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TEBNETE

o ERHET

TE: hTLTCyHV2 W EE 4B R MUE G, KR L 50N CyHV-2-YC-1 2 B4k (T
fi #k CyHV-2) B 4 7 & 4R 8 B # 40 f # (GiCF), A A 55 2 0 2 M 2 B o0 % 40 e G 3
WA By CyHV-2 #AT 44k, 461 J5 ) CyHV-2 5 % % & /D B % & 31 CyHV-2 £ 5 [E 4k .
MR ETRZ TR T F B SR Rk (SDS-PAGE) i B m & 5, A
CyHV-2 % 7 [ 41tk 3t 7 Western blotting 247 foJi i S ¥ o R L7, HH B HE TUE
% A 50%~66% th EAEA E £ W R B E A FW CyHV2 &k, wh V& REHRSY
G & B kL. Westernblotting £ R B ox, L CyHV2 2 n Btk 5 s MR EZ A LA MR
Mg E R, RigkeBr, £98HEERERNE AL Z ORFI2. ORFI15. ORF25,
ORF57. ORF66. ORF72. ORFI131 fu ORF132, # X kW, B ER T EHEHEE O
HR A CyHV-2 & Hb J5, A# K # & i CyHV-2 £ 3 & J K &8 4% 45 2 1 R 7| CyHV-
2EENEEREFERE A AT RN CyHV-2 % & 40 W 77 % 09 2 30 DL ROZ v o o

HRGEE SN ERERE

XRIB: AL HEIN; ARRY; B RELR

hE K S:S941.41

) (Carassius auratus) £ 50 AL, H.IF5H
Mg, AE IR K SR A0l Y 5 G RS R
R, H g 32 Y IR AE &L RO R B R ED (C
auratus gibelio)", I JLAEK, H TRIB W # MG
1ML #% B PR L% (Herpesviral haematopoietic necrosis,
HVHN) 4 5% %, 0 o [ 85 55 58 Ml 9 7T 457 22
WAL TR SR 2 PR A AR IR SE
9 114995 Dt Ay 1T 784 #1965 925995 B (Cyprinid herpesvirus
2, CyHV-2), %% 8 MR 4 f ik 48 B IR L% 8
(Goldfish haematopoietic necrosis virus, GFHNV)™,
J& B9 95 92 9% 75 B} (Herpesviridae)™ ., Xu &5 ™ &G
i CyHV-2 SRtz e /NI, HA2 110~120nm,
HLA B, $EEH A% 170~200 nm, SEFH 44 K

#s BHEA: 2019-06-06  fEEIBHA: 2019-09-17

XHAFRERS: A

290 304 bp, Fk % 5 2 154 4~ W F IF 1) 2 HE
(open reading frame, ORF)", 1995 4F Jung 5% X
CyHV-2 #4177 H RHRIE , £ 200 8 2 4 fa s
I 45 B IR S8 B B0 R IR, B8 T AR A F] 90%~
100%. FfJ5, 24 EZF XAk 5%, ms
CyHV-2 e 2t FE B N A",

CyHV-2 5523 1 LA A (CyHV-1
1 CyHV-3) #8 )& Tt 2w d k. 7Ead L py i
W, AN CyHV-1 Fl CyHV-3 J& e i 4 b 2 i
(Cyprinus carpio) I i , CyHV-2 H &Y 4 14,
4 B A X B 2 0 1 TR AT DL e 75 Y
PH, RBX 3 MR IE B BE U8 L 1 SR
Yy Fh b 2w e gy 1z B Hip ) CyHV-1

BEITE . EFKIACK M M B A R L I (CARS-45-19); 25 T Jm +p [ B 35 45 A A F628 TFE (R K224, Rl

PR 2R T AR R #E 5208 = T H (2018)
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1442 KopE o R 44 3%

