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100%, salamander muscle cell, GS-M)
[9-11] :
(Chinese giant salamander iri- pcDNA3.1(+) Invitrogen ;
dovirus, GSIV), (Iridoviridae) (DH5a) pMDI19-T TaKaRa
(Ranavirus) , DNA 9. 13], 1.1.2
(8-13] s 20 cm, 50g ,
[8. 10] 60 cm X 40 cm % 20 cm R
: 1 , (20+1)°C,
) ; 1.1.3 Hind 1II EcoR
(3] I(Promega), T4 DNA (TaKaRa, T4 DNA Ligase),
; 1 HRP 1gG(Abclonal Biotechnology,
TagMan real-time PCR ; INC), DNA (OMEGA, Viral DNA
R P Kit), (Promega, Wizard SV Gel and

DNA
(major capsid protein, MCP)

>

49 kD, 45%!12:17]
MCP
, MCP
[12, 18-20]
GSIV MCP
pcDNA3.1(+) MCP
DNA , DNA
DNA

1
1.1
1.1.1

(Chinese giant salamander iridovirus, GSIV)

; (Epithelioma

papilloma cyprini, EPC)

; (Chinese giant

B

PCR Clean-Up System), RNA
technologies, Trlzol LS Reagent),

(OMEGA, Endo-free Plasmid Mini Kit II),

(life

DNA (OMEGA, Tissue DNA Kit),
(Beyotime,
- Cy3), MCP (

), Western blot (GenScript,

ONE-HOUR Western BasicKit (Rabbit)For Rabbit
Primary Antibody), (Bioteke

Corporation, 2xSYBR Real-time PCR Premixture

200T), (TaKaRa, PrimeScriptTM 1st
strand cDNA Synthesis Kit)
1.1.4 GenBank
GSIV MCP (GenBank: JN615141.1),

pcDNA3.1(+)

MCP )
Hind 111 (AAGCTT)
Kozak (GCCACO),
EcoR 1 (GAATTC);
(D
1.2
1.2.1 McCP
(EPC)
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F1 RBEHFRASIMFS
Tab.1 Primers used in the study

primer name (5'-3") sequence(5'-3") application GenBank access no
MCP-F CCCAAGCTTGCCACCATGTCTTCTGTAACCGGT
MCP IN615141.1
MCP-R CCGGAATTCTTACAAGATTGGGAATCCC
pcDNA3.1-F CTAGAGAACCCACTGCTTAC
pcDNA3.1-R TAGAAGGCACAGTCGAGG
MCPjc-F GACTTGGCCACTTATGAC
IN615141.1
MCPjc-R GTCTCTGGAGAAGAAGAA
Rt-MCP-F GCGGTTCTCACACGCAGTC
IN615141.1
Rt-MCP-R ACGGGAGTGACGCAGGTGT
B-actin-F TGAACCCAAAAGCCAACCGAGAAAAGAT
HQ822274.1
B-actin-R TACGACCAGAGGCATACAGGGACAGGAC
(GSIV) , DNA 100 ug/mL) , 37C , 1:100
(OMEGA, Viral DNA Kit) GSIV , , DNA
PCR MCP Endo-free Plasmid Mini Kit II (USA, OMEGA),
50 uL : 10xPCR Buffer 5 pL, dNTP
(10 mmol/L) 1 pL, Primers(MCP-F/MCP-R, -20°C
10 umol/L) 1 pL, rTaqg DNA (5 U/uL) 0.5 uL, 1.2.3 GS-M
DNA 1uL, ddH,0 50 uL PCR Lipofectamine-2000 :
: 95°C 5 mln, 95C 30 S, pCDNA—MCP GS-M
(Promega, Wiz- IgG(H+L) . DAPI
ard SV Gel and PCR Clean-Up System) ’ (Beyotime,
, MCP pMD19-T 16 o Cy3)
4h , DH5a N GS-M
PCR tpMDI9- ,opNA3.I(+H)  GS-M
T-MCP, GS-M 72 h
1.2.2 , , SDS-PAGE ,
pMD19-T-MCP pcDNA3.1 MCP
) Hind Il EcoR 1 ’ , Western blot [GenScript,
1.0% ’ ONE-HOUR Western BasicKit(Rabbit)For Rabbit
T4 DNA 16C , Primary Antibody] Western blot,
DH5a , , pcDNA3.1(+)
PCR , GS-M GS-M
1.2.4 pcDNA-MCP
, , pcDNA-MCP 144 3, 48
pcDNA3.1(+) pcDNA-MCP PBS PBS 200 pL/ ;

