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Protection efficacy of vp28 DNA vaccine and immune responses
in Litopenaeus vannamei against white spot syndrome virus
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ABSTRACT In this study, pEGFP-NI-iel was reconstructed by inserting WSSV immediate
early gene, and vp28 was cloned in a new constructed vector. The survival rates and antiviral
associated factors (Dicer, Argonaute, STAT and Lyzome) were detected in Litopenaeus van-
namei after immunity by injection and oral-feeding. RT-PCR results showed that vp28 was de-
tected in gill of shrimp by injection and oral-feeding immunity treatment. The relative protection
rate of vp28 group reached 22.4% (injection group) and 36.84% (oral feeding group). The
STAT and dicer mRNA expression in vp28 group were significantly higher than that of control
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group after injection treatment for 7 d. The argonaute mRNA expression in vp28 group was sig-
nificantly higher than that of control group after injection treatment for 3 d and then decreased.
The lysozyme mRNA expression in vp28 injection group was consistently significantly higher
than that of control group. But the STAT and Argonaute mRNA expression in vp28 group was
significantly higher than that of control group on the 7th d of oral-feeding treatment and then
decreased. The dicer mRNA expression in vp28 group was significantly higher than that of con-
trol group on the 3rd day of oral treatment. These results demonstrated that vp28 DNA vaccine
has a potential utility for control of WSSV disease in shrimp.
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STHR A BEZE S fF % B (White Spot Syndrome Virus, WSSV) X R % ¥R (1 BEFF IR 5% £ (White Spot Bacilli-
form Virus, WSBV), J& X} 4 Bk %F 8 32 58 b 16 F f K )9 JR 2 — (Inouye et al. 1993; 8 S 1996;
Lightner 1996;Wang ez al. 1998), vp28 /& WSSV FEFEME 11X UE W vp28 & X iR 2o i) 24
Z—(van Hulten et al. 2002), {EHRERRYLA) P AL, F vp28 WL TRk 5 WSSV — i i Gt % iF
HEBC R BAL TS WSSV (x5 B, KB WSSV IR L G 48 B vp28 1Y 2 S BEHTAR b A, I 1E B 3 A op
ML HRA W BRI (Li ez al. 2006) . 5@k Z2 80 77 Az vp28 P2 v I 1Y X R85 7R 1 4y i 0 J
fe f1 (Witteveldt ez al. 2004;mZE%  2005;]ha ez al. 2007;Fu et al. 2009;Satoh er al. 2008;Li ez
al.  2010) HHHLHEIATE.

%R P2 W AR Sy — b7 2 1) 22 o AH LU A% G Y TR 8 1 B P v A 4R AR P N RRUE M 4 (WOl er al.
1990) A AR 4F (Ning ez al. 2009) AF ISR AT A 8 2 B2 85 (Ulmer e al. 1993) (il il % 4 254k
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ABF5E L pEGFP-N1 Jy#844 , # H ok #9 19 pEGFP-N1-iel 38 5 3 7 & A4 2 & vp28 L 1 &% iR % 1 .
ok JIU PR S DS 0 8 2K 5 98 Xk R L BT 4% S 0 2 AR X PR 47 3R F0 X B 0008 AR OC 945 5 4% T R S0 T
(STAT) . Argonaute,Dicer F1¥% B fiff (Lysozyme) F& K 3235 , WF 53 ¥ i vp28 T 41 A2 iR 938 1 K FL 4 T X R 1 DR 97
R Pt WSSV R i 7] i BF 5% S (AR 4
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1.1 ##l

FIRFAK E. coli DH5a/ pEGFP-N1-iel Jy it /K 7" Bl 27 B 58 e 250 K 7™ 0F 52 B0 F & AR A7 5 K AT 17 DHbS o
JRZ AN 1 TIANGEN 23w 5 BRI N YT Sall,BamHI g | MBI A R ; T4 DNA Ligase iy ALt £ &4
5 BURL/NR IR & W H Omega 24 7] s RNAisoTM Plus 1 5 A TAEY) TR BRA A 9008 il &l H L
4 TAEY) TARA BRAA W) B 3 LN AR L. vannamed T+ 2010 48 7 Mg A WA H HHILTH,

