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PE, 5] 77 FE 0T 6% (Oncor hynchus mykiss) |
K22 F(Scophthalmus  maximus) F1 7 (Paralichthys
olivaceus)¥5 & s, 1B IRFE . ABEME K B
ham AR, TR KEIET:, HM 1938 FER) %
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TECRYFAEE T L RNA T . H5diiE, VHSV B
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JZ A AR RN BT R i B A g
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W 2l Ak i B 21 il G 2 1 e s /N UL &S T 2 s BT
&, 3@t [E]4% ELISA Il Western blot XAk #1T
R, IR )42 S e D X MR 10 S0 40 A
PrtEAT TAESE . SEI g B itk — 258 VHSV
M 25 1 T B FIB IR 19 S 412 W 25 SE A

1 #EITE

1.1 FEHHE

VHSV B0k S AL 95 25 55 R 1 R e v L
=2 Be K A AR R 9 ik AT A5 DA I JRA% AR
KK pET-32a EPC 4l th L 10 =/ A7; KIGFTF
B DH50 J& 32 25 H1 Rosetta (DE3)RZAS . Uik
A& . T4 DNA G . B0 D) G254
Adtm X &AW EARARAE, PAGE KEH
ol SR & A T A TR () B AT
FRAF
1.2 S|¥i&it5 &K

H4 GenBank [ & ZRIFHI (555 KC685626),

A Primer5.0 25 T 1 X M FERHR 1) R A% R
K51 FM-3.1 (5-ACAGAATTCATGGCTCTAT-
TCAAAAG-3")F1 RM-3.1 (5'-CTTCTCGAGCTA-
CCGGGGTC-3"), L FliEs[4¥4r 51 A EcoR 15
Xho T PHANBEVIAL A, 36 A4 T AW TR (L)
By A PR FIA
1.3 MERFRMTE

P VHSV M LR B Bk A, A
1R UES [0 T PCRY 1S, S 4544k 94°C Tl
S min, RJ5 94°C A8 30 s, S1°CiR K 30 s,
72°CHEAH 1 min, 32 PMEH, B 72°CLEMH 10 min,
28 1.0%I R MR iUk 3 25 0, H R BOA g el

Wi & s, H [T ™ $) 15 pMD18-T #0434 4,

4CHERT, B AL B R A DHS o J8&
ARG, IFRATEEAREEEN LB T4k,
37°CaE IR, v PHME sE B e ik A T A TR
(V) e A B 2 w1 2EA T DU Y B0
1.4 BEHRREHEHHE

1 T 41 OB pMD18-T-M Hl pET-32a(+) 24K 43
%4 EcoR 141 Xho 1 7E 37°C#EAT Y], 2 h )5,
MO =4 1 %3 e WE e I FL vk o B8 s, DI [l
W H i F B, FH T4 DNA 38 4°Cidind i, ¥

fbt % Rosetta(DE3)/E&AZ & 41l 1, PCR ik PHE
vebE, BHPEEREY KBS 55 5 e OB ks, 28 XUEE 1)
YE R, B EAE T Y TR (R W) Ay A R 2 7
Wy, Wy G548 5 T iRk .
1.5 BMEEAMNFSRE

WAL H 2 A% R R AR 1 KA AT I Rosetta
(DE3)$fh T 5 210 LB 853 th, 37°CHR 1
7%, I ODgoo {HIEH] 0.6 BEINAZGKE A 1 mmol/L
(I IPTG #HATIE S 20K, 6 h s B0 EFIR, Fik
FH PBS Bt 2 R EE, 7EUK B TR maE,
B o e S A sE, 64T SDS-PAGE HL
Kt BERNEAVIRGET PAGE B M
st [ B e 16 PR A5 R AT TRl i gliAk
1.6 SREREHE

Heatifeny M filG 8 H 9% BALB/c /N, 56
1 RPE 50 pg/H, DUSEERR 7 d s, 1K
20 pg/H, 35 R EIRREEINA S Rl G R SRR
B s RN, 5 4 WInASEA &A%k
s A 2R s — W%y 3 d 5
i, 43 85 03 -
1.7 [@# ELISA &N &M

