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A5 ¥ CyHV-3 ORF148 #fi A pEGFP-N1 %
WG EHFURAEy DNA 2, JEa kK
MR, 54T pORF 148 [ 515 50; DNA 1 4
PEFEH(Cyprinus carpio var. jian)falh )5, 1Eid ELISA
S RT-qPCR J7 ¥ 53 AN R S LA K 7 5 fa g
FHOCIEH 23K, 7HT DNA PEH 5T 19 S i
BB JFE— P i MRS PP DNA B2
xof A S ) B 9 L AP ROR A B 5T O T R R B
CyHV-3 DNA £ 5 535E 1 LAl

1 MR57FE

1.1 #R

pEGFP-ORF148/Top10 ., pET32a-modORF148/
BL21 20 Fki!" | LBt pORF148 £ i fiedi ikl
B 4 22 o e R PO phy AR S 06 S R R A L IR
T o FRRN 40 2R (CCB-) ih A 52 86 28 gt~ Y,
CyHV-3 #k A28 % 43 522 Lipofectamine
300037 &% [ Invitrogen 23 7 o/ il IgG-SABC-
Cy3 i iR &l A e YA F . Bk
K& Pudf &l A A E A", THER
Fon /I iR & B ORAR A ] o RNA $2HGR
F&MF OMEGA A¥]., RT-gPCR 5| & T
Vazyme A A . DAPI ZGGLEHA H GENVIEW 2
Al o AR E AT gl . 10 g 240 R fE AR
AR R AR K T A R SR A E], &
PCR Kl HIEBA G CyHV-3 J&gL
1.2 FHik
1.2.1 FEZAFH pEGFP-ORF148 BU3E4RIE  HIE
To N 3R BORL /N IR & A 1 B A 40 0 £
%I pEGFP-ORF148. pEGFP-N1, ¥ CCB-J 4 jifl
(3x10°~5x10°/mLYIER T 24 fLHR, TCE40M0E A,
TR 2= 80%~90%fll A B, #% M Lipofe-
ctamine 3000 iR 9K $2 B Bk 5% YL 2= CCB-J
M, FEYe 48 h JE, 4%Z B E 30 min,
1%BSA 37 ‘CHH] 1 h, PBST ¥E¥% 3 ; MA
1:100 B PT CyHV-3 pORF148 £ 7iFEHiiA,
37 CWEHE 2 h, PBST VU 3 UG fILA 1 : 100 Fi ke
EWRic EPi/N L SABC-Cy3, 37 CH¥E 1 h,

PBST ¥k 3 I F v, BOGILER A BB
1.2.2 E=ZAF# pEGFP-ORF148 ik RiE 7
i £ 5 LA 1 5 20 g T4 Uk (pEGFP- ORF148
8% PBS, n=3), %l pPORF148-EGFP fill &7 [ i 2%
iko VEST 14 d )5, T A8 (20 mg/L)RK AL ST CR i,
FOR AR B IR, o B8 N9 IE 5 S AR A LI A1 4,
BAAERA T . PR 2% 5 pm ¥R VRY R, DAPI
e, B, WOCIRE BB,

1.2.3 DNA BHE®E MR K50 &
VL4540 3R BTk, pEGFP-ORF148 . pEGFP-NI
MEwE G, R PBS ¥ BRi#BEE 35 ng/uL,
20 CPAAF. B 120 RAEFE AL N 3 4l (n=40),
TEEARNLN 2> 375 5t pEGFP-ORF148(DNA %
41). pEGFP-N1(ZS 8% HE4L) . PBS(25 X R4,
WS N 3.5 pg/B(100 pL)FRiEL 100 pL/E
PBS, IR RS HIZE 20~25 C; P 3 X,
TR E b 2 A, SRRk 2 )G g BEPLIm IR 3
e, TH&M(Q20 mg/L)FREES FE Ik R 451 & i
(100 uL/B8), 43 B, 20 CLRAF .

