81,
%% (Duncan’s multiple range test) JHI'E 25 EEEEAH
R B /KUEELE 0.05 -

o R

— ~ BRI B. pumilus DS $Y UL
RZE

F W 5 1) B B 35 B R IR I B pumiilus D5
gl 8 - BAAHIRZ IS AIE 2.94 & 3.06 g
W 6.52g K 6.97 g {EAfET LI AGEESE 22 5
(p > 005 ; H¥MERKFER 21286% K&
236.76% » WHEEAE R (p>0.05) o GRIERTT
[ - R IRIN B. pumilus D5 GaRHHST R Ey
0.43 F 0.49 > JRIEEAZEAZ S (p>0.05) (Table 1)

=~ BRI B. pumilus DS EHELAIIZK
BRI o A A B B I B2

B 958

Ve

B 43 1 B B S B AH R 8 I B. pumilus D5
BARLERS 10 K - FLAIRYZK HhfE A= B 80 SRR Ry
6.9 x 103CFU/ml » 3l B. pumilus D5 #Hky 2.5 x

10° CFU/m> GRBSHHAR A BB ET H A (Table 2)-
FLARZK RSN ST S R Ry 2.6 x 10° CFU/ml »
0 B. pumilus DS gAFHHE 5.7 x 102 CFU/ml »
BRI B BOME A SR - BIIAH SR B
pumilus D5 GaJFHRH B 2548 A= B 20y L il 53l
Fy 37.83% Jz 22.80% (Table 2) ; & EaaH 5 B4 S
HHEAH T 78.08% © BLAh » W0 B. pumilus DS
AP EHHELAIBY 7K o B. pumilus DS HEGE 2.0 x 102
CFU/ml -

Table 1
(Litopenaeus vannamei) fed with the control and
Bacillus pumilus D5 (107 CFU/g) diets for 8 weeks

Growth performance of white shrimp

Feed
Control Ba(.fi//US
pumilus D5
Initial weight (g)  3.06 + 0.88 2.94 +0.79
Final weight (g 6.52 £ 2.01 6.97 +2.16
PWG 212.86 £31.42 236.76 =+ 34.62
FE 0.43 £0.12 0.49 £ 0.11

PWG : percent weight gain
FE : feed efficiency

F MR T T > WS BB i A TR A S TR
1.5 x 10’CFU/g » ¥/ B. pumilus D5 #Hks 1.1 x 107
CFU/g » aABSH A AR B B S BRI (0 <
0.05) (Table 3) - 5/ RBE A ol B B5C1E 35 e s
3.8 x10°CFU/g » ¥’ B. pumilus D5 1)y 7.3 x 10*
CFU/g » iRERHHON R BN B RN B 0 <
0.05) - ¥HIEGHH KA B. pumilus DS EapfHH N B L
A A R BT EL B 53 Ry 2.49% J2 0.64% ;5 FAEa
FEITF AR oI R e HEHH YA 80.96% (Table 3) -
BAh > AN B. pumilus DS GEEHRHIFBAR H B.
pumilus D5 FHHGE 6.1 x 100CFU/ g »

=~ B RSN B. pumilus D5 A B
VEAHRE [ e &2 52

LIRS ¢ I B BB iy - B IRAH R i I B.
pumilus D5 GARHHIRIE H 2 B A LBEE M5 751
By 0.111 2 0.315 - FEEHHIIBAE A (0 <
0.05) (Fig. 1) - Ty LA A5 R B B % - SHIRE Ko
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Table 2 Total viable aerobiotic bacteria, Vibrio spp., Bacillus pumilus D5 counts and the Vibrio spp. percentage of
total viable aerobiotic bacteria from the tank water of white shrimp (Litopenaeus vannamei) fed with control and B.

pumilus D5 (107 CFU/g) diets for 10 days

Cultivable bacteria

B. pumilus D5

Vibrio spp. (CFU/ml)  Vibrio spp. / cultivable

Treatment (CFU/m) (x 10%) (CFU/mI) (x 10%) (x 107 bacteria (%)
Control 6.9 ND 26.0 37.8
Bacillus pumilus D5 2.5 2.0 5.7 22.8

ND: not detected

Table 3 Total viable aerobiotic bacteria, Vibrio spp., Bacillus pumilus D5 counts and the Vibrio spp. percentage of
total viable aerobiotic bacteria from the hepatopancreas of white shrimp (Litopenaeus vannamei) fed with control and

B. pumilus D5 (107 CFU/g) diets for 10 days

Cultivable bacteria

B. pumilus D5

Vibrio spp. (CFU/g) Vibrio spp. / cultivable

Treatment (CFU/g) (x 107) (CFU/g) (x 10?) (x 10% bacteria (%)
Control 1.5£0.16° ND 38.0 £3.65° 2.49 £ 0.45°
Bacillus pumilus D5 1.1 +£0.09° 6.1 +2.31 7.3 +£0.92" 0.64 £ 0.11°

ND: not detected; *p < 0.05

0 B. pumilus D5 FHIRIMIE -2 By AL ERTS 1453
Ay 0.257 Bz 0.326 » ¥Rb10 B. pumilus D5 $HE; %
LGS B =N E R (p < 0.05) (Fig. 1) - &
B EL R 1L 982 P A B 1 0 D R R 2%
BREAVRIN B. pumilus DS GRHHEZ R S EHI
#H (p<0.05) (Fig. 1) -

049 B Control O Bacillus pumilus

0.35 - b ?
1

O s T
Before challenge

After challenge

Fig. 1 Phenoloxidase activity of white shrimp
(Litopenaeus vannamei) before and after challenge
with Vibrio parahaemolyticus. Shrimps were fed with
control and Bacillus pumilus D5 diets for 8 weeks.
Different letters within before and after challenge
represent significant differences (p < 0.05).

