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i) 2 (Apostichopus japonicus) K 7K T 75 78 ith &
INERER ARG ERESESHT

oo F= WP FgEY pkAs >
FTAoH#HE" xEHE EExd

(1. BipigreRsy: B 2013065 2. AR\ R EEll AT R & R B A SC g s v K B B e K ™ T 5 i

Hi 266071; 3. HEEAFSERERLRE BEAVEESEY S BIIGEERE §8  266071;
4. REBSHBSRMABEMRAR  LHEE  116312)

FEE 2014 5 12 A-2015 47 12 F, £ K33 X | £ (Apostichopus japonicus) A 7k T 7~ 78 # 3 ¥ 47
TH.E. K ANFHaE B, AEAKERMER S E2EEE 66 ki, U S HE L %4
fE” % Fim JR E—h & 9UE (Mbrio splendidus)#n {8 55 % % i, 7 (Pseudoalteromonas nigrifaciens) % 45
THHATERER L, AARERAEGER T ERBEREGBRNGEIRTNE, REATL S
ML AR R A A WA YQ-2, R E R, kot i k& U Al R AR R R TR B T EIAE
W 4535 %] 22 mm 1 24 mm; XEE MR E G REREOK A E I A A E] 22 mm 1 36 mm,
AWML R, FEAK TR ZAE 10°CFU/MmI 296 3 248 10° CFU/g 890 R R %, 30d At
RUSBRHELRARTAL, EEREE, Bt TBAMKER B, 10° CFU/g B KEH
TR A AR AT K A B 39.31%, WA, AR AT YQ-2 H ARk A &£ A g4, 16S IDNA F 7 3
AT T W7, HEVE MG A2 ¥ % AT Bacillus subtilis strain KLP2015 #8000 3% 99%, #%% H 4k 4
RN FRATE . TR EF AW AR AKTR S M N F KR 3 EN 140-280 CFU/ml, &
THME S, B, ZEREXKTEEARSGHREE, RBEL2H N 42%. 3.5%. 2.6%. 4.6%,

A2 EFTHRBEVNEEGTE. MET; CETLE2BEHK, AT RUSEHEESEN 2 B
FHEAARBENNHER, XS AKTESRBEERRNNA S

KA W5y KKEHE; BREAE; m4W; MEFATE; FRW

FESES S966 XEAFRIRES A XEHRS  2095-9869(2017)03-0180-08

ITAESK, #il 2 (Apostichopus japonicus)FEF i i
MR, R T ISR . T fbFR0 . BRI R
FRoE . FEHEFRAE . IR MBS L IRIG DU SRS £
TCAR I FRIEA S (L ENBESE, 2014), Hop, hifEgRaE
SRS EEFR A AR S R s B RNy

0.67-4.67 hm*, KIEE/N, KIFEE®E, 1A THEH
FUK AT, (AR IR e R 22 . IRBE 50 Ak
FRIANN S 5 7 A N P T A i . i B OK R
S Bt 0 2 IR B ) R s TR — ol AL IR A AR
FEILT b (AR AR X A 5 0, b

* PRI BE T HEASRHIR L 45 2% L3009 42351 H (20603022015015) . LA H BB R 1L £ 391(2013ZHZX2A0801)
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k. fE%: $ilZ (Apostichopus japonicus) /K T 7 5 b 35 P45 v L 345 25 A TR 7 18 2 e P o0 A 181

T — A 66.7-333.3 hm?, ELAT ALK K IARES 2 1
W NN . HRT, ROKE RIS BN
TOKBTIRESS | IR RESE G, K IFREE ) 1 B
AR WIRE O S 2O S8 &4, JUH
ST RGAIE . RN SA . BRI
B, PR YL R, B AT, SETOR A,
SRS FERED AR R . AR, e
(Mibrio splendidus)FiIff 5 £ i 7 (Pseudoal teromonas
nigrifaciens) /& % 1Y 3= 2 i 1 (E EP BESE, 2006
KE B, 2006), HISIOKEMIESRTH LA, £
B0 R Tt AR S AT B IR T | R, DA R AR R
i, IR SR B T i T RRA K, MELLE R 25 B i . B
I, I g A TR A R Y R SR AR A | SO R
I 2 KK T il 3 5 B9 0 T B S 1) B AR AR

