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TRZBEBEZEFNESER RERIRE IR
REE, THER", BXE, &% %, xAFEH, ZEK

(Hh B R A A TR AR IR S SR S LR 778 266003)

WE: URSHGASAARAEZ BT T 2B A GRS MENSEGERERSRAT
By B AR . K F 16S rDNA J7 71| 047 4 3 AR 8 42 % £ W 4 B % & A Bacillus sp. ( GSC-
1) .Bacillus sp. (GSC-2) #1 Enterococcus sp. (GSC-3) . 4 %] L 10*> .10° 5 10" CFU/mL #
GSC-1 ,GSC2 . GSC3 St i N H R B S UR BB ER LT ESHFT RSN L 2%,
T d)5 & SR W IR IS AW AR S R E e TR R Y A AL 22 41 ; GSC-1 Ar GSC-3
EERRETHRSREEZTLEESHM(P>0.05), TN RSN BERTER; T
107 CFU/mL GSC-2 i% # 41 f % ty i 7% % B % K T 2 B 41 (P <0.05) , [}, GSC2 & 4
EH SN BER LW, ¥E7E# & ¥ GSC-1 fn GSC-3 B 10° CFU/g thy th ] 5 KL B % #
BABAFES20d, BAEREWABANESREF FEEKEMTEFH T T B
4,5 GSC-1 L BAMS MK ERM L EFEFRE(P<0.05),GSC-3 4 3 4 & 4 1y
RIEFEFNEEEKERFEREH(P<0.05); 5 B4 48, %% 3 & H GSC-1 fr GSC-3 ¥
HH TSN EEH(P<0.05),GSC-1 LA FBERT A MINE B (P<0.05) ;B &
%4 W GSC-1 fn GSC-3 A B ERF RS KA LT WH A NEBEAMEEHE S (P<0.05),
GSC-1 JF B R & 7 H B 15 5% 5 B A0 E L 4 S LB 78 4 (P <0.05) ;GSC-1 #n GSC-3 4t
HARSOITNENEHR LG TR, LP GSC3 L EBRMT W EINE L F Rk
BT FE(P<0.05), % L, & m4EH GSC-1 1 GSC-3 A A S5 % 2 T #,
AR SNREEKARGHIF R A, BT GSC-1 1 GSC-3 3 ¥ 1F 4 2 & W b A T
s

KEW: 5 Ea4AHE,; £K; oK

FESES: S963 XERFRIRAD A

15 §il] 2 ( Apostichopus japonicus) 1 FR “
Z7 2l 20 ZR T S ThE R
UINIERS =D S e 2 N = L B S B D
JE T 0 B A ) 2 SRR H 5 0D, ] 2 5 5
bR R, TR b 7 W I T Ak i N
IR DU K 8 SR B 2 S I A T K R R TR
WL T E R . NTHEBEA
1) 56 35 0 ) 23 37 58l 1) i B ORI A S,
178 25 BB 5 HE 2 00 R B PR T AT 2 i 29 00 2
A P B LA, JC 2 5 mm LA O FHEZ:
B G — A A RS RALH 30% 24527

5 HH#A:2010-01-19 &5 5 #7:2010-03-24

FEIWE :[ER\N=" ORISR BRI (2006 AA100313)

WFFE B, it M HE S R MU JE T2 Y 32 2 5L I 2
LLSIRER ( Vibrio spp. ) D 35 2299 i T 1Y) 22 o Jit
ST R B, G H AR T 35 0 R AR
AEf 9 7, Bl A N S Bl e S
RO GG IR BT IR 7 AR A
L EG AU MR R BT R i
LW T Xk B A A PR i ke A8 8 4 D I gt A%
DS 1 1 b e T 2 X N AR T T
fat A TR Sl — b i 8RN 2 4 1) 8 ARG AR 32 B
FERN A PR AR Z 1 S

