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SRS 18 ORF66 EFE DNA BEHEHNHELRERBENR

B, XA, KA, DEE, i, KN
FgTHAKTER T, B HK B TES, FI 200433

WE: MUEZ RS 1 B (CyHV-2)BE 08 5k 6 A i A8 T, 7™ 3 0 3% B K 77 3% 2l ) {3 k8, H R, BF X
CyHV-2 i TCA S 1T Ml AL BT BRI T i . A FEE CyHV-2 DNA 2/, ARWF50H HAKGEE 11 ORF66 2 i At [A]
T T pVAX] EAEFAEAK b, WS H R pVAX-ORF66., t4h, 78 BL21(DE3)pLysS H1 % ORF66 & 1 #E47
TIREE, FIRE OGS 878 2% F Rl & T ORF66 RS MEbi ik o Bk Gy W B (ELISA YK I 7, il
BHRZ M K 1 20000 LA b B pVAX-ORF66 JFURLS: e 4 0 5 4 il 3= (GFB), Il 4 1) ORF66 HL A i 17 ] 42
GEETEGAFAK, 255 7R, ORF66 & [ n IAE4I Rk, HEZEM TAHMET. % pVAX-ORF66
SR JIL PR S S 64T CyH V-2 SuE R4 Se e, 25 RRW], HAHXT SRR (R4 A 55.6%. ABFFEHXT CyHV-2 #)
TP AR A KB 1 DNA BETT, B I 2 YR BEE ) G g2 7 SR oy T ML 5 B TR S

K FEdi

K WIS T 1L B ORF66 & 1; DNA R ; Fsfs
XEHS: 1005-8737—(2023)06—0775—11

HE S ES: S941 MNHERFRERS: A

i 65 2 5 F 11 A (cyprinid herpesvirus 2,
CyHV-2), WFr4 fois & B R heE, mP T
1992 4l H A 2238 M\ 4> fa (Carassius auratus)
srEsig M, g BTt XEE DNA JH .
CyHV-2 JHEEKL TP, H4e 170~220 nm,
5 G 8 (CyH V-1) . #8529 8 (CyH V-3)
[vi] SR J8 T 0 06k 96 925 B BB R 2% 75 I8 (Cypri-
nivirus)>?, CyHV-2 REMSIRYLE( Carassiu sauratus)
N HAR RPN R F AR Carassius auratus) . 40
SRMBLR L AS R, HA, ., g, WA
¥ 5%, CyHV-2 # T/KIR 15~25 CH&%E, 1E
23K Z A B R A X EA AT, BOIEREE S
90%~100%**, AR, FEVIIR . dbnt. )M
DR R T H CyHV-2 B T80 7 &8
B RFABBE TR B, s T R B AR
CyHV-2 &Y iy 5| J ) 63t 1 &% 5 SR BE0% 2 h

Y HE: 2023-03-24; 1&iTHH: 2023-05-10.

J E A T R A g R e R Y R 2
— o HHI, $%F CyHV-2 ATk = 4 25 1Y 9 1 FR 7
i, DT 24 v R IR P I v 0 T 98
B2 1 2% i A i AT B H B S

P28 B e TR K AR BB AR L DR BRK 7 SR
Bl 23 0, 5 J (A AR A o DNA JE 1 J2 B A 1
) —Fh, Hbl & AR A By s At fr, HAE
TEREREING, RERR B EZRE, BAR
-4 & RV Sy S R EY 1996 4, Anderson
AUV YRR A Y P s 1M 7% B PR BB 1 (THNV)
) G FEPIFE T DNA e, K H LD i fif
(Oncorhynchus mykiss) )5, 8 o FISE 55 F K B
PRI I B UE ISP B 0] LS 0 THNV [ 5002
PRy, HI5, 1B f(Danio rerio) . #(Cyprinus
carpio) . KW (Salmo salar)35 ZFh a2 vh (1) iff
FEHFRW], SR DNA REFE HAR N sk sk, Jf ]