A ERE R TSR R RN, A
Kozasa(1986)F% 7 A= B 71 W FH 27K 7= F2 58 LUK, U 25
T FAAE AR v o AR SR B 37, I Bk AR A SRR AR
KGRI o K= FRTH A O 25 28 T I 58 A ) 4
WMTEG i gRhe, JEIg g N R DL HSE2s . I
BHAEY . BSEFRMY, Hd, f5A TEIEE F
FATERI S SR R D 50, & 53 2 A= TR TS T At
IKF= ST S R BT R4 1 25 AR B A, (EDHE LASE R f
SHFHAE, TCIB M GRS RO . S48
A I IF I 20 TR AEXT SR FE K PR BE (A L 7 il g
R TSRS, I R SFQOIHIFR T 3 i
A 2 R0 6T 2l 00 2 25 B K AROK B IR S, R RS
(2015)HF5E T B 2E #1417 (Bacillus subtilis)fE il 235
PEHAOVERT, I R.(2015)" ik 45 22 1 M 1 7 g 25 A= A
AR R AT TR o 56T 28 A8 TR AE Tt TR A I b
e 3 B AT IR 2 o ARHIF 5T MOl Z KK T s 3% 77
B EA B v s 6 P RE 15 L ST R R 25 A R R
AT 2 55 A AR A PR B A K | A BT TR A A
S PR ROR , BEARTRAE AT, Ay o 2 b S i
FEPRAEAR B A 25 A4 TR AR R R S50

1 #MR5F*E
1.1 hiESEY

SR R FL D M R R AR S 3R 5 T, KoK
A 34, A A2 333.3 hm?, K 5-7 m;
ARVRA TR K, W IETCIN [ B, A 3 Ak
BKINRE, A B9 22 HE K FIHEAK o L P B 3
A HRHERIT AL, HFRRIB N 4.5 Jik/m®, H

2y 100 k/kg; FEABMEERL AR LT,
PAERIZTE AR R AEK

12 HmiE&E

SARITE 2014 4E 12 H 24 H . 201544 H 16 A .
20154F 8 A 10 H . 20154F 10 A 25 H 4 4~Afa] 5k
KB 3 AR RN IR ARE o ) FH 31 A5 e 21 vl 34 vp S AR
TR AR, R R R PR R AT RS ) WP AR A
A TPOE 1 R A TR AR, A IR AKER(2.5 L)
FAE KRS 2 FEIEE 5 em)/KAE, ISR V8 2% R 48 i i
R ZIRUE, A RE 3 AR

1.3 EFHREMEH

TSB K F 5 : B H R K A (TSB) 30 g, NaCl
15g, 3K 15 g, H,0 1000 ml, pH N 7.4-7.6.

TR IR, HIRBUE 33 g, JEH 2 g, NaCl
15 g, H,0 1000 ml,

Jig 25 1 Bl B e Ak B AR 1 3AE 35 g, NaCl 15 g,
H,0 1000 ml, 53732 121°C . 20 min KH# .

