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H A FEREKEIE CpG ODN FiREE T VP28
B R BB BR 5 4 I 8% B X L 44 & X R (Litopenaeus
vannamei)$t WSSV By E R 1ER"

oW om T ERRS
RIFH T Rk

(1. HEBABE AT P EB AR SRR A A E SR E H N 2660715 2. PEBERERY: Jba
100049; 3. WEMGFEIFREAEMP R B AEYBEEMBE M EALEE HH  266003)

R x| A

WE % CpG ERZH B (CpG ODN)FIk T B r VP28 iy fig JF & 4 T B £ (VP28-yl) iy 15
B R L4 Ao, BEAT H R R 28, 4B 30 d 5 #E4T WSSV R R SL I, IR % FL 4N i AT
Y e (R AE o AR 5236 45 K5, CpG ODN % %8 41 X #T By AH X 3 & 5 3k %1 (65.8+7.8)% (P<0.05),
KX B 7R CpG ODN ] ¢ ELA 1% 4 K 1E A . WSSV % # J& , CpG ODN 71 VP28-yl & 41 %t & # WSSV
LB G 2t B 44 3 B B R(P<0.05), At R R E LA TILE 26.7%F0 36.7%., FEHELE
F M WSSV ik &, CpG ODN 41 %t #F o By *F W8 & A 735 8 % A5 (P<0.05). T4 VP28-yl #% &
241, WSSV 5| #2 iy 28 i 8 T | B35 5% 2|3 %] (P<0.05). B4k, WSSV #li#ja , STAT & H 7 CpG ODN
450 VP28-yl 43T 4F F By £ 3k AT 3 B2 FiH(P<0.05), 25 A% 5 KA 3 RABHAM, Wt
BAFNEETHE, ARXERKYNA, CpG ODN 1 VP28-yl # 7 T LAV E X i 0w & #Z A1, Ao
FEMT AR E R R T B R EEA, TUMEN AR EA AR, BRI L iR

TR E,
ES7 35

hESEE Q953  XHfFRIRFE A

JL 4N X I (Litopenaeus  vannamei) Ji 7= - B 36
R PEI Rk, 1988 4R 5] AFK [ -1 ik ok 3%
6T R 5 5 1) S i R, ZETFR BN K SR ML R AR T
HEAE (RS, 2014), HIELAER, WIFFRAH
MbRER AT B R A, U DL B LR A RS B (White spot
syndrome virus, WSSV)5 [ #) [ BELE & IE(WSD) e A
PR (B RS, 2007; PMLEE, 2013), M TAESE T
Az FR R 2 2 A T e 5 B 4 0 T B R S 235 |
P O A AR A PR B A 4 [n) B I 4 T 0k AR 1k

CpG ODN; f#ARH % 4 Wl HF; SNEE B VP28, AL AR, TR 2K
XERS  2095-9869(2015)02-0077-10

(Johnson et al, 2008; Haq et al, 2012), F-#A %%
RERT PRSI, SCIUXTARBUR e ) B3GR, 2
I BE 25 i e 7 45 1) = 22052 7 1] o

CpG ¥ (CpG motif)je—Fft & 5 IF 1 F AL 5 IR
WA JRT1 s E 1Y) 5 5 i AR A% 1 R )P 91 (CpG ODN), E2 A
HFEIUE] , CpG BEMS IS S R4 . 51 K T iEsl
N, FEHefE R ALK G 71 (Sparwasser et al, 1998;
Choudhury et al, 2002), £t CpG FE#HRALHL)S ,
Xof 0 1. 40 B 3G MR 4% (Reactive oxygen species, ROS)

[ 2K 973 TR “IE K 375 B W) 3 B TR MRS AR A AL B S S B IR B9 R R T ST (2012CB 114405 973) %8l A5 B,
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IRV L B 20 B 1~ AN I BE 7 24 8 5 2 =5 (Sun. et al,
2013a), TES CpG ODN AJ LA ML K iR 40 5% 25
AHOCIE A ik i, I WSSV 78X MR AR P 6 &2 1l
R X HF 15 % (Chuo et al, 2005; Sung et al, 2009;
Zhang et al, 2010a). {H H i HH G 1) 45 AR S AR T =
FREEA B AR, WA CpG ODN R —FioET
T G 2 15 TS A ARDRe b A T T U i i . DA
Kt WSSV 5 8 B0 5 JE IR A e X iR, 22wk
TESCREMS I aR X HR 4T WSSV {RYLINEE S, KR sE
PR3 4E H (Kurtz et al, 2006; Cong et al, 2008), VP28
& WSSV —ANEZRRBEE M, TEW AR FURL B
o b 1 % HE SE B I (Li et al, 2006; Yi et al, 2004).
WFFE e, A5G PLAA TR U | 7 G 28 0 R BE 1 %o W 45
Z R FE s ¥ nT LU A VP28 i i 3 B IG
WSSV PG BT %, HAT, XT VP28 S AT
KB WA LZIRE, WS VP28 & 11 7
M M AR VP28 DNA 7 %5 (Witteveldt et al, 2004;
Du et al, 2012; Syed et al, 2011), f#NSHE % 4 W B R
(Yarrowia lipolytica) /& — i JC f & J5 PE A0 42 i A=
Y, HHEAHMIMNEILHFRE RS RH W E A
SR LA, RS AR P — R R TR
¥k (Madzak et al, 2004; Yue et al, 2008).