ESTR: FighRHEOR T S 56 H (2021-02-08-00-12-F00755); 1T [ 8B 3E 4 10 H (21ZR1457800); | 1 1 H4F
BHE R TR0 B (21QA1408300); [H% [ 44FF 32545 H (31602196).
EHEE N H0¥(1986-), %, M4, BFsE, WE5E)y KA 3% RNA 8. E-mail: lingshao405@163.com
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DNA B 1 il £ 19 5C B A0 SR 2 B PR 3P M b
it 3 PR S R s e A o & B R A
CyHV-2 MIJeHFFE i, 5o B4R & ATk
ST RN RS, WET &A CyHV-2 4 /> ORF X
() DNA %% BmNPV-FA-D4ORF, i) F1H R4
PELRFRAT N 80.01%F1 59.3%, (HAFIRIFE R
G A B G 100 kb, fRAEfil &2 4% e
A BRI AR AR SR, BRI T AR S bR A
FEHRRH . pVAXT J& % [T DNA R
FF R B R R AR, HAT DUAE R G AT o i 47
EPE DL, JEEA CMV SRS 37, RERSTE L
YA S B R R KRR . pVAXT R ELA
DI HR S (1) Ho2 FDA HEUER Al T ARS8
Mg A, JER M, (2) HAUOR B BRI
T HEA DNA P, DL B B s/ e (e fAk
BAMTREN; 3) BE N EHEZAET LA
A R U N, HOR R R YU AR
T RPN PRI, pVAXT T R 28 4 1
R L FARR R R R G, SR,
HTil pVAX1 ZAR A 623055 DNA S IF & i
A D7 AR

CyHV-2 J£RH 4K 290304 bp, F:4ifi2h 154
ANTF 755 B 12 HE (ORFs)', 2020 4, 5 ik 25 20050 4o
gfifb CyHV-2 ek, 4wt 8 f CyHV-2 &
B E R A, 459 h ORF66 . ORF92 .,
ORF115. ORF25. ORF57. ORF72. ORF131 #l
ORF132, HH1, ORF66 WA TEM . WA
B — M HL A BRI e SR, TESE I e
Ry i1 % B S N B . S, gk
KRN ORF66 #8 & Milk 4T T 2 sebedifk
(il 45 e AR Z BRI %, Guo P48 T 414
ORF66 1 B 5T HE LA I W IR 40 M A 4L AT T
K, SR, H AT ORF66 43 1Ak )2 A 54T
Forb=, HE A DNA BEH IT & A F5 i .
AWFGEH UK ORF66 41 cDNA 7l & HAZ R
Ak pVAX1 b, M T B EA BB pVAX-
ORF66, Ftit— LK T HFE GFB 43k
K BN S G B PR . B IT A SR CyH V-2
DNA £ 1 1 & S T 52 50 Atk

1 #HETE

1.1 FERFA

M199 AHAEIGFRWE . TR . 54 ILiE (FBS)
HEZ/BERERIA GIBCO A F]; j55 DNA
FEBGAF) & . PrimeSTAR HS DNA Polymerase
PCR Tagq i . PR 14 N VI .DNA Marker . T4-DNA
NGNS H TaKaRa AR, WYL Marker,
ProBond Purification System Z#& [ 4lifkif5] & .
BCA # VR I iR & . PCR R [l &
FOR PRBUAR & . B§ i {A Lipofectamine 2000 .
Alexa Fluor 488 #ric B FHife IgGH+L)I H
Invitrogen 7~ Fl; 4HA% YL DAPI (4', 6-diam-
idino-2-phenylindole)ly) H Roche A\ Fl; SN 3EHT
fR-B-D-2£FLBHH (IPTG) H Merck /A w]; Bkt
A 16 ) B (HRP) A5 12 19 3F- $L S 1gG(HAL) W H
Jackson ImmunoResearch /A H]; ECL fb2% & Y6k
WA B RAR AR ) B RAF .