FHA 2 P 2 LR R e F RN, BT LA
it i . CyHV-3 b # 8 9 92 %5 7 (Koi herpes-
virus, KHV)!'"™, KHV 3 Ut 545 b (1% 3 5 A fi
KT, HILHEE T EPRWCHE, XF KHV
F) 5 B0 U B 1 LA T ) R DR ER A R O Y
F g, A& H AT C T CyHV-22 [T AF 58 4
EHAR, He, A2 EHH CyHV-2 HH
HEAT T G 2 K T I A 5T, R ORF92 4
B 1) A 7 B 1) A 194 B e B BT AR A S 38 o el L
A R Iz F g2 2 A I T 7 X G CyHV-2 [ 4l
JiL A 2H 2R kAT 4 E Y, Kong®% ! | J] ORF72 #
ST T CyHV-2 B e F kil i o A B
HERH T — 28 CyHV-2 & H B A R ik, 5
USR] ] ORF25 i 47 JA A% 2 1k 1 #8403 A
tORF25 HA B4 1) 2 5, ORF72 2 i 1) 4K
FEHE FRBIE SC 2 — PO RO B e R,
A WG K I ORFS HA G [k, H2 HFrid
B4 WFFT X CyHV-249 32 B 40 58 It 28 (k475
LrhdE,

AR FE 2R 20%~66% FHEIE 55 B o6 i o B
DX CyHV-2 i B #EAT 44k, S/ Bl (Mus
musculus) Hi] %P1 CyHV-2 Z sy, 4liftk io5s
B 28 2 AR 1 IR TN M I B B i H UK (SDS-PAGE)
2 T 52 0 G 0 )5 12 H9T CyHV-2 2 b ik
#H4T Western blotting 7387, 455 % 70 4 7
CyHV-2 By F B ik | 1, b CyHV-2 &
SfRG I Tk 0 ST DA BORE R S R AL T 2
PR

1 MRS JE

1.1 SCIe#t Rt

CyHV-2-YC-1 ¥k (T i #k CyHV-2) A 52
WEMRAAEE, WA RN, 55 HE
BEAIILZR (GICF)P AL 862 475 4 Jlil BABL/c
WP /N RO 1 b v i AR A R A BR A HD

BEWENA A Sigma 23] ; SDS-PAGE BCH iR |
5 [ Marker, #E I L UKk 22tk . e MR o R
ECL k2% & 0% i 60 1 KRB BB A BR A
") 5 HRP Fnic B 5/ B 1gG g 3 2B - 12
A TRARAF

12 KA
A3 G s FH CyHV-2 J& ¢ GiCF
SR, A A AR RN (cytopathic effect,
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CPE) [ 40 B YL AT 1~2 YRRl AL EE, F 4 °C
T 4000 r/min 25> 20 min, JiEFRITIE A 40 MIRE H-,
W& I T 4 °C F 32 000 r/min 5.0 1.5 h, 3§
LiEW, HICTABERR $h 22 vh ik (PBS, pH 7.4) H &
UUVE 5 B BRI A BT s AR LG 43301 R 20%
30%. 40%. 50% FI 66% [ M 2 BE A 0004
)2, T4°CF 25000 r/min .00 1 h; W d—
R ARG TARRE b, B AR
WK, LJZEIA 20% FEFRA W, T 4°C F 32000
r/min 2.0 2 h, WHEEEUE, HIXERKEE,
FRiC o B — )2 105 B 0RL, B — )2 a4k 19 9
B UL A3 0 W BFE T4 L, 3% ARG R (pH 7.2~
7.4) FLY 2 min, R REE TS E 0B BT HL T R
BT WER

L CyHV-2 % J & ik 4] & Zaife )
CyHV-2 9 5 URLAE o B0 9% I, 9% 4 S i 1Y
BABL/c MEPE/NRL, 70 4 WRiEAT SR8, BIRIEIE
TEA 200 uL/H o 55 1 IR CyH V-2 i 2 kL
595 IR 58 a4k R SR BUR G 2 W B % 58 4
FLALIE S, 52 K55 3 ORIk RA 2 24k
Mot 2R ACE TS, 5 4 UCR g b 5T,
S 2R RIEAESS L R 2 A IS, 5B 3 RIS
4 WA IAE b — R e 1 G . /B
MR B, IMRAE37°CHtE 1hig, 4°Cid®R
ML 4T E, 8 500 r/min 550> 2 min 3515 3% BH (1)
R LEW AP CyHV-2 ZFifEbiik,

