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Fras(a], BRIA FMAED AL, [FBY 1EK R
WAL, PLAKIREE , DA I8 2 T BT 0 A ROCR
FL7E 2000 4F, Rengpipat ZPVR B, BB R MRS58 1
FRAMEZEAUAT I S11 ATB AR S PUmTERE S, 58
i 20 PR PR MR B AE 5 2 L A W 4 TS PR R TR S
W TR Gullian MRS RM, AU
P64 . YITE P62 FHiz i oI T 1 AT i 241 i X R )
R E o A SCHEFEAR PR IR 58 2 48 s I 25 26 T
il 3500 X5 ML 498 X O i 3 Tl A W R A i K 1Y 5
Wiy, PR g 2 T R AP FRCR, #8708 PLARTEE XS
W i A W R S P, o 3 B R A
SRS,

FUANEEXT B (Litopenaeus vannamei), X FRFE I
FIXF R (White Prawn), Z3382% FRJE T sy
I J(Phylum Arthropoda). H7E4¥(Class Crustacea).
1 /& H(Order Decapoda) . ¥{ i F}(Family Penaeidae)
T UFJE (Genus Penaeus), +&=4uith #3575 &
B =K R M FhZ—. FREESFIT, NaNE
X R R — R AR IS, AR J5 U A 2
BAERKY . PUwWRE iR . SRS W R
SR, KIS 2 LA X R SR 2 A o 1) T B
K&, EEFIANYNER . AAr; KRB
DU 2 At B 7 5 Y B EEEOR IR, TEMOK SR R S5
PR B R AE 2K P FR 8 P el S 15 R 1
R FERRK FRAE 2R 58 E % RN g MR (Homarus
gammarus L)V FLARTEXTHRSISE5E 72 A4 T B S 1Y)
AR . A5 P TR IR K IR R S8 51555+
FEBCAA E, WARIK . WS g R SR
PRSI, AR MR IR R EOR, RRAREA
KA R, AR b 3T AS ) 25 Ae TR )
JPLAATERT TE AR W R AR RS2, DUy
B sk A W B R A I P H e e e A A8 46 5 PR AL,
AR TR A S R A
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L AR Aok
1.1 REAR K R R

faERRE . R 2E S5 1 LN I X EF (Litopenaeus
vannamei) K B 1 RV K Y, KK Y
(3.2£0.5) cm, {REZ(3.0+0.5) g, KM A FE5H i
P 500 B/m*. 25 AE B 1ok A E SAEEEY
BEARAWRAF, wERGIF 2 & B4R
T ARRAE, AR 3 kHESRIEAY
BARLERG R

R i T K, KIR(25£1) °C, pH K
7.2-7.8, 24 h R, BHEN 5.5-6.5 mg/L, A/
F 0.4 mg/Lo MEFR KRB . FRAEMHEIFL 25 m®,
KR 1 m, FRFE KU R R KB 5 40
BIEWATG M, FRIEE KR ATTIEM, 201
TER AL IR, s RE LRI . JeH S
FIARAE 5, 2 A AP (N & RALAE Y 2%
T, TERTI S N AR I E S AL 240 TR S0, 455
A YRR B g X K T R AR ER | Y
R S A T S PR AR N TR, B
HEI 10%H K AE b SRR I 50 R 58 A AT
Wi,

RGP IER SR, X059 F 6:00.
14:00, 22:00 fu B, HHELEE 2 h N2
SE A, 1R BT LA RIS IR T R R 2 )
XPUR L HECA R, FEEE RS INE 1,

* 1. ERERA ISR

Table 1. Proximate analysis of basal diet
Nutrient Mass Nutrient Mass
ingredients fraction/% ingredients fraction/%
Crude protein =44.0 Calcium <5.0
Crude fat =4.0 Total phosphorus =1.2
Crude fiber <6.0 Lysine =22
Crude ash <16.0 Moisture <11.0
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1.2 EERIt

IR 3 41, XFHREAL . e 1 (s e
BRI 1, LG B 2R AT B+ A 22 P R+
AN A AN, RI4L 2 (R nzs AL w5 2,
AL 455 B 1 MR TR 2R+ 7L R TR+ R 2 SR R+ e
BRE), R4l 3 GRmas B 3, A E A
i+ B T A L A TR RS TR AL 1), A 3 A
VAT 25 AR BRI IS S me/kg, G RE
B3k 10° CFU, FRFE AW 30 d.

