414 5 5
2017 45 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 41, No. 5
May, 2017

X EHRS: 1000-0615(2017)05-0766-09

DOI: 10.11964/j£c.20150409862

AR R A TR F AR LPUEX R E KR E
R 18 T E 0 2E B Y 32 i

XNXE?, KRBT, KRHFD, KEH?, # F
(1. Bilgigee K¥oK=5E4a%0, L 201306
2. R EK RN T B B K PR AT, O RIEER S AR E RS =R s
YRR IR =, RO K IR E R E AR,
HEWRKFERATRESE AR SLRE, LR FH 266071,
3. EMEE RPN, IR HE  266003)

E ",

T O T % S0 IR A 7o B BF 3F T AT BT X FL 40 5 X T A K RO e A 4L R B
W, UWEBEAR Y ZEY, EEMANTFANEEFATEETEEN LR AEFT L&
#10° CFU/g), & 44NFAT, FEFREG XN EXN I B 4% & R iFs/7 — N 2 B R
MW FEA L. B FRET TR, RELAHEAMRANEA LY H24, R84
PR LA, R AR R AR, RAAMISd. WA & E45. 52, 59, 66. T3X
KA, HEFITEEKEE, FRAGHE A ZWRBMDNA, A 16S iDNAJF 7| V4K & #
B F =AM A E MRS RTRERL. ERE T O% B2 LA
By or I At A KL G AT R 15.2%. QF B LA E S I Ak A S UL B
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T E U IR Be ) 45 R AR I
ZEHUAT R (Bacillus sp.)& 7K 7= 32 58\ H R H
IR )Tz B A AR R B R 2 1, b R ]
2 BB HE A B 2R JE AT T8 (Bacillus subtilis) . MAX %
fFF T (Bacillus lincheniformis) . W& FE ZE #0 4T H
(Bacillus cereus). "% 5% ZF 04T & (Bacillus firmus)
5o H P TEX WS FEF AT E A D, 28R
TR0 = BRI kAT, AR A —E W
Jay BRAME o A S92 56 e ICHE — > v S8 ILASE 1Y ML A 15
XU T AR b AT, JFNBCE T IR —
FF 232 3] 08 R % 58 30 3 AR S 0k, BT RASALE
GE T AR S A 2 LA TR G ML A I X B AR
B B B S, A s D ok BIF 5 TE AR
HRF R I AR 2 6L FT TR T L 4 Y X6 A i R
YR SE W, 5 TR R I A 2F FLRE TR 0 R SR A AT
K HAE XS HRFRAE 0 0 4 — o 9 B AR 4

1 MRS I7
1.1 XJER R FRIE

IR G LU0 AF B AR B K = SR S ik AT, B
W8 TR R K AR RA RN . IR
£4(0.8+0.1) cm, ZAZ:PCREGI, N5 I BE
CEAAEIRRERITE o % AEUR v — Ll e 82 K T
TR, B30 mKMA, PRIE 84N FRE 4%
PECELAE G BR  7 B 55 ) A A ] %) 57 G T A Ry 52
540 (BG)MI =S A (BEG) B A B, SEn 2l 4R
RERE, 2 AL BRI RE, B H B4,
H 5 MR 24 o5 68 8RR S5 2 114 10%~15% (FR 4 Xif B
RN O R E); B H 8004k, ki
21°030%~50%; 7Ki&24~30 °C, ihJ¥(32+2), pH
8.2+0.4, ELZLF . FRIAE G A 2201447 1
30H, 20144F 11 H SH LB/ S oHLAS LT, F74H
JE 95 d.

1.2 SLIEERME &

S 4 ek AR BE R ORI BR R R AR O i it 1]
BE, B XTI B g5 A TR ) (PR AR SE B s AR,
B, W AR =1.0x10° CFU/g, HTH Bk N I RE
ZEFLFT TR PCA65 ) I 7K Tl A B A2k T V8 T o 8] 5 i £
Bhrp, B SRR AT 100, B EFE
1% SRR AN W B &, 2 P 1505 1
N SE R S A 108 CFUME RE 28 0 4 1 PC465
T