SDS-PAGE #= % 5 }7 5% 15 % & e i £
12% 19 53 5 S R 5% 1) ¥ 4 J 2L P 58 VR0 s Tk P
BEIE, B ai A F e 5 5 2788 AR vl i AR
1: 1 e BIR A1 763 K KIS 5 min, WHE
SREFEAT HL VK (80 V, 20 min J5 120 V, 80 min).
MUK 25 I, v — B i 25 5 3y o i e £
WO s 1~2 h J5 e e T e, E RS -
1) 46 i A P AL B T R P S ARG A T AR R

Western blotting ¥ |i& SDS-PAGE /7 &
Jo 1Y o5 — HLEE i FH R 5% 1 J5 % (100 V, 70 min)
MR BB E (NO) K L, K5 H 5%
BEW R 2 3R B A 2 h; 10 1000 # B AGHT CyHV-2
Z i PEYIR 4 °C TIEHE TR, PBST Zopilk (&%
A 0.1% 1yt iR -20 (19 PBS ¥ W) PEIR 4 W%, HEIR
5 min; 1 :4 000 % B 1 HRP 5 ic 19 2F Bt /) Bl
IgGEHMWE 1h, H0.1%n9 PBST K 7%k,
K 5 min, K NC B7E ECL fb 2% &% B @ h
2 min J5, FHRBUSACHE TR A A
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SR JE S B )R
(Y &EHE 5 ECL M A&t o (4 )5 1Y NC I, H 5
NC 5 5 (0 1] 50 % 5 A o7 5 ) 25 2 347 5 1 It
BN O OI AT RS IR, iz YRR (3 —
IR B 2 (LC-MS/MS)HEAT T 385 73 #r o it 2
i /£ NCBLEHR R

2 gER

21 HmESK

5E % B4 M AR L, GICF 40 Jifd 7E CyHV-2
JRYL S 3 d 247 IR CPE, A 40 g TR GR K
FET-, MEEFRIREEML TS, R YL 8 d A2 4 H B

. 00 u

. CPE, 4084 90% A FEA3ET- (B 1), it
i S 8 40 R e Y A TR B 4l o

TR 2 82 o R EE R B0 5 T DL 3 4RV R 1Y
AR (K1),

Wi A Em N RN LM, 20%~
30%. 30%~40% Fll 40%~50% % Ji& ) 1 B rp 2% 5
B, DULRREER; 50%~66% 25 B 1Y R I
EEREMRE, ZNHEEARENR, Bf
— L T A5 A0 7 URE . SE R CyH V-2 SR
Wk 2 B JE, A A 2 R Y 9 B
PSR EIE, $E 0o 5 00 R 3% 52 1 — 1
CyHV-2 9% 3% Jk; 5 42 R 110~120 nm(/& /i 1),
5 Z i ny il — 2,

Elhl |

CyHV-2 Bt

FHIRHELEA M

LIEH 57 B AR R B 2. CyHV-2 4L 3d (17 B R REEAN ML 3. CyHV-2 R4k 8 d 1) 57 F AR A 2 6 40 iy

Plate |

GiCF cells infected with CyHV-2

1. uninfected GiCF cells; 2. GiCF cells infected with CyHV-2 at 3 days; 3. GiCF cells infected with CyHV-2 at 8 days

El1 CyHV-2 EHEEEHEBREOELER
a~c. 3 9 HEWE B FE 30%~40%. 40%~50% Fl 50%~66% 7 4 25 L
J R0 5 2% 5 03 A

Fig. 1 Results of CyHV-2 purification by sucrose

density gradient ultracentrifugation

a-c. the distribution of virus bands after ultracentrifugation by 30%-40%,
40%-50% and 50%-66% sucrose density gradient