1.3 B

W 30 d J5 23 SIAAS [Rl 56 2H o BEAILIRE
TP S AL E (VU A AN EPA]), FLAR T X IR A
HC10 BB, vk ERR A T IRBU E , FJCH A 3
oKk 3 Wk, RIEHHIETT, REUAEY),
RA, 80 °C TRAra s [RIFERI T i il 2H 21
HAEOE T, SR IERIRA, —80 °C
RAra
1.4 HEEWHE. o6

FREL 0.1 g ENEY, A 10 FEEFR(VIw)
TR IR EHK, FEKB T (0-4 °C)RAH5], L
10 ffid BEARREIL A TR RS, B 3 AN G i IR R
WA T 2216e. TCBS #5375k (b mt Bl M 80 AR B 473
HBRAH]D, BAFTEREM 3 AT, 28 °C iR
1-2d,

FIFH QUAGEN 7] & 42 BU 8 N 245 4 i [
215 DNA, ¥ &l A2 X (5149 319F, 806R) (=
R A ST k) s PR A 22 ) HEA T 4
E o DT AW AR e AR e 43 A PR i)
Illumina MiSeq 2 x 300 bp paired-end. %#E2#rii
FRAUdE: (1) BRI TG P 3RA Y 5
TR E £ 14 reads AY barcode AL A, ¥Hi—
Xt paired-end reads PFES I — 2K Y tag, 2=

BREA N (N RoR I e b5 2 el X T
5%F) tags, R tags (& H Q<10 AL
B A tag 19 20%LA F), MRS Clean (i
(2) OTU (operational taxonomy unit)4g 1451, &
JH CD-HIT #4751 B KT 97%H clean tags iE
H—A> OTU, HEFEH AP FINRAH) reads VE 1%
OTU WERIFH, Gt 4iAe i h T G Ao
1 OTU XL H , & BUFE it 2Z 1) ZH AR AR B Sk o
(3) FJE ) Alpha Z#¥+4E . {13% Shannon. simpson .
chaol 8%, H I THIH 897K FXFAS [R sAHE Af
IS TS .

ARG ER o B AW SR A, il R
FHAEY T AR/ A TaKaRa MiniBEST Universal
RNA Extraction Kit #2505 RNA, FFif it 1.2%3

EWHEERS LUK 2571 o AR JE AT I s, 5 IR
Kk F Y TFEA PR\ One Step PrimeScript™
RT-PCR Kit J5 #5471 Toll 5 & TLR1"HI Gz A
KB SR Dorsal FEF ki i KiE =49 T
FEAT PR 2N w) 82 B 2 6 5 5 SYBR® Premix Ex
Tag™ W& A7 5E , P B-actin /ERINS:
FER, A 27T {0 T I A X R R A AR
ko S TR B A TAY) TR B A
PR W& GR 2).

R2. JLYEITHR Toll #Z A EE 5 p-actin & REE
51495
Table 2.

B-actin genes

Primer pairs for Toll receptor, Dorsal and

Primers Sequences (5'—3")

B-actin-F CGCGACCTCACAGACTACCT
B-actin-R CTCGTAGGACTTCTCCAGCG
Toll receptor-F TGAGAGATGCCCACTGCCTG

CGCTTGAAGGTTTGTGAGGGAG
GATGGAATGATAGAATGGGAAGC
CACTGGTACTCTTGTCTGGTGGTC

Toll receptor-R
Dorsal F
Dorsal R

http://journals.im.ac.cn/actamicrocn
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1.5 Siitstr

B CE I {05 1R 1 7320 . i SPSS
17.0 Hr iy LR 3R A8 5 7 2253 7 (One-Way ANOVA)
JrERAT S8, A Duncan i T2 HE L
B WFEKIFH P<0.05,