1.3 HARESLHE

5 B3 o A KR SL 6 TEFRIH 45
52, 59, 66, T3KHS 3R 252 A HALRFE,
FRI20RE, ERRESEMRKBSE, HHE Y
T

B T Wil B AT A e by R S AL 22 1E
FREAEEAS . 520 59, 66 T3 435l Xof 556 4 A
25 FAURFE, BRI, 25 A4 RibRS HEG .
EG2. EG3. EG4. EGS5; SCHZHXI Nt ABGI .
BG2. BG3. BG4, BGS,

SRFE R XTER FH 70% P R i iR 2, el G
HEAT G R AR, BOL SRR A aE o ff AT POT
XPUR A iE , EHCE N EE, IR IE NEY .
iR T AR PBSZE i, s/, T4°C
JiE 2~4 h, 800 r/minfZ 0> 10 min, B I B T8
)40 1.5 mLE O T I E 421 L 1A PBSTH
BE2~37K, 800 r/min®5.L>10 min, &I FIEHK. &
I W WS 10 000 r/min®.0>10 min, FF -5,
WCHEUTVE o K5 WA 1 B 38 D9 25 0 R B O Ot Tk
THEMIES G T2 mLE.0%, BREYWHE
Wi N 32 B Y,

34T B i A A% A S DNA # 32IA 16S DNA 5
FIVAR Z8 M A AR 4 3 PR 2 1t
R G R IR A P HEEUDNA, 42 I DNA
HAT1.5%R NI BE R EER LUK, I HINanodropX
DNA Y E FIOD,50/OD g0 fH #E AT 2 o #F1%
101y DNARE A 2% 2 b 505 AR 205 A 9 5 B R,
FBRA T, HFIllumina MiSeqill &, FIH
XA i P > (Paired-End) 4 7%, 48/ A BESCE
PEATRCR S 7 o B e PCRIGY 14, JEAE 5
TR K BE 21 ng/ul. 6 B () 35 41 DNA K
PR 5 AR I X IR A9 e 5, i FH 4 Barcodey
Fr5®51¥; {#HNew England Biolabs/\ & )
Phusion® High-Fidelity PCR Master Mix with GC
Buffer, i FH &5 250 = O/ ECAY B E 1T PCR, B 7
P IGRCRRMERAPE . 510N X B 16S VAX 5]
YI515F-806R. PCRy™ W1 FH 2%k £ 11 3t g Hl v
JEE HEAT B PR ARG 5 AR S PCR7™ By ¥k B R A7 25 vk 8
TREE, FoAMTR AT G 8 FH 2% A Bt i 06k Jc v ik A6
MPCR/=), ffi i Thermo ScientificZy A 1Y
GeneJ ETHE nl e ial 71 & s =4 o fieJ 1 F New
England Biolabs/A A FYNEB Next® Ultra™ DNA
Library Prep Kit for IlluminaZ % 12 57 & i 17 SC 2

http://www.scxuebao.cn



768 KopE o R 41 4

AR, 4 AT Y SCPE 28 5 Qubiti 5 F S K
m, HS#E, HMiSeqitfr EALIF . H
Uparse {4 %5 BIr 47 #F i i) 42 #8 Effective Tags/¥ 4]
R, WFIIMIE BRI 97%0) BB — 4
OTU(operational taxonomic units), PAOTUsN FEHl
HEAT RIS R 43 2538 o

BT HLE KR HISPSS16.08 1+
X S 56 B0 1 47 58 R K T 22 (One-Way ANOVE)Sr
Br, Y4255 &% (P<0.05)f} HDuncanCEEE L &
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2.1 LYLEXTERAE KR &R

Tk f aR I A ZE AT R S, FRAH T3 d 5 5
45 dILER, SR B K 76.1%, a4
TR B K 68.9%, SCEN A AR K W R TS
iy BRT 66K, SLUGLH X R4 i i 5 25 (A 4l %t
W T 2% Sk R, S A X MR A T o
TS XTI R R, SEI A A KR
25 F A 15.2%(3% 1),