ARSI CpG ODN FI2% i 78 VP28 HYfi#
JIg HI 25 4 S0 1 1 1) 2 ARk 4% M LA X I, 64T
[ se s, 2t 30 d RS 1T WSSV R
e, S AR 5 S FT WSSV IR S MR
ML 40 PO W 3 e A0 T K S A B AT O B A 3 R
STAT Fl proPO ikt A8k, Giit /s WSSV #
DU AR AR RN B ET- 34, DIEARFE H SR IR A K PR
M CpG ODN FIZR I JE /R VP28 Bt fig HE & 4 W T
BEXT PLGATEE X I 14 S B8 PR AP RN, R g e A %o R 5
A e i o AR AR T S S A B AR

1 #REFE
1.1 AR

1 HUTE Wi 2L sh ) R K A A 0 vp B0IE S AT By 3
MAEFIRY 5 45 CpG ODN F4(E 1), W BT

A, T pUc 57 #ilk I, #4kLT DE3 &2 48
YR, SR BRI AT TORL Y KA EE B (Zhu et al,
2005), 100°C/KIEHFALTE 10 min, #E4TH BoAbAb 3 )5
AT T T CpG ODNs., R e E 36 1 JE /s H AR
VP28 JEH JE& 7R T i g HE % 4E W e Lk (Y. lipolytica) i)
F1H (Liu et al, 2010b), FfFH 52560 % A B 45 1) VP28
2 i EHTAR HEA T S DA I o 3 3 AR & I AR AR
PR T I AR VP28 [ BERE B o SERE DRI Wk 1,
CpG ODN FIE7R VP28 (1) fift g HE % 2 0 e Bk (4 s fin
0900 40 mg/kg M1 1x10" CFU/kg, falkHfl 4 TAE
TERHETE R i S0k & A B /A7

1.2 MM E5mEE

LA 2 XoF I F18 ) 7 AR 43 PR S 90 7 R YR T VLT X
IKF= R R R FRIE AT o 7E 3 e 1.5 T AR e 4Rk
UNEE, BRCEEE R S TR/, SRR, fEXT
HRARK IEF)(10.0+1.5) em,  7FH b 9 Bl s o v ple 5% 0
I CpG ODN FIZETh /s VP28 A fif JE B2 4 IV 1%
R AR, N SZK2H(CpG ODN 46 A1 VP28-yl
), F—ERA IR IL R AL, MR AT RRAL, &
KAWL 5 v, it 30 d, HAEE ke iRk & )
5%4 A .

WSSV SRR [ Y WSSV JET-IIXTHF, &%
Xie S5(2005)0 7 E AT EAF R Y $2 0, JFE T
—-80°C#& .

13 ERKSHEHNE

52 M S 56 45 R DA () SIZ 26 2 W ek v e 1 26 B
50 FEXTUR, A3 i 45 A X IR R | PR E IR
AR R, HAARXT .

A 3 H = (G 50 A I i 0 ) A ) K )
PR E]x100%
1.4 WSSV mHEELLE

T WSSV BRI T E , B WSSV FRHURK
(R EAE 200 5%10° copies/ul, 7E 30 d fi] P S2 5
455, M CpG ODN Fil VP28-yl TR N4 WM v 43 5]
B30 JRAa R X HR, DAL A Ak 5 R B2 30 g
JFRXTUREE ATHEEIG KGR R G0, #E4T WSSV I#

ACCGATGTCGTTGCCGGTGACGGGGGGACGATCGTCGGGGGGTCGTCGTTTTGTCGTTTTGTCGTTT

| ]

J | ]

1681 2216

2006

CGTCGTTTTCGGCGCGCGCCGTTTCCATGACGTCCCTGATGCT

2395 1651

B 1 CpG ODN HIEF5
Fig.1 Description of tandem CpG ODN sequences
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AR A SRFER KARFE I CpG ODN FIFE T /R VP28 [ i B 4k 1 1 Xt FLANEE X 0F . . 79

x1 AREREE MK
Tab.1 Ingredient formulation of feeding diets (g/kg diet)
W CpG W VP28-yl  FEAih
ODN A GH

