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O OE RENT A A B LA R HOK B R EOR SRR B AR A 255 I BE A DU Bk £ A= B AT G (R
TE P 4 2E T 2H 45 PBE 1 PBN, I 5 F T LANEEXTURTETT V B4 (NS) ZAFURRES TR (PLS ) 1Y & 1 250
TSI LA 6 A PAT, [ BEE X HRZH RSB BEAIK , PBE T PBN i) 7K 14 o i 227 1 45 2E T
HE . UHWET EFRY M (ZI) MRS R TTEA (ML) #1 PLS B, &6 0 4h PR A8 245 258 4 A (A Py oK 4
Hrn] 5555 41 B 28 (total culturable bacterial count, TBC) Fl B %2 9 1 &L 4% (total presumptive Vibriobacteria ,
TPVB) ; 7E B0 45 SR 48 1125 S0 2 4 A Ui %, 9 Tlumina 77 PLS 2R I BUE VI RE . 2R R
TERASF AN, R R AR s 53 BRI, 25 AR A 6 W R T (P <0.05) TPVB {ELIAIK N FIE 1
KR AR i, IE RS T (P <0.05) ZI 4R FAFUR PLS (AR IS SRABLE 2 (K10 15% ) o £5 5555
ZH9 PLS IRNAZ O EYIRER) Z R E RIS A F A AAE BB TR 57 (P >0.05) ZIAF I RHE BUE W h i B
AR RS, TR LIRS £ E R 40% ~86%  WFT R, BHKAAF T, 25 248 B4 & REAS A 300
T FE B B VR RN PLA IR MR I A P 1 3ok B8 R0, 382 2 AR P8 s 36, S BT A P g R 7 o

KR JLANIERIF; A fi i RIS A

hESFES: S917.1 XHRARER: A

FLYN 5T WR ( Litopenaeus vannamei) B 1987
AEGIHE I, O TR R SR S
Jr i LS, , AR e ) W 7 5E A AR K R 5 A
TR, S AR F AN X SR A AR A R S A
TEXT IR B AP S F o R rp, W & A 88 T ( Vibrio
anguillarum) &5 INE ( Vibrio alginolyticus ) F1H
AN E ( Vibrio parahaemolyticus ) 25 5| 8 1Y 5 7
I LA S B8 5 K 1A (Leucothria mucor ) 55| & H)
LARANEIR o Sk, Bk R AL 4
TRERE R T B AR . SR, X SE 25 )
75 5 3 B IR 4 A8 S I ] OB R 0 44 i B
AR T R/INS AT B ) 25 FRE L R
PERAB A L 53 4h, ks 2 i K 1 08 A
RESIG N 20 R 24 1 IR 3 1 AR TE i A st A=
BV . HAEWEE R T R A A A TR
B, 308 o T 0 X IR R A A S R A RN
i/ g 2 R SR A AR R S R R ED . H

I #s HEA: 2018-05-08 &[5 H#A: 2018-06-11

BT, i A2 B CHE 25 A 1 ( Bacillus ) TEXTRR B
AR N TSI T — e R R PLANBE
Xof R B b B B KA TR S IR R ZE A R (OB
subtilis ) 4R & 8 B WY S fin bR, T 36 BB ) o
WEHGR' . NIMRAT 875 FLANEXT IR LI 5 &
AN AL & 2R FAF I, R 25 R R B, S 5 25
R BERSIE HEAFHR A4S, I 18 35 B AR 1 K 14
FRAMUARR SR . Aoh, AT AL
2N # ( photosynthetic bacteria) | 2 fFT B A1 7 B9
BRI T FLANE R IR B 1 B o 260, 24
it A2 A S N AR T K AR H,S UNH, T-N Al
NO, "-N ZExt g ik A SR W B i & B 4R
THRB AR o H I, % TF 200 3 5 HAl
it A TR ) O TR TR IR X R 7 P K PR e
WRKRE , B A Y U 3855 5 T Y O (L, i
TV EA AR A= 2527 D RE IO 25 A P 1) 4 A 1A

EETB : B EAKREOT B AR 55 3% % 5 (2016 HY-ZD0401 ) s B ™ Wb B AR M R A 5% 19T 4 (CARS4T)
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TR 2 AT i 5 Z B 9 2 G 4 2B T 76 X AR
PR T RIS, 0 X A o gt B 7 A
SERAEEE L