1.2 A%k

1.2.1 pEGFP-Nl-iel-vp28 469 £

A NCBI L e vp28 (19 4 77 51 8 it 5190 51 A Sal 1. BamH T WA~ YI 57 83, 1E K10 51953 51
vp28-5: 5'-GCGGTCGACAATGGATCTTTCTTTCAC-3", vp28-a: 5'-ATAGGATCCAACTCGGTCTCAGT-
GCCA -3", %M 25ul By PCR R RifA % . Horb 10 X Ex Tag Buffer 2.5 pl1,2. 5 mmol/L dNTP Mix 2 pl., IF 2 [
14110 pmol/1)1 pl Ex Taq(5 U/pD0. 2 ul, WSSV DNA 1 ul.ddH, 0 17. 3 pl. PCR 2 X747 PCR 475 .
94 °C 5 min M5 . #EAT PCR SN PCR 25505 647 1 06 B B I b vk A D00 o S 5 Mg Il i 2/ PCR
7y U BRI PE N YIEE Sal 1.BamH 1) vp28 By 2ifl 7= ¥ & pEGFP-N1-iel Uk #E 17 XUAE LT . XU U1 7™ ¥y 22
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B NE MR BE R I 2 A J5 , FH T4 DNA PR % 45 Wi F 17 2% 4645 3] pEGEFP-vp28 H 20 ioks . 73 PR H#% 4/ DHS o
ZAMM . N RIRE R (Kana, 30 pg/mD Y LB F-Hz b Pk I 5O R L 0 7% PCR K 7 vk 2 k. R
MW ZEHC il TAY TRARA /#7850 E R Omiga BAFHEATF 5 AT,

1.2.2 4% # pEGFP-N1-iel-vp28 #42 5t

JFH I P DA 2 B PR s R R AR L 37°C R 3R A M v B, PRI SRR L FE AP T 1l & ROIB R (Ka-
na,30pg/mD Y LB K752 3 /N0 .37 °C L300 r/min 8 4R 55 15 5% 1 50T AL SR U5 K 05 Ak B Il o 4 A
ZHA 10 ml LB 8535 R K 30 pg/mD ¥ 50ml EP 4,37 °C 300 r/min, fHIRIR % 3% 12 h, 2EHL
L 5ml A3 3 35 72 9 BURE DNA /I 4 3050 & ok 4 BOBTRE (P18 78 23 w1, A Nanodrop 2000 1 5 J5i A
B IRRRBERE 0.5 pg/ple —20°CHRAT .

1.2.3  wJRAAH 0 4 &

739K % pEGFP-Nl-iel & pEGFP-Nl-iel-vp28 & M4 K8 57, 70 Wk o3, Horp — 380 5 000 X g B0
10 min 75 B BAK S R RE KIGJG LA 1+ 4 0 Fo R A RE B s XL B 1, 42 28 2508 75 B 1, 15 21 4 2
I T A 1 R
12,4 K%

JUANEEXTUF (PR HE 10, 2420 35) B 5% 7d 5 o 43 Jy i S A B B M 20 P K40 4 K 20 43 vp28 4 (vp28) . pEG-
FP-iel Gel) 2H K BAVEXS BRZH 3 /N B PSP AT AP AT 20 AR, [T 4 HARE S 20 g5k, 3 )
T 1.3.7 REUHE B S S 2H 0 3 AR Ay B8, LA 20 0 PR A7 T —80°C . M2 43 il £ M ol & 1) 4% 21 (DR, 5
H 3 W BIR 2g. 40 5 T4 3.7.10,14 RICER LA L0 3R A7 T —80°C . AL g 21 3 B UF.

1.2.5 s s A B xf 4R 47 53 51

TR IR T2 7 R HBHE R T2 14 RITIRICEE B AR IOR I BR A0 B 3 g, 5 2 RIT IR #R 4% W35 i
TR, IR H 3 YO SR XTI Y SE TR L S BB AT

FAR AR AP A (000 = (1 —SEBR AL T4/ X B AR T2 4€) X100 %0
1.2.6  sF¥F4k R vp28 8y R &k

RNA $2BCRH] Takara RNAiso Plus 3G O » SEAEY)) » #4 1580G0) & 0 18 07 3k 2547 A RNA S8 fial
JRE A0 o B L VK R AT AR . R AR A M A E T RNA ¥ BE 0 AT . cDNA & Wik R % sl ) & CR & 54
Y G W) cDNA B HEAE R PCR UV BB R ] vp28 ¢ 5 P51 #E 17 PCRLPCR WK & A 1.2. 1,1 %
Syl E IR G U 2 S E
1.2.7 STAT.Argonaute,Dicer & Lysozyme % B f& % ¥F 4k 1 49 T 4L