R1 FESEHE PR ERETLER

Tab.1 The growth performance of L. vannamei in culture experiment

BfE/d time
45 52 59 66 73
EGHA i #/g(10)2) 16.50+0.73" 22.60+1.23" 28.90+0.78" 36.17+0.83" 38.53+0.41°
BGH T & /g(10/2) 20.20+0.75° 25.90+0.08" 34.97+0.82° 37.50+0.22° 45.60+0.29°

i FFEEE ARG RN 2 7 B3 (P<0.05). EG: A4; BG: LKA
Notes:The data with significant difference(P<0.05)were indicated with different letters.EG. the control group; BG. the experimental group

2.2 XAR7IEA S E YIDNARRENS 5 47

DNAR B4 R A 5L A DN AR 42
B Y & RARZE M A1 R R BUR A &, R BUS
FiiNonadrop il 7€ F:DNA ¥ /& {1 il 25.5~234.2
ng/mL, OD,s/OD,goil Bl 4 1.27~1.95, XF 2 BUK
HEAT 1.5% SR TR IR TR BE JS FEL VK, 2 T BT

104 %F &F M 18 4% & A DN AFE RARHE o 4
A it e B AT A B — o Y S B, S e
TR YA S E (BN ZOTUsE H ), DI &t
5 R BOR A HE T 1040 X UF 7 18 A ) DNAFE
BB (E 1) M 119 Shannon il £ H 1] DX
i, HEHIEOR T 20000, dZ R, B
BH I P e RS, T LA S R g R
M ER .
2.3 ITUREAIE AN B M E YIDNA-16S rDNAH
Al T X V4X =18 = 0 F & i

OTU S #71 H Uparse#k £ (Uparse v7.0.
100 1) %] FIr A A i 1) 4 5B Effective Tags) ¥ 41| 2,
PLOT7% 1) — B 7 5 K M OTUs ., [F]—
OTUsH 9 )3 51| 4 0L o 2 oF 5 F i — A4 [ 43 28
HITHTE, ER— A B R 2R on, e
OTUAE Ry E W 8.2 5 W B FE A4 A 4 28 H T
Uparseld # OTUsHT £ 3 BUR 2 1 17 51 (R 4 L33
IR, 0 Y 2 O T Us i M 30 450 55 B 1o 14 %
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1 1014 X3 ERB7 18 135 4 49 DNAFE 7K B9 Shannon i ¢
BGUFK S gu 2, MR A R A5 4 4 SBG1. BG2. BG3.
BG4. BGS5: EGHRFEZ= A4, MRIEAF K A4 2y 4 AEGI.
EG2. EG3. EG4. EGS, VL FiEREFIL

Fig. 1 Shannon curve of shrimp gut microbes DNA
among ten samples

EG means the control group; BG means the experimental group. EG1,
EG2, EG3, EG4, EG5 were named with different time, so as BGI,
BG2, BG3, BG4, BG3, the same below
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AR . EGILFIBGIA IR & ; BG2.
BG3. BGSH I H#m; EG2. EG3. EGS5.
EG UM BIPE AR XT3 G (K 2) . 45 SR . FR50
25 1 2 RS2 00 21 P 3 A O AL B IR B R
ZE AT DA AR 52 0 2 E SR P 0 e O AR
WA R, BN RRK; 2 HA 7SR
Hh e I B i T e A A R A A AR
TR e Bk S M i A A A 2R A AE

S0 X W B A8 PN B A 4 2 B AR JE B T (Proteo-
bacteria) . f\FT [ '] (Bacteroidetes). JEEBETH ]
(Firmicutes). PEM '] (Verrucom-icrobia) . ¥ %
[T (Planctomycetes). Z & ] (Actino-
bacteria)Zl A, AL T RT3 1] Z A
FEENITI0%., TEFRI A5, 52, 59, 66,
73R, A HABICHETTET & 53 518 66.2% .
74.9% . 68.4%. 74.9%. 57.1%; =25 FHAHIIFFET]
BT 5 EE B 40 3R 29.3% . 16.7% . 22.3%. 22.4%.,

| .
[ I

YRR B R AL IR 1]
similarity of species

27.2%; SCEAAETE BT B 5l 58.4%
60.6%. 51.4%. 59.4%. 59.9%; SZHGLIIFT A ]
BT i EE B3040 31 M 31.7% . 29.4% . 38.9%. 23.6%.
26.7%. SEE AL 1T i V- 34 Lo 2 57.94%
W] AR T2 A BT 5P 24 11 (68.30%) 5 S g A
PUFF B 10 b7 S35 He A9 430.06%, B 5 F 45 1
20T 5 2 1 (23.58%) 5 LB AP0 B 1D T o
S BN 3.76%, B T A HART S
151)(1.54%)(F%13).