DL fb i E A8 oA PR, TR a9
P B2 2 pg/mL 5k 96 Lk, 70 £ vakdiik
J—Pr, # 1:12800, 1:256000, 1:51200 .
1:102400. 1:204800, 1:409600, 1 :819200,
1:1638400 MYLLBIFRE, H HRP ARic Y40
IgG N 9L, ZVUH B (TMB) K I ¢4 )5 H
BERRSCIN 22 ODysofE, VARSI FL OD4so fH 2 B P4 X
I8 ODuso 2 f5 LA LR EBUREANY . RIS R
G /N BRI (A PEXT BR, PBS 2% ihifl ks F X
W, BEAFEARER 2 S RV,
1.8 Western blot 547

B VHSV B4 EPC 4 it 5 17 40 it 80 9 AN igs 5
B M &, #E1T Western blot A6 47044 ifil 75
MR E, R S3 0 ARG VHSV 1) EPC 4 il
FARE TR B AT R, $ BN 52k 75K
¥y FEALZ SDS-PAGE HL k5 # EN %] PVDF Jii [,
FH 5% MR WA 2 B 1 h, FH TBST PEIE 3 1K,
B 2 P IRLTE 28 1 2 1000 f556 B 1 —4t,
FIRVEF 2 h, 35 HRP AR B 1gG &
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526 %

1: 1500 FRefefE =90, ZRMEH 2 h, e H
NBT/BCIP iKY o Ly A7 i 8
1.9 [EEERE R AN

¥ VHSV 55/ T EPC B2 40 I 48 h,
LN AN AR JS, S A ss 75, PBS &1k 3
W, 28 4%Z B H EE [E € Fl 0.2%Triton-X 100 %1k
J&, LAl & 2 s st —dt, LLFITC bRic i)
Pt 1gG itk —ht, H DAPI#FT Y, H
WO SR A 1 U TSR

2 HERE5HH

21 BHHEBGHHERERE

RGBT 514 PCR Y1 M L, Bl
JE [0 S F) pMDIS-T 1, 345 & 4 & 14
pMDI18-T-M, ¥ pMDI18-T-M #l pET-32a(+)%3 %
JH EcoR 1 #1 Xho I A GY) 5 %4z, #RAF T EHA
& pET-32a-M. P41~ 2H (A 357 s XLt 1) ARy
PR EAT I UE 25 B0 . SRR YIS e 25 R 0L 1,
PR AR B VI E A B i R Bom Ak B By, HR
NG ARAF o

bp M

pMDI18-T-M pET-32a-M
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1 pMDI8-T-M. pET-32a-M T 20 JF K (14 WG] 5 3iF
Fig. 1 Restriction enzyme double-digestion of recombinant
plasmid pMD18-T-M and pET-32a-M
M: super 10000 DNA marker.

22 BMEEAMBFRRIE

B G RE Y i T SDS-PAGE Hijk, 45
RTEZY 36 kD (78 LT KRB & R,
FETR TG 40 KD W&/ 8PS il R Ak PR 3 J 1 B
A, ¥ L35 FDLE 439 #5147 SDS-PAGE HL Tk Al
iR WoR, MAEAFRELAETIOES, UARE

e R IRTR N = W O X IR TR i ) ) L N
% SDS-PAGE Fiill J5 45 3R s, 3R45 T84 M
Al (A 2).

kb M

100
70

50
40

20 e T

K2 HAETERET YN SDS-PAGE 43 Ht
M: AR 10 RiES; 20 593 % L
4: PRULE; 5: stk M AG EA.
ik T A Rl A AR TR B
Fig.2 SDS-PAGE analysis of prokaryotic expression products
M: protein marker; 1: non-induced bacteria; 2: induced bacteria;

3: induced supernatant; 4: induced precipitation; 5: purified
fusion protein. The target protein is indicated by an arrow.