14 HAREMSBESIESR

W AR HIRE S 1.5% K B AR BEER KA B 2 107,
10°*, 107, FAWEERC 100 pl, 4§46 T TSB ¥ L,
BN 2 AT, 28°CHIE R SF 2448 h, HFA
& FOH PR HE EE (30-300 CFU/SF-HR)FEATAN R 40 5 . 11
B, T ANE R

I A A = — e R R T Y B R VR B

RIEETE KN Bl DGO RS 4
TEHATRIL s , sresalifh 3 K. difb)s i wtk & T
20% H- i A BLER AR I A B AR R P, 80 C IR AE S

15 HERERFE

S DA S RS BB A A S A 8 7R B TG
B8R EF T TSB AR L, 28°CHES% 24 h, FHiltfT
— U I RS B AE R AR . R ARSI U B4R R
W, TR KR 1.5%E BEL KRB, RIT¥%48
TN SR A T A EARATALEY TSB AR 1o FHHEFIR
FIBOE A 24 h A HTE R, R FH AR 2R KR B I T
HU 100 pl B T/MLIN, 7E 28°CH53% 2448 h Ji, W%
ZINFLLJE] LR 75 1 B0 P 400 o 3000 0 o ) LA

1.6 ZHE~EEEEHNE

T B T A P B TR R R A T 52 6 o FH TR oy B 5
R R A 1 B TR S A A AR Al o K i e 75 21

1) Tian L. To select strains with higher enzyme activity from the distinguishment of Apostichopus japonicus and its application in
feed. Master’s Thesis of Jimei University, 2015 [ R. {520 A rb ™ il i bk it it e 4 8 SORAEDT RIS kb i i H. 26K

2R AE2E A 3, 2015]
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B TR KB 1.5%4 BRER KB Je, B 100 pl B T
AR ER SRS /INLIN, FE 28°CHEFE 24-48 h 5
S /INFL B B 75 BH I 0 K A P, I K i P
M E AT

17 REEHRMRSEREREETEN

SCER RISk A LR T i 5 X R0 37, AAS
2010 g/, ENEFE 3 dJRRINLAA, B 15 3k,
BB 2 AT, TS MR LR IRAL, =R
FHZE G MO R T 2 R R 3R 3 RIS, 43301
7 1x10°, 1x10%, 1x10" CFU/ml, #ME4H ¥ # % 5
KRR A, R B R E R 110", 107,
10° CFU/g. [RIAH&A72s AR AL, AR IERE fapRh (5
1 10%, fky 8%, THEEFE 25%, Wik 30%, #
WA 10%, DFEH 16.5%, ZAETIRE 0.5%),

SCE IR 30 d, SEEKIE MK TIE, ARUAE
F1S L. SEERMAN], KRN 12-14°C . RN 29, £
FERA, BRI 1R, RS NFISIERED 4%,
e R R 8 9 2 B S 6 R oA P AR A RT i, H 47K
TN /5, oK G R AN FEAH R R BE A TR . SRR
WIIE) A R ME I C SRR S G s e . HERE , SET-
EIEM .

Ay SNTESZI TG LS INE, e R B MG AR 25(2010)
B B g 15 Sk E, 40iEh Wo fil WT,
TH S8 T 4 B ) 2 AT SR B (W= W/ 15), FSE
Y528 A I S A R IR (W= Wi/ 15), 2550080 LI
PIR bR 22 (Mean=SD) KR, TR AIXT G H K

A X 3 HE 8 (Yo )=(A AR AR T ) 4 R 5 ) /90 U R T
x100

1.8 HAEMEERELERE

SIA LML AW EEZY S 1x10° CFU/mI )
VRN, DA P e A 4 A T A AR AR AR A I 5 o
Z: I (Bergey's manual of determinative bacteriology )
(Williams et al, 1994)F1 & L4 R G456 2 F )
(RFEREE, 2002)H#4TIA K505

1.9 ZAERY 16SrDNA il E 4 7

1.9.1 PCR HEH 84 %] & A e 28 7 K f 4l
FEFE B A P L B, R A B 20 DNA $2 1K
R & (AL 5 AR A ) S U 2l AL 41 TR 1Y) DNA

1.9.2 16S rDNA 57145 PCR ¥ 3§ p5ml 2 FHH
YT 16S rDNA P38 F 51 WX 40 B4 5. DNA A9 AH
A BEAT Y, 518 27F (5'-AGAGTTTGATC-
CTGGCTCAG-3")Fl 1492R (5'-TACGGCTACCTTGT-
TACGACTT-3"), 25 pl [f) PCR ¥ WM 2 , 3 LT .
94°CHIAEYE 4 min, 30 MEM, 94°CAEPE30 s, 55CiR
k305, 72°CHEA 30 s, fie)F 72°Cili & 10 min, §" 447>
WA N %I R IR IS, 36 I A w0
193 K3 oHfe 2R A F AR W0 P 23 R
FE NCBI JEH FEH P51 Lexd, Jf it MEGA 5.1 #f
ARG LB,

