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R B-FAET BEE* Fp EBAXT R T WSSV 58 A RI =i

WEH, AR, EELN, BN, EIH,
Ao, R AT, ERW, R, X

(1. B A RAE T b B, TLI8 T8 2140815

2. rpE K AR IS BE B K TS AR R T Y T R R S SR R IR H S

266071)

WE: YR EXRB-BLTHE (PHB) x4 & 3L 45 & 1E )5 & (WSSV) ty K & 20 4 7 78 % L JF
FLEWNYW,ERRABEEFIREME R, &S WSSV oy B 9 st s R A T B R
FERB-AETHE(0.0% .0.5% .1.0% 2.5% 5.0% 10.0% ) &y 15 £, G0 i+ 48 [F & 8] & 4 47
T E FEE AR R R F (RPS) , 3 A A real-time PCR I & 37, 1= &t #F 1K 1 77 & 46 %t
tE. HRET PHB P EAMBFEER FHEFHENRANREE N B AT -2 ¥,
FEXRANAL X E4(0.0% ) M th, B PHB 3R & 09 71 5, 5L 3 41 X 07 7 36 & fo F 34 £ 0% B ]
2HEFFETHREY, 40T H4EE Y 82.23.90.71 95.55 91.15 85.56 % 79.40 h,
1.0% K EAL BT FHEFREE0.5% 2.5 KEHAREZE£7F(P>0.05), B2 %
FHTHREHU(P<0.05); 84 R T FH KA 100% , 75 4hEk & IS4 F 2 s & NHE KA
1.08 x107,1.15 x107,4.75 x107,1.27 x107,1. 14 x 107 ,3.29 x 10° /~/ng DNA; st 41 5 1%
KEAREEEEARFEZR(P<0.05), £ R %K% ,PHB 48 & F E ¥ X #F 40 WSSV ¢

71 H 1% PHB & K & & K & .

KER: FPEAXIET,; RB-BATHE,; FEF; AREAMERSE; XFLh; THAALEE

PESES: S 963

i [E B X} HiR ( Fenneropenaeus chinensis) X R
ARJ7 XS R, J& 19 B8 5 1] (Arthropoda ) , Y 5% 44
(Crustacea ), + /& H ( Decapoda ), £ i W H
( Dendrobranchiata) , %f ¥F %1%} ( Penaeoidea) , %} &
#} ( Penaeidae ) , B %} U J& ( Fenneropenaeus) ,
] B o W 3 0 A A 3R T T S R o
VY R, HCE N B 5 AR R TR L B 4
BIROE R PRI A 3 S i K 97 G 4
Wb

M BE 25 5 4iF %% B ( white spot syndrome virus,
WSSV) B 1992 45 % e LA X % MR 7 58 M & B ™
HRLI , 2 51 X WF R R PR BT TR B Ol B EE B
B2 "0 WSSV H AT AR I 12 e v R AL i
D1, BA R R RAT )T BRI T ME S

%% B #3:2014-01-23 & [E B #3:2014-05-14
BRETE : ERE AR AT R H (31172402,31372523)
BIE1EE . fL 7%, E-mail;kongjie@ ysfri. ac. cn

N ERARE DA

S R WSSV 5 — i 3 ~ 10 d FR 5 it %) iR
FETTRALATIL 100% o i F WSSV 51 I 4 b
PURAEH BE R, B &4 F I T 2 4 BR 1 4 iF 57 56
M3 B T AR R AE T, 3 g A AN R WSSV g
IR Bk BT e . AN o s
PRI A G R ) T RNAT 267 iy
T Byt WSSV 12 &, i #E— 2 A PR IR Y f
JERLH SN LR T A LS R
1H H i ¥ TC A R 259 FBTE 7k

B B-¥ 3 T MR BE ( poly-B-hydroxybutyrate,
PHB) 2R H#E R NI R B-F 2 T IR R & 1K, A2
HJ0.2 ~0.5 pm Y f5 % PR, 1925 4R,
Lemoigne ™’ & %k M B K %f 7 §F B ( Baeillusme
qathefium ) 21l vh % B PHB , 3§ T 1927 4244 & M
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A b oy B R I Ok AR AR A O T PHB BIFSE 19 JF
Go THA LW B A A
PR TCEEE  TO R T S g Lk SR R R T, A
YIRS AN TR AN . iRk
B fEAs B M B & 2 b, PHB 348 2 &
MaEEREF  MEB RS A k&% M
o, 2 &ML TF R AL B M PHB 4 § 4%
(22 R