2 ERFAM

2.1 FLANEEXT U I 4 B S B S BB

) 2216e. TCBS $557 Hxt Mg T iz 18
A S IR BGHEATS . 03k 3 B,
X0 2 2 A I L X R A S 2 AR, TR B
FERRAR, WIS [] £ A= B T 50 A 80 i 1 1 P IR
WA Hir, g5 AEEHIN 3 4 LA I 1E
N B A 7.22 CFU/g, SN %E 5 5.01 CFU/g
(P<0.05).

x 3. EHEEGFX FLAEXTERG
bS% - dz0p Al
Table 3.

bacterium counts (TBC) and Vibrios bacterium counts

BB S Bl E

Effects of different probiotics on total

(VBC) in Penaeus vannamei intestinal

Total bacterium Vibrios bacterium

Groups

counts/(CFU/g) counts/(CFU/g)
Control 8.01+0.08* 6.51£0.07%
Treatment 1 7.8120.08° 5.31£0.03°
Treatment 2 7.26£0.11° 6.13+0.09°
Treatment 3 7.22+0.04° 5.01£0.05°

Values in each column without a common superscript are
significantly different (P<0.05).

2.2 APHAEXTEMGIEANAY R E RN P4
& 4 WES, ABTE G IERE R 25

R fE 0% LS Hb S Wi 56 2 ) HP P 3840 T 4 O 2R R

A, Gt ARAS, 2 AR 0 s T A E A

FLEBFE 90%LA I, PRFFZE— A S B9 7K, FAL
KT 97%01) OTU % i T 2 A= 1 5 94 FH &

A TARME, DUBTARUT S BG4 R AEA
FEEE, fAEREHN 3 A . X FESL A
W2 AEERI A HOE R AT 0, FFAEE VENN [&]
(B 1) ARG, s sEae x|,
OTU Hriet & T B2 > 25 A6 TR IR 1 28 >%5 AE T 5
2 W>wAEWIN 3 A, sAEWEIN 1 A 74
225 OTU, sl 2 20477 88 4~ OTU,
1117 25 A ) 3 AARTE 65 225 OTU . S LA i
ZFEPER) Chaol . Simpson, Shannon F8E{HZ 1T
ZORFIFE RN, Wil WY A YT i 24
VEFE B0 R g A R 0 T A A= 22 4k, B
— S, Chaol F8BUCERAFEFEEE, i
AT 3 PR 23 ; Shannon, Simpson 8
BGRE ZAERER IR, AN 3 A
a A IR T AR R B R
X AN ) 28 530 ML 352 %0 B B 18 P 25 0 i vh A
W IR TR 5. | 2). 8RR, AFE4L)
HRIPLRA T 2R TSR] Proteobacteria, L)

FFET] Bacteroidetes. JZEA ] Actinobacteria .

x4 TRLCEAMERRNFSEMSHMES T

Table 4. Richness and diversity indexes of gut microflora in different treatments

Diversity indexes

Groups Valid data High sequences OTU -

Chao 1 Simpson Shannon
Control 15618 15508 408 53491 0.84 5.25
Treatment 1 20777 20562 384 415.96 0.85 4.25
Treatment 2 14977 14805 380 514.14 0.91 5.47
Treatment 3 10901 10776 326 581.34 0.94 5.52

actamicro@im.ac.cn
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Treatment 2 Treatment 3 * 5. TREAIBERFEHRMEETHIKEREETE
EESL
Table 5. Frequence and levels of phylum in microbial
communities from different samples (%)
Microbial Groups
communities Control Treatment 1 Treatment 2 Treatment 3
Proteobacteria  73.6 51.9 78.4 75.0
Bacteroidetes 3.1 40.7 9.1 13.8
Actinobacteria 3.6 5.5 3.2 6.7
Verrucomicrobia 6.1 1.4 1.0 2.6
&1 ZHSDEESHEMENEEESHT Firmicutes 1.5 0.2 6.0 0.3
Figure 1. Correlation analysis of bacterial diversity in gandﬁda_fs o 0.3 0.5 1.1
. . . accharibacteria
different treatments. Numbers of OTU in different )
Cyanobacteria 7.3 0.0 0.9 0.0
treatments.
100 = Proteobacteria
= Bacteroidetes
= Actinobacteria
80| " Verrucomicrobia
= Firmicutes
X = Cyanobacteria/Chloroplast
§ = Candidatus Saccharibacteria
g 60 | “TM7
2 = Chloroflexi
3 = Chlamydiae
s = Cyanobacteria
Z 40} = Planctomycetes
= = WPS-2
~ = Tenericutes
=OPI11
20 + = Chlorobi
Acidobacteria
= SBR1093
= TM6
0* = GN02
Control Treatment 1 Treatment 2 Treatment 3 = Others