2 #HR

21 EHERHE

S B AU MRS SOK IR BSR4 66 &
A, e BRI 6 BRERR, Wik 1 PR,

x1 HERENGE
Tab.l Selection of antagonistic bacteria
BBk PEECRE ISR e i A
i =1 i B Bacterial Total Plate '+ axnce Diameter of inhibition zone(mm)
Strain Season Temperature (‘C) population Count %) B AE 25 A R 2 R
No. (CFU/ml) (CFU/ml) P. nigrifaciens V. splendidus
YQ-1 # 7 Spring 9.48+0.15 80 5.0%10° 1.6 22 22
YQ-2"  #%Z Spring 9.48+0.15 210 5.0x10° . 42 24 22
X2 Summer 27.77+0.33 280 8.0x10°, 3.5 24 22
= Autumn 12.3340.07 170 6.5%10°. 2.6 24 22
A2 Winter 0.23+0.03 140 3.0x10° 4.6 24 22
YQ-3 H 7% Summer 27.77+0.33 90 8.0x10° 1.1 25 12
YQ-4 k2 Autumn 12.33+0.07 80 6.5x10° 1.2 25 12
YQ-5 A2 Winter 0.23+0.03 170 3.0x10° 5.7 24 28
YQ-6 &7 Winter 0.23+0.03 110 3.0x10° 3.7 0 12

*: YQ-2 WML R RIS 7 ERE ) SE I L b A M S IR SR S T O e OV R AR AR T, DR, XA

TE R KT R 2 W 8 11 Z= A8 AL A5 0B

*:YQ-2 is a potential probiotic bacterium screened through the methods of pathogen antagonism, enzyme production ability
and safety testing, so its seasonal changes of the bacteria in the large water pond for A. japonicus farming was analyzed
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i &4 312 (Apostichopus japoni cus) K /K T 57 A it 5 FREE Hh {1t #4 2 A B 10 SRR 20 B 183

Horp, FBREMAEHRIRA 2 /R, B BB E55505K
51 Bk, ZXFHEM YQ-5 WHRMAFEEISN YQ-1,
YQ-2 WHEXT 2 #REE R A BRI S, A
AR YQ-6 XSS HE M iR Cs Bi/E . B M
FKZEARAF YQ-3 . YQ-4 X 58 #5 P B A7 52 U 1 45
BOERT, xRl S S B A 55 .

PATEPREA S PR RN 1 PR, HE
FACZR I AR AS A B R A2 IR BT b T o AR s,
PPN 1.6%. 4.2%. 5.7%. 3.7%, & 2k
FARIFHE U LA BAR, R0 1.1%F0
1.2%. YQ-2 BABEAE K T8 5l 2 b 3 DU 2 7K A v B3 i
g 140-280 CFU/ml, = FHALEE, [FIBT, ZEH%K
AR HAT B AR, R 5 4.2% .
3.5%. 2.6%. 4.6%, & . BFET, ZHEBEEE
HEmTE. KEN,

22 FERENEE

SER A EBUE 6 RRIE AT B R ST, 2
WU 2. NF 2 ATLIE H, WK YQ-1.YQ-2.YQ-3.
YQ-4 Fl YQ-5 Wbk B A 77 8 H g A ek B e T
ANFER R B R ) 22 580k, Hd, YQ-2 A
FiF A e 1 B, Y Q-3 77 AR R TE K i HE 7 34 A
A BT AR YQ-6 Ny AR, YQ-5 f= 8 Fil

eS8 .
R2 REFEKRKTEENEER

Tab.2 Comparison of the ectoenzyme-producing
ability of the candidate strains

7 K A R AR

Y TH Diameter of enzymatic hydrolysis (mm)
Strain No. #E M Protease JEMIEE Amylase