PHB 7£ 31 ¥ 7 18 N AT 38 3 B A 74k =7 7K i
w7 2, BE R B-FR O TR B A 18D IS UK R AR
CO, M H,0'" . vtk AW 8 51 B3Rk T 1R
RE 2 3 ¥ 2% TR 40 B (G ) 11 40 M B, 76 i 5k
PR A B 5 % A R Ui S S OOR BRI H T, TR Y
pH 0 il 3 2, o A 2 0 D R SRR B 8,
A G A K A S A K. AN, B
TR I REAR I B W T A BB IR O, 2
TR T 5 A AR T B AR K
Sinha' "' % B PHB R {i2 o WU fo' £ 90y 14 7 I, 9F:
REREmENGAEREFTEEE. SAERA IR
BEVER A 3 2 A TP w5 5 B 58 4
il VE FH BH L 95 B 52 ) 42 2F 41 e 8 3l 9 3 [R) 42 Jk
e 15 S BON G B AR ok st Y L FEESY O
1, t A2 W BE RS IR IT AR BRI E R e
V5 H A G M IR R Y TR K R SR T
I, #5 A5 P RE 08 MY R M 0K BT M OB W W
-0 R

H A EE xS PHB 78 /K 7 5% 48 vh i FH 09 0F 5 78
[ B b i Ak Tl A5 B B, H PHB X 7K 7 3l 4919 75
PEW R E R M R A iRIE, AL BEERR
PHB XJ o [ B 5% R HE BE 96 35 P 9 1A WSSV fg
Stz AT & P 8 PHB K 7= s W v i)
IS

BRSOk

1.1 /AR

A ] B S R A K R R 2R B T B 0 K
FEWFSE T8 L B R G PR TR 1,08 g S
BIET R 1A, 8 97 0 ) 45 MR & PHB. 1Y i it 47
B AT 1 d MR, S5 K O K AR
KR 30,
1.2 @EAMRHE

S Al bR 5 by K R 2 A ST e B K
FEWRSE T AR S R = AR S0 R

T INAREF BT EREERE R PO, LR
Tl A 8 B Atk 4G D5 WS i PHB SR 38 0K
J7 2R A R BRI R 22 30 60 H M i B E
A2 mm, KR 3 mm (G EORL, HRLS T
BHAS N AF T KT K 3k . PHB 77 I K %%
AR R m R AR
1.3 LW ERER

¥ 540 2 v [ B X AR BE AL 2 6 41 (A B .C,
DEF) HHA3IANELE, HHL 30 B, A4 (H
xR ) BN & PHB ) 3L il 1) kL, B .C \D \E \F
AL (EPSE g 4 ) Rk # E % PHB ¥k & 0. 5%
1.0% 2.5% .5.0% .10. 0% [ 1 Je , 4 K 43 W2 4
% (6:00,12:00,18:00,24:00) , H 5 M &y {4 i
W) 5% , BE SR HEAT AR H R R R A K
LR B R K 5o 172 5256 30 8] K M4 3 78
KR HITE (25 £0.5)C,
1.4 AT WSSV Bifestig

KR SR H R WSSV g i 47 X HR A
TR (FZ A F) . Z1201210107477. 8 ) , % 4 @
SR KRSl BRI 10 mg (£ 10° 4> WSSV i
BRI FEH G, T S50 6 R e 4 0] ik T
18 4~ 62 cm x 54 cm x47 cm [YREEFRFE
1.5 #mRESHE

LG I HEAT 8 d, 525 U [H] BE B 5 A T X
LINISTRE S 7 A i 1 B 0 = e i OB OF
7o SEIEE UG VTR 45 4L FE T 5% A 6T f 28 P
"% (relative percent survival,RPS) , Ff 3 i 52 16
A XTURFE T il 26, BUR YL WSSV 3o 2 o ) 1
A I S ) R R JE A A R BOH L PR 4R
I FEH 40 DNA