5 mL LB ( Amp pcDNA3.1(+) pcDNA-MCP
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20 pg(200 L/, 0.1 pg/ul) , 48 h
3 s R Reed-Muench
1.2.5 1.2.8 28
1d,3d,5d,74d, 30 ,
14d,21d,28d,354d,42d 10’ TCIDso/100 pL  GSIV 400 pL
2 s )
, , 15 d
; (relative percent survival, RPS): RPS = ( 1-
, 1 h,4°C 12 h, 4000 r/min / )*x100%
10 min , 1.2.9 SPSS20.0
DNA DNA( . P>0.05, ; 0.01<
OMEGA Tissue DNA Kit ), P<0.05, ; P<0.01,
MCPjc-F/MCPjc-R pcDNA-MCP
7 28
2
,  Trlzol RNA( 21 McCp
) c¢cDNA PCR GSIV MCP
( ), 1392 bp, ()
cDNA , Rt-MCP-F/Rt-MCP-R PCR s pMDI9-T ;
PCR , DHS5a )
B-actin pMD19-T-MCP/DH5a ,
1.2.6 Dacie 1392 bp pMDI9-T
200 , Nubarer , GenBank 100%
(red blood cell, RBC) (white bp
blood cell, WBC) , 3
3 ’ 2000
1000
Wright-Giemsa 10 min , 750
: 100 , >0
’ 1 GSIV MCP PCR
1.2.7 M: DL2000 DNA Marker; 1: MCP PCR .
Fig.1 PCR amplification results of GSIV MCP gene
M: DL2000 Marker(Takara); 1: PCR product of GSIV MCP gene.
56°C 30 min 1:10
1: 1280, 6 , S0uL 2.2
50 uL 200 TCIDs(/100 pL pMD19-T-MCP
GSIvV 96 , 20°C pcDNA3.1(+) Hind Il  EcoR1 ,
2 h, 20 min , , DH5a
100 uL. GS-M , 25T , , PCR pcDNA-
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MCP/DH5a 5 72 h
( 2 GS-M :
MCP 72 h 48h( 3)
pcDNA3.1(+) pcDNA3.1(+) GS-M
23 GS-M ’ GS-M
Lipofectamine-2000 ’ Western blot
72 h ,
pcDNA-MCP GS-M 48 h
pcDNA-MCP 70 kD
bp M 1 2 ’
« 4,
5000 pcDNA-MCP GS-M
1000 24 PCR
R PCR
2 pcDNA-MCP
M: DL5000 DNA marker; 1:  EcoR 1 pcDNA- ( 2, 5) 2
MCP; 2: Hind 111 EcoR
pcDNA-MCP ’ ’
Fig. 2 Identification of eukaryotic expression plasmid 5
pcDNA-MCP by restriction enzyme digestion 1d
M: DL5000 DNA marker; 1: pcDNA-MCP digested by EcoR I; ’
2: pcDNA-MCP digested by Hind III and EcoR 1.
A
20 pm 20 pm
3 GS-M
A. pcDNA3.1(+) 48 h; B. pcDNA3.1(+) 72 h; C. pcDNA-MCP 48 h;
D. pcDNA-MCP 72 h.

Fig.3 Detection of eukaryotic expression plasmid expression in GS-M cell by indirect immunofluorescence method
A. 48 h post-transfection with pcDNA3.1(+); B. 72 h post-transfection with pcDNA3.1(+); C. 48 h post-transfection with
pcDNA-MCP; D. 72 h post-transfection with pcDNA-MCP.
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®2 FRNESZHARE P EZRIERK pcDNA-MCP #5 %
Tab. 2 Distribution of pcDNA-MCP plasmids in various tissues at different time points
. /d time after inoculation
tissue
1 3 5 7 14 21 28 35 42
blood
liver
spleen
kidney
muscle
e pcDNA-MCP 7 pcDNA-MCP
Note: “ ” denote positive; “ ” denote negative.
kD M 1 2 3
116.0
972 2.5 RT-PCR McCP
66.2 RS 7 28 ,RT-PCR  MCP
45.0 W
350 ’
4  Western blot G-SM
MCP (6,
M: marker; 1: GS-M ;2: GS-M )
. 3: pcDNA-MCP  GS-M , f-actin
Fig. 4 Detection of eukaryotic expression plasmid expression 2.6
in GS-M cell by Western blot
M: protein marker; 1: GS-M cell; 2: GS-M cell transfected with pCDNA—MCP
pcDNA3.1(+); 3: GS-M cell transfected with pcDNA-MCP. 7 TA
pcDNA-MCP , 28 d , 1 ,
, (RBC) 3.5%10’/mL ,
28 ; 35, 3 7
, 42 (P<0.05), 5 (P<0.01),

(P>0.05)

5 PCR pcDNA-MCP

1: ;28 5 3: ;4 ; 5: ; 6: DL 2000 marker; 7: pcDNA-MCP; 8:

Fig.5 Presence of recombinant plasmid pcDNA-MCP in tissues at different time after immunization detected by PCR
The PCR products migrated through 1% agarose gel. 1: liver; 2: spleen; 3: kidney; 4: inoculated muscle; 5: serum; 6: DL2000

marker(TaKaRa); 7: pcDNA-MCP plasmid; 8: negative control.
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bp
2000
1
500 MCP MCP
250
100
%88 B-actin p-actin
bp
2000
1000
750
500
250 .
B-actin 100 - B-actin
6 7 28 MCP RT-PCR
a. pcDNA-MCP 7 ;b. PBS 7 ;ec. pcDNA-MCP 28 ;d. PBS 28 . 1-4:
PBS; 5-8: pcDNA3.1(+). M: DL2000 DNA marker; 1, 5: ;2,68 ;3,7 ;4,8

Fig. 6 Expression of MCP gene in tissues of Chinese giant salamander on the 7th and 28th days after immunization by RT-PCR
a. Injected with pcDNA-MCP plasmid for 7 days; b. Injected with PBS for 7 days; c. Injected with pcDNA-MCP plasmid for 28 days;
d. Injected with PBS for 28 days. 1-4: injected with PBS; 5-8: injected with pcDNA3.1(+)plasmid. M: DL2000 DNA marker; 1, 5:
liver; 2, 6: spleen; 3, 7: kidney; 4, 8: muscle of injection site.

(WBC) , (lymphocyte)
(P<0.05), 5 7 (P<0.01), 28 ,  (68.33+
(P<0.01), 14 21 1.53)%, 14 14
(P<0.05), (P>0.05), (0.01<P<0.05),
1.9x10%mL (P>0.05)( 8C)
7B) 2.8
2.7 , 1 3 7 14 21
pcDNA-MCP | 28 35 ,
(DLC) 8 ,
, (neutrophil) ,
3 , 5 (26.33+ , (P<0.05)
1.04)%, (P<0.01), 1:10 ,
1, 7 (0.01<P<0.05), , 28 ,
(P>0.05)(  8A); 1:(370.01+£31.55), 35
(monocyte) ( , 17 (213.51£12.72),
8B), 5 14 (P<0.05)( 9)
(0.01<P<0.05), 7 2.9
, (P<0.01), (15.8340.76)%, 10 , pcDNA-
2 , MCP GSIV ,

(P>0.05); 21 28 35 RPS=(1- /
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A 800 A 300 e o BIHEXTRE negative control(PBS)
ool TESDi6 oy g FESD: =3 TF apeDNA.I(+)
7. negative control(PBS) R é 25 = pcDNA-MCP
~ £ 600 * * 0pcDNA3.1(+) &3
28 @ pcDNA-MCP ==
E £ 500} , P RE
S o &
Bs 583
2 2 3.00 g
=2 j“H o
™ E 2,001 e
0 g + [=9
]
1.00 E
3
0.00 =
BRI A/ P
; L J /d
days post immunization days égff)i%}nfgizaﬁon
B 5.0 ek i
45f *SDin=6 Dﬁggt}i{iéﬂ%omrol(PBS) Bos, = BITEAT A
% . « ZSD: = **%  pegative control(PBS
-Sed| opeDNA31(1) 2 16} D3 . DpchNA3.l(+) (P59
2 235) * mpcDNA-MCP g s peDNA-MCP
b ° [ *
S =30 c\% 14
S 25 2 12f *
BTooof R
B =7 K 2
=215f o &
= ot =)
051 % g
0.0 1 3 5 7 14 28 35 ﬂ%
ERFIEPN T g
days post immunization g
' 4 2l
days post immunization
C -
80 X£SD; n=3
A. ; B. LR P<0.05); 8 ; .
’ ( ); 2 7018 FITEXTHE negative control(PBS)
xE (P<0.01). 2 = pcDNA3.1(+) .
Fig.7 Changes of hematocyte numbers in peripheral blood of & 5 60r*® PeDNA-MCP
Chinese giant salamander after immunization with /ﬁéi 50
pcDNA-MCP. ]-\DI%D 40
A.RBC; B. WBC. “*” denotes significant difference (P<0.05), =2 §
and “**” denotes extremely significant difference (P<0.01) é:«}‘ 3 30
compared with the negative control. =2 20
e
=]
=
)x100% = 10
R :
73.3% 7 1
kL IEPN A
PBS days post immunization
, 1234 PBS
8 pcDNA-MCP
(P>0.05), 5 6
(P<0.05), 7 PBS A - .
(P<001) . €k (P<005), sk
pcDNA3.1(+) 13.3%, (P<0.01).
PB PB Fig.8 Changes of differential leucocyte count in peripheral
S S blood of Chinese giant salamander after immunization with
R pcDNA-MCP.
A. Neutrophil percentage in leukocytes; B. Monocyte per-
s PCR centage in leukocytes; C. Lymphocyte percentage in leuko-