Kozasa"™ ¥ K 45 4= B A 21K 7= 3758 vh

BIREE : Dk, Tel ;0532 — 82031943 , E-mail ; mahongm @ ouc. edu. cn
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Lk Ao €, FA AN ) T e o R Y F S 41
TEANAE P SEBRUESE , 54 B A K7 FREE AR 5L
T 251 RGP R AR s 0T AR E g
O3S ARSI IE R 45 A2 TR AT 1 R S E A
BRI, ST T HRHES A ORI S i 2 T
LAY oh ) P i A T B 3 S I PR B S 16 A 40
{ELAR A A TR AR

1 RPR A

1.1 BEFEFENETE

SEH TR H H K R E IS B K
JERTIEK B3R5 S ol AF 5 & o s g it A
SR M E R AT . 3 BRI TE £ AE TR 1403 1 A {a B
DRI 2 18 , 701 AR B 56 3o v ™ AR B 8 i 4 7
P, R 16S tDNA J¥ 553 b ik X} 3 MRIE A 45 4E
TS 5E , IR L 7 91 $2 58 2 GenBank 4%
HERIT 9150 e o K B R 9 16S rDNA 5 [ 7 51
5 M\ GenBank 4 2 3145 [ B B 16S tDNA 3
7 51 ] ClustalX (1. 8) A4 E 17 2 e 51 bL %)
(multiple alignments) , - 2 48 & 4= 43 B B F 49
MEGA 4.0 #1748t RS54, H Kimura 32
B RT3 45 7 8 43 A R B, 4K 4% 1 (neighbor
joining methods ) #4573 3¢ R G I-il i B Ao Hr
(‘boostrap ) i 17 & 15 J& £ W, B & £ 85 &£ 4
1 0007k,
1.2 BESEFRNSHERT

TEHUE A58 A i@ HES: (1 0. 05 g, 1K
K1 ~1.5 cm) BFR7E39 AT 5 L HRTEKIY
PEHEELN B ET N 20 SKHES:, O B K
IR T do BAREERIE K 39 A BLHS ELBEVL o L
13 21, o 12 A3 B [l B (107 10 5%,
10" CFU/mL) B9 7E 25 4L B GSC-1 .GSC-2 .GSC-
3 s bl kIR B ( Vibrio splendidus) , %5 4h 1 dHAESS
TR, B2 3 A . BERAOK 1 IR oK G I
T fef A TR, 1R 7 d IS A3 Bl ge i A L HE
SIS A, SE 5 T U 3R B i A 4
it SRR AR BUR B, VR L T S A i i
100 H i H o
1.3 BEZARENESERK. ZERIBAN
A

DVRZS I & 5 R A2 B HES (B 0.01 g,
AT ~2 mm AEFR/INE T ) AFTER S He i
TR 2 I TE A 2R AR 0l S BB BERIR B 5

PRMES: RV TE 8 A W AELE 77 S5 P X HES:
A R A TE B RE 5 R T DL R S R R
PR Y50

5 B4 A 04 ) & AV I 0. 1% NaCl 11y
TSB( Tryptic Soy Broth) 5% 3% 3, $& K (200 1t/
min,28 C) i &% 1% FH I 7E 25 2E &, 10 000 r/min
230 10 min, 0. 85% A= FHER K P RE U, il LA =1 Wk
FE R B (20% il A B ER K ) RAF . 7
BRI E R T RO B2

RIR BN o M 36 HE S 1 FF 1 AR, 43
Hi 1 h 100 H 4S5 PEBAT , 28 )5 1 20 0 o
WS BT L 10° CFU/ g HLBITR A eI F A
EEE

Kot SRR LA R g A AL B
R AL FRZ, B AP 6 N, B EA
1 0003KHEZ:, #4100 L [ SR 7K 1 R (
HIE IR H A2 60 cm, & 60 cm) NJHUE 40 cm x
30 cm SO 4 P, SERIKIR 20 ~23 T,
pH:7.9 ~8.4, 58, K 7:00 1 19:00 /K
PIUC, 4K e A e, B AROR IR 1Y) 10%
M1 h J5 RS AR R 2 RIEIR—IR.