2.2 SDS-PAGE #1 Western blotting

X 4l (14995 3 #£ 17 SDS-PAGE 43471, % 5
Hr 2 W g% 60,31 £ 05 A R e FH AR ASCHA B AT LA
BT ZFEA-WER KW (B 2-2), BERIE

[ 7K 77 %% 45 32 /) sponsored by China Society of Fisheries

5 19 NC R AT CyHV-2 £ 58 PR UEST West-
ern blotting 4317, WAL AR IR, £
2B M RENE 5 PT CyHV-2 £ Ta BT IR IR B9 & 4=
B E N, Horp 8 4 HoA W R S s
I 4 B ORF92, ORF115, ORF25,
ORF57. ORF66. ORF72. ORFI131 Al ORF132,
Hr T8 590 140, 84, 66. 64, 45, 41, 35
F1 17 ku(#l 2-b)

23 BUESHR

H Horh 8 25 B B G Ry S g N ) 2R
FRE S5 D8I T R AT BTG 7 i o SEE 45 R o,
ORF92. ORF66 il ORF72 & i WA S, Hir,
ORF92 ( YP_007003911.1) & F % K 5¢ & 11,
ORF66 ( YP_007003885.1 ) F1 ORF72 ( YP_007003
891.1) AT = HEHKIAME T, ORF115 ( YP_007
003933.1) . ORF25 (' YP_007003844.1) . ORF131
(YP_007003952.1 ) FIORF132 (YP_007003951.1 )
EN AR, A H . ORF57 (' YP_007003

878.1) AARMEF (K 2-b, &£ 1),
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R 1l

EETEESE T AL A CyHV-2 Bk
1. B Sk A 52 R CyHV-2 i B ks 2. BT S N TERL B IR 1 CyHV-2 9% 75 WOk

Plate Il

Purified particles of CyHV-2 under transmission electron microscope

1. black arrow indicates virions of CyHV-2 with intact envelopes; 2. black arrow indicates damaged virions of CyHV-2 with envelopes

kua M 1 1 ku
T |
' — 84

Zi!' -
.\64

48— N .45
— 4]

35” .—»35

#‘

-

17 .. 7

11 e o

(@ (b)

Bl 2 #hi{khY CyHV-2 %3 SDS-PAGE H ik (a) 1
Western blotting £5 R (b)
M. & [ briE; 1. 24k i CyHV-2 95 5 S50k
Fig. 2 Results of SDS-PAGE of purified CyHV-2
virions (a) and Western blotting analysis (b)

M. protein Marker; 1. purified CyHV-2 virions
3 ik

CyH V-2 3 35 X 7K 7 5 i Ml #4) B 1) 25 R gk
s Y B R HR TR/, T H
I HL N %) CyHV-2 W2 K&, BB @ AR
W J7 i, HATA T CyHV-2 9% 35 i I 7 24 1R
ZFh, W BUAR A R R B . PCR H AR
IR T S A D B AR B9 45 (HR 5L T e o
FRASE I 7 3230 15 AR B, AR SC 30 5 0 11 8 A %L
B JEE A 1 AT LRy CyHIV-2 A # g8 2546 T 5 v
1) ST P T 2 A s e B R

LR ST PR SR €k e A YN PS
g, HgEE e o EE, AREACT
B CyHV-2 B IR T oA B, Hr, A
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554878 T ORF104 7F CyHV-2 J& s i Fe b e
1, B ORF104 J2 CyHV-2 {1 W 75 15 2k 55 1 &,
FEF BEREVR %) ORF25 Z R & o CyHV-2 i
TEAGE R H Y, AR CyHV-2 B FiHE R il it 2k
A X R AR, Nt AL —Mied
R CyHV-2 B HATE SR & — Tl i B AL S A Pk ik
PERIIF ST, AR SEI % 5E (1) CyH V-2 1Y 3 22 G i
PEZE ] DA R 1 00 0F S B 4 BT 22 Y o RS

