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SEIG AR W B Bl SR, B R
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[ 4R AR R I B PR, R R R 0, IR
A58 J B 7 o e A B DR A5 ( Oocystis
(9 x 10* 4~/mL) U R #f
( Scenedesmus quadricauda) (2 x 10°4~/mL), H
PR 5 B ARDRE 3 W, 4 2 R 1 YOK, oK
LYK 1745 S 505, IR IR A 1E 6 mg/L
LI b, EE/DNT 0.2 mg/L, WAlER /N T 0. 005 mg/
L,pH /7.8 ~ 8.5, /KiEN (30 £2) C,
1.2 ZgESER

SEEGTE 1 AR IREE AN 3 AL E AT A FA
XPRRZH (A 2H) MR b GRDRE A IR 6 5 4
), SEB 2 BLCOAN D 3 WA T 6 & 40 R R
VO 2T A L AT PR VR R TR P R . TR A A
TR R 0 ) A 7 21 B TR R I R £ R R
TRV H S0 28 A P R AR 0 9% o T RRIE AR i, I 2
g TR 7 B 7 L, P ARORY IS W 55 2 2 &)
MEEk 0.2 mL BV (PR 1 x 10°4/mL) F
Tkt b BAAL TS 1 h J5 T4

SEEAEARMARF N 100 L 1) 20 A4S IK AR
AT BE2H S ASAT, AP AT BB B xS
HRL(L.21 £ 0.24) g]4hHF 10 . fii I F7 1tk
IKAE Dy 3% B Ko 52 56 400 ) 4 H O $eiR 3K
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I SR M K U K SR AE, 2 H 4K & 100% .
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FROH LI T HA AT, BEHLE SRt 20 R
I 0 A AR B 6 i R B M 1 T T A ) 4
A TE R R FRFE 2 F G, AS SR FE KA
3 B BOR R, ) ARG A B IS, TR T Y)
WX Sk Jf PRI A S R Ak, ORI R R, R
FATCH R B PR BOH AL IE , A 1.5 mL JCTHE B
OB, B — P17 N B ER I AL B 7Ry — A
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A S mL B0, T AL RE A0 E . A7 R
d KRR ] 5286 %, F T Ja 22004 o
1.4 HULERNE

PR AE BB IRAEE SR T, #5129 AR
G MR, VIOKIE S 4 CELG (3 000 1/min, 15
min ) I F 5, T T8 AT P LG TR O R E
TR A A B9 R T 2% E i 22 0A e . T
Hoy BERG 0  DN0  SRe T g A TR D o it ( AMES) 3
K&, B EETE 37 °C H5RYAER] 30 min,
KA 10 mg JERYE SN 1 ANTERBRE S84,
FA G ) A0 5 SR FRAEAR R LT 2 T R 7
40 °C.pH 3 9.8 4{F T, 1 min KRR 2™ 4 1
ng FEERE N 1B 1 B, IR D BTG
FRI 2 (1 P X LS i1 R 37 °C AT,
B v FAEAR AR R B S IEY) R 1 min,
R T pumol X i BE R (9 i 52 SR 1 Mg
U5 Pt 3 BN o
1.5 DNA Wi 5 Ria

XF T B AR Py ok FHERBEAE DNA $2 3G
& ( Axygen® AxyPrep™ Bacterial Genomic DNA
Purification Miniprep Kits) 5€ il 3 K 4] DNA il 2,
FIFH 1% SNHEE e ro Dk A il 1 KL PRI 4 DNA
ST | Qubitpicogreen 7¢ Y E 1 &R 4t E 1 DNA
W
1.6 BEiRREYBE~=HaL

PCR {56 3% FH & 4% B DNA ZR 4 [ty . TaKaRa
EX Taq, PCR {¥ % . Applied Biosystems 2720
Thermal Cycler, 16S rDNA 5| #)% F] 16S tDNA-
341F: CCTACGGGNGGCWGCAG, 16S rDNA-
785R: GACTACHVGGGTATCTAATCC, 7 H4 1
57T 2% BN W It DK W, 8 P AxyPrep™
Mag PCR Clean-Up Kit (AXYGEN /&) ) g Bk Al
aifl, KAk e T e . PCR Y4t
A BEAE IR (i) A FRZA R E4T Miseq i
Y, LS RDP Sl o it R W 2 Ak
1.7 HERSH