Hom K& 2858 20 d £ ML, 50% e HES
A SE A IR TRE Sl R AR BURETIT 24 h 45 (R 450
IEIH PR, R R 375 2ok FE 2205 W ) 4R 3R F T fE =
B NP R EHES o IC B AEHES 10 B4R
(N,) JRFE(W,) FIAEEHESECH (N,) , Lk L
HMES 08 50 248 ks 0 A8 858 45, 4TI
10 SKHES HI T 40 B 27504, 20 SKHES: ] ARG
RERFHEPR I E , B RHES B0 4 40 ST

WIEZ(% ) = (1000 =N,)/1 000 x 100

AS (% ) = N,/ N, x 100

FiEtE KR (SGR,% ,d) =(Ln W, —Ln W,)
x 100/t
A, W BT W, WA R ; 22 F5 518 92 30
(RPN

HF R e fd RN, i E K
PRk AR B B A 5 T K R S R A S Bt
WS % B, S R AR W E
SO IR R TS R a1 9K
PR X AE S 12 BB B o 2. 25 x 107 CFU/mL,,

RS SEIAR N A0 SKHE S 43 ik % T2
A 1 Lig/Kry 25 gs NIFHER bR, 2R 5 I A & vk



6 3] JREE A5 R 2 TE VA i R RO RE S A K B S BT 1 R ) 7

J3E TR R A A I R IR A O 2. 25 x 107
CFU/mL, #2412 h Jg#K, REFE<,7 d 54
THHES B RS 28, DA PP W 7E 25 28 T X HES Bt
2 IR SR 1) 7 )

MAmMA TSN BUAES LHESE,
TorAEBRER K s PR HE S IR 3% SR G M HES A K
BB IS 48 b, i 1 mL JG B A B AR K BF
W, e 251 10 A5 6 BRI, B> H A6 2 4
HIH 200 WL A TCBS F1 2216E #5573 115N
BORREE, B MBS A EHE

o B AR AT 6 M ST BEBLIR 5 Sk 2, B
R E AR 19 AR R K , VCL30 R i
W R4 ( Sonics, 3% [#) B 7 (22 kHz,15 ~20 s),
3 000 r/min .0 10 min, B_E i 8O F 1 S AL
(PO) AT fF (LSZ) \FRVEWEFR G ( ACP) i 4
LB AL (SOD ) 1 J1 By A€ .

BIR S 95 B gy ik 0 AR RS R PO 1
M%E 2 % Herndndez-Lopez 25" {14 J7 1, B 50
pL B AL SUB R TR TS SRR 90, 1 mg/mL
JEEEE I — CAC ZZ vpii (CAC ZZ itk : 10 mmol/
L —H Bfg4# ,10 mmol/L CaCl, ,pH 7.0) il A 96
fLARH RS, ERFEE 10 min, K5 HIA 50 pL
L-3,4- R HR N EIRIE W (3 mg/mL CAC ZZ i
W) LIRS, E IR T 10 min J5, 37 22K
fitihR4Y ( Multiskan Spectrum , Z€ [# ) #1, 7£ 492 nm
N B B 2, LSRR AR R s A
F1 B3 5341 OD g, o 3511 0. 001 5 Sk — NG 75
B, 208 Ellis™ FI Anderson 25" ) )5 A
LSZ 377,00 0. 5 mL 24U % FiH W5 1.5 mL
TUERTR B (RS oS A YIS T ) BT I (T e
0.1 mol/L PBS & ik, W E M 0. 2 mg/mL,
pH 6.8) 14,25 C/KIA 8 min, 40 0] WL 4 6
FEEiT(UV-2401 PC, HA)0.5 cm S8 @R 540
nm U E B IS )8 ) ISR AR T e A
ZUE 5180 ODyyg o I 20 0. 001 78 SH— 1 i
1% 715057 . ACP F1 SOD 3% 77 34 {8 B Fig ¢ 2 Al ik
& e, ACP DL s 414V A 7E37 C 5 LAk
FH30 min 242 1 mg Mo 1 ASTE S AL (U/g
prot) ,SOD DI s 41 UK [ 76 1 mL 2w i
SOD #iliifil| %3k 50% B r % N7 1) SOD &R 1 N1
J1#43(U/mg prot) , 2 Bradford"*' J5 3l i
FEMER TS, U/ IS & AR ER 1, T
PRfEl 2R, L2 Tl 2 i o B a5, F 96 FLEGFR