2.3 ELISA ez R

FIFH )42 ELISA Kl 345 2 se TR i 2L pt,
3 o PR R A R 2 SR S SR TR LR LT
SRR UL 1o Hrp BRI N F1as (4R PBS K
MBI /NT 0.1, B PAN=2.0 I35 i B
R A5, e 1 FfoR, TG I T 8 K
T 1:102400,

% 1 ELISA # % ST HIRIM
Tab. 1 The titer of polyclonal antibody detected by ELISA

i B ZrifEyUAE B pN AR
dilution p* N° PBS
1:27x100 0.380 0.062 5.071 0.054
1:28x100 0.297 0.061 4.108 0.050
1:2°x100 0.198 0.060 3.148 0.054
1:2'9x100 0.123 0.048 2.542 0.046
1:2'"x100 0.111 0.065 1.479 0.061
1:2"2x100 0.074 0.056 1.263 0.053
1:25x100 0.080 0.066 1.118 0.046
1:2"x100 0.058 0.053 1.074 0.051

TE: * RN PTALFRI Z G0 25 R 14 P-4 18 © 3R 7R P AL X
Rl 45 SR 1 - 4 (.

Note: * denotes average value of two groups of polyclonal antibody
results; ® denotes average value of two groups of negative control results.
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2.4 Western blot #& il 25 &R

B VHSV B4 EPC 4 il 5 1) 248 it 2 g5
Y M & 75 1 1547 Western blot, #6047 42 1fiL 75 A9
RS, 55RO R B RE A B B — 1Y AR
HR/NFFA TN Hop VHSV YL EPC 41
FH— M EH, B R/ANR 22 kD(E 3A), il
BEAKRNRIY 36 kD, SR K/N—F(E
3B), Western blot Z553¢ Bl £ 1) £ vi Uik hE
RO M H RS R
25 EESEBRAKNER

I FH ] #% 1A 22 B 38 o (8] 42 50 58 S ke I T
VHSV &% 48 h i EPC 4iffirf iy M &, I-F
MR AT BB ES . 45 R R, fl&mE
AT AU EPC 4 M EEH, H M EHE
b Srek VAR B2 | DD TR A i O

kD M 1 2
100

70

50
40

30

25

-«

3 itig

SHUIR S B A — 281 VS AR T 1N BE,
REAS LB HESI Y . RS A ) 4, i
KIGCH . M8 E BrJE 75 53 25 2 51 3 (the interna-
tional committee on taxonomy of viruses, ICTV)%f
TR, HORR RERMD & 18 B AT 131 Fh
I, Hop, e £ B T D &
I3 5 J& (Veesi cul ovirus) FTAH LRI B2 J, 1 VHSV
W JE TR oo 48 Y. VHSV AR 4Bk 80
ZRta e, TR BUKIRAETS, XU i
il | RGE WA IR B A, KRS A, BOERA] EA
100%, 7K =l fe 25 d ok, S F itk = 9%
FE G E N, ARSI LA 2U(Office Inter-
national Des Epizooties, OIE)K H: 351 A 7K A= s 9
W4, SRS QA ARG 77 Mt Bl PRI,

kD M 3 4
100

70

50 ——

40

25

3 Western blot il 2 72 BT AR 7Pk
M: T RbRE; 1 RS VHSV 1Y EPC 4ififd; 2: % VHSV 1 EPC 40fid; 3: aifb/5 MmaEr 40 RETHNE.
Fig. 3 Specificity of polyclonal antibody detected by Western blot
M: protein marker; 1: uninfected EPC cells; 2: EPC cells infected by VHSV; 3: purified fusion protein; 4: non-induced bacteria.

El 4 VHSV M ZE A 7E 8 R 9% 40 i 5 %2 7

A. DAPI J44%; B. [AMHEGE R M B H; C. &R &7 Sk Wim s iy M 2 AL B
Fig. 4 Subcellular localization of M protein in epithelioma papulosum cyprini (EPC) cells
A. DAPI-stained nuclei; B. M protein detected by indirect immunofluorescence; C. Merge. M protein is indicated by arrows.
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%26 &

WA T i VHSV 85 194 P24 R M EOw HLEE,
IR B S W B iR R R B, T M &EH
IR TR T B I Z TR, AR R KE
HREEMEET M &A, & T 2Bk,
SR ZE R R, PR RERE SR AL R A
M VHSV JEYL) EPC iR M &1, H
MR, RABUAR DR AT