AWFTELATC TV I FL A 152 X5 0 4 4 F
FER G 85 K AR R B B (R L B A [ A
SR E WA S, o A a A W Al R IR
WAL , 58 52 5 i 22 T A PLAR X
R B MRS 7 R B P 7, R O A i
A TRAE PLA T X B 22 48 7K e i e 8 1) 1 P 2
HIE K
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1.1 mAEEKRRIERFH

H ESEER Y 4 MR 65 A2 T 2 O RS
BN ( Pseudoalteromonas sp. ) CDM8 | %5 /)N 2
FFH (B. pumilus ) LVO12 F ZF # ¥F 5 ( Bacillus
sp. ) BC109 LA M s 3R B ( Enterococcus sp. ) BC702,
P AR S0 3 O o S8 IR AF . L, CDM8 HL
A AT IR i P I & B ThAET , LVOI12 i
U B XTIFAEHT WSSV A BC109 HAT il
HEVER, BCT02 RERE 7 IR . 0w #5701 2216E
R FRIEHEAT I L, T 28 CHHIRRE SR . &
YRUTE A J 1) 0 T BT 7 4 P T 2216E YA B 37
528 CHR (150 v/min) 55 37 3 4% )5 il 4 Fib 1
WL ARG Fie B 10% He b i 45 Ao fif 2216E WA
BEFREEIATY RIE T+ o
1.2 HmXw

KRR LD E 4 P g 2E T Z 18] I 45 BT AL
Ho BRI BIFEFRMANE (1 x 10° CFU) IR fii 2216E
R 78 RIS TE VA B 50008 4 A>T 4R
TCHIEAEH (B4R 6 mm) . Ho,3 NUELEH i
7.5l FEIE (1 x10° CFU) , 5540 1 A IRACH
BN TS pL O 2216E WARE R AL, R4l
WCE 3 AT B 2216E [ {4t T 28 CHE
3% 24 hy
1.3 EaH4RHERER

N 4 Bhta A2 TR Y 2 10 G 5 VR O MR TR A
(5000 g,10 min) , TGP RF /K B, 542 5 000 ¢
B0 10 min, 35 B, A RRE AP, K
J& 8 P TC B K E O S 0B BT ( Rk
18, 1) £ 580 nm T AR R BRI (3 x 10°
CFU/mL) ,

4 g A= L BRI TE 10 R A T RERC TR 1
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2 ¢, B PBN il PBE, PBN #{ffj CDM8 V012 I
BC109 it {fi 41 Ji, PBE 41 th CDM8, LVO12 #i
BC702 Bfh4l . PBN A1 PBE () {i F J& HH oy 3
R, IR 1 KPR 5 0 356 T A O 2, 1 4% 4 AR A
JBATE K AR ) 2 e 35 1] 10° CFU/mL, 5 41,
PBN &, PBE Hr%) CDM8 - HAth 25 £F & Al 7 24
h @S
1.4 BEEH

TR B LY T 2017 426 H 27 A1E
T AE 3% 1 A2 W) BORAT BRZS W /4 37 58 % 18] £ 47 o
K LA XS HRTC VISR (NS ) BERL > 21 18 4>
B 75 Lilg/KH) PVC AR, MG E BE LY 0 20 TR
/m’ (HP:200 F&/L) o AEHEBANLS o 3 20, 2 5 5%
% PBE PBN F1 K, & 2043 5 6 M, Hidr 3 4>
W TEY 9347, 55 3 A T 00 R 4 1A 28
RAEHE RIS, PBN 4R PBE 41/ 7 i 5
Fe3 il fdi 2 & 25 A= & PBN I PBE, 1 K 24
XFHRZH , B A RN 45 A . R ] KA
Freil <, KR 4ERF 30 ~33 C, Y4k Rk F 3
FORGR T, T 4 45 PR AR i YR TR 2 75 i 1l
B, ORI ) F/EME (i, hE S )
SR T 2R I S P R e e , 45 2 /i e
17k (0.03 g/Aifik) , - RAM 12 k. Hahikk
HREUFURS S K (PLS) If, B R SEER 4 A, B
BB EEARK
1.5 ZETEEERMEFERNEN