JEUK} Ingredients

Feed with Feed with Basic

CpG ODN VP28-yl feed
14} Fish 300 300 300
WK Shrimp 150 150 150
EoM1 Soybean 150 150 150
FE42 K1 Peanut 50 50 50
HWitE Dextrin 20 20 20
TH #) Wheat flour 150 150 150
IR Oil mixture 50 50 50
#i RR
flfflf trbj:r(ture 10 10 10
UI®ENE Lecithin 20 20 20
5¢ 3B Chitosan 50 50 50
S@o?ffjflginate 50 30 50
CpG powder 0.04 - -
VP28-yl powder - 10" CFU -

SC, 7E CpG ODN Fil VP28-yl $5% M 20 FIHE Rt iR 5
WX R L X R P AT ) 30 R, R AT R WLA ST
WSSV JREEAEAEIR 100 pl (10° copies/ul), HiA JE 17
AR T R R A5 19 30 EXTIFEFALAESS 100 pl
PBS 2 MR, 1F R ICEE 5250 Y B X B2 S50 0 )
KRS R(20+2)°C, FERICEBBHICT- XIS, L
geit RiFAETo R, IR AR G R 4 2 (Relative
Percent Survival, RPS):
RPS=(1— A FET 3R /% B IE T )x 100%

1.5 MmikBHkE

FETF AR A R SE B0 AT, MR P REHLAMER 6 Xt
HR, RS2 mD)W A TS HIEER], K5 M
X U 1O s i B2 e 9 AL 98 B8 79 B X W o 4 EL T
BHTRE—E0EY, i34 ER, 4CEMFT 800 g
B0 10 min, FERS 12 00 BB A0 04, TR ) i
Y imA TRIzol 57, L7 A1l 20 i 3 50 R A7 T
—-80°C. 7 30 d [ H 4555, M CpG ODN i
2l . VP28-yl HMEATFI I Al i} 45 MR X HE AT rp & B AIL
B 6 xR, PEAT I3 A0 0 40 M B M BE o ARJE N FIR
3 AU B 30 SR A BREXT R R AT BE S B KA IR
G, #AT WSSV JIFESES, R REIFES WSSV i
FEAEAEWE 100 pl (10* copies/ul), 7EIC RS2 U0 FF 14 5 1
1. 3,5 d, NSAPREHLEGE 6 &, BIEMRERT
MR T AU AT IRAT o [RIBAE BB (RS, B
SCIGZHEHL 6 R ERA LU A B OB R T-20C,

FREEBCIE N 4H DNA,
1.6 WSSV fmiE# N

$i B8 Jang %5(2009)1 75 W5 HEA TR SE K 41 DNA
(IR Tagman #REHESEHF2E0E = PCR, il
WSSV #8015, #AEL IR YE Premix Ex Tag™ Probe
qPCR(TaKaRa) 747 .

1.7 MERIREKFERET

KH NBT 873k, 2% Song %5 (1994)AY J7 3%
E WP 95 2 7K o

1.8 ZHAEE Tk Fia

A0 8 T KSR B Annexin V/PT XUjL %, A S
W EEFQI)MN kT, FEFLRERME T
%<, Annexin-FITC Fric i 4niE 2T H4nie, A
L0, PLARCHAMLEINEAIML, AL AN,
G143 Annexin-FITC BHVME 40 BT b 20 M 20
HAE, BIRPT: AR,

1.9 HRSHEXRERTFHENILES PCR AN

J TRIzol Reagent (Invitrogen)if 17 Ifil 40 fifd S
RNA 28, 37 F DNase I (TaKaRa)if 43 H4H
DNA, #lifb 3R 5% %1 RNA FEfh, H MLV J2
5 ST (Promega) 17 ¢DNA 45— 85 (104 WL LA 315
cDNA #iti . S2m2¢)6%E & PCR 2 SYBR" Premix
Ex Taq™ II(TaKaRa) AL B8t T. BTG 0L 2,
1.10 #HESIT

FRA S8 KR 1 2% ] SPSS 19.0 #4740 3
DO i N & = i N T IR O s o B R S Iy =
(One-Way ANOVA)/3#7, & Duncan [KiE#17 £ &
FLi, P<0.05 M EMES.