1.2 k. /{5, BHRMRK
440k 20 i) 2 (goldfish brain cell, GFB)H1 %
ZoHE I OC BB T T b Y A A 10%
FBS. 100 U/mL HFEZEM 100 pg/mL XM
M199 i HT 25 CHiFE. CyHV-2 HASLE =
S BIFUEAT, KMATH DHSo. BL21(DE3)pLysS /&
ZAYININ H TaKaRa A Fl; JFA%RINZEIAK pRSET-A
MERZFIBHAR pVAX] I H Invitrogen 23]
1.3 CyHV-2 ORF66 EE K=&

FI %% 7 DNA $2 050 Sl 32 CyH V-2 J&k i
A% R . #4 GenBank H' CyHV-2 ORF66 L[ 5
5, FIH Primer Premier 5.0 #K{FXITEI#(FE 1)
FE AR TAY) TR () B A PR F14 . PCR
PHGAZR N 50 uL, 4 ddH,0 31.5 puL .5xPrime-
STAR Buffer (Mg>" plus) 10 puL. F F#E59
(10 pmol/L)#% 1 pL. dNTP Mixture (2.5 mmol/L)
4 pL. PrimeSTAR HS DNA Polymerase (2.5 U/uL)
0.5 uL. cDNA ## 2 uL, PCR 440 98 “CHil
30 s; 98 CAEME 10 s, 58 CiRk 5s, 72 CHE
412 min, F£35AMER; 72 CHEMH1 10 min; 4 CHER.
1.4 A9

H4 181U Y PCR 7 ) Fl i A% 6 3K B0k pRSET-A
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43 5 Bam HI F1 Hind W #4738, BG40 A Bt
IS 7E T4-DNA EZIEH T T 16 CiEfd
W, TR YA DHSa K 32 S 400,
PR PCR 1 56 FH 44 5 B 5% A T AR TR ()
JRE Ay A IR 28 W) AT 0L ) P B0, Y I 1) o
Kifir 44 pRSET-ORFG66., It4h, ¥ ORF66 A
PCR ¥ 14 J5 #hy i 28 FLAZ 3R 3K WOk pVAX] b, TR
PCR i B e Fae, XL ) 30 5600F 1 ) K A
%4 pVAX-ORF66.,

*1 A#MRFAASY
Tab. 1 Details of the primers used in this study

GIE B S F51(5—3") B 437 25
primer sequence (5'—3") restriction site

PRSET-ORF66F ATTGGATCCATGACCTCCCT Bam HI
CCAGCAAGCTA

pRSET-ORF66R CCGAAGCTTAATAAATCATG Hind 11T
AGATCGTCTAGGTCGTG

pVAX-ORF66F ATTAAGCTTGCCACCATGAC Hind 111
CTCCCTCCAGCAAGCTA

pVAX-ORF66R  CCGGGATCCTTAATAAATCA Bam HI
TGAGATCGTCTAGGTCGTG

VRl e e B U 035
Note: Underline indicates restriction site.
1.5 ORF66 EAMEZRKIE

V5 4 JFiki pRSET-ORF66 ¥4k BL21(DE3)-
pLysS JRZ 4N, PRICH DT PCR %55E |
TRAF o B 25 AR X IR A1 ORF66 Hi 41 R IA T
pRSET-ORF66-BL21(DE3)pLysS 435 1 mmol/L
) IPTG #4775 S X, 5000 g B5.0> 10 min, Y
BEEETO HAESE 1. 3. 5 h WEk, HE R
PRFLPBS HE, ZREMIERE 3 YA, 5000 g B0 10 min,
A3 i ANIRE, JEE T SDS- PAGE HEK AT

WARIE R ARIA 5 h WTEAR, B S R
FEAgibAR G T EAE AWk, ditk=Y
BT BN 75 14 kD) 4 CHEHHIR.
FIFH BCA {7 Gl e sliAb 81 vk B, JFH 30 pg 4k
=¥ 4T SDS-PAGE HL Tk A&l
1.6 ORF66 Hiikayhl &

K A Sz 6 2 e 7 i o ol 45 0 1Y, 1o
B BANT : K4k ORF66 M5 11 ¢ F £ S s iy
PE22 R, RN 500 pg/ R, g s 4l
AN FLAL o B R i I B B 5 J I ik S92 11K,
4 W, BnSEREAT 2 IRCAER . TR )5 i)

BkCR A, 250 ARAFPUINTE, PLILIE L Protein A
alifb 15 8 2 bR, R A1#E ELISA J5 kil &
FIA BRI R, ¥ 1 ng/mL 4lifk ORF66 T2 %
FE b R w96 FLEGFRAR, 6l 25 B Lu A
B2 1 : 80000 1N —dt, BAMBEERE 3R
fL, LA HRP ARic Pt 1gGHLPUIRIE N P,
5 BRI AE ODyso AEWOBAE(A4). 24 P/N>
2.1 B ABEYE, P A spn—A »em, NN A min—A =610
1.7 ZEH%RZENTiR I (Western blot)