FENG 2 = A7 15 X IR B/ 90 16 X R 4R < 100%

FET- R = M URAE T80/ 9] 46 % IR %L x 100 %

RPS(% ) = (X BRI T % - LA 5L 1T
) /X AR T
1.6 DNARE.REHRN5SIRENE

DNA £ 2 B E454k " (9 )7 % . DNA £
0.8% 1y Byt JE M &€ I M 7K, I ] EC3 Imaging
systerm A5 Il DNA Ji it , 25K A & K it 8 11 &%
K f% i) DNA Fr B, it B fslie 28 A0 43 6 B
( Biodropsis Bo-2000) jilj 5 DNA & KWK %6 H
{8 (%isk OD,,,/OD,, k1.8 ~2.0) , 7E#i{f DNA
i SO0 K TR B & 20 ng/pl, 20 C
TAr# o
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1.7 LHFEH*XEEZ PCR

i 7 K I BT A 51 0 ) B ¥t 2= % Durand
SECO L BRUE R ARSI R AT A A
B B 1 5 41 Ok PUCIM-T/WSSV69 , L AE BH 1 %
MR AR ME M 2. B FE AR DU 3 R, B3
(ELVE R iZ i b (05 B 2 (L
1.8 Z#EALIE

BB (8 Fl SPSS 17.0 ,Origin 8.0 b

2 45

2.1 i E A AR TE I A
A~ F A & 4 %77 05 i 8]y (82,23 +
33.37)h.(90.71 £34.54)h (95.55 £28.91)h,
(91.15 £27.08)h . (85.56 +31.11)h (79.40 =
23.70)h, IS EAHG FREMGEH(E L), &
ZEILB LI, CAHYS A F ALF 0GR 22 5485
BEP<0.01), 5 EHAMILEREF(P<
0.05),5B.DAHEFAEE(P>0.05),
2.2 HEPAXMGREEER

24 h SR A AR R AE TS B, O A A
RIZHAETEF (R 1) o 25 LN HRAF 15 28 35 Bl B i)
HYRER T T B o FEHEARTE T 235 3 50% J5 % 45
HAAE R HATZHIL 0T, RIS I A 41 53
REWHATHE R T ZER (P >0.05) (HIEA
FB.C.D4,mF EF4, H C ARk
fs CAHMHFERYS EF AN EREwDE
(P<0.01)(#£2).
2.3 ERANGTERERPETLEDR

o P R RIS A AR (B 2) o &4
RPS 4[5 f 8] SE A< 177 T [, {25 20 T B a5 AN [a]

B 41 RPS FR¢JG7E 72 h #43EF 0,C.D 2 4 RPS
B T AT BB, H C 2 RPS i E F 2 4R 2
BAE , R W% & PHB {2 #E XS R 58 T=, F 4
TE45 6 RAERIET:, X HT 120 h £ 20 RPS # 17
o KB, & 4P RPS Jy (0.0 £0.0),
(0.364 6 +0.497 52),(0.509 4 +0.40202),
(0.411 6 £0.361 10),( —0.150 9 =0.674 56),
(0.1442 £0.55869) . A 4l 5 C HIFE B EE
(P<0.05), 5HAKERATLEELES (P>
0.05);C 415 B.D #i[d] RPS G % 2% 7 (P >
0.05), 5E.F4 R EH(P<0.05),

1351

e L L

=
=TIV}
'
r

SPIAFEI E] / h
mean survival time
o =
S W

ik
group
B 1 A [EA A E AR FE A E
A 7S F IR, RIS & PHB Y4k} ; B .C D E.F 5%
B, R KA PHB N 0.5% . 1.0% 2. 5% .5.0% .
10.0% HYBlkL, T 17
Fig.1 Mean survival time of F. chinensis in
different groups
A. control group,supplement with no PHB in bait; B,C,D,E,
F. experiment groups, supplement with 1.0% ,2.5% ,5.0% and