124 #HRUEMBFREKELRN  pET32a-mo-
dORF148/BL21 3K IAfFalifbE 41 CyHV-3
pORF 148 1E i), Bpih [gM £ s ik
VMR B A, SR ELISA ik, Killfk
SPE S 4 L35 B ST A K ST

1.2.5 SERZMEEE PCR (RT-qPCR)E N %%
HEEREFRE 3 K% 2 A5, 7€ pEGFP-
ORF148 41 . pEGFP-N1 411 PBS 4+, H4H Rt
ThH 3 B, T &M Q0 me/L)RRMALTE, J35IHL
S R BE, $ IR E.ZN.A. ®Total RNA Kit IT 3%
& LB 15 (Omega A R)FEEL RNA, F 58 1
TR A R AG A (75 - Thermo) A% I 21 B 1l RNA
M BRI RNA ##% Hiscript”™ I Q RT SuperMix
for qQPCR(+gDNA wiper)(Vazyme A #))UiBl$H4&
B cDNA, ¥5& HL cDNA #i B 10 75, B3 pL AE
SR ChamQ™ Universal SYBR® gPCR Master
Mix BiPH 45 (Vazyme 2 F)#E1T qPCR 73 Hr 358 4H
KIEEF M FRIXIE O, BB p-actin ERHNSHEH,
MXGIFEFE 1. KA 2722 A
B[R A Fe kY
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Tab.1 The primer sequences of immune-related genes

5|4 primer J¥31(5'-3") sequence 5 accession No. Z% ik reference

Mx-1 F: ACAATTTGCGGTCTTTGAGA cypCar00015892 [17]
R: CCCTGCCATTTCTCTTCG

IFN-al F: AACAGTCGGGTGTCGCAAG AB376666 [25]
R: TCAGCAAACATACTCCCCAG

IL-1B F: AAGGAGGCCAGTGGCTCTGT AB010701 [25]
R: CCTGAAGAAGAGGAGGAGGCTGTCA

TNF-a F: TTATGTCGGTGCGGCCTTC AJ311800.2 [25]
R: AGGTCTTTCCGTTGTCGCTTT

IgM F: CACAAGGCGGGAAATGAAGA AB004105 [17]
R: GGAGGCACTATATCAACAGCA

IgT F:AAAGTGAGATGAAAGTGT AB598367 [17]
R:TGGTAACAGTGGGCTTATT

CXCa F:CTGGGATTCCTGACCATTGGT AJ421443 [26]
R:GTTGGCTCTCTGTTTCAATGCA

CXCRI1 F:GCAAATTGGTTAGCCTGGTGA ABO010468 [26]
R:AGGCGACTCCACTGCACAA

f-actin F:CAAGATGATGGTGTGCCAAGTG M24113.1 [25]

R:TCTGTCTCCGGCACGAAGTA

1.2.6 WHEZLW ik 1.23 FHEHAY pEGFP-
ORF148 # . pEGFP-N1 411 PBS 41 &tfil, 25 3 Ik
G 2 A S BEMLIE SR 20 BB, T & (20 mg/L) KR,
100 pLCyHV-3 FE#k(10*° TCIDsy/ 2 )i i I 25,
UK b E 3 min JE A P e Se e I E], sk
HEEEHIAE 23~25 C, BRICFESHFET R, K
BEIGIESMER 21 d, Gitmirss 4 REUEE R,

XF 3 HIFEIET AR R4 I BEALEL 3 2, $RBUN
2140 DNA E AR, 2 B8 SCHR 2310 J7 ik 4T
CyHV-3 ¥l ,

127 BESZiT45H R SPSS 21.0 #fF A0
GraphPad Prism 6.0 X} 542174811504, Hdt
IR ¢ K, Yeegfry 2l Kaplan-Meier
HAEMZR IR T Log Rank #6365, AHRXME I 4% IR
PLF B84 RPS=(1-$yie 4158 1 3 /%F FR 40
FET-3)x100%. & K55 5l o B &y 225007
WAL EIE . BEMHKTE: P<0.05 N EME2E
5, P<0.01 At E k2R

2 ERESW

2.1 EBEHARMRIE
2.1.1 pEGFP-ORF148 Fi& & AR LiK8
¥ pEGFP-ORF148 . pEGFP-N1 Jii 4743 5 5% Yt

CCB-J 4008, Y% 48 h J5, WiLH 4l ny bl s i
RIZR (0 5L TR F (EGFP) Kk (B 1); [Al4Z e ok
et R F W, pORF148 7£ CCB-J 41 i ih 315 ik
(E 1),
2.1.2 pEGFP-ORF148 B&ERAKARIE N
43MF pEGFP-ORF 148 H 4[| JHoki /8 R P 185 1,
WSS 20 ng ALFORE, 14 d J5 BOVLE DL R 73 5
FOLLA, H vk U) v i AT O S, 45 R
/~, pEGFP-ORF148 411 LA F1IGLAE Hh 35 ] Il %
t9OLES, PBS AL EIOLIE 2), £
pEGFP-ORF 148 fil & 2 1 ] I7E AR N Rk
22 HRERMFE IgM KFEUE