FECR A (Z D) B AE I35 (ML) A7 4
SR (PLS) I HEAT B (Al , 6 D0 2l (A A8 2558 5
TEH 45 A (PLS) A I A R A7 16 28
1.6 B EKEF L0 P AT 35 7 4 B 2 AR
ENE S E R

76 Z1 MUAN PLS H9 BEAT 75 8 /KRG 3R %)
PRBGIURE , B AL BRARRIBOK 1 mL FI414 10 2.
T K e AR 2 3 Wk, 5 2 A Tl A T T
1.5 mL g0 vh, U INd  J0 T i K EAT B
AINTCHREE K 2 1 mL, & 1K EE R4 A5 3
WOHEAT 10 A58 3 i A, 18 B0 35 s B 32 1 s
WA 100 wl & 2216E il TCBS [ {4 55 37 %t
FART 28 CIEIR I IR 24 h J5 Geit W ik 4L R
2216E [EREEFREE b 00 B 7 K0 D ml B 5% 20 T B
¥ (total culturable bacterial count, TBC) , ¥ TCBS
[ A 5 7 L ) TR 7 KO0 O M8 IR K ( total
presumptive Vibrio bacteria ,TPVB) ,



134 PN, 2 - TR SR T 45 A2 TR AL S TR LA IR R T i A v B4 9 95

1.7 AEEEMERGEENRBEIEED
gl

12 Z11 MILA1 PLS R AEXTHRZ AR ( ~0. 1
g) Ji L BT RNA 7720 (R AR, b st , T
-20 CHAE, iz g+ Tk,

}Z B8 Trizol ( Invitrogen , 35 [# ) 8 BH 5 B2 Bt
WR 40 AR FE 5 9 B RNA, A Nanodrop 2000 ¢
( ThermoScientific , 35 [E ) 1 1% 3 Jig B 58 I B, Ik
30 K I RNA KR 5 A & &R B . A
PrimeScriptTM RT reagent Kit With gDNAEraser
(Perfect Real Time) % %% 3% i 5] & ( TaKaRa, X
) K S RNA S ¥ 5%y eDNA, K B RNA Al

x5 0 2y A RE A AR 58 2 1 (heat shock
protein, Hsp 70) \B-1,3-# K Pss 5 EH-IREH
( BGBP) #1 Crustin Z %5 R )R A 0L, K LA
TEXTHE B-actin Zf ik VR S N 2L, 4 Fib gk
PRI 5 915 B L& 1, 519 i A AR TR
(1) ey A PR w5

qPCR [ WA % (25 wl) ) f145 SYBR Premix
Ex Tag TM(2 x ) (Roche, Fij+:)12.5 wlL,cDNA
B L iE R 5% 0.5 wL(10 wmol/L))
DEPC 4bF7k 10.5 wL, PCR 44 %&14:94 C 5
min;94 °C 30 ;58 C 30 ;,72 C 30 s;40 MEFF:
IS8 UG AT R R o DRI E 3

o -AACLy - [13 S A -
¢DNA T - 80 CIRfF, AN o RA 2L S B 4 R AT AR R
RSP E B PCR(qPCR) KA RN &304
F1 LW HXE=PCRTAMNSIYER
Tab.1 Information of primers used in real-time PCR
H iR E514(5'-3") S5 #y(5'-3") EZ PG
Objective gene F-Primer(5'-3") R-Primer(5'-3") References
B-actin CATCAAGGAGAAACTGTGCT GATGGAGTTGTAGGTGGTCT F A
Hsp70 CCTCCAGGACTTCTTCAACG GGTCACGTCCAACAGCAAC EEE SR AR
BGBP CGAGAACGGACAAGAAGTGGAGG ATCGACGAACACGCAGGGAATG F A A
Crustin ACGAGGCAACCATGAAGG AACCACCACCAACACCTAC 9{{@%%[ 12]