10.0% of PHB in bait successively,the same as below

x1 FE—HEREHFEER
Tab.1 Survival rate of each group at the same time point %
i 5] /h 41%] groups
time A B C D E F
0 100.00 +0.00 100.00 =0.00 100.00 +=0.00 100.00 =0.00 100.00 +0.00 100.00 +0.00
24 94.44 £1.57 100.00 0. 00 100.00 +0.00 98.33 £1.67 100.00 +0.00 98.33 £1.67
48 82.22 +3.14 85.56 +1.57 90.00 £2.72 86.67 +0.00 76.67 £9.43 80.00 +0.00
72 62.22 £1.57 62.22 £5.67 80.00 +5.44 73.33 £0.00 42.22 £14.99 50.00 £3.33
96 36.67 +11.86 36.67 +11.86 50.00 £7.20 46.67 +6.67 26.67 +£19.05 23.33 £3.33
120 17.78 £3.14 17.78 £6.85 23.33 £7.20 23.33 £3.33 10.00 +£7.20 3.33+0.00
144 5.56 +4.16 6.67 +2.72 13.33 £5.44 6.67 +3.33 2.22 +1.57 0.00 +0.00
168 1.11 £1.57 2.22 £1.57 6.67 £2.72 1.67 +1.67 0.00 +0.00 0.00 +£0.00
192 0.00 +0.00 0.00 +0.00 6.67 +2.72 0.00 +0.00 0.00 +0.00 0.00 +0.00
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x2 AEANPTEAMNBEEENSELILER

Tab.2 Multiple comparison of survival rates of F. chinensis in different groups

24 3] groups A B C D E F
A 0.638 0.110 1.000 0.695 0.391
B 0.026 67 0.198 0.638 0.336 0.161
C 0.100 00 0.073 33 0.110 0.034" 0.016 "
D 0.000 00 0.026 67 0.100 00 0.695 0.391
E 0.022 22 0.048 89 0.12222° 0.022 22 0.583
F 0.046 67 0.073 33 0.156 67~ 0.046 67 0.024 44

TE X EJ7 8 PAE, = RORAFTE 5 2 57, W A ER N 5 0 (B 22 4 X {H

Notes : the numbers above the diagonal are P values, # shows significant difference;the numbers under the diagonal are absolute values of mean

differences
120
100 } A
£ 80k I\ e
o 60F T
3 AN S M D
il 40 N\ IR N E
Seal Ty T
SE[ .\ i S
& 20t W ==
' a0t Nt
£ 60t 1
-80F
-100 L ! v . . ; . . .
20 40 60 80 100 120 140 160 180 200
1) / h
time

2 RPS FERtEI LA
Fig.2 Trends of RPS with change of time

2.4 FEPAMTLIRKEES
HRAEFET 3 A0 1 £k, A AL IO 3 10 2, 1
SRS f PCR U 5 45 41 4 MR F) 9 B 1%
YU B 45 DUBOO BRI (18 3) o & 2l 7 & it 2%
LB KW, Z e BRI AR R E . AB,
C.D.E.F 25 #5 DL 5 S 7E 45 .45 .78 .60 .35 .
35 h kB Ee RME. 4588, fELRAT 72 h,A 4]
RIS BIE FALEEERF(P>0.05),
HCD2#HEREHE(P<0.05) H C AN
Bode AR L 72 him , A4LW 7 95 DU 21K F

< 9.
Zo>x
258t
on QO —
E> Tr ‘\V/»
ge A
~Z5¢ B
" 4t —+C
Resl/ <D
z28 2l / E
= E // —F
w2 1)
®
‘HE-E'DO L 1 1 L 1 L L 1
I 24 48 72 96 120 144 168 192
’ 1A / h
time
B3 FESCEMMEThES

Fig.3 Trends of the copy of WSSV with change of time

CH(P<0.05), 55 H 4505 4 8] 9 25 5 DL AT
WEZESF(P>0.05), BRI, K4F
WHEDIRCH 1.08 x 107 ,1. 15 x 107 ,4.75 x 107,
1.27 x107,1. 14 x 107 ,3.29 x 10° 4f~/ng DNA; A
HE5 1 WEHRHEEINBAAREER(P<
0.05), H 1.0% e J3& 2H 93 #5458 DU KA = o

g

PUAE AL IR A A 77 T ASAURT A Sy 24550 36 W] T
PR AR 2 f s — e BT 5% 5 IR T4 A
by iy — 26 2R Wy 3K R R AR P AR RO TR T SR
BE2TRN, PHB S HAT )z B AR A T AR
A= R AR AR R