FH Mothur 4 Xf fir 4% F¢ 51 #E 17 70 #r, A
97 % FAAUTE AR HERI 734841 73 2 H.IC (operational
taxonomic unit, OTU) | [GIi}, X4 5P 0 3 & B8 5K
(Chao f1 ACE) . FF4&+$5%4 ( Shannon index) .2F3%
AR5 L (Simpson index) #EAT I, [F W, R A
SPSS 22 B XA )R i OTU et K HoA B 2t
FrEARIZR J7 2293 M7, Duncan [ 647 2 8 LAL,
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A RIE) P < 0.05 WA 257 B3
2 AR5

2.1 HIRAESE A Y EBR R R X LR X 4R
AR EFTRRBR I L ERE R SN

SLH XM IR B (1,21 £ 0.24) g, 2
AN AT RS R TR A SR 2 R 5 A5 4R
PRSI 6 A AL PRA ) P8 KRR

TR HEEF AW (P>0.05,% 1),

X I Ji 1 T T 3 2 B e B, 45 A PR
XPUREE BTG 1 22 AN W3 (P >0.05), H3 4>
B 2R R SR 0T R A TR 0 40 5 v TR AR
(P < 0.05), WEZRZLBPIMIR (C 24) MZLIR R
(D 21) fBRPRE, T 43 % 7 2 25 0 T X B4 (A
2H,P<0.05 ,%2),

®1 BREBRTERSHEERAL 2 AENLMENRHERKER
Tab.1 Growth of white shrimp L. vannamei fed diets coated with
different photosynthetic bacteria for two weeks

il A IR B B OLA R AR &Ry N D 18R R

Groups Control Commercial PSB Rhodopeseudomonas Rhodospirillum
WIERA T Initial body mass/g 1.21+0.24 1.21+0.24 1.21 £0.24 1.21+0.24
&K JFi & Final body mass/g 4.08 +0.57 4.27 £0.87 4.55 +0.51 4.45 £0.87

I E K Mass gain rate/ % 237.12 £47.20

252.62 +71.86

275.76 +41.77 267.36 +71.76

K2 BREBRTERSEERRE LR TR E L EEE N

Tab.2 Activities of digestive enzymes in hepatopancreas of white shrimp fed diets

coated with different photosynthetic bacteria

( U/mg protein)

£zt A X B i BOLA R C LU s VAR <)
Parameters Control Commercial PSB Rhodopeseudomonas Rhodospirillum
TEHEE Amylase 0.59 £0.07" 0.61 £0.05* 0.68 x0. 10" 0.67 =0. 10*

E 1§ Protease 9.71 +2.53 12.19 +2.68 10.98 +1.66 12.31 +£3.35
fig il Lipase 0.45 0. 12" 0.70 +0.07° 0.68 +0.07" 0.69 +0.06"

HE:F—47 EANE TR B 2257 (P <0.05)

Notes: Data in the same line supermarked with different letters means significant difference (P <0.05)

2.2 IRAEEE B R R AT R 4R X 4R
BEMEYHESHEERFEEENZID

JUARTEE RS HM i T8 WA= WA T 22 R 1 46 B0
b I Y A T 8 W) R RE L (CS) K
OTU V¥4 105, 2 JiJ5 A B.C I D 41V
Kot OTU %k 234285 313,356, ] 16 &
JIT B FE R ) Coverage F8EUIFE 0. 996 L I, 15 B
R it HR ) B A D s PR ARE AR

AR 3 AT, B WX R iz T T A R

{45 Hr Chao Fl ACE 5%, FRAE 5250 2 Al 5 45 41
P ST IR SR IT IR (P <0.05) , fHFR5H
LRI 45 B MU AN [R] 6 45 40 B DR 4 368 3 HE
ERAY R REZER(P>0.05) . WpiE
WA ZREPEE bR Simpson 1880 , R A KA
W2 /N T % BH 52 08 0 06 fEL, TSR GE ORI
Shannon $5 %045 B 8 K F IR PR (H, Horp D 4
Simpson I Shannon i § 355 41 4 fELA7 75 S0k 25 22
H(P<0.05),

®3 BIRTESESHARABURE R LR NFERENHFEE EMSHFENZMm
Tab.3 Effects of different PSB coating diets on abundance and diversity of
intestinal microflora of white shrimp L. vannamei