B2 AREAIREGERRBERETNKEREENFER DT

Figure 2. Frequence and levels of phylum in microbial communities from different samples (%).

PEEAT] Verrucomicrobia, JEEER ] Firmicutes

FENEEA T A A € Rl Candidatus Saccharibacteria ,
W E ] Cyanobacteria, H:HH 43 b ] fix i B9 2 A8
JEwIT, fi B 1 ZARTE R G o B2

fIK(P<0.05), i i A= Il 77 2 211 3 2 HE X HEZH 7
F(P>0.05); SXTHRAI LS, AR bt w25 2 AT
W], X BREAUAT 3.1%, 2 AR TR 1 435 40.7%,

g A2 TR R 2 2135 9.1%, # AE BRI 3 43k 13.8%.
— LR AS [ A it b DL AR A T H Y 20
Prk 6. 1B 3), KBLHEH FZA L Y0m H
Rhodobacterales . #{FF 5 H Flavobacteriaceae , it 2k
W H Actinomycetales., # % H H-4¢{& Chloroplast.,
PERIE H Verrucomicrobiales . #J8 i# F Rhizobiales |
R H Acidimicrobiales . FLFTF H Lactobacillales.

http://journals.im.ac.cn/actamicrocn
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& 6. AREIACIRLERFEH mAE E K EREENFE
EBSt

Table 6. Frequence and levels of order in microbial
communities from different samples (%)

. . Groups
Microbial
.. Treatment Treatment Treatment
communities Control
1 2 3
Rhodobacterales  64.9 474 41.7 69.6
Flavobacteriaceae 2.8 39.7 8.4 12.3
Actinomycetales 1.6 52 1.9 5.8
Chloroplast 7.3 0.0 0.9 0.0
Verrucomicrobiales 6.1 1.4 1.0 2.6
Rhizobiales 4.0 0.7 1.7 1.0
Acidimicrobiales 1.7 0.2 1.3 0.9
Lactobacillales 0.9 0.0 4.7 0.1
100 I S—
[—
80 r
X
2
£ 60t
=
=
e}
<
o
E 40 +
S
o
o7
201
0 L

Control Treatment 1 Treatment 2

FR AR 10N 2 RIS T FLARTEXT AR I R
o HPZLANTE B B E ], s AR 3 AR A P
(P>0.05); #eERHIGR 1, 2. 3 IS THEM H
WA H L], DL AT 1 ik B2
(P<0.05).,
2.3 AYAESTIF B A S R R E R

ANTA] 25 A= TR 06 LA X R 4140 Toll
ZAK TLR1 Fl Dorsal mRNA Fik /K774 T 500
(G 7)o 22 AETHIF] 1 4080 3 41 TLR1 Ml Dorsal 3=
IRIKLER BEZ B 4 v (P<0.05) 5 i AR BT 7 3
%f TLR1 F Dorsal mRNA FE35 /K- 5400 )t 0 B 2,

= Rhodobacteraceae

= Flavobacteriaceae

= Vibrionaceae

= Demequinaceae

= Verrucomicrobiaceae

= Chloroplast

= Saccharibacteria_genera_incertae_sedis
Streptococcaceae

= Xanthomonadaceae

= Acidimicrobiaceae

= Phyllobacteriaceae

= Shewanellaceae

= Geminicoccus

= Marinicellaceae

= Rhizobiaceae

= OM60
Moraxellaceae

= Hyphomicrobiaceae

= Chromatiaceae

= Cyclobacteriaceae

= Others

Treatment 3

3. TRAEEMEHRAREBINKEREENFEERDET

Figure 3.