455 18 W R (short chain fatty acids, SCFA) E.
AT RS a8 pH e 2 8 37 1 5 U
A SETIZ 1 AR BRI RE , & —Fh HA N T A 50 A=
T A RO RE VS R T PHB 1 i K
PERE I D #45 T g D PR S 7K B B SRR T B
BOE TR B EMIEE P RN . BFFE R A
FRBKAKR PN A PHB kL5l % PR PHB f 40 4,
PR R ok 9K T R g B (Artemia
franciscana) 7 ph BB Y g B K R A
PHB ¥ &2 100 mg/L i, 4 H A 80T 5 B g, JF
REAZ 52 =1 i HXF A G IR ( Vibrio campbellii) (41K
i i. W1 PHB WHE SR, b & T K H 5 45
Yo, 525k PHB S 1DRHEURHE & J5 JEAT i kL, %
MEREXTHE

F58 K LB Al fiE ] WSSV $2 RO IR 16 Al
LA B G A R R RE T T Xl
S B AR, %0 SR AT LU 7 H R BN A &
o ik JBE o IS, o MR A DA o i 5 A L R T v
PRIt HEMPE T, AWFIE b i N R e S 5 LA
PR Ty 00 MR A7 e g, B WLUHOIR 28 T #0m
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8 3] AR, R B-ERAE T RR TR X [ WX HR T WSSV E T 9 52 R 1171

AT, DU TIE S 06 oF 0 i) A /g 2 [ 46 300 o 7
S o IR BEAT P, 4E R TE (25 £0.5) T fit
TE I8 5 76 X MR AR P9 19 1E 5 2 A o AR 5 6 X R
B 1 T e A O 10° A, R o R () 75 75 4% DL %
TE 3R B R A2 J5 4 F5 78 107 4~/ng DNA L) F, %41
X RSP 35547 3 I 1] 447 %5 T 80 h, v 1% PHB i
J3E 20 P R AE 0 )35 B 95 h, 36 ALY
S B ] ) R 0 0 R g g 10° A I X R ST
PIAE S I A (53.21 £0.05) h, i H: Fi 45
3, 45 MR g Tk fA A P B O R A G R
B TR T A GRDRE BG r E BUE I, L 2% SR
FH(P<0.01), ZfE 8455 o ot 47 7 A0 26 5 i
MO TE , HLgh S F 45 4 R — B XL
B EURE Y B0 7 5% B4 5 X M B0 T R A A R
EXR,

XTER AR N WSSV 35 5 1% 5 38 B if 52 B )5
XTURFEEPFE T o S50 rh & B, S 56 20 X5 R 7E R
W 1 T R AL (L S R R AT, S 4 % R
FETRTIF IR TH AT RE TS0 50 5 S0 X 0 4 A
U0, PHB Rk 5 HA R R IP I WIIR W T . A
STH I K BUAE R K 1% B, % R AR I %45 8, L
AR PR 7 5 DL B0 S 06 0 A SR T AR LA
FESCR A, C e ag & s TP (& 3) =
TG AT TP IR (% 1) AT RESIN A 2 4> —
J5 T , PHB Fifi 7 R 3 o028 T LA N 8 BE 45 4, 41
T 45 A B RS 5 95— D7 T & PHB 76X SRR 14
25 B AE T i T N pH, A T S G g Tl
Ph IR TE T X UF B B ey 2 TR T X AR X
WSSV [T 525 o PRI 72 w30, o 3R 44 P o 7
il 52 2 — 2 B AR 2 AT T B {H B S 5 3
1T A7 T8 MR P 95 2 4k 22 5 T S s B BT, 3
IR BT AZ B E J5 FE TS . H Sk 41 PHB 7E i
SO Xk MR A5 AT A0 AR (3 1,2 2) AT BRI
24 OPHB B R A 76k B A — &
PHB [ifi 5% {5 3 T /K 74w, 7K PAORS B8 B8 T i, %o o
W 932 31 K R W 3 B — 2 1 IR, S BT 7 5
X RFET o 35 P B 45 S RS R AL, K A
PHB ¢ J# i T 100 mg/L i, 855 1 1 5 30T
@ [ W X R PHB A A — % 19 T8 L, A fig
FIFH ) PHB [ g B-¥6 2L T 12 , i 5| 2 i v 75
BA 3% S AE 5 R W5 A R B, Weltzien 451
% BRI HLTE T 4 PR AT LR PHB A O AR K 50K,
{H7K R PHB e B2 ook i 5] R B 2 AR i 2, 3 3