1E 2013 4F , Davison 25 27 (1) BF 5% 42 3|
CyHV-2 JEHA RS 150 Mg, Hp, &
R e M S5 R R 1 8 A~ HL AT 32 B4 Sk
fE 14331 ORF92, ORF115, ORF25, ORF57,
ORF66. ORF72. ORF131 fil ORF132, ORF92.
ORF66 1l ORF72 j& K7 # 1, H ORF66 J& H X
KA HA RN RTEN, WEKTE
HEA BRI TE, seiA L IR M IR %
RES AN e E . Bk, KFEHEATE CyHV-2 J5 #
bt oE rh et L ¥EE RER . ORF115. ORF25,
ORF131 Fl1 ORF132 Z#EFEH [, HTiE I ORF25
Gh, HAM LA E AR A SR, W
PR ER 1 1) TR RS B EE E AT A,
B A RO E L R AR A0 R B PR
PEO A AR, b, ARBER A LA
PR RS O CyH V-2 e it PR WF 5 42
e 2 ks . HAMIR EW, CyHV2 5
CyHV-3 B[R] JE 1 55 35 81.55%%, A HFST % & 1)
CyHV-2 (1) 3= B4 & 5 Pk 85 11 X F CyHV-3 i if
RAWH—EWHE B, WA, EAERSE T &R
) R AR 235 ) 2 ) %8 8, CyHV-2 T ORFS Al
ORF104 11 7 & ] GEAHXTBAIG,  PH e 7F A S2 56
WA YKEN,

ZE L TR, ARSI R FH R R B R
BRI Al T CyHV-2 KR, WER] T ik
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Fz1 CyHV2XEHRERMEHRLC-MS/MS £ &

Tab.1 Identification of major immunogenic proteins from CyHV-2 by LC-MS/MS

s HA E=ETR TRk AEE BKBEH SE fir Bk i
no. protein accession mass —10lgP peptides localization description

1 ORF92 YP_007003911.1 140 447 67 AT FEKFEA
nucleocapsid major capsid protein

2 ORF115 YP_007003933.1 84 245 13 E3i M A
envelope membrane protein

3 ORF25 YP_007003844.1 66 155 5 E3i M A
envelope membrane protein

4 ORF57 YP_007003878.1 64 348 32 KA AAEH
unknown unknown protein

5 ORF66 YP_007003885.1 45 309 24 AT K = HPAARE O]
nucleocapsid putative capsid triplex

subunit 1

6 ORF72 YP_007003891.1 41 324 17 AR Ky =HIARE A2

nucleocapsid putative capsid triplex
subunit 2

7 ORF131 YP_007003952.1 35 87 2 E-3i M A
envelope membrane protein

8 ORF132 YP_007003951.1 17 150 4 E3i A
envelope membrane protein

T EAWEREAS, ERARIZEA RS ERBME

Notes: —101gP, a larger value indicates that the protein contains more reliable peptides

A IR Y 2 B A T B Al 1 0 T IR T AT, IF
il % T ¥ CyHV-2 £ s F& bu ik , 38 i XF 4l {k
CyHV-2 ki # Wi L 17 Western blot 73 #T, £t LC-
MS/MS % ELERE, ORF92, ORF115, ORF25,
ORF57, ORF66, ORF72, ORF131 Fll ORF132 }
FEGZEFHEN, FE T CyHV-2 itk
HEE, JFHAT — Lt 7R, AR
BT — it e b LA EH, B HAE
Feak L B B, HEI X CyH V-2 B 4 R
AP FE SR T 22 (Y B KA

2 £ ik (References):

[1] XSO, 845, 50, 55, 7 & R AR gL 60 2 ) 75

11 BY(CyHV-2)J5 Mk 4 B AR AL R AR AR AL I B 72 0], &
TRIETE 22244, 2013, 22(6): 928-935.
Liu W Z, Zeng L B, Zhang H, et al. Studies on the
change of blood biochemical indices in gibel carp,
Carassius auratus gibelio, infected with Cyprinid
herpesvirus II[J]. Journal of Shanghai Ocean University,
2013, 22(6): 928-935(in Chinese).

[2] Groff J M, LaPatra S E, Munn R J, et al. A viral epizo-
otic in cultured populations of juvenile goldfish due to a
putative herpesvirus etiology[J]. Journal of Veterinary
Diagnostic Investigation, 1998, 10(4): 375-378.