SDS-PAGE HLIKZ5 % )5, FIH Bio-Rad [
W RGBE A ZE PVYDFE B, IR Z T
BEBUAAE 3 —Pi(1 : 1000 F ), HRP Fric i EPt
H IgGHAL)YE N 40 (1 10000 i), A5l
ORF66 [ 1E, K H ECL b5 A& A il it 5
B, FRERLE
1.8 [H#EHE % H(indirect immunofluorescence
assay, [FA)

¥ 107 TCIDso/mL 1) CyHV-2 &% GFB 41}y,
Ak, ¥ pVAX-ORF66 JFiki % Y« GFB 4, [mlfst
TS JAR pVAXT AR B PEXT BR, 5% e 20 BR 4 R
Lipofectamine 2000 Ui -H#/E JBRYL 5 72 h K i%
YeJ5 36 h, ZHHH] 4%22 5 H % I [ 30 min,
PBS %t 3 A flIA 0.2% Triton X-100 j#i i 15 min,
PBS ¥ 3 1K, 4% 1MiLiG FHEE FH (BSA) 37 CHfHA] 2 h,
HIA ORF66 £ Fae k(1 « 500 Fikk), 37 CHFHE
2 h, PBS ¥t 3 ¥k, JiMA Alexa Fluor 488 Fric i
i 1gGHFL)(1 = 1000 F7ikE), 37 CHEH 1 h,
DAPI Z &Y% 10 min, 256 MR T I,
1.9 WERIPIW

SIS EIAREE (30£5) g (R K(11£1) em]W H I
VR 2R AN K ™= SR A PR A, Bk 27 AR O
. M AL E /2 . PCR Fll CyHV-2,
A0 I i IO 3 (GCRV) . 47 #8156 #(KH V)
5 7 NLAE R 22 (SVC V)T A . FRF KA
EWNIEHKFFE AL, KR 19~22 °C, SLEATE
5 0 JA el HCE B AR, R LR B 2 IR
T8 S B 2H 85 6% L0 T 56 20 pg/FE pVAX-ORF66
(% 100 pL PBS, 20 4%), [RIFS 43 51l 15 8 3 20 25 26
& pVAX1 (20 £5)F1 PBS X} FRZH (40 £%). #hy%
28 dJ, HU20 4% PBS {F ST/ R 23 (U4 IF I8 I 1
45 0.2 mL GFB 4iffil % L. B 4Lt ts
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CyHV-2 I3, EEESS 0.2 mL 10" TCIDsy/mL
TEE o IELEIER 42 d, FERICRA A MISET:
0. SET-EIREE | T, AR ZH 24T PCR A
M, WA CyHV-2 B, FEIHH AR XS sy fr g
K (relative percentage survival, RPS), RPS=[1—(
PELBET 2R B AL T 2)]x100%

2 HRE5HH

2.1 ORF66 BEERY 1

PCR Z53 Won, P35I/ 1200 bp 1H
RS 451 (B 1) PCR P=H 28 i Ml . WD) K
4ifb )5 7l % pRSET-A 4k h . B4 ik 4 Bam
HI F Hind 11T XXPD) 58 8 AN 90 3iE, KU E 24
kLA B AR 7 B (] 2).

3B, CyHV-2 ORF66 K:[H ORF X 4K
1200 bp, #ifih 399 2 File, & H s> 5 N
45.37 kDa, BLAST 43#frfi7n, CyHV-2 ORF66 &
5 [HJ@ CyHV-1 F1 CyHV-3 ORF66 & 1 EA —
FERE BE B PR SE R, SR A R IR M 4 B A
47.7%H1 62.5% (K 3),
2.2 ORF66 EAMEHIHIF

FAH TR pRSET-ORF66 %4k . S EBE
SDS-PAGE 7 #r 7R, 7E40 45 kD Ab H 8L M 19
HHAA, 5 ORF66 M H U JK/MAFTF (A 4a).
A E AL )G — 2L v 2 e, &S
Xt ORF66 2K [A¥iik, HkE R 16.19 mg/mL. H
ELISA X7 il £ 1 2 se BEPTREA TRL I I 2, 45
REW, HBM AT 120000, FFHH &0 %258
FEBLIAXT ORF66 H2H & 11T Western blot il
SR BN, £ PVDF B y=4E Ty F 820 45 kD

pp M 1

ORF66

Kl 1 CyHV-2 ORF66 3:M 1) PCR 43
M: DL2000 DNA Marker; 1: ORF66 3&[A.