H & FFE4C Enrichment index ZAHREMEFE B Diversity index
Groups Chao ACE Simpson Shannon
Wl CS/Initial 158.98 +12.96* 157.91 +£18.93* 0.33 £0.14" 1.74 +0.40°
A X} & Control 295.16 +77.87" 272.17 £96. 87 0.17 £0.02% 2.70 £0.76™
B i L4 I Commercial PSB 317.77 +80.58" 319.52 £71.77" 0.24 +0. 18 2.52+0.92%
C 41 H B Rhodopeseudomonas 337.81 £52.29° 336.47 £48.27" 0.15 £0.10% 3.15£0.85%
D 2182 )& Rhodospirillum 381.05 £48.34" 373.29 +47.00" 0.10 +0.03* 3.59 +0.38"

T : [ —9 B ARG PR B35 22 57 (P <0.05)

Notes: Data in the same column supermarked with different letters means significant difference (P <0.05)
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2.3 HRARAGHFEBRAL 2 AFLNE
PR A7 iE E E A RFAR R TN
2.3.1 WiEHAEYREND T 2SS

B mER A FEERT 1% FENER T
BRI GE T, ST FLAN S W i 1 2 5
TAEYIREANE 1 iR SEg T b6 Z il CS X iR
JrTE RGN L 1 A WU Ay T A0 T A
91.44% ) M #% H N
(Clostridia, 1.50% ), &5 2 W FRME LK &
ZH LG ATER 38 S A PR R B R A 2
5 MK 308t DR 0 BEZEL (A ) X i 1A 32
BRI - TE R A (74.39% ) -2 TE
A 2M ( Alphaproteobacteria, 7.17% ) V%25 R &
7.07% ). W 4 B M
2.23% ) M # 5 A E N
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W ( Planctomycetia,
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N B
3

Relative richness/%

( Sphingobacteriia 2.20% ) , ¥R E LS K
WEERIRDELE) B 41 XTI 7 1B LA R v
FEMEMN (T1.51% ) WREH(6.62% ) TR
44(5.50% ) \oa-"BILANTE LY (5. 09% ) T 20 BT 24
(4.09% ) o PEMLLL B TR 58 % AR RE ) C 20
IR G R YR v B A N
(63.41% ) .- "EIL AR 49(9.98% ) 77 %5 IR A 20
(9.72% ) . W 4H T 40 (4.79% ) FI &4 IE AT 7 4N
(1.30% ) o FRMELLIRTR MR R D 2H X 4R
EFREBMEMRRZ, 708 9 W, 2 v
AR (44.73% ) TEEEIRTE A (16.79% ) (-
WG A W 4 (10.95% ). TR koAl TE N
( Actinobacteria 1.07% ) W5 ZM 24 (5.75% ) R
H(2.53% ) BEREAT RN (1.27% ) . Chloroplast
(1.08% ) FiZ 48 1# 44 ( Caldilineae 1.06% ) ,

B Other
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B Sphingobacterlia

100

HAl
RorE
B R AT A

M Planctomycetia
FEREN
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RRAEHN
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a - AEN
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o TH 4
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1 BEAEXGHAEBREAR 2 BENNE UGS T ZREWRHRKTHK

Fig.1 Intestinal microbial compositions at class level in white shrimp L. vannamei fed diets

coated with different photosynthetic bacteria for 2 weeks

http: //www. shhydxxb. com



4 1 TE B, 45 ARDRHBEIR LA A R0 PLANTE X SR T8 A 4 22 REE R F) 581
2.3.2 BRI R BT L 2 5 IR & (Shewanella) o SEH0 45 HIN; 4% 2L 7 3 3%

LI 2 14 7 Sl A ) W R T 0. 5% Y
JEAE R R AT G i (e 4) o BRI
JLAABERT IR IE T 2B A S AR, 1SR 2
JEl Xk BRZH (A ) XU i 32 2 A= s ) 12
AN SR BLCOA D xR I8 32 2R A e o)
BT 12 15 T 18 AVJ@ o LI iR s ML T X AR
[ B 2 AR W) o U T R R (Serratia) 5 TR
BH 2 JH] i 45 2 08 B B a8 v a5 22 9 BAE W Ol A BL

[FRSI 3 ) 2 A A 9 DR, 3 Wil A IO
KB SN & (Aeromonas Algoriphagus ) |\ £F
AN & ( Cellvibrio) \GpX 1N | Pirellula . 7F 55 IR B
J& ( Planctomyces ) | i 5. il 7 ( Pseudomonas ) 41
A8 J& ( Rhodobacter) . HH , £y PLIR R T
TR R AR R AT S S 30 40 46 B o R g P Y
FEGED)