B OB 10 min, P AEAR I 4% SR A4 R A Y
ODS‘)S nmﬁo
1.4 HiEZt

YRR R H] SPSS 13. 0 JEAT LN R T5 200
Bro FERAEIHTHT, [ 2> AR B St AT ROE 2 5%
e, BB B AT LA 10 D9 R 9 X B 1k
LI E (P <0.05) sl 3% (P <0.01) i,
F Tukey #5335 AT 32 (ELR] (14 22 T HUAR

2 4

2.1 BESEEHNEE

16S rDNA 353 ik S T 3 PRIGTE 5 4E
W, # R GSC-1 1y 16S rDNA KL [y 51 2 K
1 514 bp, 52 ¥ & J& ( Bacillus sp. ) 16S rDNA
Fe o RIS (> 99% ) , B[R e 915 S 5 i oy
GQI44703 ; [4ikk GSC-2 14 16S rDNA JL [ 551 4
KA1 515 bp, Hio Ay 19 4K 5 GSC-1 AN[F],
IR T 2F T 18 & ( Bacillus sp. ) , KPR ¥ 518 5%
B GQI44705 ;GSC-3 1) 16S rDNA 2L [H )57
4Kk 1 524 bp, 553Kk J& ( Enterococcus sp. )
16S rDNA J341) [a] P 1 4 85 ( > 99% ), He A 7 471
BTy GQ144704 , Hf 3 PRI TE i AR TR Y Ak
K5 M\ GeneBank Hi76 Ay £ iz 18 A [R] I 1 48
[ 16S tDNA JF 51T R G K B 4007, LRG0
REMCEL)
2.2 BESERHENSKRIE

FHAS TR B2 BV AE 2 A IR IR HE S, 25 Ak 3
A FHE S UG 28 2 18 T S B R 2 IR AT IR Vs
20, b GSC-1 #1 GSC-3 BN A MHES TR R
HEEXBRHAERARE(P>0.05) ,/H GSC-2
BRI HES: U 238 Bl A B Wk B 1) T8 8 0
F#i, 107 CFU/ mL GSC-2 4bBEA AU FES: BTG %
BEMRTEEAXMA(P <0.05) , MEINEIR
VA 2H I 0 AR T S8 Uk Ho A A A, HL B &
B W T B FEIR(P <0.05) (E 2) .
2.3 EBEZARENESERK RERIRIRRN

RER FEAERE L EF W2 4
T TE 4 2E TR 5 BUR MR & 5 BRORHES: , AR I
528 A2 B AT 5 B M HES I G R (P <0.05)
TG IMAES 1R AR S 8%, Hih GSC-3
PR HE S R e AR KR B E TR (P <0.05),
GSC-1 AbFRZH A HESAE (58 i &5 (P <0.05)
(£1),
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Bacillus amyloliquefaciens LCEP-1(GQ199589)
Bacillus velezensis BCRC 17467(EF433407)

Bacillus sp. GIDM-30(DQ416796)

64

99

GSC-2(GQ144705)

72
Bacillus sp. TUT1206(AB188212)

Bacillus sp. RCT5(FJ755946)

Bacillus sp. EIR-J(EF502021)
79_,— Bacillus sp. DAU101(DQ316093)

0.000 5

44

72

GSC-1(GQ144703)
Bacillus subtilis HI19(AY 176768)