1.8 FIMEHNAFREETHSEENRFMEE
S

TEH A5 R, 2550 41 B PLS A7 3R A T4
P B 2 e I Y, B SE IR A R 3
AT, BN AT FHATFIR 2 0.5 g0 fFIFETG
KRR A TCE ) 1.5 mL .04,
ARG T -80 CHETE. ¥ REM 9 Iff
UFAE i A CTAB 31 32 B DNA, 1E o B AR
DNA, R4 16S tRNA LK V4 X )38 5]
1 515F 1 806R 434 &+ M A Hlk DNA ,PCR [
I 1R 2 M3 3 4% A 4% Peiffer % (07 1 #E 471 o
¥t PCR 799 A F- BEUT IR [m1 R 2 B AG I, &
M JE Y 0% . FIH Mlumina MiSeq i J7
- 45 68 SO HEAT XL I, ph v AR B AR 1
BHEABRA R 5E M. 2% A8 i 7 v xd il
R IEHA RS E AT Ab . fl UPARSE F2 6 5
B SIALE 97% KDL P K F 1 8 25 i OTUs

(operational taxonomic units) , 738 1 SILVA %4
PERE & OTU 1Y 43 A . B4R i AL PR %
43839 2579 (A A i Hh Y SRAIP 91 580 147 4
#ro TE Qiime Hif3 Chaol FI Shannon f8%i(, F ¢-
test A5 B A1 WM A PN 40 BT v 22 FE PR R B 2 1)
2E5,P <0.05 B R 22 57
1.9 Sitoh

iz 1] SPSS 16. 0 BRAFHATEE SR R 5 2245
Hr (ANOVA) , LA Duncan’ s Z 1 HLE#EA T A R 4k
FIE] ) S R ST, P < 0. 05 VR R B bRiE

2 4k

2.1 4MmEREEHNER

4 PR A2 T Z RGPS B Y 25 2R 3 - CDMB
RERE AN ] LVO12 . BC109 F1 BC702 A=K (& 1
A-C) , Mz =3 ZBIAFAERSHRCR (18 1 D-G)

http: //www. shhydxxb. com
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A. CDM8 5 LVOI2 495 (Herb BT 25 O BB AR AT LV Im ) 13 0 BTk, I & G5 D B A 5 SR S IR A 1) BT AR5 B-G Rl L) 5 B.
CDM8 5 BC109 #4528 ; C. CDM8 5 BCT02 #4155 ; D. LV012 15 BC109 #5$15¢%; E. LV012 15 BCT02 #5415:%; F. BC109

15 LVOI2 $540528; G. BCT02 15 LVO12 4454508

A. Antagonism among CDM8 and LVO12. The former was the bacterial strain added to the filter paper, and the latter was the bacterial strain

plated on the agar medium. It was the same treatment in figures B-G; B. Antagonism among CDM8 and BC109; C. Antagonism among
CDMS8 and BC702; D. Antagonism among LV012 and BC109; E. Antagonism among LV0O12 and BC702; F. Antagonism among BC109 and

LV012; G. Antagonism among BC702 and LVO12

Bl 4%mEFZEANERER

Fig.1 Antagonism among four probiotic bacteria

2.2 XURSHEHIEREMERE
Mk & B # Z K 41, PBE 41 #1 PBN
AR B RIH 69. 19% +3.15% .85.33% +
7.81% #183.41% +3.15% ,PBE i1 PBN 4
TURA AR AR A 00 2 = T R (K 41) (P <
0.05), 1 PBE £H 71l PBN 4 Hr X SR gl (R iy 28 25 %
ZRABE(P>0.05), M4k kE S MIIA
PLS [} ,3 /N S2 3G 41 X B 1A i AR A 300 B 3
ﬁ§#<P>O-OS)(@2)O

100 =K =PBE ©PBN
90 b b T a a
80 a
70
60
50
40
30
20
10

0

NGRS

Metamorphosis rate/%

Al MIIT PL5

BT B AR RB R 22 R 3 (P <0.05)
Different letters above bars indicate significant differences (P <

0.05)

Fig.2 Metamorph051s rates of larvae at

different larval phases

http: //www. shhydxxb. com

B W45 R, fFERFE K 41 \PBE 211 PBN 4
H AT 22450 K 40. 89% +3.80% .55.70% +
1.43% 56.30% +2.57% ,PBE 41 il PBN 41 {17
HRBEST KAHP<0.05) (& 3), MEXS
WL T 5 AFURLE S I 2 A 2 A DA 1 S 3 4 1Y)
RGN T 29 15%

60

b b
| I I
0 J
K PBE PBN

T BT FR B PR 22 B3 (P <0.05)

Different letters above bars indicate significant differences (P <

0.05)

s o
[= 2N ]