2 #HR

2.1 RERET VP28 KfiZA5ER & 4t i £

FIFHWEBER MR EOR , ¥ VP28 i) /R T
JIE HIS 25 4 S o B 3R T . e 0 A R R, TEROR
VP28 1) i Jig HIS 27 24 V. 19 B 2 T A ] 1Y k2 5
(#l 2-b), M2 4 e Rk 2R 1 0 JC PR 5 (B 2-d).
2.2 M8 CpG ODN #1 VP28-yl 3t JL44EXTHR & 4

SHBIF T

23t 30 d W5, CpG ODN #ME4 . VP28-yl

P MR 2 R0 %o R 2] ) o R AR 43 331 3k 3] (13.872+0.932)
cm. (13.325+1.393) cm. (12.916+1.104) cm (3 3),



80 woooor B % 3 R %36 %

F2 ZBHAIESIYEFET

Tab.2 Sequences of primers used in the present study

51¥) 4 FX Primer J¥%1] Sequence(5'-3") JH# Usage
WSSV-RT-F CCAGTTCAGAATCGGACGTT WSSV 5 U1
WSSV-RT-R AAAGACGCCTACCCTGTTGA WSSV #5 D1 0k
WSSV-Tagman (probe) TCCATAGTTCCTGGTTTGTAATGTGCCG WSSV £ I Hke
Oligo(dT)-adaptor GGCCACGCGTCGACTAGTAC(G)" cDNA ## & 1
VP28-1F ACCACCATGGATCTTTCTTTC M £ 2 1T /R VP28
VP28-1R TTACTCGGTCTCAGTGCCA Bk R 7R VP28
STAT-F AGCCCCTGTCTGAGCGAAA D¢ 5E i PCR K STAT ik
STAT-R GGTGTTCTCTTGTAACCTTCATCA PG i PCR K STAT ik
proPO-F TCCATTCCGTCCGTC P it PCR Kl proPO ik
proPO-R GGCTTCGCTCTGGTTAGG 7t E 7t PCR K proPO Rk
EF-a-F CATCAAGGAGAAACTGTGCT PEH6E 1t PCR kil N S 3K ik
EF-a-R GATGGAGTTGTAGGTGGTCT B IEE 1 PCR R il Py 2 R ik

a)

S
)

20 um 20 pm

B2 SRR R VP28 i I HI % 2 0 B (14 S e e LS

Fig.2 Immunofluorescence of VP28 on the surface of Yarrowia lipolytica

a. b NERM R VP28 M IR HE S JE B, a S5 AT WO, b AP ; o\ d X IR A i HE 2 4 2. B¢ B, bar=10 pm
The surface-display VP28 in Y. lipolytica was presented in the green color (b), the control group was no signal (green) detected (d), bar=10 um
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Hr CpG ODN ZHXFHRE T A AH I, 225 3%

(P<0.05) o AH X 34 & & 73 ] 4 (65.8+7.8)% .

(51.1£9.3)%H1(47.9+ 5.3)%, CpG ZH 5 H:Ats 4% M 25 %t
WRAHEE, 225 1835 (P<0.05),

&R 3 CpG MRERT VP28 HIMEASER % 4E T B £ X3 L 4R X i 4 R F5 AR Y 2 0
Tab.3 The effects of CpG and VP28-yl on the growth performance of L. vannmei

41 YN Kl s I TR
Group of shrimp Final length(cm) Initial weight(g) Final weight(g) Relative weight gain(%)
CpG Ml 13.872+0.932% 12.186+0.897* 20.109+0.911% 65.8+7.8%
VP28-yl # M4 13.325+1.393% 12.318+1.522° 18.925+2.826% 51.1%9.3°
Xf 841 Control 12.916+1.104° 12.293+1.152° 17.909+2.452° 47.9+5.3°

T WA AR AR R R 22 5 8 3 (P<0.05), FHEMIR R 22 5 K 13 (P>0.05)
Note: Data with different superscript letters are statistically significant from each other in the same line (P<0.05), Data with
same superscript letters are not statistically significant from each other in the same line (P>0.05)

23 WSSV K& ERHRMITE K

FEFPIR B MO S o), T WSSV R FLYA
BEXTHR, JFSHIEE G 10 d NAYSET-WTER . 4550
HXFUNE WSSV #5565 3 RHEL TAET-, 7626 10 K,
CpG ODN Fl VP28-yl £ ML XT ) BRI FFET- 24551
H 73.3%H1 63.3%, SELRAFFRILE T 26.7%H1 36.7%,
X6} B 2H %o R B 28 43R AE T (1 3).