Enterococcus faecium NRIC 0114(AB362603)
83 | Enterococcus faecium ML7 (AB232955)

GSC-3(GQ144704)

58 I: Enterococcus faecium KT4S13 (AB481104)

Enterococcus faecium C228 (AB246407)
Enterococcus durans D2(DQ239693)
Y Enterococcus hirae NRIC 0101(AB362590)
[

0.000 5
—_

Enterococcus azikeevi IB-A35 (AJ309563)

E1 ET16S rDNA FIMRZREWH (ESHNAFINERS)

Fig.1 Phylogenetic tree based on 16S ribosomal DNA sequences ( access numbers in parentheses)

100  22adaa

a o control

0 ’ aGSC-1
S 8 = GSC-2
== 60 2GSC-3
‘\‘ﬁ.g 40 B Al
g V.splendidus
=3 2

0

5 7
TN B BRI % 0 / (CFU/mL)
Logl0 bacteria counts
2 BESEEHRMNESTFAIENZMN

Pl B R P = 22 (n = 3) , A AR EARS8)
M Ab 2 ] 25 AN B2 (P <0.05)

Fig.2 Effects of potential probiotics and V. splendidus
on the survival rate of juvenile A. japonicus
Values are expressed as means X = SD. (n = 3), values not
letter between column values differ

sharing a common

significantly (P <0.05).

K2 IR S e R E F PL2.25 x 107
CFU/mL RN MES 7 d, 5% 4L (O
HR Ny 35% ) A0 L, 78 45 A2 W GSC-3 Ak B ()i
BN 61. 7% ) WP 1 HES AR S
S R (P <0.05), GSC-1 Ak B (% R N
36. 7% ) XHESHRGTAINLZ I Y BE 1 TC . 35 52 i
(P>0.05)(K3),

A 3 A AT AR T RO N AR e
SIS BRI A0 A 0 W, PR 1 i 2
W E I THES R IECH (£ 2) . GSC-1

A BRAL RIHES: S R RO 538 22, [R) I 3 A
FEAR (P <0.05) , GSC-3 Kb BHZH {8 i A 2 35 4%
Z (P <0.05) , MW 22 (P >0.05)

F1 FEEZFLEHE GSC-1 1 GSC-3 X3#ES
ERIBIRHI R
Tab.1 Effects of potential probiotics on growth

performance of the juvenile A. japonicus

J IR ot e SR ARG 32
s B R FE R I
(%) (%/4d) (%)
treatments . . . .
survival rate specific growth rate discoloration rate
GSC-1 52.58 £2.44%  4.30 +0.29% 51.08 £2.61%
GSC-3 50.75 £1.32%  4.79 +0.42*° 49.22 +2.40%
Xof 1R
47.94 £1.05°  4.09 £0.24° 46.01 £1.80°
control
ANOVA
P 0.013 0.038 0.049
F 7.407 4.828 2.710

T R R IR N E £ A5 EZE (n = 6) s A =3 HA R
[F) & EFR AR 22 0] 25 52 .25 (P <0.05) ¢

Notes ; Values are presented as means = S. D. (n = 6), values not
sharing a common superscript letter between column values for each
indexes differ significantly( P <0.05).

BB AR LIRS AT AR R n
3 TR, AR TR AE 35 A T 2400 2 110 28 I 4
WA TEUEE . 550 B AR L, 2E 04T 7 GSC-1
W 5 25 M B 5 T HES A 2 B R AL e T AT TR
P 1 It R 4R A AR TS 7 (P < 0. 01) 5
GSC-3 Kb HLIHES R L b 1) B A A0 Tl RN 5 1A



6 3] JREE A5 R 2 TE VA i R RO RE S A K B S BT 1 R ) 779

N RFE ST RAL(P <0.05) KT GSC-1 4t
A EIC W P25 (P >0.05) ; GSC-3 4L HIZH /1)

70 a

PV N-N
S o S
T T T

Ho
Ho

(O8]
(=]
T

survival rate

—_— N
[=IR ]
T T

W FRES I IER | %

control GSC-1 GSC-3

B3 BEDmERXMESHUEIIER QSRR
PP RO I £ 22 (n = 6) , BA AR B bR 7 A
(AL T )25 5 R 5835 (P <0.05)
Fig.3 Effects of potential probiotics GSC-1 and
GSC-3 on the resistance of the juvenile
A. japonicus to V. splendidus

Values are expressed as means + SD (n = 6) ,values not sharing
a common letter between column values differ significantly (P <

0.05).