& 7. FEEEEHIFIX LAENARFELLR S Toll
Z{KF1 Dorsal mRNA HEx} =X 89S0

Table 7. Toll receptor and Dorsal mRNA expression
levels in the gut of L. vannamei with different treatments

Groups Toll receptor TLR1  Dorsal
Control 1.0° 1.0*
Treatment 1 2.2° 3.0°
Treatment 2 1.0° 2.3¢
Treatment 3 3.2¢ 474

Values with a different superscript letter indicate difference at
P<0.05.

actamicro@im.ac.cn

Frequence and levels of order in microbial communities from different samples (%).

TLR1 mRNA FX} £k &K 3.2 (P<0.05), HLXTHE
HEEE T 220%, Dorsal mRNA FIXT 32k H 4.7
(P<0.05), HCXTHRLA4ER T 370%.

3 9tk
30 B e R X LN 0 0 o
A B AR (R0

U TERT R SR A P 32 B A 2 — R I
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Wi, AR A —— IR R A T S R, LAY
PRSI 20 7 B R Ok O™ B SR . 2 SRR
FMEAL . ARSI R AT, MLANEEXTER 7 & D
Lo SRR K g o R AR AR A, e S A g A
TR RS R MR R R, A REOY
BRSBTS, FRARGRAEA AR o AWETE D, AN 45 AR A
Tl 50 %) (5 PR B AR T 1 PR /K 258 7 8 NL9A 5T IR
i T8 200 TR ORI TR R, i 2R TR R A A 4 T
WA EFR AR 2 5 TEFRY RS, S
A AR A ), NI A FE A, 4
FERTE T PLANTE X B 8 B 51 R AR
HIBETE A5 R R B, Tk b i 25 A5 TR REA A5 AR
J B AN P IR AL, DU E A, fie ik
FLANEESTHRA K, Vaseeharan 1 Ramasamy!*'/7EHT
FERIEIR, i A B AT B RE A AR i e A FR T
(V. harveyi) A, BEAR T BE 5 %A iz 8 K B 4L
i XS HARMFEATRAML. AT, 2000 4
Rengpipat ZFCIERENBFGE T 23525 B BE T %R
TEYNR SN 2, 31X AT RE AR % 7 R B 22 7 i il
1, g AR B OSSN 5 SR S W 0 LR A R A
K, O IR PR EA T A AT AT ak B2 R
o ARUFFRRMABL T iX—0H, TR R
LA b A i AR RGN A AR A AR
1o TE WA PR R AN R R, 445 i 1 A
REVA, OCALRESEAL , d5c 28R B I S5 A7
FHWAK., ILEFHESBNECR, X5
Tannock! VA& AR -
3.2 55 A T R PR 35 3R 5E R 4 LA X
M 3B T REES H R R

B W) W T8 e HLIR N R WA e B W 1
B, Z B SN R R, B
BEREVE AR 7 8 R AR B RE, T HLIAR

Yo I DL R AP IR WU E W e i S . WESER, W
EA P E FERA RN E L, FRER
Jon i AR AR A A 2 A AR B e, oM sh i i
HRE M REAV L . oA, AT R B B 1
S IO AR RN AR A IS, B TE A
W AFLS A AT RE R FEE AR, 2 50 iFE SRR
. BT S A AR B AR B
A i A2 R R E SR A RGP N AT, B RIAE IR
RAGEERBEZ I E E o AR PRI TR Y
it A2 TR T 590 X0 906 B S 5 28 Gt PLAPEE RS A i 3 TR
ik ERIVE R . EE I BOR R B,
F 5 26 TR R0 5 FLAAEE X IR gy 1 TR v 8 o L )
SR, #EAERESIR 3 4 OTU $E k4 B
225t WiE AR W TR IE 52 B A1 B I 20 TR Y
FEFH . BRI A — RNV, ASTE] ) A TR R
M 32 AR, Al BEAE A w0 3 2H A s AR T
B T PLAN IR AR 1 R S, AL Ty
E—2E 5%, Chaol. Simpson. Shannon 5§44 J%
Be 7RI R Z2RE0E, s AR TR 3 ZH 2 AR
FEBOEXT SR, {2 OTU B WAL, X stud i 1
i A2 TR 3 X o 1 P A DG A RE fe e, ] T
DRMAR AR, IR ERHRAE T 2
RS ], ARUE>97% AN i % . BTN
g AR TR g AR T REAS 2 R 3 B R E S
ST R R ETEPE T, R TR S ARG R AT
MFFAE , 8T 3528 B e T BN E e ™
ARG R, ASIE] £ A 5 0 20 93 7 LAk
WRYIE P R E SN TR, 5 i T8 A TR A =2 8] Y 5
GAE, AT TAERIROCR, KB R
A SPREERY H Y.