I EZ LR R . /NP 8
K B W) Anaerospora. Thalassobiusr=5
F WUAFEE ] LR IR A T R RS AT
WE h F JERER ] 32 2 DL RL AT B R R A R
J& R PEME 1] E B LU Luteolibacter’ i £ 5 1%
WP EEUTRERE N E,

AR NEESR T, JFiEH
XiF = BE B 1 AN B S, A R AR

Luteolibacter '
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Marivita
Hahella
Desulfovibrio
Arcobacter
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Vibrio
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. Planctomyces
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Rhodoplanes
Escherichia
Coprococcus
Lachnospira
Bacteroides
Roseburia
Faecalibacterium
Plesiomonas
Megamonas
Sutterella
Ruminococcus
Lactobacillus
Turicibacter
Blautia

P Thalassobius
Thalassomonas

EG5 BG4 EG2 EG3 EGI BGl1 BG3 BG2 EG4 BG5S

FEARIRIER AW

the dendrogram relationship of samples

B2 104347 E S HIDNARE R Y 4l Bl (X R B

Fig. 2 Bacterial distribution of shrimp gut microbes DNA among ten samples
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Fig. 4 Taxon with Genus among the samples’ histogram

unclassified Genus as others
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10 b
8 a a
o O
=38 “EG
E E 4 BG
= b
2 T
0
T FEFRAEA TR R
Vibrio Lutimonas

5 MERMRFHLER T SLLHERE
AN )N G - BE R OR 22 57 2 35 (P<0.05)
Fig.5 The average of Vibrio and Lutimonas’
proportional histogram

The different letters mean significant difference (P<0.05)

Ga g JJ A 22 AR A0 B (g B FLAH U X R
M i N ARG 26 Nk YGFT TR (Photobacterium) R T 5T
XFGE A FLUS 0 4R RE BT DL i ML AN I X I Y
Ik Fp 5 PE G KOS B 1 . A EEIEIN R, 1E
g 38 N 0 P B B R LG e W TR T AR
034 B8 P00 J B /R U1, P AT
588 2 A0 KBRS T FL AU X AR R e, LGN I
Xof WA PN AR AL A AL L e B R . R
WEMR B . — FL A A WA T O B R
7, WSSVILEEG, 0562 s % 0 35 5 X
A ZFE AT TE AT LA SR A A g P R R A
REBT I R GE, 50 R TR B A AR RN B B AL A
B0 R B AR R S e U AR R I )
it 35 b 3 U G AR ZEARAT R, RT DL R E RE
K A T B U R 1 o, R KR 5 B B
YRR ZE AT B PLAN T R I 4 R T A
SRR g A T30 &0y 1 1 A0 2 B R e 3 £ a4
FHEY e el 0 v b 300 87 P 05 A0 2 A0 AT 1 T DA 8
R R A TG R 5 LA T B i 5 £ O R
IFFRET . AT DA R AR R S M S R Y
ARSI S R, PR R 2F R TR T LA
P FLAN TR R i A K B, SR AL s Al
AR BERLS.2%. KXTXURWBIE R, BTHF
B A R AN SRR L et RO AT A AR
SR RIS ARG 72000, & AT
610012, LU0 21715 % 4 80.0%, =5 FAH A7 G
H67.7%, LEMAmTEAMN. HINHBEHK K
{2 B ) (3 HH 0 975 JA% 4% 1) IRURS ) oA 1A 797 2
P S8 A0 B M SR R S, R B IR A1 R kb T

FE 2 F T T X FLAA T X R D B % A B2 )

Ji7 T8 4 A 0 T R 5 ) RN T 3 A X R A K
HAREMEH, S5XFIFE R0, 68 &1
G RE B AN E il & H AR BT R B A OG
REAFUA I E N A ER S W EER R, XIF
Jin 38 TR RE A E 9T B W) R 38 A A G B SR R S
B £ W 7% S ey v e o oy | D E B o d b3
FRIEXTRLE M AT A 3R, LA W SRR
A B A AR KR E AT i R . i Tk
A A . BRI . 2 2 0 B A 4 B %
SRR, HE A IX R 90% LA b B R IR
AW, BT E IR R R A RS, il
EINE 2 W =B e N | TR €
25 55 5 7 A5 B 1) R T iz 8 TR BE R BE 4 D B
TR B 2R,