FEE e v, 455 Bl & £
PUAT LLR B VHSV R GL 4 EPC 4 i) M A,
HMEHEZEN TGS L, X55%
BRI AR MO A R EE AR MG . 7E
VSV Fl RABV 1, GZHi5EA M EHZS5
TR A L 2R R 2RO i o R IR R A R 1
A% st S T4 Larrous
SEPO E R WORIT IR M 2R 1 52k ik 4k
EN, I RARRRE ST . Ameyama
ZDPHGEF R M EASSHEA —E S5
IRFEARAAZE A, D S5 35 09 2Rl BRAHOC . A
S v XS B 1) 20 5 % VHSV MR A T fE
SRR R RS R R AR BARE L, AR i
—AIRGE L AL, KGRI, R 2F R
i, M A SWREEEAE GRS G5 540
Mt Ay, SEom T ZEROT AR AR ST oY
M AN TN, 2% 00 7 B 40 2 AL T i
W, REdRrmEe TN EB . SR
2SI B B AE R BD-06 FRAY M 3K 1 2 N7
TR IR, K& A B s R, X
FhEL G AR AT 55 v B A5 UL 3, T 2 BORE s i) 42
e, 5 FR R B AL T

FERE B SR R R AR R, AT
YIFE HMEH R N i b7 His Fr%, HEAARS
A LA ), (AU AERH His pR2 8 r4lifk
WA G Ll b, BAMEAILEER, iS5 H
R =R T AR RS A, TAIA 0.25 mol/L
KCl % 5 bl i i)y ik 14k, SDS-
PAGE HLJk 2553 /R ai b ROR s o sb Ak, 7EXT M
FEAPAT R RN, A EABEKANE 40
kD, TiiSEhr HATY 36 kD, LTI AImE /N, 5Kt FE
2 O By 25RO % VSV I RABV 19 M 2E
HEAT IRAZ FR I, B3RS R A Y S BT R

AIN—B HEARBESE D, RilA R AR S S R 2
F M pET-32a(+)#fA M Trx Tag kb9 ATG 46
BeSt, RN TR A ATG RIS, WS
SN ARG /N HE 5 SR KNI —FL

L LTk, AWEIE R AT AR R R R
Gl g T RERR IR VHSV 1Y M 2R H AU &
EZ s REPUR, PR T T T M &R
FI VHSV Gl 25 7 ik s i A i 58 S5 10 2
HHEAE ARG, S VASV BB 6 5 i iF
RAT T HEAl .

SE 3k

[1]  Schaperclaus W. Die Schadigungen der deutschen Fischerei
durch Fischparasiten und Fischkrankheiten[J]. Allg Fischztg,
1938, 41: 267-270.

[2] Studer J, Janies D A. Global spread and evolution of viral
haemorrhagic septicaemia virus[J]. Journal of Fish Diseases,
2011, 34(10): 741-747.

[3] Kim R, Faisal M. Emergence and resurgence of the viral
hemorrhagic septicemia virus (Novirhabdovirus, Rhabdoviridae,
Mononegavirales)[J]. Journal of Advanced Research, 2011,
2(1): 9-23.

[4] Faisal M, Shavalier M, Kim R K, et al. Spread of the emerg-
ing viral hemorrhagic septicemia virus strain, genotype IVb,
in Michigan, USA[J]. Viruses, 2012, 4(5): 734-760.

[5] Duesund H, Nylund S, Watanabe K, et al. Characterization
of a VHS virus genotype III isolated from rainbow trout
(Oncorhychus mykiss) at a marine site on the west coast of
Norway[J]. Virology Journal, 2010, 7(1): 19.

[6] JulJ B, Takano T, Hirono I, et al. Genome analysis of viral
hemorrhagic septicemia virus isolated from Japanese floun-
der Paralichthys olivaceus, in Japan[J]. Fisheries Science,
2006, 72(4): 906-908.

[7] Wisik K, Seokryel K, Duwoon K, et al. An outbreak of
VHSV (viral hemorrhagic septicemia virus) infection in
farmed olive flounder Paralichthys olivaceus in Korea[J].
Aquaculture, 2009, 296(1-2): 165-168.

[8] Zhu R L, Zhang Q Y. Determination and analysis of the
complete genome sequence of Paralichthys olivaceus rhab-
dovirus (PORV)[J]. Archives of Virology, 2014, 159(4):
817-820.

[9] Ahmadivand S, Soltani M, Mardani K, et al. Isolation and
identification of viral hemorrhagic septicemia virus (VHSV)
from farmed rainbow trout (Oncorhynchus mykiss) in Iran[J].
Acta Tropica, 2016, 156: 30-36.