A i ¥ A 481 W) AL TG I ) B R T
GSC-1 AbFHAL (P <0.05) , {F 5% HE 41 2% 5 1 &
2(P>0.05),

F2 BEFEH GSC-1 71 GSC-3 xS
BEHAIEER
Tab.2 Effects of potential probiotics GSC-1 and
GSC-3 on the total bacteria and the Vibrio
spp. of the juvenile A. japonicus

e S 4L Loglo IR %L Logl0
(CFU/sea cucumber) ( CFU/sea cucumber)

(reatments total bacteria counts Vibrio spp. counts
GSC-1 6.32 +0.28% 2.56 +£0.24°
GSC-3 6.55 +0.13* 3.82+0.21°%
X1 H& control 6.20 £0.65° 3.29 £0.79°
ANOVA

P 0.000 0. 000

F 68.201 38.284

T R PBERRR N E £ a2 (n =6) 5 A —3 h HA A
FhE FRRARE = 0] 22 5 R (P <0.05)

Notes ; Values are presented as means X + SD (n = 6),values not
sharing a common superscript letter between column values for each
indexes differ significantly( P <0.05).

®3 HEEHMEHE GSC-1 70 GSC-3 WS R BEIFIRINFIT
Tab.3 Effects of potential probiotics GSC-1 and GSC-3 on the immune indices of the juvenile A. japonicus

Qb iRt 5 Bl R M Tl 1 i AL AL

treatments (U/mg prot) PO (U/mg prot) LSZ (U/g prot) ACP (U/mg prot) SOD
GSC-1 19.40 +1.29° 3.79 +0.27° 327.21 +11.84% 181.11 +15.84*
GSC-3 16.77 0. 79* 3.18 0. 16" 221.58 +3.85° 132.23 £10.99°
%} 8 control 12.81 £2.11° 2.12 +0.24° 232.42 +4.74° 131.37 +13.37°
ANOVA

P 0.001 0.000 0. 000 0.001

F 19.596 18. 049 228.315 17.674

T R EARR NP IME £ 55ME2E (n = 6) 5 A3 P AR 5 B AR EUE 2 [0 22 53 3% (P <0.05) .

Notes : Values are presented as means + SD (n = 6) , values not sharing a common superscript letter between column values for each indexes

differ significantly( P <0.05).

3 PHEe

ta A AR PUAE R A S, R N
B 25Tk R T 5 2 i, HAR AL A
B TR R KT 5 A T Rk
T B 2 s 25 2B R, 4R i Verschuere
261V Ninawe 284 22 500 o MK ™ 8l ) 55 85
a3 B I g A T N AR K ™ R R S A,
KE MW MUESE T AR DR Lt AR W 45k
ORI ARSI 3 MRV TE 2 AR T X 4 B 1 4k
SROGTHIZ 38 , A T 381 #5418 N i b
Rl A, DT SR 0 30 2 % FH 5 A T 1 R B it
BREFARAE o