K HIIal4% ELISA J5 %451 PBS . pEGFP-N1,
pEGFP-ORF 148 11: 5 f i J& 1 I v 45 5 14 TgM 7K
S, 45N R, pEGFP-ORF148 4y 2H i IfiL 5 i
CyHV-3 pORF148 HLiAR/KV-Fli 5 e S U B i
WiTh e, 1 R 2 R RSO B
& T PBS 415 pEGFP-N1 4H(P<0.05); %5 2 ¥KHI
553 W 2 JHJn, 5 PBS 4 pEGFP-N1 477
TEM 3 22 5:(P<0.01), pEGFP-N1 41 f{#; CyHV-3
pORF 148 ¢ MBI KF-7E 3 Ik S8 5 5 PBS 41
70 3 22 7 (P<0.05) (K 3),
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HETR T 4564 9% 56 7R T EGFP SABC-Cy3 21 overlay

PEGFP-ORF148

PEGFP-N1

& 1 pEGFP-ORF148 {k#hik
Fig. 1 Expression of pEGFP-ORF148 fusion protein in vitro

pEGFP-ORF148 PBS

WA muscle

8L spleen

100 pm 100 pm

K2 pEGFP-ORF148 fili &y (kP £ ik
el PP 21687 HE P 2 (5 5 7 e 820 2N 3236 11 pORF148-EGFP fil 5 2 1.
Fig. 2 Expression of pEGFP-ORF148 fusion protein in vivo
The green signals in the red box indicate the expression of pPORF148-EGFP fusion protein in vivo.

2.3 GREHEEEERRIESHT £V A0 8 2 ) A S B 2 b, R AR S S N

W RT-qPCR M /eSS 3 k4% 2 A5 IFN-al . CXCa. IL-1f. TNF-o 350 5% 2 4 F iR
T S e S AR OC R IR i 58, SRR, 5§ KiK 14530 4% 4.19 £, 52.27 £, 131 £%(P<0.01),
PBSZHAH I, 7E pEGFP-ORF148 # i 4H(DNA  Mx-1 Fl CXCRI 4335 b33k 4.03 £5F0 3.05 1%



458 K 7 R

%27 %
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Saok —
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ns
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ns
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1st immunization 2nd immunization 3rd immunization

B3 HEEI0 T CyHV-3 pORF 148 5 5 M4 A AP #
*o R E M2 S P<0.05 T P<0.01.

Fig. 3 Detection of anti-CyHV-3 pORF148 antibody in serum
of Cyprinus carpio var. jian after the immunization with PBS,
pEGFP-N1 and pEGFP-ORF148
* and ** indicate the significant difference at P<0.05
and P<0.01, respectively.

(P<0.05); IgM SEDHM 3 Lk 12.16 %
(P<0.01), #HXFT PBS 41, DNA &1 5 21 1 i
WELHZ, IFN-al . CXCa. TNF-a Fl IgM 435 1
P 22.44 1% . 4.63 1. 6.14 {51 4.23 1%(P<0.01),
IL-18 FERIE 2.56 f%(P<0.05), {EAF1H &M
pEGFP-N1 %8 26 i IL- 15753 B il i & 4t |34
ik 35.94 1% (P<0.01); CXCa 7K' FiHFA
3.43 fi5(P<0.05), FERAEHZH FIHEE 4.40 £%
(P<0.01) (K 4),
2.4 IERP

HARAESS 3 AE 2 JRE AT IR AL, W
B 7 d 5B RAET, WA 15 RIEET-HFl T
€, gt PBS 41, pEGFP-N1 4 F1 pEGFP
-ORF148 A/ HIFET- 14 .13 B 3 B, A%
SR 30%. 35%H1 85% (& 5), pEGFP-ORF148
4 WA X PBS LR R K 79%, M T
pEGFP-N1 4RI %N 77%, 45w, 5 PBS
5% pEGFP-N1 X} BE 41 # b, pEGFP-ORF 148 3% )i
AR T MO AT A R (P<0.01) X 3 ZH3E
T g5y FIBREALEL 3 B EAT CyH V-3 K50, 25
B BRE(EL 6)0