=4

BRARASGHEBRAR 2 BENNEXNIFERENFENTERT /L REH

Tab.4 Percentages and ranking of main genus of intestinal microflora in white shrimp L. vannamei fed

diets coated with different photosynthetic bacteria for 2 weeks

& Kb 3 Treatments

Genus CS A B C D
Ziv FLEC T & Shewanella 5.62+6.88/3 30.50+9.61/1 28.24+18.21/1 23.94+6.72/1 23.02+11.47/1
GpX I - 1.99£2.09/5 3.35+2.77/4 4.52+£2.89/3 5.15x4.11/2
YR & Vibrio 1.37+£1. 68/ 5 - 5.61 +7.60/3 - 4.34 +9.53/3
ST 8 Aeromonas 6.92+8.48/2 11.89+9.26/2 19.85+31.97/2 6.94+7.58/2 3.89+3.76/ 4
RO B Planctomyces - 1.44 £1.50/8 1.09 £0.91/9 1.89£1.88/9 3.31x2.17/5
R BAH TR )& Pseudomonas 4.19 +£5.13/ 4 2.45+1.55/4 1.26+0.75/8 1.11 £0.79/8 2.31 +3.44/6
Fusibacter - - 3.27+7.23/5 - 2.25+4.88/17
INEYEH & Pirellula - 0.72£0.75/10 0.76 £0.6/ 11 1.38+1.42/6 2.10+1.33/8
21401 )® Rhodobacter - 1.09+£1.10/9 0.72+0.54/12 1.17+0.91/7 1.80+1.090/ 9
/NEIE T & Rhodopirellula - 0.57 £0.60/ 11 - 0.68 +0.82/ 11 1.33 +0.86/ 10
Steroidobacter - - - 0.64 £0.50/ 12 0.96 £0.76/ 11
Chlorophyta - - - - 0.95+1.08/ 12
H: 22135 # J& Hyphomicrobium - - - 0.52+£0.45/15 0.90+0.48/ 13
Blastopirellula - - - 0.56 £0.59/ 13 0.90 +0.53/ 14
W&V T & Algoriphagus - 1.93+1.61/6  0.87+0.72/10 0.93+0.74/9  0.86 +0.66/ 15
Spartobacteria genera incertae sedis - - - 0.53 +0.38/14 0.83+0.53/ 16
L YL &8 Cellvibrio - 1.54 +1.69/ 7 1.79 £1.40/ 7 0.71 £0.61/ 10 0.69 +0.88/ 17
W k7 )& Sandaracinobacter - 0.50 +£0.56/ 12 - - 0.58 £0.43/ 18
VWHERR Serratia 15.49 +18.97/1 7.53+15.05/3 - - -
RN E 8 Acinetobacter - - - 3.65+7.31/ 4 -
Clostridium_XI - - 2.74+6.1/6 - -
K H R SR total detected genus 99 166 168 174 169

T~ FRZE S SRR S EA R 0.5% ,/ J5 R FoR A BEHEAL
Notes: — means the percentage of the genus accounting for the total intestinal microflora is less than 0. 5% , The number after / means the ranking

on abundance

N B2 5 H5 970 2 SRR P4
ERT0.25% HYJE MUSCER B . R AT LRI B 6
AR TS e 22 A i 7 4% 73 I KK A v 4
AR A2 S k. X BRI A R TR

TR A2 1) Unclassified _Aeroomonadaceae 15 F 55
B4 B.C A D MHEE W] LA B A 45 20
IE PP A FU A 00 AR R, UL A TU R A
Jiga v i o e AR R (1 2) 6
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Fig.2 Heat map of microorganisms at genus level ( percentage >0.25% )
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R AE AN FE 5 Y5 AE 2 B = G s IS g, b
FETAPELL AR PP B v R 21 21 W 4 4 0 00 T 0 )
5 2 R, R AL B ) 3 = T RE S5 ob A
T RN IEA 56, X Fh 22 S B0 S AR TRDE A A
AR A A 5