IR
Survival rate/%
DN w
[= TN ]

—
(=]

3 ALMEXEMFEREFE R

Fig.3 The survival rate of postlarvae

2.3 AEAXEHPEHITROEERNINE
iy TBC #1 TPVB A EET
7E M #1 PLS, PBE F1 PBN £ v 4 {4 1k 4

R/ 4N
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TBC I & = TR (P <0.05) (& 4 A),ifif
TPVB B EIR T XTI (P <0.05) (K 4 B), 7¢
Z1T MIIF1 PL5,PBE F1 PBN £ 1 % iR &)y 4 {2k Py
TPVB/TBC iy Lt i I F X RR A (P <0.05)
(K4C),

£ Z1 ML PLS ], & f /K (& TBC Al
TPVB (1A fb A% B 5 % MR gl (414 N A Bl 7E Z
Il .M I #1 PLS 1], PBE F1 PBN 416 B /KK 1Y

7. 00E+07
3 6.00E+07
o & _ 5. 00E+07
=G
= 2> 4. 00E+07
«& &5 3. 00E+07
*.5~ 2. 00E+07
Q  1.00E+07
= 0. 00E+07
o  b.00E+06
S 4.50E+06
= 5 4.00E+06
== 3.50E+06
& % 3.00E+06
& 2B 2.50E+06
# S 2.00E+06
%=~ 1. 50E+06
e 1.00E+06
E 5. 00E+05

0. 00E+05

TPVB (5 TBCI BL 5l
Ratios of TPVB to TBC in

a
|ié;é,

PL5

L,

(c)

7K AP TBC
TBC in rearing-water

FKAAANTPVB

TPVB in in rearing-water

TBC A EL X B2 8 2 T+ (P < 0.05) (K1 4 D),
7c Z1 A1 MTT, PBE . PBN 41 % 1 /K /& H TPVB A
FbXof BEZH 1 BRI (P < 0. 05) ,{H7E PLS 1, PBE
2H PBN g FIXT A1 R TE i E =5 (K4 E),
THA  AEXT R A ) R [l s 35, PBE il PBN 41 7K
& TPVB/TBC i L A1) f 2 Ik T E X R4 (P <
0.05) ,{H &, PBE 411 PBN £ )22 54/ (K 4
F).

EX B PBE E PBN

. 60E+05
40E+05
. 20E+05
00E+05
00E+04
00E+04
00E+04
00E+04
00E+00

/ (CFU/nl)
Spwa o

N

. b0E+04
2. 00E+04
1. 50E+04
. 00E+04
5. 00E+03

/ (CFU/uL)

0. 00E+00
yAlll MIIT PL5

60
50
40
30

Ratios of TPVB

to TBC in rearing

20 a

10 Fi,fl'l

210 WIIT
(f)

7K A& S TPVB 5 TBCHL 43

o

A-C S A AN B AR R 4l (444 N TBC \TPVB F1 TPVB/TBC (1% L8] ; D-F 43 31| R AR [H] i 17K 44 TBC \ TPVB 1 TPVB/TBC [ L f]
A-C, TBC, TPVB and ratios of TPVB to TBC in larvae, respectively; D-F, TBC, TPVB and ratios of TPVB to TBC in rearing-water,

respectively

El4 AEREXTER ) R Fnsk s TBC. TPVB 1 TPVB/TBC yLL Gl
Fig.4 At different larval phases, the TBC, TPVB and ratios of TPVB to TBC in larvae and rearing-water

2.4 REEFEMBEXNERIEE

1 Z1 3, Hsp70 .BGBP F Crustin 1] 4 i 5k
RTE PBE 20 /) 323k & 0 3K T X R4 (P <
0.05) ; Hsp70 3L 7E PBN 241 FI%) HE 24 19 32 34 &
ZRBFE(P<0.05) , T BGBP #1 Crustin R R AE
PBN AH FIXf BRI RIXEEZR AR E (P >

0.05) . 7E MIIH,3 BRI AL LE 3 > SL8G
HhryRBEICEN2ZE R (P >0.05), 1E PLS
1, Crustin ZE A7 PBE 0 FR X E RS, T HE
F 5 THE PBN 4RI BRZH i 358 (P <0.05) ;
Hsp70 F11 BGBP % [K 7 PBE PBN F1Xf B 41 %} #F
PRI FRIA BTC A TEZE R (P >0.05,145) .