YQ-1 28 28

YQ-2 36 22

YQ-3 32 32

YQ-4 28 22

YQ-5 14 22

YQ-6 24 0

23 ZT&EMHLIG

ZRA DS EE R, I YQ-1. YQ-2 A1 YQ-3
M R S T i, 25 LE 3, R 3 AT
DI H, HIZS1E YQ-1 HkE(10° CFU/MmIR IR H
T AET- G, HASZIG A B I BIAE T, TEmk R
T A AP AR R A M B R 100, A S i i v
FIZRAEZE . YQ-3 76 10’ CFU/ml Wk JE RS, WA
KAHEERFET NG, X ERAR T 33.19%, Uit
B 107 CFU/ml ¥k BE R X il S A0 22 4 0 YQ-2 Tk

R3 BRAAKHZEMIBRER
Tab.3 Results of the safety tests of the candidate strains

bk e i st %JJ!IWSE é@l_{ﬁii *ﬁwi%ﬁ ﬁkﬂgfiﬁzi@:) BET R (L)
Strain No. Concentration Method Ipltlal Elnal Relative Evisceration Mortality
weight (g) weight (g) growth rate (%) number
YQ-1  10"CFU/ml ¥ Dipping bath ~ 10.53+0.17 13.83+0.07 31.39+2.2 0 0
10°CFU/ml 3274 Dipping bath ~ 10.77+0.12  12.77+0.09 18.51£1.3 0 0
10°CFU/ml  #&¥% Dipping bath ~ 10.53+0.14  12.66£0.21 15.04+1.0 0 1
108 CFU/g I Feeding 10.67+036  12.68+0.52 18.86+0.9 0 0
10° CFU/g M Feeding 10.97£0.22  12.56+0.09 14.48+1.5 3 0
10'°°CFU/g M Feeding 10.48+0.11 11.53+0.20 10.00+2.9 2 0
YQ-2  10"CFU/ml 24 Dipping bath ~ 10.39+0.21 14.40+0.17 38.53+1.1 0 0
10°CFU/ml  #27 Dipping bath ~ 10.38+0.15  13.42+0.19 29.28+1.2 0 0
10°CFU/ml  #&¥% Dipping bath ~ 10.37+0.09  12.66£0.10 22.08+0.8 2 0
108 CFU/g I Feeding 10.45+0.14  14.55£0.20 39.31+0.7 0 0
10° CFU/g W Feeding 10.44+0.07  13.350.12 27.83+0.8 0 0
10'°CFU/g M Feeding 10.57+0.11 11.82+0.04 11.83+0.8 0 0
YQ-3  10"CFU/ml ¥ Dipping bath ~ 10.41+0.11 13.86+0.07 33.19+1.1 0 0
10°CFU/ml 27 Dipping bath ~ 10.33+0.10  12.87+0.10 24.60+2.1 1 0
10°CFU/ml 3274 Dipping bath  10.40+0.06  12.25+0.09 17.80£1.3 1 0
108 CFU/g I Feeding 10.48+0.14  13.18+0.03 25.82+1.8 3 0
10° CFU/g W Feeding 10.45+0.07  12.56£0.09 20.12+0.7 2 0
10'°CFU/g M Feeding 10.55+0.06  11.49+0.13 8.88+0.9 2 0
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2 )R 38 %

1£ 10° CFU/m1 2 i A 10° CFU/g By AR Bk, #5518
30d WHIB LR HAET- IS, A SRS RER
-, i LB TR R VR B B R AT, R 2 B AR X 3 R T
B, 10° CFU/g # A& 1Rk} 4% W2 20 A X 184 o 55 3k 5
39.31%,