IR E Tt AHTE SR i 38, 0 0 ik £ A s
B B LR A B G %

L LR ik , PHB 1E — & 2 JE I RE 4 5 X R 1
WSSV e, W F T 45 R /s e dE e S o 1% o

S 3k
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Effects of poly-pB-hydroxybutyrate on WSSV resistance in

Fenneropenaeus chinensis

DENG Kangyu'?, KONG Jie'** | MENG Xianhong’, LUO Kun’, CAO Baoxiang®,
LIU Ning®, LUAN Sheng’, SHI Xiaoli’, LI Xupeng’, CAO Jiawang’
(1. Wuxi Fisheries College ,Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Sustainable Development of Marine Fisheries,Ministry of Agriculture
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China)

Abstract.; This study was designed to explore the anti-WSSV influences of PHB in Chinese shrimp to provide
a theoretical basis for the use of PHB in the aquaculture industry. This study used the single factor
concentration gradient method. Fenneropenaeus chinensis were artificially infected with WSSV. The F.
chinensis were also fed bait that contained different concentrations of PHB(0.0% ,0.5% ,1.0% ,2.5% ,5.0%
and 10.0% ) ;these concentrations were adjusted based on the weights of the shrimp at the beginning of the day
and the number of shrimp in the tank. During the experimental period,the dead shrimp were collected and
stored at —20 C ,and the time of death and water temperatures were recorded. After the experiment,some of
the shrimp were selected based on the death curve,and DNA was extracted. The shrimp survival rates for each
treatment were determined daily, and the treatments were compared at each time point in terms of mean
survival time, survival rates and relative percent survival ( RPS) rates. Moreover, the absolute WSSV loads
among the dead shrimp were determined by real-time PCR. The results indicated that the PHB influenced the
survival rates, mean survival time and WSSV loads in the shrimp. Compared with the control group, the
survival rates and mean survival time of the experimental groups exhibited downward trends following initial
increases as the concentrations of PHB increased. The mean survival time of the groups treated with 0.0% ,
0.5% ,1.0% ,2. 5% ,5. 0% and 10. 0% PHB were 82. 23,90.71,95. 55,91. 15,85. 56 and 79. 40 h,
respectively. There were no significant differences in the mean survival time among the shrimp that were
supplied with feed containing the 0.5% ,1% and 2. 5% concentrations of PHB (P > 0. 05), but the mean
survival time of the other groups were all significantly lower than that of the 1.0% PHB group(P <0.05).
The mortality rates for all groups were ultimately 100% . Compared to the control group,the survival rates of
the experimental groups were higher and the WSSV loads were lower in the groups in which the PHB
concentration did not exceed 2. 5% at the same time points. However, similar results were not observed at PHB
concentrations above 2.5% . The mean RPS rates of each group were 0.0,0.364 6,0.509 4,0.411 6, —0.150 9
and 0. 144 2. There was a significant difference in the RPS rates of the control and 1.0% PHB group (P <
0.05). The RPS of the 1.0% PHB group was the highest. When the quantity of WSSV reached the threshold
to cause death,the shrimp began to die. During the experimental period,the numbers of WSSV copies for each
group were 1.08 x 107 ,1. 15 x 107 ,4.75 x 10" ,1.27 x 107 ,1. 14 x 10" and 3.29 x 10° copies/ng DNA. There
was a significant difference between the group that was supplied with 1.0% PHB and the control group(P <
0.05). We also found that the numbers of WSSV copies in the 1.0% PHB treatment group were lower than
those of the control group in the first 72 h( P <0.05) ,but higher 72 h later( P <0.05). These results indicated
that PHB enhanced the immunity to and tolerance of WSSV in shrimp. This study also revealed that high
concentrations of PHB inhibited shrimp survival. The present study found that 1% PHB in the feed was the
preferable concentration for improving the ability of shrimp to resist WSSV.

Key words: Fenneropenaeus chinensis; poly-B-hydroxybutyrate; survival rate; WSSV ; challenge test;
real-time PCR
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