GSIV ,

cytes. “*” denotes significant difference (P<0.05), and “**”
denotes extremely significant difference (P<0.01) compared
with the negative control.
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450
400+ o BAEXT I negative control(PBS) Hok ) DNA
3 & peDNA3.1(+) LSD: 123 , (VHSV)#!
8 3307 @ pcDNA-MCP 4]
é 300 - (IHNV)
2 2501 . (RSIV)") (LCDV)™!
s 2007
< ol (ISKNV)E! ,
Z
£ 100} * DNA , THNV
= *
501 @ DNA [27-28]
0 Lo . \ )
1 3 7 14 21 28 s 100%,
. %Jﬁ}_ﬁkiﬂl{d 4 ’ Liu [ GSIV
ays post immunization
, GSIV
9 pcDNA-MCP
ko (P<005), ko ’
(P<0.01). 30
Fig.9 Changes of serum antibody titers of giant salamander [29]; 2)
after immunized with pcDNA-MCP plasmid (APC) N6
“*” denotes significant difference(P<0.05), and “**” denotes extremely ’
significant difference(P<0.01) compared with negative control.
120 ’ >
100} . ok kk kk L , [30-32] ,
Q e
X = 807 Hk ok Rk ko
P >
;i{g 60r  —— FFPEXTHR [33]
we negative control(PBS) , 8
g4 pcDNA3.1(+) [34]
20} -+ pcDNA-MCP Sangun IL-10
O 2 3 45 6789 01112131415 ’ ’
YR a)/d 5h IL-10
days after challenge
mRNA
10 GSIV GSIV (MCP)
xn (P<0.05); “**>
, 1d
(P<0.01).
Fig.10  Survival rate of immunized giant salamander after
challenged with live GSIV
“*” denotes significant difference (P<0.05), and “**” denotes >
extremely significant difference (P<0.01) with negative control.
; 28
3
U DNA :
R pcDNA-MCP RT-PCR
, 7 28
s MCP R
5 DNA pcDNA-MCP
222 1996 DNA ,

, DNA
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Construction and immune efficacy of an MCP-containing DNA vac-
cine for Chinese giant salamander iridovirus

ZENG Xianhui'?, ZENG Lingbing"*?, ZHOU Yong™*, FAN Yuding’, CHEN Qian> >, LIU Wenzhi’,
ZHANG Xueping”*®, ZHANG Linlin**

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China

Abstract: Based on major capsid protein (MCP) gene sequences of Chinese giant salamander iridovirus (GSIV) in
GenBank, specific primers were designed, and the full-length MCP sequence (1392 bp) was amplified by PCR. Then,
MCP was cloned into the eukaryotic expression vector pcDNA3.1 (+) to construct the recombinant expression vector
pcDNA-MCP. Giant salamander (4ndrias davidianus) muscle (GS-M) cells were transfected with the recombinant ex-
pression vector, pcDNA-MCP. At 48 h and 72 h post-transfection, MCP protein expressions in GS-M cells were de-
tected by indirect immunofluorescence assay. The results showed that the protein expression level at 72 h
post-transfection was significantly higher than that at 48 h post-transfection; western blot assay also confirmed the spe-
cific expression of MCP in GS-M cells at 72 h post-transfection. The eukaryotic plasmid pcDNA-MCP was used as a
DNA vaccine to immunize Chinese giant salamanders by injection in dorsal muscle at a dose of 20 pg/ind; then, pe-
ripheral blood from Chinese giant salamanders in both tested and control groups was collected on day 1, day 3, day 7,
day 14, day 21, day 28, and day 35 post-immunization for hemocyte count, classification, and serum-neutralizing anti-
body titration. The red and white blood cell counts showed significant increase in numbers of erythrocytes and leuko-
cytes in the peripheral blood of immunized Chinese giant salamanders on day 5 and day 7 post-immunization (P<0.01).
Additionally, the differential leukocyte counts of neutrophils and monocytes were (26.33+1.04)% and (15.83+0.76)%,
respectively, at day 5 and day 7 post-immunization, and both significantly changed compared with the control group
(P<0.01). The percentage of lymphocytes was (68.33+1.53)% at day 28 (P<0.01). The serum neutralization assay dem-
onstrated that the antibody titer peaked on day 28 post-immunization [1 : (370.01+£31.55)]. PCR results revealed that
pcDNA-MCP was distributed in the muscle, liver, spleen, and kidney from day 1 to day 28 post-vaccination. RT-PCR
results revealed that MCP was expressed in all of the above tissues at day 7 and day 28 post-vaccination. A challenge
test was conducted at day 28 post-immunization and produced a relative survival of 73.3%. This study provides a fun-
damental basis for the application of the pcDNA-MCP plasmid as a potential DNA vaccine to prevent and control GSIV
infection in Chinese giant salamanders in the future.
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