ARG TR IR S B0 7 5 H A e v %o SR 5 3
YR A A S P W R R 2 5 R DN Y 32 2
WA, /NIRRT S 00 2 P V8 A 25 A TR AR X 5%
SHEII AR L v R i . ARSI A F
ISR A A TR T 2H Y BT R T I R
WAL, {H B 25 7K R Hp 41 B ok B A9 7 5, 107 CFU/
mL GSC-2 4b ¥ 20 ) j 3 2 0 3 IK T 25 1 % IR
A, P HUAT I GSC2 X HES A —E I FE 1
H R 7K 7 FR 58 P 0 FH 4 28 AT 1 R 2 42 R IR
TRl g A o LR 20 2 e vE R 5, %6 T 8] — 48
DTSRI A= 1) 22 Ak 22 5, s oK ™ FH 25 A T
()2 MR I A2 T o B o ARSI P 2F FR AT TR
GSC-1 Ffiz3k i GSC-3 4k P 4H 5 25 19 %) B4 1Y
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I 2 A4 T [/ — /K ,10° CFU /mL F110° CFU /
mL 2V 2H A BT 2R 0 2 Tl IR X R A
AT HES I Ttk . WHES A 2R 2510
i GSC-2 HEUHRHLIEA ff T — 205 .

ZEAUFF AR —Fh o 35 42 B, 2R 7K B
T I B 243 BTz RS 9F B T
i e Tk TR o T 5 A e, LR ) 750 A
H 433k . Decamp 45 HRE TR i 2F
FF R A DAL YN AL T S P X5 BF CBRE 15 X6 R A
LA XS IR ) 75 8 A 7= sp B AR L T 25 9 A AR
o PR BEARATE TIHEERE D
e H T 20 N H 72 3l F i K £ 0 38 L) B DL 24
BORAS R IO BIR ST 4 SR 25 W 2F ST B E K
FESREE A AT ARG ISR K AR TSR 5E Sh Y
T8 ZE SR R A EE A 38 A B R S ] 1) 5 4 B
BRI e AN HE A T
Ko, AT 45 185 55 52 3l 49y 14 R G 3R 1510207 A s
By ep B FHES AN, JCIk RO i 38 ,
DAFES SR A Ry 40 4 o B X 52, 5 SRR W 2E 1
FFEE GSC-1 ({2 i B K0 5 14 0, 9N e 4
RRAG, M HHES MRS Rt B H R E. B4R
Rengpipat 25 F1 Gullian 25" B9\ k270 1
A DA R 5 6 R 0 AR K (R SE30 250 T 2 A
GSC-1 AR H AL S B K, nTRE S 284
FFEA BB T S HES ) IR SR A . AR a2
Mz kamMEZERMNF 2R LESEY
Mg 20 e J RS AN AR KRR T ELAE T 26
I, ZEAFF IR GSC-1 &1 7 sL S 1 A
B T 5 A2 AR, Rengpipat 4517
YR ZEFOAT BT LA X 0 F) 328 B 17 41 e L
X AR 0 DL AT B HIRIE T, AR S8 25 F T 2RS0T TR
GSC-1 i M = T HES L 20 9 AL L 7%
TG | T A ot T Tl P R R A s A it 1% T, (H X AfE
SRR I IR Y 1 1 9K B i, Bk
JR A R F e — 25T

FAER & —25 % L B ZLER 1R, Horb iy — 26 g
kg LA P 400 R A DR B BR AT, R DA 4 b L R AN T T
R, A TS S e R G AR S At
i 8 5 95 1) RE T, A6 85 R 5% 8 14 37 3 vb T T
A B IR BR v AE K S R B R
R T LB FFF5E P Campos % I Swain
248 R MK B R P9 4 B A5 3 I B TR 9 i A
HEE AR R, ALK HIET IS E N