24 H£BHENLETE

YL YQ-2 HEAT 5 W10 A B AR AL 46
(F 4)o I 4 01H, FHE YQ-2 FEARER AL /Y B R K
AT DUIE R 2K, 10% NaCl Bk FhiZ i bk A RE 2R
K, BERS IS, ANRE s . HERRE . LA .
BIRLFTRE . ZLBE . ILBYEE . BUZSME . B W A8
WA . TN REL . 3% NaCl B MRIREE . 3%
NaCl i B2 i SR . 3% NaCl A & B SUK el . 3%
NaCl HAHE | 75 5¢ [CH 5 2 £k 2 BH 1 5 3% NaCl ONPG .,
3% NaCl JR Eiff . Kovacs i{#]. 3% NaCl MR-VP,
3% NaCl Fifb & . AfLBE 2 A KPS ( Bergey's
manual of determinative bacteriology ) (Williams et al,
1994)F1 Gordon(1983) { ZEHEFTHJ&E ) H ZF AT 14 &
RIS L3R BRI T 0 b i 26, ENR T
ZETRAT B Rl (Bacillaceae) 1) 2 /T 14 J& (Bacillus) . 18
i LB AR EAS R T A K oL, S5 BoR,
ZFEARTE 10-40°CARREA 1, XL (1438 I PR 508k o

25 16SrDNA FIIMES AR RGE X B E

K HE 5% R YQ-2 19 16S rDNA PCR §
¥, FEYIR R EE A 1420 bp, SR Blast X Fr k45 (14
Jr 45 R AE NCBI B e A7 7 SIAR B LE XS 4347, &
GEREWAE 1 s GEREY, AU 8 kG
F) TR R 2 B T 2F AT B R (Bacillaceae) 4 28 fRLAT 14 &
(Bacillus), YQ-2 5 & 2F /1 #T 1 (Bacillus subtilis
strain KLP2015)AH IR 99%

68 Bacillus amyloliquefaciens strain AZB42

56 Bacillus amyloliquefaciens strain GR53

62 Bacillus amyloliquefaciens strain JK 16S
51 Bacillus amyloliquefaciens strain Tu-115
Bacillus subtilis strain SB87
77|YQ2
| Bacillus subtilis strain KLP2015
Bacillus pumilus strain SH-B11

Bl 1 Bk YQ-2 16S tDNA FHII &S & TR

Fig.1 The 16S rDNA gene sequence clustering
results of the strain YQ-2
3 g

AHTFER AN R B A2 AR, AR 2215 B
IR R 2 37 G M I BT h o B AR AT 66 MRANE, il
X B R RS HTSC, RIAE O 6 AR IR 2 i R

R4 REEKR YQ-2 H A £

Tab.4 Physiological and biochemical characteristics of the candidate strain YQ-2

i H Items YQ-2 i H Items YQ-2

5C - 3% NaCl 7% % 3% NaCl Glucose +
10°C + 3% NaCl JFEM# 3% NaCl Sucrose -
15C + 3% NaCl H &% 3% NaCl Mannitol -
20C + 3% NaCl B {f1HE 3% NaCl Arabionse -
25°C + % —BF Melibiose -
30C + 3% NaCl ONPG -
35C + 3% NaCl JR Ziff 3% NaCl Urease

40°C + AHF Xylose -
ToERBER/K No salt tryptone water + 3% NaCl & & R I # § 3% NaCl Ornithine decarboxylase ~ +
3% NaCl ik 7K 3% NaCl Tryptone water + 3% NaCl #i & 2 Il 2 i} 3% NaCl Lysine decarboxylase +
6% NaCl JBififi7/k 6% NaCl Tryptone water + 3% NaCl & & R SUK i BF 3% NaCl Arginine dihydrolase ~ +
10% NaCl JBifi7K 10% NaCl Tryptone water - Kovacs i 7] Kovacs reagent -
3% NaCl FL## 3% NaCl Lactose - 3% NaCl MR-VP -
11 ALEE Sorbitol - 3% NaCl Bl Ji¢ 3% NaCl Gelatine