http: //www. shhydxxb. com
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98
UM%Q 3.0
ﬁ%} 2.5 OK [ PBE [ PBN
BES 2.0
oy 1.5¢ @
g?, 1.0 qcd
E2 0.5 I
528 %ol Ll
%’:‘ ZI
(a)
HME_ 3.0
ﬁ'é% 2.5
Egtﬁ. 2.0
Z55 Lo ap
K o 1.0
%37‘0 0.5 c bC
558 FaF]
o
o £ ZII
mlmﬂg_: 3.0
ﬁ'iﬁ 2.5
b 2.0
pgg
BES L5 i
go 1.0 Hb . ’—X-‘
£53 0.5 F{?“
’ég% 0 i ﬁ
&=~ Al MIIT

(c)
HF L ARRMFERCEE R B3 (P <0.05)

Different letters above bars indicate significant differences (P <
0.05)
5 XERSHEEAEEEA Hsp70(a) |
BGBP(b) Crustin(c) EERHENRIEE
Fig.5 Relative expression levels of Hsp70(a) ,
BGBP(b) ,Crustin( c) at different larval phases

2.5 {FEMEARNEERFHEM R SN

A e e R 3 A T A i AR N A AR
PLS 1A ol A Wy A v 4 1 R ZEL IS 119 52 ), 45 2R
WY - PBN 25 Fp A S A% A 40 B v 1) 22 A 1 ) A A1
T PBE 0 HRZH, {H 22 57 R A B .35 K (3R
2) s TEAMTR E 7% A2 1, PBE 41 FIN BRZH A F
SRS A A A v A DI 51 b B PBIN 2 19 5 22
FECE6) .

R2 (FIMEAHEEEEN - SHH
Tab.2 Alpha diversity of bacterial

communities in postlarvae

HR TAAREL Chaol 8%
Group Shannon index Chaol index
PBE 4.85+1.35 1 403.86 +653.47
PBN 1.67 £0.98 642.77 £208.41
K 4.12£1.53 1 135.76 +481.28

FEIRAF- L, 22 I 1 1] ( Proteobacteria ) J& £
WA A Bl A= 0 R 9 b B BOL A B0 TR, B AR
PBE ., PBN F1Xf B £ of £ A XF 3 & 7 1 2

http: //www. shhydxxb. com

62.8% =11. 6% .91. 1% +6.5% Fi1 81. 9% =
8.1% , WA, WHFE ] ( Bacteroidetes ) F1J&BE b
["J(Firmicutes ) j& PBE 21 F1X HE 2 b (1 00 S5 TR
(MM =5% ) o Horr, JUFT I 178 PBE 41 A0
Xof EZH R B AHDOE S B 23 2 8. 53% £ 6. 2% Al
5.1% +4.2% ,JERERE | 175 PBE 4 b iy A 4 B2
29.2% +9.2% (6 a) .

TERLKSE E, 20T # FF ( Rhodobacteraceae ) 7F
A AT A P B8 A P A 9 0 R X = BB d i, 7 PBE
PBN X} B8 20 v (9 A0 XT = FE 43 5] 2 40. 69% +
14.6% 86.0% +9.8% 1 55.3% +£5.3% ., It
A, R A M 7 B ( Pseudomonadaceae ) (5.5% =+
5.2% )W & PBE 21 B O i HE, R 50 1 A
( Halomonadaceae ) (7.6% + 12. 2% ) FI{i B8 M0 &
BH(6.73% +6.3% ) S BELA Hp A SV 3 (&
6b),

—
(=]
(=]

Others
® Cemmatimonadetes
# Thaumarchaeota
® Acidobacteria
u Saccharibacteria
# Planctomycetes
® Actinobacteria
» Fusobacteria
mBacteroidetes
mFirmicutes
@ Protebacteria

-3
(<21

P
Relative abundance/%
[\&] ()]
R3] =

(=]

K PBE PBN
(a)

100

Others
m Corynebacteriaceae
mLeptotrichiaceae
m Vibrionaceae
u Neisseriaceae
m Striplococcaceae
mFlavobacteriaceae
» Veillonellaceae
@ Pseudomonadaceae
@ Halomonadaceae
@ Rhodobacteraceae