AR, LA 16S rRNAKE R 43 BT g Bl
() R A 0 3 F A W 2 F 9 T AR T X6 M g G
WREES A DA 9E , AR T 1B K 250k
W ME DLy 1 B IR A ME ST, BE % T JIORS B b A 5
XU 7 B AR X R . ThRESE R 42 g . iF
iR ARHE B A, B PR AR PE
Tofs J3E 358 J2 L VK (DG GE) H AR X FL 4 15 % R 77 5 7K
R B T A ) 2 REVE AT TSR A b, ST
DR 20 135 B 22 S P RO P B X B R, % e B
ZAEG TR R B E R 2, kAT
THHSH, BoR T IRS T A EH KRR
5 A 0 T R L RN DX R I A AR AR T B 5RO
fEH o 16S rDNA =7 i 5 I 7 £ AR 2 LR B i
A9 16S tDNAR PCR™= W i#E 47 e il & Uy, I
15 2 9 I P B 5 A 1 16S tDN AU 4 iF
7 X 43 A1, DT X 20 355 1 95 22 R PR 3R 17 F
5%, AL AR ) 0 B 2 TS [ A2 R] A A X
A, BT, mEARCE)ZNHT R
WK, Y E BB REEAEMAESEH
F 5 202,

YN A SR By BT W g 3 A #I DNA-16S
rDNA 0] A8 [X VA X[ 5 38 B3 25 9, 721K
S b, fEERRE LGN X R g 8 S A R AR
T, HWREATE . 8K L 324
TR E . INEJE . Anaerospora. /LR
B A . SC 4 B 18 0 A B R S i 1.94%,
B AR T 23 FU2H B9 5.40%, ] L7 Rk vb s i i
FEZF AT B AT LA A 6T 4 i i 9 R R S
W52 RMISOK, 25 45 S g 2 N & 5 1 22 001l
B, AT DA I AR rf S i A 2 A AT TR A X
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Effects of dietary with Bacillus cereus on the growth rate and
intestinal microflora of Litopenaeus vannamei

TANG Yang '’, LIU Wenliang ’, SONG Xiaoling >, ZHANG Xiaojing **,
ZHANG Shengjing *,  HUANG Jie *
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;

2. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture,
Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: In order to research the effect of Bacillus cereus on the growth rate and intestinal microflora of
Litopenaeus vannamei, Bacillus cereus (number PC465) was added to basic feed with concentration of viable
bacteria of 10° CFU/g. Shrimps living in 8 pools with the similar light and position were divided into two groups,
and the experimental group was fed the immune feed everyday while the blank control group were fed basic feed.
Shrimps were fed with a complete breeding cycle (95days) in the farm. Sampled at Day 45, 52, 59, 66, 73, the
method of high throughput sequencing of 16S rDNA gene’s V4 region was used to determine diversity and
composition of bacterial communities in each of these samples. Experiment showed: (1) The growth rate of the
experimental group was average 15.2% higher than the blank control group. (2) The intestinal microflora of
L.vannamei contained high proportion of Proteobacteria and Bacteroidetes, while Firmicutes, Verrucomicrobia,
Planctomycetes, Actinobacteria were at lower rate. (3) In intestinal microflora of the blank control group’ shrimps,
the average proportion of Proteobacteria (68.30%) was higher than the experimental group (57.94%), while
Bacteroidetes was lower than the control group. Proteobacteria was mainly composed of Vibrio, Anaerospora and
Rhodovulum. The blank control group’ average proportion of Vibrio was 5.40%, while the experimental group was
1.94%. Bacteroidete was mainly of Lutimonas and Tenacibaculum. The blank control group’ average proportion of
Lutimonas was 5.56%, while the experimental group was 8.12%. The results of the study suggest that dietary with

Bacillus cereus can change the intestinal microflora of L. vannamei and enhance its growth.
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