e T R RO, A A A B R S Uk
(DGGE) A AR K S e 2 e . T
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55 AF PO B S PR A AT T LA X R SR A K
R B UEE I Z e, AR ] B 2 RE AR AE A
I, EZLIASTE R TR ] 32 A R
it DGGE BOARIKAT, (@B ML HF 7 38 rp s
REGE I B IRTE ], HUCRUET], B
KV 45 SR R E . INEE . Anaerospora
FUNL NG R SE . AR RERY], TEIRFRH R
G At R MLAN X R i 1 v F R TR IR T
FEBTT . BCRTETT . JEal ] JERERT 1%, 45
AT R S TASIB T AT
LB FEEE, B TPEes ] JERERT R
HK- BRI Am H . B E . &
H . PEim B MU HSE 22 Ak o #3401
2 BB RRAR THES P N B H A b, 25
AT 3 A X BREA RS A S, 3 BRAS [ 231
rh 20 R BRI TR S B A5 R AR, T RE T
N HA —E R an e A KB, Prldss 4
PR AR 3 AR i A S BRI BB A
WEoE R, XTHR B B N DUERER ] TR
AT TAASIE R 1o 3, MR 094 %
02 N N7 = ot S i i M W2 o 1)
FRETTREA R ESE R, ATReH AN E R
FY) g 2 TRDOAE 9 25 2R AR TP [E] . AGSEVE
A, g AT 1 & 2o RE A AL R A 2T
4eR . LT BB R A Y o RS
TG A B 1D A SR A T AOR -
3.3 HAEmAEWGIRINIERFRE RSB LNE
Xof MR 3E e R T 2R 3K S

WEFER], PLANEERTHRESZ B F IR YU
i, BUAAEB) PGRP-SA I GNBP-1 & &) 55
TAE W 13 [ A G 19 4345 5K (pathogen-associated
molecular pattern, PAMP)%% & J5 iiG Spatzle 25,

actamicro@im.ac.cn

BIGALE Spatzle FE 1 5 Toll ZAAZE A, ¥ HPA
WG S MIAMEE RN, s DR NG S
IR, B 2T NF-kB FEER [ 1A% 5
K7, #EAZIRE 5 DNA 454, P85 PR kLR
R, A R A, KEA
NF-kB ki@ 54 3 Al B+
(IkBa, 1kBB, IkBe)Hf)—~454 1 LAJGIE P AR
SR, M AEWHIRN ARG, BiEd IkBs Bk
JELE 1kBs WEFAKK)HEAL L 2 MRS 224
MRk Wik, #:% 1IkBs & SCF-E3 12 4k
A ERREALVE T 22 R ALl TR AR, 1
1B NF-kB #6002 5 HA G R DNA L fp4s
G LG SRR e ok, R B R R A,
SR B LA S RE T o JLANIEXTEF Toll SZ4A4E
20 6 B b e gk sy, AER . LA AR R
WA KL, RIXKVPIE—EREE b ] R Bl AxT
HNFEAANZAT S S A% 388 5 77 A A W A% S g FR) AR
AR v T A N T R BV e 2 RN R F N E [
P A28 20 1 /2 ——Toll 32 4A (toll-like receptors,
TLRs) mRNA kK- S i fizy 18 21 200k 75 A6 T
il 7R FH = 2 i i AP R, Ve fE N
SR PLANENT IR Toll ZRAY Rk, R kY
HAE AR RV KT A B It 5% 2 MLAR I XTI Toll
TR IR AT, w8 R HIR 1. 3 fff TLR1
Tk E, RGN 2 REEREEL, £
KT S XTHRAAR Y . NLANEEXTER Toll 5244 mRNA
RN RAENFRE 2, TREH T a5 E W
Tl 08 26 7 T 10T HLAA R 38 X5 S0 S o A AR B A
RSk, PHAESAE T S R N i kA
PLUHRI A R i — 2P 58