[10] Rajani K R, Kneller E L P, Mckenzie M O, et al. Complexes



5514

ARAT A B ISP Y A O L 75 o 1 Y DA Ak B A i £

219

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

of vesicular stomatitis virus matrix protein with host rael
and Nup98 involved in inhibition of host transcription[J].
PLoS Pathogens, 2012, 8(9): €1002929.

Mire C E, Whitt M A. The protease-sensitive loop of the
vesicular stomatitis virus matrix protein is involved in virus
assembly and protein translation[J]. Virology, 2011, 416(1):
16-25.

Larrous F, Gholami A, Mouhamad S, et al. Two overlapping
domains of a lyssavirus matrix protein that acts on different
cell death pathways[J]. Journal of Virology, 2010, 84(19):
9897-9906.

Cary Z D, Willingham M C, Lyles D S. Oncolytic vesicular
stomatitis virus induces apoptosis in U87 glioblastoma cells
by a type II death receptor mechanism and induces cell death
and tumor clearance in vivo[J]. Journal of Virology, 2011,
85(12): 5708-5717.

Pierce L R, Stepien C A. Evolution and biogeography of an
emerging quasispecies: diversity patterns of the fish Viral
Hemorrhagic Septicemia virus (VHSvV)[J]. Molecular Phy-
logenetics & Evolution, 2012, 63(2): 327-341.

He M, Yan X C, Liang Y, et al. Evolution of the viral hem-
orrhagic septicemia virus: divergence, selection and origin[J].
Molecular Phylogenetics & Evolution, 2014, 77(1): 34-40.
Getchell R G, Cornwell E R, Bogdanowicz S, et al. Com-
plete sequences of 4 viral hemorrhagic septicemia virus I[Vb
isolates and their virulence in northern pike fry[J]. Diseases
of Aquatic Organisms, 2017, 126(3): 211-227.

Biacchesi S, Merour E, Chevret D, et al. NV proteins of fish
novirhabdovirus recruit cellular PPM1Bb protein phos-
phatase and antagonize RIG-I-mediated IFN induction[J].
Scientific Reports, 2017, 7: 44025.

Chinchilla B, Gomez-Casado E. Identification of the func-
tional regions of the viral haemorrhagic septicaemia virus
(VHSV) NV protein: Variants that improve function[J]. Fish
& Shellfish Immunology, 2017, 70: 343-350.

Baillon L, Mérour E, Cabon J, et al. A single amino acid
change in the non-structural NV protein impacts the virulence
phenotype of viral hemorrhagic septicemia virus in trout[J].
Journal of General Virology, 2017, 98(6): 1181-1184.

Ke Q, Weaver W, Pore A, et al. Role of viral hemorrhagic
septicemia virus matrix (M) protein in suppressing host
transcription[J].  Journal 2017, 91(19):
¢00279-17.

Chiou P P, Kim C H, Ormonde P, et al. Infectious hemato-

of Virology,

poietic necrosis virus matrix protein inhibits host-directed

gene expression and induces morphological changes of

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

apoptosis in cell cultures[J]. Journal of Virology, 2000,
74(16): 7619-7627.

Walker P J, Blasdell K R, Calisher C H, et al. ICTV virus
taxonomy profile: Rhabdoviridae[J]. Journal of General Vi-
rology, 2018, 99: 447-448.

Mahy B W J, Van Regenmortel M H V. The Encyclopedia of
Virology[M]. 3rd ed. Salt Lake: Academic Press, 2008:
221-227.

Larrous F, Gholami A, Mouhamad S, et al. Two overlapping
domains of a lyssavirus matrix protein that acts on different
cell death pathways[J]. Journal of Virology, 2010, 84(19):
9897-9906.

Ameyama S, Toriumi H, Takahashi T, et al. Monoclonal
antibody #3-9-16 recognizes one of the two isoforms of ra-
bies virus matrix protein that exposes its N-terminus on the
virion surface[J]. Microbiology and Immunology, 2003,
47(9): 639-651.

Solon J, Gareil O, Bassereau P, et al. Membrane deforma-
tions induced by the matrix protein of vesicular stomatitis
virus in a minimal system.[J]. Journal of General Virology,
2005, 86(12): 3357-3363.