B R IRIN B. pumilus D5 I IR
18537 s 0.380 K2 0.566 - FERHH IR S iR B
f (p < 0.05) (Fig. 2) ° i DUEGRINE B - %
WA BN B. pumilus D5 1 WU A3 53 51 Ry
0.221 k¢ 0.229 - F gt Bl S5 It E W ke A% SHEREE
ZH] (p > 0.05) (Fig. 2)  FABRHH SR -k A
FEIR I R BB AT R B (0 <0.05)  ERIEH
TR 1% S B Bl S TR R NP R R P S B 2 1 (p
>0.05) (Fig. 2) -

0.7 -
& Control

O Bacillus pumilus

Before challenge After challenge

Fig. 2 Respiratory burst of white shrimp (Litopenaeus
vannameij) before and after challenge with Vibrio
parahaemolyticus. Shrimps were fed with control and
Bacillus pumilus D5 diets for 8 weeks. Different
letterswithin before and after challenge represent
significant differences (p < 0.05).
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w
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Relative gene expression
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1
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Control Bacillus pumilus D5
Fig. 3  The relative gene expression of Down

syndrome cell adhesion molecule (Dscam) of white
shrimp (Litopenaeus vannamei) fed with control and
Bacillus pumilus D5 diets for 8 weeks before and after
challenge with Vibrio parahaemolyticus. Different
letters represents significant differences (p < 0.05).

lon

Relative gene expression

Control Bacillus pumilus D5

Fig. 4 The
prophenoloxidase (proPO) of differences of before and
after challenge with Vibrio parahaemolyticus of white

relative gene expression of

shrimp (Litopenaeus vannamei) fed with control and
Bacillus pumilus D5 diets for 8 weeks. There was a
significant difference (p < 0.05) between the control
and the Bacillus pumilus D5 group.

BIEAL R IRIN B. pumilus D5 ERRHHBEE K
fr e eI R T HE R AR BRI R Ty 5.46 K
26.72 (Fig. 3) » ZABERH MY S e AT RRART 43
THER AR B E =R ERE (@ <0.05)
(Fig. 3) -

BB SN B. pumilus D5 BaFHHERAY R D

SRR R AR 2 Ry 1.60 2 4.83 (Fig. 4) »
BREININ B. pumilus D5 FHAYESRC [ M SE LB
Kl FHE R R SR E IR - BE AR
5 (p <0.05) (Fig. 4) -

VU ~ BRI B. pumilus DS 175 F1HSHE
AR TS P ES

HBsrAlEReE 2 fHAFETR 8 3 » LUK
M BB > fEEGH RSN B, pumilus D5 #
W2 FEERT Rk 4.76% K 16.08% (Fig. 5) fi
BIRM B. pumilus D5 FHISAUFIE R E RAHEE
=R 3 f% 0 HET DB AR (p <
0.05) (Fig. 5)
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Control Bacillus pumilus D5

Fig. 5 The survival rate after challenge with Vibrio
(Litopenaeus
vannamei) fed with control and Bacillus pumilus D5 diets

parahaemolyticus  of  white  shrimp

for 8 weeks. There was a significant difference (p < 0.05)
between the control and the Bacillus pumilus D5 group.
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ABSTRACT

The use of microbial control strategies helps to control vibriosis, a disease that has long imposed a major
threat to aquaculture industries. In this study, white shrimp (Litopenaeus vannamei) were fed a diet supplemented
with Vibrio-antagonistic Bacillus pumilus D5 at concentration of 107 CFU/g for 8 weeks. No significant
improvements of percent weight gain and feed efficiency were observed (p > 0.05). However, the numbers of
Vibrio spp. in the tank water and hepatopancreas of the shrimp at day 10 were significantly lower in the
experimental group (5.7 x 102 CFU/mL, 7.3 x 10* CFU/g) than in the control group (2.6 x 10°* CFU/mL, 3.8 x 103
CFU/g) (p < 0.05). With regard to the immunity indicators, at week 8, the phenoloxidase activity and respiratory
burst of white shrimp fed with the experimental diet (0.315, 0.566) were significantly higher than those of shrimp
fed with the control diet (0.111, 0.380) (p < 0.05). The phenoloxidase activity of white shrimp after challenge with
Vibrio parahaemolyticus was significantly higher in the experimental group (0.326) than in the control group
(0.257) (p < 0.05). With regard to immune-related genes, the relative gene expression of Down syndrome cell
adhesion molecule and prophenoloxidase before and after challenge with V. parahaemolyticus was significantly
higher in white shrimp fed with the experimental diet (26.72, 4.83) than that in shrimp fed with the control diet
(5.46, 1.60) (p < 0.05). The survival rate of white shrimp after challenge with V. parahaemolyticus was
significantly higher in the experimental group (16.08%) than in the control group (4.76%) (p < 0.05). Overall, the
results of this study indicated that B. pumilus D5 can decrease the numbers of Vibrio spp. in the tank water and

hepatopancreas of white shrimp and enhance immune response and resistance to vibriosis infection in white shrimp.

Key words: probiotic Bacillus pumilus, white shrimp, growth, immunity, disease resistance

*Correspondence: Division of Aquaculture, Fisheries Research Institute, 199 Hou-lh Rd, Keelung, Taiwan 202. TEL:
(02)2463-3101; FAX: (02) 2462-8138; E-mail: jhjen@mail.tfrin.gov.tw
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