A3 G S (1.3 7d) A1 iR e 88 (3.7.10.14 &) £ A XTHREE LA ZH 21, RNA $2 0% 1. 2. 6 J7 ik B 2 I
i) RNA i 2 1 000 ng/pl, 5% 5% 1 cDNA (Takara PrimeScript RT Master Mix) , J I & & 10 .5 X Prime-
Script RT Master Mix( for Real-time )2 ul,RNase free H,O 7 pl #iBEiY cDNA 1pl, K 254 :37 °C 15 min
HEAT 85 °C .5 see KE T HE M. DUEIM cDNA KL, 473 Bactin( 9 5) STAT  Argonaute Dic-
er.Lysozyme 05| %) (Zhang et al. 2010), % | Rotori Gene3000 (& [E) #1719 Yt £ &# PCR., 2 X SYBR
Premix Ex Taq Il 12.5 pul PCR Forward Primer 1. 0 pl, PCR Reverse Primer 1. 0 pl, ¢cDNA 2 pl, H,O 8. 5pul,
S A FiAEYE 95 °C 30 5,40 MEFR, 95 °C 10 5,55 C 205,72 °C 20 s,4 ‘CHEAF, PCR P28y 0 15 LA 14
o B AR 7. BAHA R 3 IRE R . M4 Rotor-Gene 3000 &% H 47 B4R 244 1k
#EAT PCR G521 00 07 5 X5 AN H AU 3 Y B2 3 A 45 R EAT oK 30 (I F A 3R, P<<0. 01 i 22 R B35,

2 HXR

ﬁ

2.1 pEGFP-Nl-iel-vp28 Rk =

IR S PRSI BEAT PCR RSN 3G 973 vp28 FrBek/s 633bp. XU Y] PCR ¥ 5 pEGFP-Nl-iel #
VR4 e Ak DHS . B 7% PCR G 28 9 B seBERE A7 00 7 . IR 45 SRR WL PCR 738 (9 H 19 )7 Be 5 U0 R BEoe
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S AHFF . H DL IE A 04 B 24 S 3Rk i B A . $RIRE AR/ F i K/hR 2 800 bp A£4 .
2.2 WHHERHETE

TESS 5 1 IRAR RS 2 X MR K RE 5 BT PR TR LA 1, il BT TA AT UL, vp28 PESF A 7R, 7 d J5 X HRFE T
THUE  BPUETIRIA 73. 3005 W HAHAEL 8 KJG X ARFET-# THUE , RPUET-HRIE 94,400, HRHPE vp28
(P 1B) X HRFE IR YL SR 8 KIF AT T A » RAVSET A3k 60005 X FRAH X HRAE R YL 50 10 KIFSET 8 T
SE - RPULT AR 9500, FEEST P vp28 BAHXT PR 37150 22. 400 GRS 20 T vp28 B AH X R 47 3 1T 3k 3]
36. 8406, KU vp28 HLH A R HE W LAk 5 R I3 T 1A #) 7 3X A Ji LA I 0T I T A B0 4 ) 0 BT WSSV
HEVE S

>‘1()()- >‘100-
= 90r A+vp28 = 90r B ——vp28
£ gol —iel £ sof —=—iel
22 2l - % A Blank e 70} —— %% [ Blank
.S 60r B2 60
HE sof HE sof
RE 40t B‘%g 40t
8.0 30f H\;% ol
S 20t ° 20}
K lg' S 10f
1 23 45 6 7 8 9 1011121314 1 2 3 4 5 6 7 8 9 1011 12 13 14
KE Days RE Days
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A:Injection group; B: Oral group
Bl 1 44X ISR G R %

Fig. 1 Cumulative mortality of shrimp after injection of WSSV
2.3 XtERMER vp28 BIRIEE AR