WA Amygdalin + PO 5% [CH% IR R Simmons Citrate +
LB Inositol - 3% NaCl ##ifk & =4 3% NaCl Hydrothion produce -
N " FREh Malonate + FH AL B4R Oxidase Strips -
FZ= 8% Rhamnose - - [E KB fE Semi-solid agar -

T R, Rt

Note: +: Positive; —: Negative
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HLA B VR T RS DU o MORAS A 35 B R A IS A
BT LIE 1, R RHAGRHAEDUE R
B, HERNKSNREE, H2 YQ-1. YQ-2 Witk
BIALHBE S 9 1.6%F 4.2%; 47 YQ-5. YQ-6
FREGHE B BE 250k 5.7%F0 3.7%, ¥ T R B MK,
KB REFQ006) B . HEVRMS I LA
2 K2 FWAF(2012) %L, 4 . FZ2= 5Nk (Vbrio)
ML B4, X546 BRISEIR R A M . RIS
th, HEMASREPUREMIEMIE S E R, Xt
WS4  HER ORI LR T AR RS
AIFEAE o

AW FE 0 AP B B L R RE o . ELXT
B2 AN ER YQ-2, Zad A A b s T %5E,
T 2 R B 25 6T 1 (Bacil lus subtilis) o 122 1 78 K 7K T
2t 3 U 2R oK ARt R TE 140-280 CFU/ml Z [H],
HA RS, W HA  FRRHER RS TE .
K, U2 B BE O 15 IR ERE , ak XeHE R 0T S
o 0 B s A R S A G R B 2R LT P LA 4
RS T . R R IR VR, ) v AR
(2000)BfF 5% A& B, Al B 28 A KT B 45 M i £ (Cyprinus
carpio) fE . & i 5 M £ 1) 5 I 40 i IO W A & T g AN
Fi W K < L i (Aeromonas hydrophila) 1 AE 11, {2
iR f RS A 5 Salinas 55 (2005)RF 58 KB, Al
B ZE AT BRI LIR TR PR B AR A AR R B A 1R 4 S Vi B
(Sparus aurata)dEFE R TT s FH E%FQ016)H5Y
T, P BOR B 2R AT R AT AR K AR A
AR A & i HL/NTEAE(008)WFFE R, (il HIA
FLZEAFT R T DA 2 RS [GIH IR (Macrobrachium
rosenbergii)ti# COD . 2 A FIASFRER 1Y % i .

ZEFRFT B A0 TR — A R e DR SR AN T
P R RE AW ER G . JERMEE . EE R, BEIER
SIYEAEHLRE, A TEE IR 0T 0T AR R (R TS A
%, 2007), TKIEE(2009)0F 55 R, DR SN 2R
FEBE AT DA S 548 o 2 8 R A . e R . I TR
G s 3 T 2 (2006)BF 5T 2 0A , AR 254 751 %o
2 iy T8 A AN AR 1 TS A S R 5 DR
Q013)WFFT I, TR H S I B ZE A4 B AT LA G
% 7 =5 7 1 (Myl opharyngodon piceus) (4 K- 2%, Z< B
FEARAT (R B 25 0 AT BA LA A 1) 7 D 9 RN 2
B G 7, U 32 TR PR T LA R A3 i £ 0 v R A
BT, R A S 2 3 B ol B v ) 2 1 3 U o il R
EEBFITE ), BRI S X E SR R I E R, AT
PERIS MR , ARBFSEPIfE R FRLL 10° CFU/mI 2
BRI 10° CFU/g M AR RHER G 2, i 23y
TRFFET G, A SRR SRR . 36 il