Fig. 1 PCR amplification of the ORF66 gene
M: DL2000 DNA Marker; 1: the ORF66 gene.

K 2 4k pRSET-ORF66 1YW BT % &
M: DL2000 DNA Marker; 1: 2 ki Bam HI il
Hind 111 XX BV P24

Fig.2 Double-enzyme digestion identification of the
recombinant plasmid pRSET-ORF66
M: DL2000 DNA marker; 1: double-enzyme digestion of the
recombinant plasmid by Bam HI and Hind III.

() B N 45, 3% WA & P iR AT DLRR S U
ORF66 4 & (& 4b).

Ry iE — 0 UE A bR R R R, R
Western blot Kl | 1FE % il CyHV-2 B YL EIEE T |
i BB . A5 IRUESE, 45 ORF66 ik
e 5B A U AR R ROV, JFAE PVDF i
PR AR A TR/ AR (] 5)

2.3 ORF66 E %4 R ik B #& i

¥ ORF66 BEHY HIEGIYWEER DR |
MRk R pVAXL i, M E 4 Bk pVAX-
ORF66., JiikiZ: PCR (I8 6a) 2 Hind 111 Al Bam HI
YIS UE(E 6b), UESE & A H AR K/ N HE A A
B, Ol bk — 2R 5L T B AL TR B SR HE IE
W TG1R

HHFSE pVAX-ORF66 15 B 40 i b i 26 A 1
M, B X CyHV-2 YL GFB il 1T IFA K
Mo Y5 72 h, FH ORF66 1 T AK I % Bi,
CyHV-2 B4 s BB B i 2 B 56 ( 7), i
R SRR % At D TE W B O ME S . A, R A A
H1 ORF66 & [ B4R T 40 i v o A= 5256t i
—ESE, WA PR TT LURE SRR CyHV-2
ORF66 FHH -

¥ pVAX-ORF66 75 #ifk pVAX1 %Y« GFB
20, ) HI45 9 ORF66 HARAE S —4i 0 i YL 4
Ml 4T Western blot &, 2550, ORF66 HETE
YA KRR (] 8), i —25, IFA LR
B, ORF66 1 pVAX-ORF66 % YL 41l it v 45 3 &5 7k
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CyHV-1 ORF66 ¥ARMNINEOIIIN IR TERRI 2RISR S THR VERTEIN Y MEXSSH S INEY QN R [# D BIFY C
(O BUSAONTTEVENS LQQAT[EDG LFWIG YEIHE IMNVPLWCCTASDKIEHFEAJMEACNLGALDE VCJLKDF RfS
(0 SAAR T O AT AVEY S LQQEITKDGLNLGGREIDHETI INVPLWCCTASDKIEHFEJSYAYR CNLGALDE VCEILKDF RJN
70 80 90 100 110 120

PSS T T O P O OO L (O P (|

CyHV-1 ORF66 [HBIN SEDARD VS CNIT Q A[LEIEV V CINCINEA F S Y QRSN KINHE | RINSHE LY T P LIWVONEEE
(O \AAONYTNL 1 K T[IE SRNLTDH I YRIGGG IBTREIGAP LYAFMKRWNENA VDN VINAK L ERMERAIQ LEBRID Y TN
(O AT OINATNT. I KTPYLESRNLTDVIYREGGG IJITAGAPLYAFMKRWNIJAVD S VISAK L E\ARFNNQ L A AD YH
‘ 1?0 ‘ 14|10 ‘ 1|50 ‘ 1(|S0 ‘ 1|70 ‘ 12|30