Dancho B, Mckenzie M O, Connor J H, et al. Vesicular
stomatitis virus matrix protein mutations that affect associa-
tion with host membranes and viral nucleocapsids[J]. Journal
of Biological Chemistry, 2009, 284(7): 4500-4509.

Zhao X C, Zhang X W, Zhang S F, et al. Prokaryotic expres-
sion and purification of matrix protein of bd-06 strain rabies
virus and preparation of its polyclonal antibody[J]. China
Animal Husbandry & Veterinary Medicine, 2013, 40(4):
36-39. [T, K2, kP, % FERPEE BD-06
MREE AR W A% RIA | Ak M H 2 s b i i il 4 ).
v [ B MBS, 2013, 40(4): 36-39.]

Zhang S K, Chen B J, Xiao X, et al. Preparation of recombi-
nant VSV Matrix protein and establishment of ELISA for
antibody detection[J]. Journal of Shanghai Jiaotong Univer-
sity (Agricultural Science), 2014, 32(1): 89-94. [#K1H:5E, Bk
#IH, B, & EAK MO R R LA 1 A K
ELISA #Jrik iy [J]. B ssil RAE 2 ol Bl
hi2), 2014, 32(1): 89-94.]

Gong M M, Zeng N, Cheng C F, et al. Development of indi-
rect ELISA for detection of antibodies against rabies virus
based on prokaryotic expression of matrix protein[J]. Chi-
nese Journal of Zoonoses, 2013, 29(1): 17-22. [T H,
Ye, IR, S5 FERI RS TR 1 A A% Rk S ]
& ELISA J5riEmdsr ). o EOCE IR, 2013,
29(1): 17-22.]



220 [ K R 2 %26 5

Prokaryotic expression and subcellular localization of the matrix
protein of the viral hemorrhagic septicemia virus in finfish

ZHU Ruolin, SHEN lJiaojiao, JIANG Shudong, YANG Caiqgiao, ZHANG Xiaohua, BAO Chuanhe, PENG Kaisong
School of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China

Abstract: Viral hemorrhagic septicemia virus (VHSV) is one of the most serious pathogens of finfish that affects
over 80 marine and freshwater species in North America, Europe, and Asia. The genome of VHSV is a nega-
tive-sense, single stranded RNA containing approximately 12000 base pairs that encode six proteins, which are the
nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G), non-virion protein (NV), and RNA
polymerase protein (L) in order from 3’ to 5'. The M protein functions in a variety of rhabdovirus infection proc-
esses such as assembly and budding, inhibiting host-cell directed transcription and gene expression, inducing
apoptosis of the host cell, et al., which were all thoroughly investigated in other rhabdoviruses such as vesicular
stomatitis virus and rabies virus, while less so in VHSV. In order to investigate the function of the M protein of
VHSYV, the M gene was amplified by PCR and cloned into the prokaryotic expression vector pET-32a(+), which
was transformed into Escherichia coli Rosetta (DE3) competent cells. The recombinant protein was induced by
IPTG, and the polyclonal antibody was prepared by immunizing BALB/c mice with purified recombinant protein.
The titer of the antibody was detected by an indirect ELISA, and the antibody specificity was tested by western
blot and indirect immunofluorescence. The results showed that the full-length M gene was 606 bp. The fusion
protein induced by IPTG mainly existed in the form of an inclusion body, and the size was about 36 kDa, which
was slightly smaller than expected. The indirect ELISA assay showed that the titer of the antibody was greater than
1 : 102400. The western blot showed that the antibody could specifically identify the purified fusion protein and M
protein in VHSV infected Epithelioma papulosum cyprinid (EPC) cells. The indirect immunofluorescence showed
that the M protein antibody can recognize the M protein in VHSV infected EPC cells, and the M protein was
mainly localized in the cytoplasm and cell membrane. These results suggest that the prepared polyclonal antibody
can be used as an effective tool to study the function of the M protein and for the diagnosis of VHSV.

Key words: viral hemorrhagic septicemia virus; matrix protein; prokaryotic expression; polyclonal antibody
Corresponding author: JIANG Shudong. E-mail: jshudong@163.com