[3] Davison A J, Eberle R, Ehlers B, et al. The order
Herpesvirales[J]. Archives of Virology, 2009, 154(1):
171-177.

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

[4]

[6]

[91]

[10]

Xu J, Zeng L B, Zhang H, et al. Cyprinid herpesvirus 2
infection emerged in cultured gibel carp, Carassius
auratus gibelio in China[J]. Veterinary Microbiology,
2013, 166(1-2): 138-144.

Liu B, Zhou Y, Li K, ef al. The complete genome of
Cyprinid herpesvirus 2, a new strain isolated from Allo-
gynogenetic crucian carp[J]. Virus Research, 2018, 256:
6-10.

Jung S J, Miyazaki T. Herpesviral haematopoietic nec-
rosis of goldfish, Carassius auratus[J]. Journal of Fish
Diseases, 1995, 18(3): 211-220.

Goodwin A E, Khoo L, LaPatra S E, et al. Goldfish hem-
atopoietic necrosis herpesvirus (Cyprinid herpesvirus 2)
in the USA: molecular confirmation of isolates from dis-
eased fish[J]. Journal of Aquatic Animal Health, 2006,
18(1): 11-18.

Doszpoly A, Benko M, Csaba G, et al. Introduction of
the family Alloherpesviridae: the first molecular detec-
tion of herpesviruses of cyprinid fish in Hungary[J].
Magyar Allatorvosok Lapja, 2011, 133(3): 174-181.
Fichi G, Cardeti G, Cocumelli C, et al. Detection of
Cyprinid herpesvirus 2 in association with an Aeromo-
nas sobria infection of Carassius carassius (L.), in
Italy[J]. Journal of Fish Diseases, 2013, 36(10): 823-830.
Becker J A, Tweedie A, Rimmer A, ef al. Incursions of
Cyprinid herpesvirus 2 in goldfish populations in Aus-
tralia despite quarantine practices[J]. Aquaculture, 2014,

https://www.china-fishery.cn


http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1007/s00705-008-0278-4
http://dx.doi.org/10.1016/j.vetmic.2013.05.025
http://dx.doi.org/10.1016/j.virusres.2018.07.016
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1111/jfd.12048
http://dx.doi.org/10.1016/j.aquaculture.2014.04.020
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1007/s00705-008-0278-4
http://dx.doi.org/10.1016/j.vetmic.2013.05.025
http://dx.doi.org/10.1016/j.virusres.2018.07.016
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1111/jfd.12048
http://dx.doi.org/10.1016/j.aquaculture.2014.04.020
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1007/s00705-008-0278-4
http://dx.doi.org/10.1016/j.vetmic.2013.05.025
http://dx.doi.org/10.1016/j.virusres.2018.07.016
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1111/jfd.12048
http://dx.doi.org/10.1016/j.aquaculture.2014.04.020
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1177/104063879801000415
http://dx.doi.org/10.1007/s00705-008-0278-4
http://dx.doi.org/10.1016/j.vetmic.2013.05.025
http://dx.doi.org/10.1016/j.virusres.2018.07.016
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1111/j.1365-2761.1995.tb00296.x
http://dx.doi.org/10.1577/H05-007.1
http://dx.doi.org/10.1111/jfd.12048
http://dx.doi.org/10.1016/j.aquaculture.2014.04.020
https://www.china-fishery.cn

1446

Ko AR

44 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

432: 53-59.

Bergmann S M, Sadowski J, Kielpinski M, et al. Sus-
ceptibility of koi X crucian carp and koi x goldfish
hybrids to koi herpesvirus (KHV) and the development
of KHV disease (KHVD)[J]. Journal of Fish Diseases,
2010, 33(3): 267-272.

Hedrick R P, Waltzek T B, Mcdowell T S. Susceptibil-
ity of koi carp, common carp, goldfish, and goldfish x
common carp hybrids to cyprinid herpesvirus-2 and
herpesvirus-3[J].
2006, 18(1): 26-34.