CyHV-1 ORF66 WL ARKOJGEIL FNE S DEXDIRITHA 1 ESYCNMRDGEDF[RL FHF YGVENT YQ S F HEQYE L€FE4F S YD
(O S\ AONYTEIVII L AAJdKGTLFNESDVDI ITQAIVLCTRDGEDF SRLFTFEAGHV T YERJF HTWE NME F S[§ID
(03 s AN LT 1 I3 L AARIKGTLFJESDVDIITQAIVLCTRDGEDFSRLFTFYGVVTEHQSFHTWENMEF SYD
‘ 1|90 ‘ 2(|)0 ‘ 2|10 ‘ 2|20 ‘ 2?0 ‘ 24|10

CyHV-1 ORF66 Q SREYRYLNASXEFWINITFA S REANIAS T RMEN - - i SRERSRAWNEZI VI®YG R K G T K G HHEEINES?
(O S\AAONYTIR PRQFNIIRRGTTTLE LINR LIS T)SIK VP Y[Jo]VTNP Y IFILATV P SSSSSS - - REIMEEH
CyHV-3 ORF66 LE3:X0RAQRRANE (€] AN 1 )M A RSAD I Y Q'8 S KNABR R fAWNA LIJEKWRG - - - - - - I#IGS L TKL
250 260 270 280 290 300

P 1 e e e e P |

CyHV-1 ORF66 EIWREIHE SMQAMQIHVGGDCH - EERGHEEN S VI - KE P E[R R QY RN s SN S FE
CyHV-2 ORF66 QIMIQAIRIK 1 H)Y S INA T ABFRID W{ea: NI EICAR: TN 1 N| )31 T L K L NEID[6) YY
CyHV-3 ORF66 FRBIQEINC R EMRENCIAA SIE - [€h:(R [o L DEXBIHISFNMQ AV VRHES YRR T FNYSENAR
310 320 330 340 350 360

R T T L [ O O O (AP P (|

CyHV-1 ORF66 GKQITNPFSEYRAPHVNITL NLN23 s QDMBEIGK FTML DBJE DEE E E
CyHV-2 ORF66 VMGKQITNPFSPLEKERAPHVNIWSTL PYAR] YIRS - - -HQLEREITGASSF
CyHV-3 ORF66 W] VINARBSID SN SD.FN:3:(Y NERAIID GLYKIY 1 HIAD SIYASA LA THEE - - - NP P V)P TEP VP

370 380 390 400

1 O S L U IR
CyHV-1 ORF66 ESAPRYSQLFPTNEDLIITDGLEGYVHAQF\IIEIVERE:HN FPIEVIIL -
CyHV-2 ORF66 VDKL - -KSDSCSHTEGTIE S SEARRIA K[ F JsHFI LM I Y
CyHV-3 ORF66 RP I RABP Y P AEMNINAIYH S V)P Q C TIHE P AABIIQR TFR: QY E IV E v
K3 CyHV-2 ORF66 5 CyHV-1, CyHV-3 ORF66 & F:M2 551 L X}
KM ClustaW %, % CyHV-2 ORF66 Z LT HIHEAT XS 4307, IR E IR~y & LR
Fig. 3 Alignment of the amino acid sequence of CyHV-2 ORF66 with that of CyHV-1 and CyHV-3

Multiple alignment of the amino acid sequence of CyHV-2 ORF66 with that of CyHV-1 and CyHV-3 by
ClustaW software. Conserved amino acid residues are represented in dark.

Kl 4  ORF66 1 5% 15 Al 2 vw BT A i ] 25
a

0 = = — | 1: pRSET-A 25 24K %%: 1k, BL21(DE3)pLysS &tk IPTG %% 3 h i,
95 —> W : - 2-4: pRSET-ORF66 %54k, BL21(DE3)pLysS H#ki%ES 1. 3. 5h _Fi&;
Z—» [ 5-8: pRSET-ORF66 54k BL21(DE3)pLysS H#ki%ES 0. 1, 3.