Shy Bff 5 JUT R 0 B 2 TR A G MR A U Y 3Rk L A R TR e 1.3.7d B IR 3.7 (10 (14 d HREE
U2l e X HRZH R 21 41, 28 RT-PCR R 5404 vp28 MRBIH L. A5 RFWH R 2 F 9w 1.3 .7 d L H k%
PE 3.7 .10 (14 d, 7E X HREE L 2 A n R I 2] vp28 By e, T 6 R A A A I £ vp28 FeIk 3 B Ir il HE 1Y) FE 4
JRL vp28 Al fE MR AR N ik

2.4 Stat, Argonaute, Dicer X Lysozyme % 2000 bp
B 7 %4 R 4 O 2 A

1000 bp

2.4.1 EH 44K A Stat, Argonaute, 750 bp

Dicer & Lysozyme & F # % & 500bp

250 bp

vp28 [FE G 4H, STAT 3 H mRNA 7F i 100t
P

HAP R 7 RMRILEW I & (P<
0.01)(F 1) .Dicer 3K mRNA 7£ JJL A 4141 M. DNA Marker , 1. 45 7d.2. 25 (30 B 3. 5 %% 3d.4.
s 7 R FE kR BT (P<<0.01) S g 1d,5. fRRHE M 14d, 6. fRRHE M 10d, 7. fRRE 7d, 8. falkH 4 3d
41 40

(%:2 D, Argonaute % mRNA EHRI}EJ’H 7 Lane 3: 3 d (post-injection) ; Lane 4: 1 d (post-injection); Lane 5: 14 d

S EL B
EP E]/‘Jﬁg 3K E"J %éji L=\ [ﬁ Ei} ﬂ (P <C0.0D) (post-feeding) ; Lane 6: 10 d (post-feeding); Lane 7. 7 d (post-feeding) ;
(%:2 IDINil] Lyzome F K mRNA Eﬂﬂa I7~‘] Z A Lane 8: 3 d (post-feeding)
IS 1 RME 3 REBEV BT &E (P< 2 vp28 {EXFURER AL 2L Rk
0.0 (FE 1).MEJG F Rk, Fig.2 vp28 expression in gill of shrimp
2.4.2 FHIZE LS FFIR A Stat, Argonaute, Dicer & Lysozyme % B # % 4L

Lane M: DNA Marker; Lane 1: 7 d (post-injection) ; Lane 2: control;
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vp28 FMELH  STAT FH mRNA 7EEH LIy 7 d i FRE 8 BT (P<C0.01) (£ 2), 7 10 fil 14 d
I, 33K 8 F B Dicer FEP mRNA e S U (55 7 KRS 10 KA 3R 3K 5 B i I8 (P<<0. 01) (3£ 2) 5 Argo-
naute F: [l mRNA ZESIH I A58 7 KR A 2 B B FH & (P<<0. 01) (& 2) ;1M Lyzome FE[F mRNA 7£ # 2H
Al 55 3.7.10.14 RFEHXEH B IR (P<0. 0D (& 2),

#1 ES&ENFARHEE mRNA ik F2 R TR R I A AT
Table 1 The mRNA expression in tissues of Table 2 The mRNA expression in gills of shrimp
shrimp post-injection (n=23) by oral feeding (n=3)
EE A & Day ERE A * Day
Gene Group 1 3 7 Gene Group 3 7 10 14
STAT vp28  2.27+0.15  4.63£0.16 12.97+£1.23* STAT vp28  2.11£0.17 10.33£0.58* 5.87£0.15 6.6341.48
iel 0.76+0.01 0. 98+0. 02 1. 3440. 10 iel 1.2740.03 1.2840.03 1. 2440.04 1.2340.03
Blank 140. 00 1£0. 00 140. 00 Blank 14+0. 00 140. 00 140. 00 140. 00
Dicer vp28  0.847+0.04 1.67£0.11 2.9640.2* Dicer vp28  1.1240.02  2.46=+0.03* 3.2720.04* 1.2840.10
iel 0.7740.05  0.7440.04  0.55+0.07 iel 1.0840.01 1.1940.02 1.1340.03 1.2340.03
Blank 1+0.00 140. 00 140. 00 Blank 14+0. 00 1+0.00 140. 00 140. 00
Argonaute vp28  1.1740.02  6.06%+0.30* 0.46=40.03 Argonaute vp28  2.38%£0.51 6.264+0.44* 2.93%0.35 2.6740.25
iel 0.8640.12  1.13£0.02  1.35%£0.02 iel 1.7540.86  1.2940. 21 1.4340.01  0.8640.02
Blank 14+0. 00 1+0.00 140. 00 Blank 1+0. 00 14+0. 00 1+0.00 140. 00
Lysozyme vp28  3.8-40.26% 3.4740.25* 2.7340.15 Lysozyme  vp28  3.09--0.10" 4.06--0.21* 3.7040.20* 4.13-40,15"
iel 0.8640.04  0.56+0.14  0.947£0.0 iel 1.63+0.02  1.6240.05  1.08=0.01 1.2940. 02
Blank 2140.00 140. 00 140. 00 Blank 14+0. 00 140. 00 140. 00 140. 00
* 22 5B ¥ Significant difference( P<<0.01) * 22 5 ¥ Significant difference( P<<0. 01)