—=— CpG-WSSV
—e— VP28-yl-WSSV
—A— Positive control-WSSV

—¥— Negative control-PBS

1004

804

604

BIFET %
Cumulative mortality/ %

0 1 2 3 4 5 6 7 8 9 10 11
Days post challenge/d

K3 WSSV I m % iR R AET- 4
Fig.3 Cumulative mortality of shrimps after the WSSV
challenge

2.4 %02 CpG #1 VP28-yl 3 WSSV #%£ 1 £ i 22 i

M CpG ODN F1 VP28-yl Hy X HF R YL WSSV
JE S 3 KNG 5 K, WSSV $4 D18y i 2% T R
41(P<0.05) (&l 4), UiHAZE WSSV #illi#%/5 CpG ODN
1 VP28-yl HXFUFH WSSV 4 il 2 B4kl . 1
WSSV {Z4¢J5 %5 1 K, CpG ODN 4, VP28-yl 4 fll
XTHRZAXFUR ) WSSV #8 DL sk 3] 23.41. 12.53
1 19.23 copies/ng DNA, #4122 M i M2 5.
MAESS 3 K CpG 411 VP28-yl ZA ¥R WSSV 4 I

*%
[ ] CpG-wssv *k

I vp28-yl-wssv

Bl Control-WSSV
_*
[%iil

= 1 |

pre-challenge ? 1 day 3 day 5day
WSSV challenge

4 RS XTEMA N WSSV # UL H S 1T

Fig.4 Quantification of WSSV viral copies number in CpG,
VP28-yl and control groups post WSSV challenge

BdiE L Mean + SD (n=3)37%, 7684~ ] 0+ 36 . 35 1
225 (P<0.05), **RQFRM i F M2 5 (P<0.01)
Each symbol and vertical bars represented the means of
triplicate assays with standard deviation (SD). Significant
differences of WSSV copies number between the two
supplemental feeding shrimps and the control feeding ones
were indicated with * at P<0.05, Highly significant
differences were indicated with ** at P<(.01

2.0X10°H
1.8X10°
1.6X10°
1.4X10°H
1.2X10°%
1.0X10°%
8.0x10°4

EeIE e
es(Copies/ng DNA)

(
o
=]
X
Al
=

=

‘g. 4.0x10°
O 2.0x10°

2.5%10
0.0

BN 4.29%10° F1 3.86x10° copies/ng DNA, &3
- T%F FRZEXF IR Y 7.15%10° copies/ng DNA (P<0.05),
TE5 5 K, CpG ODN £ Fll VP28-yl 40 XF#F i) WSSV
ULV R A R IB K 43 ik E] 6.19x10° T 4.15%10°
copies/ng DNA, 1fij X & 25 XF UF 0 3k 3] 1.62x10°
copies/ng DNA, & CpG ODN il VP28-yl ZH 1 2.6 1
1 3.9 £%(P<0.01),

2.5 CpG ODN #1 VP28-yl #2I2/5%1 WSSV I H 5
X 4 P R JR % i 1 A R AL

TEFEME SR RS, CpG F ML ZH Xof M Ft) NP i 43
JK- B 2 T (P<0.05), 1 VP28-yl 2 FIXT B2 KA
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Rk, 75 WSSV Jll#5, CpG #ME4l— H Pty
HR R IR TGN, F—EH B E ST VP28-yl 4
Fxt BB 2H (P<0.05) (K] 5).

0.67 ] cpG-wssv
Y VP28-yl- WSSV

7 a
0.3 - Control-WSSV

a

3
> a
w5 041 + a
%5 Jf
;>< et
ﬂg\gg 039 a a a b b
=2 T 1 b b b
g & 1 b
=2 024 S b Ny &
g N
o
© 0.1
0.0 T v T . T T 1
blanc  postteeding | 1day 3 day 5day
WSSV challenge
K5 PMRS FIBCEE S X R IR oK P 1 284k

Fig.5 The respiratory burst level in CpG, VP28-yl and
control groups post feeding and WSSV challenge

$4E ) Mean + SD (n=3)387R , 1£ AN E] 250AS ) - Rk R
FETE W 3 PE 22 5 (P<0.05)

Each symbol and vertical bars represented the means of
triplicate assays with standard deviation (SD). Bars with
different letters are statistically significant from each other in
the same sampling point (P<0.05)

2.6 CpG ODN #1 VP28-yl #2#2/5%1 WSSV &5
SR T K F T

TERME SRR, CpG ODN W 25 %t i it 2
Jf B 98 T K SF B 2 T VP28-yl ZH TR R ZH (P<0.05)
(Kl 6), XiiH] CpG ODN EA {4 r-my1EM .
16 WSSV UG AT S d, X HEZH X 3 i 40 i A 3 T 7K
VR Th e JFTESS 3 ORI 5 KBS T CpG
ZH 1 VP28-yl 4 (P<0.05), ifii CpG ODN ZH il VP28-yl
ZH B IR AL AR R A B AR L, [ & B VP28-yl
2 X M I 440 Y P 0 T K P — AR R I T CpG ODN
ZHFG HEZH (P<0.05) . 25 B, VP28-yl ] LLig 3
FEAIE WSSV Y fi5 [ Ee f 4iigi 1~