Fo AR HORN 22 BE Pk 18 BUR A I RE 5 R
Y AR RN 2 1) B b, HOAE 0 25 57
S WS IE S5 A R AR AN ], L4 bl
R0 OTU 5 S e, by 2% 5 38 i )5
FeAR A o N A BOR iz, fn
FEA P RN R D TG o A S 50 30 5 v 3 o ) )
Rt iR OTU (4 F- X 0 35 K F 105, 1]
FORM 25 AT — 2 AR R M. B B B 4L
A—E RS TR A R A YRR Y
Ak, T H B Y AR E— R E 2
IKFREEE W 5 K A T 2 M B T L A
SERFFE IR W 5 LA T R AR S 1 40 B e TR
SRR BRI RCR A — B R AWFIE
o TR SR K AHIF A TE LT, 38 3 M5 R R0,
it o %o R A AR B, XTI B AR P RE VR B E
FNZREEAR S0, (R 75 15 MG B 20 TR 55 0k 1)
LA T WS T AT P A A P A S AR o R
T P E Y B R E B 2 FE . ZHANG
VSN Sy T fi 0 P 455 6 A A B TR 9 T 7 7 L
AR T, B R S N 2 RS R
BOAE . F 4 I A4 g 3 v A 3
FIACE A R A 9 NE , X N MEY S
XU TE A H AR 9 R 1) 50% LA B XA
SN B A W X B S B S ) O i 3 v
(1 [ 45 1 ) . DEVARAJA 250520 7 fifi Fi 5 25 28
PR JE R, B 7 il 1 L R G I B A M R
BA AR 0, SR, HOSTINS 45 % 3i
FEAK I KL 7 M 25 4 00 2 48 K AR i R
T =5 8

B 38 B P A LR R, B 3
Tl A5 240 T ) Ak 4 X R fi 3 -7 T 40 R 44 L )
FARIBD, 33 P B 5 78 21 82 1 Ak B2 O 1
FLT 5 s — 2R L E, RO A A Y
il PN RE 42 5 40738 S BM fig 38 f2E  =F  FE  &
BEME (A —EFE b T DAk AR ol A v 41
AL, 33X — w5 M T8 A 90 ) W ot B i oy
BrHIESE T o REGA 20T b P 20 % IF i 1
BT BRI HES 3 B E I e A AN

ALY 3 LR IR E R, V0 TR R AN R
Ho BIRKELERTY v T R R 2 AN SR A
B AR A AR IR A I
AT T3 WA 3 2 8 75 i 38 1Y) 22 S 2 0 R 7= A
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Effect of different photosynthetic bacteria coating diets on intestinal
microbial diversity of white shrimp, Litopenaeus vannamei

WANG Yi', YAN Minglei', LI Hang', HUANG Xuxiong'*, LI Songlin'
(1. Center for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University ,Shanghai 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China;

3. National Demonstration Center for Experimental Fisheries Science Education, Shanghai 201306, China)

Abstract; In order to evaluate the effect of different dietary photosynthetic bacteria on growth, digestive
enzymes and intestinal microbiota of white shrimp Litopenaeus vannamei, four diets ( A: control diet; B:
Commercial PSB coating diet; C: Rhodopeseudomonas coating diet; and D: Rhodospirillum coating diet) were
fed to juvenile shrimp [ (1.21 £0.24) g]for 2 weeks, respectively. The results showed that; the weight gain
rates of the photosynthetic bacteria treatment groups ( B, C and D) were slightly higher than that of the control
eroup without significant difference (P >0.05) ; the amylase activities in hepatopancreas of the shrimp in C
and D treatments were significantly higher than that in A treatment ( P < 0.05); the lipase activities in
hepatopancreas of the shrimp in B, C and D treatments were significantly higher than that in A treatment
(P <0.05) ; and there was no significant difference in protease activity among the treatments (P >0.05).
The results on sequencing the 16S RNA genes of microbiota through high-throughput sequencing showed that
the diversity and abundance of intestinal microbiota increased along with the shrimp growth. The shrimp fed
diets coated with photosynthetic bacteria displayed a reduced proportion on intestinal Gammaproteobacteria
accounting for intestinal microflora, the proportion on intestinal Gammaproteobacteria accounting for intestinal
microflora of C and D treatments were significantly lower than that of control (P <0.05). Nine main genera
(percentage > 0. 5% ) intestinal microbiota, including Shewanella, Aeromonas, Algoriphagus, Cellvibrio,
GpX I, Pirellula, Planctomyces, Pseudomonas and Rhodobacter, coexisted in all the 4 treatments. It
therefore suggests that the dietary photosynthetic bacteria application does not significantly alter the overall
abundance and diversity of the intestinal microflora, but it enriches the genus composition of the main
intestinal flora to a certain extent.

Key words: Litopenaeus vannamei; photosynthetic bacteria; growth; digestive enzyme; intestinal microbe;

high-throughput sequencing
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