— - e !
43— . < ORF66 5hULVE; b. T4 ORF66 & 111 Western blot %7,
34> - Fig. 4 Prokaryotic expression and preparation of polyclonal
—_— - antibody against CyHV-2 ORF66 protein
26— : ’ a. SDS-PAGE analysis of the prokaryotic expressed ORF66 protein,
— M: protein marker; 1: supernatant of pRSET-A transformed
b 55> w T BL21(DE3)pLysS collected at 3 h post IPTG induction; 2—4: supernatant

43> | R ORF66 of pRSET-ORF66 transformed BL21(DE3)pLysS collected at 1, 3,
5 h post induction; 5-8: precipitate of pRSET-ORF66 transformed
BL21(DE3)pLysS collected at 0, 1, 3, and 5 h post induction;

b. Western blot identification of the recombinant ORF66 protein.

34—

SERIR, X RRALTCR IR BLAh, SR AN — 2.4 ORF66 DNA & & & RIS R IR

|, HAZEY ORF66 AW 2/ T M SEYR AT 1 S pVAX-ORF66 DNA £ 28 d
(1 9), DL EZEREH, SMEEK ORF66 WLITE  JiEAT CyHV-2 RS, W 42 d N, =
M P IE R A ETCAET, A5 YL o X B TR W) R I
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Bk, AT AR g8 | WL I . MR, AT [——— bp
T, PRSI SRR L A
2 B 21 B T 605 R £ S e DI PR R — B, OF
HMAAE4 2 PCR R34~ CyHV-2 BHYE ., SE82H
38 7 % (8/20) . 25 (% F 1 S 2 F R (o X B4 2000

5000
<pVAXI1
2000

R ORF66 1000 <« ORF66
(18/20)F11E ST PBS 145 FHZH (19/20), AHXTH e 4 1000: - 750
750 500

PrRIK 55.6% (B 10 FIFE 2), A 52063 I i 45 1 500>
DNA 2 B RAFA e ORI ROR, mT LR R ng:
FEPT CyHV-2 2R o

250
100

kD M 1 2
: a b
(—
‘ ORF66 K6 FURFKFR pVAX-ORFG66 1] PCR AIRUIY) % i
43 —> .
a. PCR %5 ; M: DL2000 DNA Marker; 1: ORF66 J:[H;
Fg] 5 ;F[J}EH ORF66 j:ﬁ,ﬁg;ﬁ— CyHV—2 EZQ% b. XX%UJ%%, M: DL5000 DNA Marker;

1 S1H) Western blot %52 1: Hind TIT Fl Bam HI B L) 74
, Fig. 6 Identification of the eukaryotic expression plasmid
M: EFR Marker; 1: IE% 4181, 2: CyHV-2 BRARALS. ngAX-ORF66 by PCR and douile—enz;f)me digeiion
Fig. 5 Western blot identification of CyHV-2 infected a. PCR identification; M: DL2000 DNA Marker; 1: the ORF66
Carassiu sauratus tissue with prepared ORF66 antibody gene; b. Double-enzyme digestion identification; M: DL5000
M: protein markf:r; I: norrpal tissue; DNA Marker; 1: double-enzyme digestion of the recombinant
2: CyHV-2 infected tissue. plasmid by Hind 11T and Bam HI.

Bright field Anti-ORF66 DAPI Merged

KGR GFBAIHE
uninfected GFB cells |

& 7 CyHV-2 &% GFB 4l H ORF66 T H 1 [a] 32 F 5 7 Yo il
CyHV-2 Yt GFB 418 72 h J5, AL 4%% 3 FEE [ % A1 0.2% Triton X-100 i@ B4 BR)R, FIH ORF66 & HHLAAE I —,
Alexa Fluor 488 #RIC Y 1% IgGHALIME N (%% (), DAPL JA% i (i () 5 5 5O 1l S Wiz,
Fig. 7 IFA detection of CyHV-2 infected GFB cells with prepared antibody against ORF66
At 72 h post CyHV-2 infection, GFB cells were fixed with 4% paraformaldehyde and permeabilized with 0.2% Triton X-100. Cells
were then immunostained using the antibody against ORF66 followed by Alexa Fluor 488 labeled goat anti-rabbit IgG (green). Nuclei
were stained with DAPI (blue). Cells were observed under an inverted fluorescence microscope.