2.7 XX IE S E T mRNA B ERiE

M 7 ATLAEE], 75 WSSV RS, XF R4l %+
HRrf STAT B XS bk it — ELAEREAL, X UL WSSV
JERYL A E ] T STAT B9335; 1 CpG ODN 4 XJHF
STAT WyEibw —HASF T E s, 25 5 Rikg|
e, NZSHEAERBEN 1156 5, BESH TN RA
(P<0.05); 1] VP28-yl HtMEZH XFHF STAT ik LB
A, ARFRRRE , 5 3 RIAB R, XS
MR 2.61 %, G2 & T4 R4H(P<0.05).

[ cpG-wssv
771 vp28-yl-wssv
504 I Control-WSSV

60

40+

T A L
Apotosis level/ %
W
T

a
T
*.

T i 3 '(I
bland post feeding} 1 day
B WSSV challenge

20 pm
e

20 pm
et

20 pm
—

Bl 6 M5 FIas Ja vl o i 240 A o T 7K 7 1 A2 Ak
Fig.6 The apotosis of haemocytes in CpG ODN, VP28-yl
and control groups post feeding and WSSV challenge
HffE L Mean + SD (n=3)3871 , 745> I ] s AN [ 5 B oR
FATE 35 R 22 5 (P<0.05)

Each symbol and vertical bars represented the means of
triplicate assays with standard deviation (SD). Bars with

different letters are statistically significant from each other in
the same sampling point (P<0.05)

M 8 FIES], 7 WSSV M5, proPO 7E4%
AL AL IR 2 B R R R Rk CpG
ML XTUF proPO AHXT FRIBEAESE 1 KA 3 R
F T X ER(P<0.05), Bl ZS 4 FREE K
3.40 1351 5.87 4% 5 i VP28-yl ZH FIXS IR 41X #F proPO
Tk AR, TC W E 225 (P>0.05),

3 itig

PSS ZE IS, CpG ODN M2 FLgh 5 ol dif
AEXT 1 KN (65.8+7.8)%, W3 T HABIEMEL , U
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139 [ cpG-wssv a FRIGIAHFE LR 1 235 (Lu et al, 2007), XEFAT L

12 ¥

111 Y vp2s-yl-wssv

104 [ control-wssv a
97

8..

7] a
6_
5_

AR R 3k
Relative expression level

37 b

b b
t T % §
1 ¢ c
0 T T T T T T T i' T
bland post feeding? 1day 3day 5day
WSSV challenge

7 RS FITCEESS X STAT £:H] mRNA
X R E AL
Fig.7 The expression of STAT mRNA relative to EF-a gene

in CpG ODNs, VP28-yl and control groups post feeding and
WSSV challenge

A L Mean + SD (n=3)FR, 7545 i) A8 [7] 7 B
FNEAE R EPEZE 5 (P<0.05)

Each symbol and vertical bars represented the means of
triplicate assays with standard deviation (SD). Bars with
different letters are statistically significant from each other in
the same sampling point (P<0.05)

64 [_] CpG-wssv _i_
Y vP28-yl-wssv
% 51 Il Contol-WssSV
O
g c
g .2 44 a
K 2 |
i Lol ..
7] a
z 52 LK )
Z o
Z
Z o
o) a
~ a a a a
141 a
1
0 ! rT T T ¥
bland postfeeding| 1day 3 day 5day

WSSV challenge

Pl 8 BEMLS ANICEE IS 4 I proPO 2P mRNA
PO E Sy i
Fig.8 The expression of proPO mRNA relative to EF-a

gene in CpG ODNs, VP28-yl and control groups post feeding
and WSSV challenge

Bl DL Mean + SD (n=3)K7R, FE AT ] s AN [/ 52 B
FEIRAEAE T 2 PE 25 5+ (P<0.05)

Each symbol and vertical bars represented the means of
triplicate assays with standard deviation (SD). Bars with
different letters are statistically significant from each other in
the same sampling point (P<0.05)

W HAT 5 BRI A AR . 76 % IR R B i 5 3R
B, CpG ODN L EHmS 5 EA RS WAL=

FRTEA BT h#EWE CpG ODN A LI FLAH T X iR A
RIS . CpG ODN 5 MELH X o (14 I W Af 2 7K SF-
— L T A R A, X — S 2 RS H A R )
VSN G 5 38 8590 0 SR 2 AR o T g SRR RN 22
WA O 5 1 R IR IR 9% % 7% P (Muifioz et al, 2000,
Campa-Cordova, 2002), [MiixX X HUESE 5 X AR BT
JFAR 3 B e J1 S A 22 (1) (Tassanakajon et al, 2013).