Dorsal KR & Tol i #% N Ui (A% 54 ¢ R 11,
J& T Rel/NF-kB 15, 4o FAIEAFAE R S60F T
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PR RS PR ) 5 s B &2 ﬁﬁi%‘]%’]ﬁ‘]?ﬁ%%
R Dorsal BRI FRIBIEZAM TR H Y,

P WA B S e AL o BIFOE B ?ﬁﬁi%’]%‘”
3 L MLANIEXTURIATE ' Dorsal FEPR F iR 8% 18 2594
W, R T 370%, SRR, X
B 25 AR R T Toll ZIAEALES . 5
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Effects of three biological agents on intestinal microbiota of
white shrimp (Litopenaeus vannamei) in a water-recirculating
cultivation system

Haibin Ye”, Ying Fan”, Xiaolu Wang, Le Li, Chunlei Gai, Hongjun Liu, Tianbao Li

Key Laboratory for Disease Control in Mariculture of Shandong Province, Marine Biology Institute of Shandong Province,
Qingdao 266104, Shandong Province, China

Abstract: [Objective] We studied the effects of three biological agents on intestinal microbiota and immunity of
white shrimp (Litopenaeus vannamei) in a water-recirculating cultivation system. [Methods] The composition of
three biological agents were Bacillus subtilis, Candida utilis, nitrifying bacteria and photosynthetic bacteria
(treatment 1); Proteinase, Acidophilus spp., Bacillus subtilis and Faecalis spp. (treatment 2); and Protease, yeast,
Bacillus subtilis and Lactobacillus acidophilus (treatment 3). After feeding 30 days, the total numbers of bacteria
and Vibrio in the intestine of L. vannamei were calculated using plate counting. The high throughput sequencing of
16S rDNA gene’s V3+V4 region was used to determine diversity and composition of bacterial communities. Real
time fluorescence quantitative PCR was used to analyze the expression levels of Toll-like receptor 1 (TLR1) and
Dorsal. [Results] After the application of biological agents, the total number of bacteria in the intestine of L.
vannamei was reduced to 7.22 CFU/g, and the growth of Vibrio was inhibited (5.01 CFU/g) in treatment 3. In
treatment 3, the percentage of high sequences and Operational Taxonomic Unit (OTU) were increased to 98.8% and
326, Chaol, Simpson, Shannon was 581.34, 0.94, 5.52 respectively, which displayed the changes of bacterium
abundance and diversity in intestine. Furthermore, the community structure of intestinal microbiota was optimized.
Proteobacteria, Bacteroidetes, Actinobacteria, Verrucomicrobia, Firmicutes, Candidatus Saccharibacteria and
Cyanobacteria were the main dominant phyla. However, the proportion of Bacteroidetes was significantly increased
(40.7%) in the treatment 1 (P<0.05). The different expression levels of Toll-like receptor 1 and Dorsal were
changed in different probiotics. In treatment 3, the expression level of Toll-like receptor 1 (TLRI1) was 3.2
(P<0.05), which was 220% higher than control, meanwhile, the expression level of Dorsal was 4.7 (P<0.05), which
was 370% higher than control. [Conclusion] Our study revealed that biological agents played an active role in the
recirculating system, which could optimize the structure of intestinal microbiota and improve the expression levels
of immune genes. In this case, these biological agents could serve as candidates for diseases prevention and healthy

aquaculture. And the treatment 3 was the better.

Keywords: Litopenaeus vannamei, intestinal microbiota, biological agents, high throughput sequencing
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