Vi 2 81 R T ol 2 2 Ay, LR AR Al 458 M 2 o)
SRR BT . TAERISEQ015) IR 5 R, Kk
6 10° CFU/m® FHEHBEME 10° CFU/kg A9 2 FFT 14
Al F R S AR, SRS R —8 ABIEE
R, TEANGEMR R, RIS R AR
PG, T RE S S 75 i Vi B AN T A= G R 18 1 8 N
FSNIAN S BUR L EE A YAk NIUE 9/ & W =G0 N

il 2 KK T it 3 77 5 0 AR 0 AR S IR AR R
RME N A, — B A AR, AU L8 1 7
PRSIV, T EL A XE LR P 25 8 BEA T B R R
PRI, R 25 24 PR i R b P SR A A B L A5 0 A
o BB R A R A AR AT DA B T B AR I B A
WA, AFF AL BRI 2R 5K
(AN R ZERAT B, B T 0 B ik, ANLRERE I ]
WIFE AR, JERA RN TEERE S, XM
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Screening and Characteristic Analysis of Potential Probiotics from Large
Water Ponds Used for Sea Cucumber (Apostichopus japonicus) Farming

DU Tuo'?, LI Bin**, WANG Yingeng>*", LIAO Meijie**, WANG Jinyan'?,
LIU Zhixuan'?, WANG Shihuan®

(1. Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry
of Agriculture, Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao  266071;
3. Qingdao National Laboratory for Marine Science and Technology, Laboratory for Marine Fisheries Science and Food
Production Processes, Qingdao 266071; 4. Dalian Keybridge Marine Seeds Co., Ltd. Wafangdian 116312)

Abstract From December 2014 to December 2015, the flora population structural analysis and
beneficial bacteria isolation and screening were carried out in large water ponds of a sea cucumber
(Apostichopus japonicus) farm. Sixty-six bacterial strains were isolated from the water body and pond
sediment. Two bacterial strains Pseudoalteromonas nigrifaciens and Vibrio splendidus associated with the
“skin ulcerative syndrome” disease were used as indicators in the antagonistic effect trials. Based on the
bacterial extracellular amylase, protease activities and challenge tests, one potential probiotic bacterium
YQ-2 was obtained. The results showed that this strain had good ability to inhibit the proliferation of
P. nigrifaciens and V. splendidus, evident by the diameter of inhibition zones, 22 mm and 24 mm,
respectively; while the diameter of amylase and protease hydrolysis was 22 mm and 36 mm; In addition,
the challenge tests revealed that the strain YQ-2 was safe to sea cucumber when it was challenged by
bathing the bacterial strain at the concentration of 10° CFU/ml, or fed the food inoculated with the
bacterial cells at the concentration of 10° CFU/g once daily for one month. The present study also found
that among the sea cucumbers fed the food containing 10° CFU/g bacterial cells, the body weight
increased significantly compared with the control group, with the relative growth rate as high as 39.31%.
Homogenous analysis using 16S rDNA sequences indicated that the strain YQ-2 had 99% similarity with
the Bacillus subtilis strain KLP2015. Thus, the strain YQ-2 was tentatively identified as Bacillus subtilis.
The number of B. subtilis in the rearing water was counted in all four seasons and the year-round
concentration was about 140-280 CFU/ml, which was higher than other strains. Meanwhile the
dominance of YQ-2 was 4.2%, 3.5%, 2.6%, and 4.6% corresponding to Spring, Summer, Autumn and
Winter. Furthermore, the dominance of YQ-2 was higher in Spring and Winter compared to Summer and
Autumn. Nevertheless, the strain YQ-2 exhibited a strong antibacterial effect on the pathogens
P. nigrifaciens and V. splendidus which were the main pathogenic agents causing the “skin ulcer
syndrome” disease. Hence, the strain YQ-2 has great application for farming A. japonicus in large water
ponds.

Key words Apostichopus japonicus; Large water pond; Skin ulcerative syndrome; Probiotic
bacterium; Bacillus subtilis; Antagonistic bacteria
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