75

50

25

X ERE
Relative abundance/%

K PBE PBN
(b)

(a) AT = BE dpe i 19 10 2T T 5 (b) AR F BE R 9 10 4>
R
(a) ten most abundant bacterial phyla; (b) ten most abundant

bacterial families

6 (FEME AR BERVAN
Fig.6 Compositions of microbial

communities in postlarvae

3 e

ABIESE ) v S8 B ok A A K i A
TR F BT LA ARAG O X R 4 A4 F) 4553, (H
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S WA KR F R A (COD) L Z A FNE
PR ROZ W T v LA R PR 2R I AR 2. COD T
Gy K T s i A 2 B R W, AR I
B v e I RN A R R R A 7 AR
JT, 60 B A T A IR S, 5 SO IR R
BIRTE R X UF B A T2, 5 5 1O RS PR 36 ik
PARIIR A K L EARTRT M R K B K
A TG FF AR B A ) 2 25 27 Th RE TG 0 19 52 45 25 2
WL, DERF B WK IR UE SRR . A4S
REW, BEHEAERBEY T &R 24 ikpy A
BHR N PLS BYIE, X N % 5 A R X%
oK T KBRS 10 VR 5 R 3 R R T 4
AN T RS IS A B R SE A RE
TEIK AR A GSIN ZE 7 AT B 0 Sk A R B R A 25
A T TR RS 2 25 iE X R 4 1A B 0 2R, 4
SRS A IA] A2 HEA A K

XTUFTT B A 7 v BT 6 4 A 1 23 I
Wy HEE RIS %25 1 R B 5 S Bk & R 8
o B I I 04 2, T IR R 4 R 440
PRRRBET o FEAHIT R B A 25 A
WERR T H KA IR g4 h TBC B9 & i,
FFEAR T TPVB AHXE &, I, 54 25 4 WX
AR R AE R A = S B HOK F KR
FEH AR Py AR X 55 AR B 9IR B 25 ) Y Bk
F o ZOKAEIFAR S5 78 K (4 o o7 F A 55 28 F AT B
(10° CFU/mL) BEA A% AR W 24 FC I B 51| Ak Fr) Xf
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Effects of probiotics combination on breeding of Litopenaeus vannamei under
zero-water exchange condition

SUN Bochao', YANG Yunkai'”, WANG Hailiang®, SONG Xiaoling’, HUANG Jie’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production Processes

Qingdao National Laboratory for Marine Sciences and Technology, Qingdao 266071, Shandong,China)

Abstract; In order to explore breeding technology with the application of probiotics combinations for Penaeus
vannamet under zero-water exchange conditions, four probiotic bacteria with different ecological functions were
formulated to two combinations (i.e., PBE and PEN) , which were applied in the breeding experiment from
nauplius larval phase V (N5) to postlarvae phase V (PL5). Each experimental group contained six parallels
and the control group was set at the same time. Culturing water was not exchanged throughout the experiment,
and probiotics combinations were continuously applied to the water in the PBE and PBN groups. The larval
metamorphosis rate, total culturable bacterial count (TBC) and total presumptive Vibrio bacteria ( TPVB) in
larva and water were counted at the phases of zoea Il (ZIl), mysis I (MII) and PL5. At the end of the
experiment, the survival rate of postlarvae in each experimental group was determined, and the microbial
communities from postlarvae were sequenced using an Illumina platform. The results showed that there was no
disease outbreak in each group, and that probiotics combinations significantly decreased (P <0.05) relative
abundances of TPVB in postlarvae and culturing water in the groups of PBE and PBN compared to that in the
control group, and significantly increased (P <0.05) the larval metamorphosis rate (15% ) and survival rate
(15% ) at the phases of ZIlI and PLS, respectively. There was no striking difference of microbial diversities
and structures of the core populations in the microbial communities from postlarvae in the three groups, and
every microbial community was dominated by Rhodobacteriaceae with the relative abundance ranging from
40% to 86% . Taking together, probiotics combinations can effectively inhibit the overabundance of Vibrio in
rearing-water and postlarvae and improve the survival rate of postlarvae, thereby achieving healthy breeding of
P. vannamet under zero-water exchange conditions.

Key words: Litopenaeus vannamei; compound probiotics; structure of microbial community
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