Hedrick R P, Gilad O, Yun S, et al. A herpesvirus asso-

Journal of Aquatic Animal Health,

ciated with mass mortality of juvenile and adult koi, a
strain of common carp[J]. Journal of Aquatic Animal
Health, 2000, 12(1): 44-57.

KA, EP, 5, & S 3T Bk
B IR R A R [J]. KL, 2018, 48(2): 68-
72.

Zheng S C, Wang Q, Li Y Y, et al. Identification of
major immunogenic proteins from Cyprinid herpesvirus
3 strain T[J]. Freshwater Fisheries, 2018, 48(2): 68-72(in
Chinese).

Boutier M, Gao Y, Vancsok C, et al. Identification of an
essential virulence gene of cyprinid herpesvirus 3[J].
Antiviral research, 2017, 145: 60-69.

Shen Z Y, Jiang Y S, Lu J F, et al. Application of a
monoclonal antibody specific for the ORF92 capsid pro-
tein of Cyprinid herpesvirus 2[J]. Journal of Virological
Methods, 2018, 261: 22-27.

Kong S Y, Jiang Y S, Wang Q, et al. Detection methods
of Cyprinid herpesvirus 2 infection in silver crucian carp
(Carassius auratus gibelio) via a pPORF72 monoclonal
antibody[J]. Journal of Fish Diseases, 2017, 40(12):
1791-1798.

JAF, R, SR, 5. 66205 7 11 2L ORF25# 0
A2 5 BE U A5 e SR 2 0], K
2018, 48(6): 40-45.

Zhou Y, Shi Y H, Fan Y D, et al. Polyclonal antibody
preparation and immunogenicity analysis of the proka-
ryotically expressed Cyprinid herpesvirus II ORF25
truncated protein[J]. Freshwater Fisheries, 2018, 48(6):
40-45(in Chinese).

L=, 2, VP, & —FhdE T 1 R A6 200 7
AR 7¢ 7200 G B A R T 9 0], o K R
2016, 23(2): 328-335.

https://www.china-fishery.cn

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Kong S Y, Jiang Y S, Xu D, et al. An immunological
method to detect CyHV-2 based on capsid protein 72[J].
Journal of Fishery Sciences of China, 2016, 23(2): 328-
335(in Chinese).

BRLL, BRAE, A A, 4. S92 5 FE2 B ORF S AL 5k [
B0 7 A K S B SR PERIT FL D). B R AL, 2016,
46(11): 1394-1400.

Liao H, Lin H, Hao Z X, et al. Cloning, expression and
identification of immunogenicity of ORF5 truncation
genes of Cyprinid herpesvirus 2[J]. Chinese Veterinary
Science, 2016, 46(11): 1394-1400(in Chinese).
LulJF,XuD, LuL Q. A novel cell line established from
caudal fin tissue of Carassius auratus gibelio is suscept-
ible to Cyprinid herpesvirus 2 infection with the induc-
tion of apoptosis[J]. Virus Research, 2018, 258: 19-27.
Wu T, Ding Z F, Ren M, et al. The histo-and ultra-patho-
logical studies on a fatal disease of Prussian carp
(Carassius gibelio) in mainland China associated with
Cyprinid herpesvirus 2 (CyHV-2)[J]. Aquaculture, 2013,
412-413: 8-13.

Goodwin A E, Merry G E, Sadler J. Detection of the
herpesviral hematopoietic necrosis disease agent (Cyp-
rinid herpesvirus 2) in moribund and healthy goldfish:
validation of a quantitative PCR diagnostic method[J].
Diseases of Aquatic Organisms, 2006, 69(2-3): 137-143.
He J Q, Shi X J, Yu L, et al. Development and evalu-
ation of a loop-mediated isothermal amplification assay
for diagnosis of Cyprinid herpesvirus 2[J]. Journal of vir-
ological Methods, 2013, 194(1-2): 206-210.

Du M, Chen M L, Shen H F, et al. CyHV-2 ORF104
activates the p38 MAPK pathway[J]. Fish & Shellfish
Immunology, 2015, 46(2): 268-273.