WSSV % #J5, CpG ODN M4 Il VP28-yl #%
ML 2H X IR AR B ST WSSV RIYLIIBE ST, AR
PERAP R R T 26.7%H1 36.7%, i HAE WSSV
FIFSE IS 3 KA 5 K, % P i B8 41 X oiF )
WSSV $5 D1 %34 i 25 (% T X BR 4 % HF (P<0.05), 1iHH
CpG ODN F1 VP28-yl il T WSSV & il . #F
HFLsh¥H, CpG ODN A:AEHAE AL K A G e 4k 77
FH K 1 5k % B o3 G At 4 28 35 4 W Y e 9% AR
(Mosca et al, 2008), T H T CpG ODN HA Hl L F1 4
£ AERKE TSR W Ee ), FEEophfl
AEHE R IEPURTERUN . CpG ODN B #IESE Al LA fith %
S RPE N B N, SRR e D RE, PR T
VIAE R — i 1k 1) H 58 3% 5 577 (Carrington et al, 2006).
TEKZ S, WA CpG ODN Fpfd A4 s AL 1A
I 5 S 20 TR 8 e D B AR (Sung et al, 2009; Liu
et al, 2010a; Zhang et al, 2010b), 7E H A4 E i 4)) 1
HE IR CpG ODN J&, X W 7K 5P i 1 42 U2 A KT T
AT ERE, AR EFH(Sun et al, 2013b),
T LA TR pUCS7-CpG B )5 , 7RI WSSV
Jei o % B A X MR A I R I 2 i T R, X
P CpG BEAEIA & XTIFXT WSSV ()50 58 A% 4 4
(Zhang et al, 2010a),

SRR IRE S BL R () TS B HESh B , B\ Ry il = 3k
1R G, (R e BUBON G 1 & 30 R R I ARAS 1 e
93 - B ok 7R A7 xR B 8 B 4 1 F 9 $ 3L T A i
18 37 F(Bachére, 2000; Venegas et al, 2000), A5 UE
SC WSSV W# i , 28 W [ il B 5 (1) VP28-yl #et
AXFURR B ST WSSV RYHIAREST, Uil VP28-yl
ARG T WSSV B . [FE, WELE] VP28-yl
5 B 2 X6F S H A% e T A G R 8 AR Y R RS G
CpG ODN &M XTIR, XA REZ P VP28-yl L F]
)& — PP AL TR B B VE L I B0 A V0 AH O 1) f s
BifgG , HORFEE R @ ad VP28 M sEafE, BHWHR
BEARM, MNMFEAET WSSV R ANUARHER
W H AR AR A A HLH A PR, — R LAz
RSN, 53 —FP L2 ARl 5 (Sieczkarski et al,
2002), Mu Z5(2012)INN, VP28 KA G e 4/ &
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T R AN M B ER T AZ A, BN B ZARER,
MFHAT WSSV R A4 . i AHEN VP28 HIIH 5 fig
B A AS HLAAR 08 7 A= v R 3 43 F I S W i, i AS
AU FE MR T S8 A0 G B E ) GR 451658, 2005), 7R
WFFTUESE T 2 1 /R VP28 [ fift g HR 2 4k 3 1% £ it %
AR B B R E R, SR E T VP28 IFERIHL
il U047 5 2 — 25 (B 9 2SR S o [R) Ao A g B 20 4 0 e
REA B ] BB AE Sy — Pl A ALY B0 92 3 5% 7] (Gomez-
Gil et al, 2000), A&¥#&E &R TR T ER,
1M VP28-yl ML XTI (1) S 2 OR3P KA 5 36.7%, 5X
VB AETE R 7 T8 A JE A

TESS TR R Y R, MR T AE AR T
WSSV (% #l(Wang et al, 2008), MiA#F 5 LB, CpG
ODN M ZH X MR 5 5 IR S 50 45 oI 174 448 0 12 3 A
=, ULEH CpG f2aF T A T &4 . A BFFEIESE
CpG ODN REE 1 5 6T MR A P9 9 3 1 4K, IRt
41 e 4 (Sun et al, 2013a; Carrington et al, 2006), iX
$&£7~ CpG ODN [P 40 Bt I T 1F I nT -5 HAIE 40 BB
AEVER AR . [FBTARHE WSSV W8 f5 CpG ODN
FEMLAIXTER WSSV 45 DLE I 221K F X0 FEZ X 0 (Y 45
I, #EM CpG ODN T] fE7E WSSV {7 Y 71138 1o 14 5%
AML A ToAE FR I H] WSSV A, i ] —E
BB R DR B A FH o T R 2 30 X6 A A ek 0 A8 240 L 3 1=K
F—EH R LT, T VP28-yl $E A X R
W AR FEFXT AR B A B TR . B HRIE R, VP28
RENG I T 45 5 1 B Al Az, Lik/> WSSV iE A4
JIf %) AT BE 1 (Sritunyalucksana et al, 2012), F it HE]
VP28-yl 7] A 3 41 ] WSSV 55 77 Az (1 40 i U4 - i
X PLAA i %of R 2 SR AR P A o