Kl 8 pVAX-ORF66 %4 GFB 4ifii " ORF66 & 11 1) Western blot £l
M: FEH R Marker; 11 25848 pVAX1 #£4% 36 h J7 40 i 24000
2. EHFR pVAX-ORF66 #5344 36 h J7 40 g 2L 4.
Fig. 8 Western blot detection of the ORF66 protein in pVAX-ORF66
transfected GFB cells

M: protein Marker; 1: lysate of pVAX1 transfected cells collected at 36 hpt;
2: lysate of pVAX-ORF66 transfected cells collected at 36 hpt.
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Fig. 9 IFA detection of the ORF66 protein in pVAX-ORF66 transfected GFB cells
At 36 h post pVAX-ORF66 transfection, GFB cells were fixed with 4% paraformaldehyde and permeabilized
with 0.2% Triton X-100. Cells were then immunostained using the antibody against ORF66 followed by Alexa

Fluor 488-labeled goat anti-rabbit IgG (green). Nuclei were stained with DAPI (blue). Cells were observed
under an inverted fluorescence microscope.
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Fig. 10  Survival curve of immunized Carassius
auratus post challenge with CyHV-2

Carassiu sauratus were intra-muscular injected with 20 pg
pVAX-ORF66, pVAXI plasmid (dissolved in 100 pL PBS) or
100 pL PBS (n=20 for each group). At 28 days post injection,
fish were challenged by intra-peritoneal injection of 0.2 mL
CyHV-2 cell culture supernatant (10" TCIDso/mL). Mortality

was monitored daily for 42 days, and the result was
expressed as Kaplan-Meier survival curve.

%2 CyHV-2 Bei Ji G peill iy Sl 4 3¢

Tab. 2 Relative protection rate of immunized Carassius
auratus post challenge with CyHV-2
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Construction and immune efficacy of a cyprinid herpesvirus 2
ORF66-containing DNA vaccine

SHAO Ling, LIU Yanan, ZHANG Minghui, PENG Junhui, GAO Xiaohua, ZHANG Xiaoming

Shanghai Fisheries Research Institute; Shanghai Fisheries Technical Extension Station, Shanghai 200433, China

Abstract: Cyprinid herpesvirus 2 (CyHV-2) is a highly contagious pathogen that causes haematopoietic necrosis
disease in goldfish (Carassius auratus auratus) and gibel carp (Carassius auratus gibelio). Currently, there are no
licensed vaccines or therapeutics for CyHV-2. Nonetheless, pVAXI1 is a eukaryotic plasmid designed for the
development of animal DNA vaccines. This vector allows high-copy number replication in E. coli and contains a
CMYV promotor for high-level expression of foreign proteins. In this study, the coding region of the CyHV-2 major
capsid protein ORF66 was amplified by PCR and cloned into the pVAXI1 vector to construct a recombinant
plasmid, pVAX-ORF66. Additionally, a recombinant prokaryotic expression plasmid, pRSET-ORF66, was
constructed and transformed into E. coli BL21(DE3)pLysS. The ORF66 recombinant protein was then produced by
induction with 1 mmol/L IPTG; subsequently, the polyclonal antibody was prepared by subcutaneously
immunizing New Zealand rabbits with the purified protein. The titer and specificity of the prepared antibody were
analyzed using an ELISA assay, Western blotting, and an indirect immunofluorescence assay (IFA). Next, the
recombinant plasmid pVAX-ORF66 was transfected into goldfish brain (GFB) cells, and the expression of ORF66
protein was detected by IFA and Western blotting. Finally, pVAX-ORF66 was intramuscularly injected into gibel
carp at the anterior-to-dorsal fin region, before being infected with CyHV-2. The results demonstrated that the full
nucleotide length of ORF66 was 1200 bp and the molecular weight of the recombinant protein was approximately
45 kDa, which were both consistent with their predicted sizes. The prepared rabbit polyclonal antibody was highly
specific to CyHV-2, with a minimum titer of 1:20000. ORF66 expression could be detected in both infected and
pVAX-ORF66 transfected GFB cells and was mainly distributed in the cytoplasm. Finally, the relative survival
rate of immunized gibel carp was determined to 55.6%. Collectively, in this study, a eukaryotic expression plasmid,
pVAX-ORF66, was constructed that could serve as a DNA vaccine for the prevention and control of CyHV-2.
These results also provide a basis for further studies regarding the molecular function of ORF66 during CyHV-2
infection.
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