BREH GSC-3 W3 in T HES 14 e AR KR I
T ARG Z R A T AR A R T T M L X 5 R
BRE ZJ4 75 % 4k £ (4 5 A 8% A L, Wang
SEONS OB AN IR T R I ER B Z04 B A4 K
2L 107 CFU/mL 38 il 28 % 9 #8358 K AR Y, 775
40 d J5 RIRIHER A 234 2% T B R A Kb
BEF 4R T HE I . Bogut 25V B i 1K i
M74 FRIMZERRMA R 6 F8 , AU HARE 4 K
R H R R R T E I N R 4
PO A BRI AR BRI A T B3 %
o ASZIR M T Bk GSC-3 &k & 14 i 1 #fE
ZAEECHE IR FC AR X, 35 e A 2R
AT LA 6 i B 1 A 5 T BB LA TE K P sh i A
WEMIBE ST . WBkTA GSC-3 7R B 42 = T HE
SRR I YL B BE /1, Chang %5 % 3 32
JLTHALTE P9 43 B 15 2 (19 BRI BR 1A SF68 75 A 42 15
I 5 I 45 [C 1 ( Edwardsiella tarda ) )
AEJ1. O AT A B ek i 2 25 T 1 16 3 7
BE ARSI DF ST S5 AT S, MK S 1
T R B O SR I B R TR A S K F 4 A T
TAH IR,

4 g

ARSI 003 2ok 20 B R VR A S, O A L X HE 2 TC
FE W TE 25 A B AR Bacillus sp. GSC-1 FlI
Enterococcus sp. GSC-3 , 3138 1 P bR VS 7E 25 A
FERES: FRFE N, RO ST, UEW] T GSC-1 Al
GSC-3 X HEZ: 1 2 A= ROR , S HES IR A5 1 BT IR
FEAL T IIRARE , A 4 A= B AE £ 0 2 3 5 b ) I F
RIHBEE T HEfit

SE
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Effects of potential probiotics on growth performance and
immune response of the juvenile sea cucumber
(Apostichopus japonicus )

ZHOU Hui-hui, MA Hong-ming * , ZHANG Wen-bing, XU Wei, LIUFU Zhi-guo, MAI Kang-sen
(The Key Laboratory of Mariculture , Education Ministry of China ,Ocean University of China ,Qingdao 266003, China )

Abstract; The objective of this work was to select probiotic bacterial strains for juvenile sea cucumber
Apostichopus japonicus. Three strains of potential probiotics isolated from the intestines of A. japonicus were
identified by 16S rDNA sequence genotyping as Bacillus GSC-1, Bacillus GSC-2 and Enterococcus GSC-3.
The safety of these potential probiotics was evaluated by immersing juvenile A. japonicus in sea water with
GSC-1,GSC-2,GSC-3 or Vibrio splendidus at 10,10 ,10° or 10° CFU/mL respectively for 7 days. Results
showed that GSC-1 and GSC-3 treatments were safe under the designed concentrations based on the mortality
rates. However, GSC-2 caused significantly higher mortality at 10° CFU/mL than the blank control ( P <
0.05). A 20-day feeding trial was conducted to investigate the effects of GSC-1 and GSC-3 on the growth
performance and innate immune response of juvenile A. japonicus. Feeds were algae ( Sargassum thunbergii)
powder supplemented with GSC-1 or GSC-3 at 0( control) and 10° CFU /g respectively. The specific growth
rate and survival rate were significantly increased in treatment supplemented with GSC-1. Comparatively,
survival rate and discoloration rate were remarkably improved in treatment of GSC-3( P <0.05). Moreover,
GSC-1 increased total bacteria counts and decreased Vibrio spp. counts significantly ( P < 0. 05).
Phenoloxidase and lysozyme activities in body tissue of the juvenile A. japonicus were significantly higher in
the group treated with GSC-1 or GSC-3 than the control ( P <0. 05) while acid phosphatase and superoxide
dismutase activities were remarkably higher than control in GSC-1 group only (P <0.05). Both GSC-1 and
GSC-3 showed positive effects on disease resistance of juvenile A. japonicus,especially GSC-3 significantly
improved disease resistance to V. splendidus exposure ( P <0.05). In conclusion, both Bacillus GSC-1 and
Enterococcus GSC-3 show probiotic effects, therefore they can be used as probiotics in the farming of
juvenile sea cucumber A. japonicus.

Key words: juvenile sea cucumber( Apostichopus japonicus) ; probiotics ; growth; immune response
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