Zhou Y, Jiang N, Ma J, et al. Protective immunity in
gibel carp, Carassius gibelio of the truncated proteins of
Cyprinid herpesvirus 2 expressed in Pichia pastoris[J].
Fish & Shellfish Immunology, 2015, 47(2): 1024-1031.
Davison A J, Kurobe T, Gatherer D, et al. Comparative
genomics of carp herpesviruses[J]. Journal of Virology,
2013, 87(5): 2908-2922.

Rt WAL, R, S SR 2 0 EE2 A EOU I 4
B %ED]. HEKEERE, 2013, 20(6): 1303-1309.
Xu J, Zeng L B, Yang D G, et al. Isolation and charac-
terization of Cyprinid herpesvirus 2 WH strain[J].
Journal of Fishery Sciences of China, 2013, 20(6): 1303-
1309(in Chinese).

HHE K 7% 23240 sponsored by China Society of Fisheries


http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.1111/j.1365-2761.2009.01127.x
http://dx.doi.org/10.1577/H05-028.1
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.02.010
http://dx.doi.org/10.1016/j.antiviral.2017.07.002
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1016/j.jviromet.2018.07.012
http://dx.doi.org/10.1111/jfd.12648
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3969/j.issn.1000-6907.2018.06.007
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2016.15187
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.16656/j.issn.1673-4696.2016.11.009
http://dx.doi.org/10.1016/j.virusres.2018.09.010
http://dx.doi.org/10.1016/j.aquaculture.2013.07.004
http://dx.doi.org/10.3354/dao069137
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.jviromet.2013.08.028
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.06.011
http://dx.doi.org/10.1016/j.fsi.2015.11.012
http://dx.doi.org/10.1128/jvi.03206-12
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
http://dx.doi.org/10.3724/SP.J.1118.2013.01303
https://www.china-fishery.cn

9 1) wdk, A5 MEBREE I B R R R AR 1447

Identification of major immunogenic proteins from Cyprinid herpesvirus 2

GAOWa', WENHong', WANGHao ">, LU lJiaquan', LU Liqun'*’, JIANG Yousheng "*"
(1. National Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University, Shanghai 201306, China;

2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;

3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to obtain promising tools for improved diagnostics and new vaccine development, we purified
Cyprinid herpesvirus 2 (CyHV-2) particles and identified more immunologic proteins in CyHV-2 particles by LC-
MS. Firstly, the caudal fin of Carassius auratus gibelio (GiCF) cell line was infected with CyHV-2, and viral
particles were purified from the cell supernatant by sucrose density gradient in combination with ultracentrifuga-
tion. The purified virions were observed by transmission electron microscope. Then the prepared purified virions
were used to immunize mice to prepare an anti-CyHV-2 polyclonal antibody, and at the same time purified virions
were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and stained with
coomassie brilliant blue, and then subjected to Western blotting analysis and mass spectrometry identification
using anti-CyHV-2 polyclonal antibody. Transmission electron microscope (TEM) results showed that a large
amount of intact CyHV-2 virus particles were detected at 50%-66% sucrose density and virus particles without
capsule were occasionally observed. Western blotting results showed that some protein bands had specific immun-
oreactivity with anti-CyHV-2 polyclonal antibody. 8 major immunogenic proteins were further identified as
ORF92, ORF115, ORF25, ORF57, ORF66, ORF72, ORF131and ORF132 through mass spectrometry identifica-
tion. Among them, ORF92, ORF66 and ORF72 are capsid proteins, and ORF115, ORF25, ORF131 and ORF132
are membrane proteins. The capsid protein and membrane protein of the virus play an important role in virus infec-
tion. In conclusion, the major immunogenic proteins of CyHV-2 virion were identified. This was fundamental and
applied research on CyHV-2. Indeed, this knowledge is crucial for understanding the biology and pathogenesis of
CyHV-2 infection and for facilitating the development of efficacious protein-based diagnostic methods and vac-

cine candidates.
Key words: Cyprinid herpesvirus 2 (CyHV-2); immunogenicity; protein; mass spectrometry identification
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