STAT VRN —FhE SR 5 sk A1, HA BT 40
PR 2738 B% HY fiE 77 (Darnell, 1997), AHF5E & 3,
1E WSSV M5, CpG ODN Fl1 VP28-yl # B2 2H it iF
W STAT [k 2 B B 35 v Ak, mxt
REZH X HR A STAT Rkt W g 1T, XK CpG
ODN Fl VP28-yl Al fgiE Ll WSSV {245/
STAT Fiktt TR, AU 0 i P EH .
H 9Tk BLTAL B CpG ODN KX MR 7E 3% 3] WSSV 3]
WS, MLKE J STAT mRNA (193655 2 g &0, %
Bl CpG FIfigS& STAT V15 Pisis a e sid W 1524
(Zhang et al, 2010b), WSSV H|# 5 , proPO Y mRNA
FIREAE CpG ODN Fll VP28-yl $5 M4 Xif i v 4 S 8
Se b FE T RER RIS, T T SCAF(2001) X B Gy
WSSV AN R IR G2 R 19 43 B 2 W, e 1 4
PG T ST ERNATE WSSV RUE, HAFTE R
B, AT IELE] proPO JE K Fik B 7E WSSV 7

Y5 TR S X — g5 R AA

g LRk, A5t CpG ODN FIZk /s
VP28 i i B 2 4 g BRI 2k, FE B AR SR
B KR HEA T LGN X IR B R SE 56, WSSV AR s i
FIAH A B2 F8 B8 A UAIESE CpG ODN - FIlZE 1 g 7
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FEFEA P, WA T FLANIEXT IR T WSSV IR R E Ty,
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Oral Administration of CpG ODNs and Yarrowia lipolytica Harboring VP28 in
Farm Ponds to Protect Shrimp From White Spot Syndrome Virus Infection

YI Qilin'?, LIU Rui', SUN Rui'?, WANG Lingling', LIU Conghui'?,
CHI Zhenming’, SONG Linsheng'"

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
2. University of Chinese Academy of Sciences, Beijing 100049; 3. College of Marine Life Science, Ocean University of China;
Key Laboratory of Marine Genetics and Breeding, Ministry of Education, Qingdao 266003)

Abstract Frequent outbreaks of viral and bacterial diseases have caused severe economic loss in
shrimp farming that has been an important part in aquaculture. The white spot syndrome is one of the
most harmful diseases in shrimp culture. It is crucial to develop novel strategies that efficiently protect
shrimp against WSSV. In this study, we performed oral administration of diet supplemented with CpG
ODNs prepared with large-scale fermentation and Yarrowia lipolytica harboring VP28 (VP28-yl) to
farmed Litopenaeus vannamei. After 30-day feeding we challenged the shrimp with WSSV to evaluate the
protective effects of CpG ODN and VP28-yl. Shrimp fed with CpG ODN displayed a relative weight gain
of (65.8+7.8)% (P<0.05), indicating that CpG ODN might promote the growth of shrimp. After the WSSV
challenge, the copies of WSSV in shrimp fed with CpG ODN and VP28-yl were both significantly less
compared to the control (P<0.05), and the RPS were 26.7% and 36.7% respectively. The respiratory burst
level of shrimp fed with CpG ODN was increased after feeding trial and WSSV challenge. After the
WSSV challenge, there was a gradual increase in the apoptosis of haemocytes in the control shrimp. In the
contrast, the apoptosis of haemocytes in shrimp fed with VP28-yl was significantly suppressed. Moreover,
the expression of STAT mRNA in shrimp fed with CpG ODN and VP28-yl was significantly increased
post the WSSV challenge (P<0.05), and there was an opposite trend in the control group (P<0.05). These
results suggested that oral administration of CpG ODN and VP28-yl could enhance the antiviral immunity
against WSSV, and thus help control viral diseases. These two immunoactive substances could be
potentially new therapies in shrimp aquaculture industry.

Key words CpG ODN; Yarrowia lipolytica; Envelope protein VP28; White Spot Syndrome Virus
(WSSV); Antiviral immunity
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