3 g
BT G CyHV-3 4RI 26 P T

46 P20 4 gE 3 MR FEER . 15 FhEERREE
2 b R AR 26 AR AR AP, B RAG DB
Fape O % PP, CyH V-3 B 5 A
JLP %815 ORF2. ORF25. ORF72. ORF81 #i
ORF83F3Y Hirh ORF25 W& — My &I,
f135 ORF 25, 65, 148 Fl 149, X SEILH 1] fEJE
i — L AL e AP, ORF148 g fith i 2t
b 1 R 1, s B R, BN
A R g el n4Esk, MieEsE 8o
i JH 4% 85 11 ORF25 Fll ORF81 /5y DNA P 1 %
T ] o5 | 7 o A ) 4 S T B R A, I R IR AE T
#(<20%) 1 5 B Embregts 25U R I LR |
5% 2 A [R) 1 G928 7 ik A0 7 0% CyHV-
3 ORF25 DNA ZEH - HCRAFTE— e, Hop
TERE LA 7 S L R CRE, A PR AT R
89%; Cui Z5U'SIH ¢ 1) CyHV-3 ORFS81 T 20 9% 1 il
1 5 W T8 A A R R A B AT G, AR R
SRR T1% . 53% o A5 A0 Ao Xo) s UL A 7 S
H:Fh pEGFP-ORF 148 $E 1, HH 21 d J5 & B 1L
T PBS 41, ORF148 $£# %] 1y g AL LR A 48R 79%,
R T WE TR R

298 it D] A A B0 ) 92 1 2 LA DG B
M, SRV AR I AR A A PO TR e
Mo 7, IL-1B A1 TNF-a 1 B BEAR = A4, 5
X A ) AR ) B2 IRy AN 5 HL b 4 i PR
KT ARWFE 45 B s, DNA S )5, 783k
B rp i3 IL-1p 1 TNF-o #% 80 F,
Pérez-Sanchez 25 BB 5% 260, DNA S 1 7] DA%
ST 85 (Oncorhynchus mykiss) IL-1B F1 TNF-o £ [H
) L JRFRGE, SARMFRE R 3. 18 IFN RS
Yo e B A AR, X R UR EEE R AT IE R
TFHLZFMERMBPIEEN, N Mx-1 ZRyF50PY,
AT 1B TP Z HE [ (AB376666) 2 kAL 43 Hr
Wik h 1 B FHE: TFN-a1PY ABFIELE 5 R,
A0 pEGFP-ORF 148 £ i 1) i il Mx-1 il IFN-al
B3 IR, XS5 RN R DNA ST
6 T ARPUR T R . [gM Ml 1gT 525k
PR B HI O, TgM & a2 Il v A il £ 4
RERREE [, 1T 76 Fh I s rp & 1 2 m 24 A 10,
AR aE R B, 7EHF pEGFP-ORF148 i1
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Fig. 4 Immune-related genes expression in the spleen and head kidney of Cyprinus carpio var. jian after the third time

AL B R E R TgM B S EIEERIL, T IgT
¥k B Fs, —Jrm, XrlRE
TR R RG A & J5— Ty, Wi

immunization with PBS, pEGFP-N1, pEGFP-ORF148
* and ** indicate the significant difference at P<0.05 and P<0.01, respectively.
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SWHHARE O AR RGN, A T
it #E5E.
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Fig. 5 Survival rates of Cyprinus carpio var. jian immunized with
PBS, pEGFP-N1, pPEGFP-ORF148 post the CyHV-3 infection

M1 2 3 4 5 6 7 8 9

10 11
bp
1500

1000
750
500

250

100

€ 6 CyHV-3 PCR il 4t 5t
M: DL 1500 DNA 4Tl s brif; 1~3: PBS 41; 4~6:
pEGFP-N1 41; 7~9: pEGFP-ORF 148 4;
10: FRAPEXSBR; 110 BHPEXS AR
Fig. 6 Detection of CyHV-3 DNA by PCR
M: DL 1500 marker; 1-3: PBS ; 4-6: pEGFP-N1; 7-9:
pEGFP-ORF148; 10: positive control; 11: negative control.