ARG G AL vp28 AT AP Ry 22, 406 kS A b vp28 A G DR AP SRR A B 36. 8400,
W3] vp28 i 4 A% R 92 1T LA AR 45 MR TG T 1K 11 7 2 B 8 ML 9 Y o W ] 45 B iy X it WSSV I RICR o et
B P58 28 0 AR T DR BP0 5RE X T S A B R L AT R R TR IS AR h B — S 2SR 48 T A 1Y W) B i A
(8 o 11T LA ARk, 2 A 9 AF G T 3 S e g T R PR iR A R T AR R

kN7 STAT ZEAME NSRRI K EAEH (Zhu et al. 2004) . BACHFSE LB, B IFN-gwas i 5
1) JAK/STAT (555 SR A S G mEEE R ER M RIE, STAT RN R AT LTI Y T
WA KB (Cortti et al.  2007), vp28 [ IE G AR MR P 1Y) Stat & SRR T 55 7 Kk Bl R AH . A
XEFXF IR A B B 225 . R vp28 e n] DL S Stat K 3k, U 1M $2 m X MR 7o .

Dicer i LR AR R M RNA I 51 &35 DNA F1 RNA JF R AP . Bl 5] S5 5 RNA §#745
9 7 R PR B/ RN A, 3% 26955 7[R U5 2 A9 7y RNAs 7] DLYT B 3 RNA, B 3% 8 #5958 55 69 & o 72 /i
Dicer 2 [N 7EREER Y415 B A2 b B 4 7E H (Aliyari et al.  2009), TE vp28 ) VF 5 20 Fn i) k) 45 M2 46 v
Dicer (3% 8 AHXT T XT B2 A7 B 2 09 468 5« e 5 mT Gk X HR AL 19 2. 27 A%, DRI 28 BH 28 vp28 o 9% X B Ji5 T 38
i Dicer ik 193 &5 i M ik B X5t WSSV (i H 1Y .

Argonaute 5 H 7] LLZ5 45 miRNAs, /-5 i RNA A s B0 ) 7= 4 988 RNAs i3l . H Dicer i
) miRNA 485 Argonaute |35 fie &g U) sl B A (19 88 miRNA 737 L. SUARHFR R B, ZEXT AR B e WSSV
M55 1 K, Argonaute mRNA R EA B [, KW Argonaute 75X HF X5t WSSV J5 i AJ fig & — 4~ 3k
WA AIPUR B T H (Hock ez al.  2008), vp28 BYTESF4H Argonaute 7E55 3 KBIA R IE(E , F ik & &5
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MRLH B 6 A, AR ARDRLSE R AR b A AR R 25 2R FURAES 7 RIS BN K U WA 7 vp28 HE 240 75 i A #E AT I L AR A
AEJESEiA T T Argonaute B R BRI BEMMTE T Dicer 456 miRNAs. FEM 7 2 19 mRNA L T 5 2 5t WSSV
AR

2 £ X M

RIS T A 1995, FFRMG TR PR M BT B3k i 4 SRR FE —— X R 28 & PR R AT 08 o0 JEU RS B2 MK = B9, 16 (1) 2 1~10
F, BRI, AUTHE BLERIR, A7 IE . 2005, X HF FBELE A AT vp28 SuBE Ja TE LG SUES AR I0L I B R B b A . DOR 2 2 i 51(82)
253~258
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