H A3 7 A, A0 55 45 01 Won 7E %
pEGFP-N1 %1 iy @ L B 241 v, IL-1B Ml CXCa
P W LI . HSEHFSTHs 1 DNA B4
s 5 ISR G2 IO 25 O AL PT RS2 vl 1 3 iz
ZSR5 DNA P . mRNA ftWski Rk pE
PR AT R A B, 2 ok e (R i v
PP A& BN P B BB MY, AR 34k CpG
FE 7 WEUE B LA I AR A 06 2 T 20 (PAMP) 1)
YEH, i 5 Toll HEAZIAR(TLRs)4S & vl G H W
M B ZOIR A0 L B 4HA AR Th g™, Jf
A ] 2 ) A A AR 8 A 4T L PR T (TL-1B
IL-6, IL-18 J TNF-a)fl Th1 AHE %) 40 Hy B F
(IFN-al 1 TL-12)™ 1 AR 5345 5 b IL-1B A1 CXCa
SRR R LRI E RS 5 EH
HeAb CpG FESFVEFM A TF T — PR Rk .
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Immunization of Cyprinus carpio var. jian with Cyprinid herpesvirus 3
ORF148 DNA vaccine against koi herpesvirus disease

WU Jing"?, LIU Zhenxing®, MA Yanping®, LIANG Zhiling’, MA Jiangyao’, HAO Le’, KE Hao’, FENG Guo-
qingz, LI Yugu1

1. College of Veterinary Medicine, South China Agricultural University, Guangzhou 510642, China;

2. Key Laboratory of Livestock Disease Prevention of Guangdong Province; Scientific Observation and Experiment
Station of Veterinary Drugs and Diagnostic Techniques of Guangdong Province, Ministry of Agriculture and Rural
Affairs; Institute of Animal Health, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China

Abstract: Cyprinid herpesvirus 3 (CyHV-3), also known as koi herpesvirus (KHV), is a highly contagious and
lethal virus. At present, a kind of commercial attenuated vaccine has been used in Israel against this virus. How-
ever, this vaccine, as well as other reported gene-modified attenuated vaccines against CyHV-3 infection, cannot
exclude the risk of reversion to virulence. In contrast to live vaccines, DNA vaccines are easy to produce and safe
to apply. CyHV-3 has a genome of 295 kb, which is predicted to encode 164 different open reading frames (ORFs).
Among them, ORF148 encodes a glycosylated type I membrane protein and bioinformatics analysis has shown
that this protein has good immunogenicity. During our previous study, CyHV-3 ORF148 was inserted into
pEGFP-N1, generating a pEGFP-ORF148 recombinant plasmid. In the present study, it was confirmed that a
pORF148-EGFP fusion protein could be successfully expressed in vitro and in vivo by transfection assay and im-
munofluorescence analysis, respectively. The carps, Cyprinus carpio var. jian, (=10 g), divided into three groups

(n=45), were intramuscularly injected with the pPEGFP-ORF148 recombinant plasmid, pEGFP-N1 and PBS three
times at two-week intervals. The results of ELISA showed that immunization with the pEGFP-ORF148 recombi-
nant plasmid could significantly (P<0.01) improve the tire of specific antibodies against CyHV-3. The RT-qPCR
revealed that injection with the pEGFP-ORF 148 recombinant plasmid caused 145.30-, 131-, 52.27-, 12.16-, 4.19-,
3.05-, 4.03-fold increases of IFN-al, TNF-a, IL-18, IgM, CXCa, CXCRI, Mx-1 gene expression in the head kidney,
respectively, when the PBS immunized carps served as a control group. In the spleen, the expression of /FN-al,
CXCa, TNF-a and IgM from pEGFP-ORF148 recombinant plasmid injected carps were 22.44-, 4.63-, 6.14-, and
4.23 times higher than those of control group. Post-infection with CyHV-3, the survival rates of carps immunized
with PBS, pEGFP-N1, and the pEGFP-ORF148 recombinant plasmid were 30%, 35% and 85%, respectively, sug-
gesting that immunization with the pEGFP-ORF148 recombinant plasmid significantly protected the carps against
the CyHV-3 infection (P<0.01). In conclusion, DNA vaccination based on the pEGFP-ORF148 recombinant plas-
mid could elicit the activation of an immune response and production of a specific antibody to produce effective
protection against CyHV-3 infection. Thus, this study highlights a potential DNA vaccine candidate against
CyHV-3.
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