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KEWIFfFE MCP EREMRNRERERFTFHIRIESHL

gl = 1 21 2 1 ) 1 | IS 1
wEH, HE, BEE, AAR, BRal T8 Bk
1. FEZK=R2EGE B K50, BEVE T84 710086;

2. it B m i B K= T AES,, Bl BerE 742399

FHEE: R 3L F AR08 75 38 18 R 48 19 KB %5 7 (Chinese giant salamander iridovirus, CGSIV):#7 IV #5145,
¥ CGSIV F A7 M H (major capsid protein, MCP)J& [ o7 & 2 AT R 75 ZF AR 4K pFastBacl BUkir, Fo T d 41
%i pFastBac-MCP. %4k E. coli DH10Bac A2, £ PCR i Fi ¥ 45845 1 1 5 41 4T4; rBacmid-MCP, 1E
L A AN f G G iR A § IR E A AR AL G SO ANAE, AR EAAPRIGE . EAFRIGE YL S B huani, &
AR A B LER, ALK AR B AR T AR . AN B (MOI=2 . 5. 10)f 5 4 FFIR % B Ik e
ST9 4 I 4T CGSIV MCP [Yy3Rik. SDS-PAGE fuillZ5 %M, 7 MOI=10 if, HMHEHMRE TR, REERE
TEMEL R BR, HWEAEBREMEPARRE, oMk, D3t CGSIV MCP Sy M & 1 5
PERERLIAL B R A IEF A S%BT CGSIV MCP 24 M i /0l 5 19 8 A A Y% 55 PE . SDS-PAGE 11 Western blot 4%
SRR, gifbiy B s AR e, 1 HEA PR, AR bt KT R T MCP ZHi g . R FFIR
SRHERIBRAMIHAT T CGSIV MCP 3Rk, i B REERE#1T T BB A rgife, S5 CGSIV AN HLA

PE T BT B T A

KR RBUDRNF, FEAGTEA, FPIRRSRERS; &Rt

FESHES: 594 WHARERD: A

K5 0T R % (Chinese  giant salamander iri-
dovirus, CGSIV) & 5 HUE 4 K H 1 2 X F2 56
K #i(Andrias davidianus) K B SE T U6 5, T8
TR TE R (Iridoviridae) | 1% 7% J& (Ranavirus),
REE DNA i ds H &2 ik, 5 Ok B AR
25 150 nm""™*, CGSIV AJ gy KB E . JF . fil
LR iE S Z M 0, X g B A
WHE . TiReesR, B2 T30z Y R PLgioe
T2, HORBUE R FE TR AE 90% LA 1571,

FE AT F(major capsid protein, MCP)J&
WOR TR RN R 0 B R, (AL A
VPR 90%!7, BFFT M, MCP L &4
VIZ i BEOR ST I 25 M 3, HEBE DRy 91) % o it
12 17 51) 1) [ 5 T LA s RN (] TR i i Ak 22 T Y
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B} (Pichia pastoris)f1 31k, Jfi#t1T T HAE MM
GRS . W BRI E T MCP 2£[H DNA
PV, JEXT A RCR AT T 9T . BT, AR
FHATAR G 7 6 18 &R 4 (baculovirus expression sys-
tem, BES)#1T CGSIV MCP ik IBF5E i A W,
fIRiA

30 Z4EK, fE N —PhEZEN EERILRS,
BES 7 2 Flt 51 2 2 11 R e 30002 1 A o O TS R 4
THREAM, X FE AT BES A KIKEN
HATRIPEIS N 3Rk 5 RIRE AP
—8, wetEE AR, ik, ABFOE CGSIV
MCP 2K IENTE BES HFitfrik, B1EA CGSIV
IRV B0 928 i A B R L Al

1 #RFFTE

1.1 Bk, KR

% CGSIV MCP 4K I[N 15 40 ik pMD-
18T-MCP 14 52 56 =5 4 {447, E. coli DHSa.
E. coli DH10Bac &3z &4l . pFastBacl FFIR % 2
TERR BRI T 1) e B} 22 B 7 B A PR A WD, S19 R
R0 T _E s RAEDRHEL AR A,
12 TEHEBEMEERH

T4 DNA #4328 &% EcoR T 1 Hind TIT BR ik
WUIEEIE T NEB(bRT), JBuki/N 27 & 1
T Omega 23], PCR 7 W2iifkis ) €& T Promega
/3], Insect Geneluice® Transfection Reagent g T
Merk Millipore 73], Bluo-gal, 5P %&-B-D-Aift
2 F B (Isopropyl B-D-thiogalactoside, IPTG) . %

R H % % (Ampicillin, Amp) . 7% & (Kanamycin,
Kan) , JK K% Z (Gentamicin, Gen) , PU¥f 2 (Tetracycline,

Tet) W T B 74 {35 A= W B A RS |, S£-900 1T
BRI F g RAEYRHE AR AF, NHS #
BRI T B AR GOR B A R A R BUR i Ak
PIg(HRP)FRICHIEPiR 1gG FIFBEIRIOEER
(FITOFRicFPiF 1gG W H Sigma AH], /NRIT
KBEUT AR TE MCP BT A BT K 50T 6 5
MCP [fiL 77 B A 52 50 5 il 25 I OR A7 o Hoh iR 244
[ 7 53 B 4l
1.3 SIMigit5&amK

2 MR EL & 2R 11 R 850 T 95 B W PH A% (CGSTV-

LY)MCP %:[HJF%1(GenBank % 5t5: KF023635),
FIH Primer6.0 & 11—XF 54X MCP 42K JE K i
7973, 519 i B K — W A P R A B2
G BIMFIIINT

P1: 5-CCGGAATTCATGTCTTCTGTAACTGG-
3'(EcoR I);

P2: 5-CCCAAGCTTTTACAAGATTGGGAA-
TCC-3'(Hind I1I),
1.4 BHREHEY

L pMD-18T-MCP A5tk i# 1T MCP 4> K L K]
P, BAREUA 50 uL MR AR R A 0.5 uL Ta-
KaRa Ex Taq (5 U/uL), 5.0 puL10x Ex Taq Buffer
(Mg*" Plus), 0.25 nmol/L dNTPs 4.0 pL, 51% (50

pmol/L)#5 1.0 pL, DNA #iffx 1 pL, ddH,O #h s &
50 uLo RN &4H:95°C 3 min; 95°C 455, 60°C
455,72°C 1 min, 30 PMEH; 72°C FE FEfi 10 min,,
10 g/L B BB BE I FEL VK AG I PCR 74, g 1Tl
PCR ¥,
1.5 EHRHL pFastBac-MCP KyH 2

4350 1 EcoR T 1 Hind TIT B sl 4 P9 ) il oL ity
Y] pFastBacl /A& F1 MCP & [H, [l 4tifk J5 H T4
DNA %420 % e, #5162 E. coli DH5a &2 35
b, WA AMP (100 mg/mL)F-A, fifik
ISEI‘@}'EFE%, }“JEEXBH'TEﬁF%Tfﬁi%?%FFHﬁ*ﬁHﬂ%

) G Rl BORL, FEAT IS E R e, R A
IEE% Eﬁiﬁﬂﬁ%ﬁﬁf@ A pFastBac-MCP,
1.6 EAMHL rBacmid-MCP WHERETE

2: 18 Bac to Bac Baculovirus Expression Sys-
tems il F P W EATHRAE, BRGNS f S BokL
pFastBac-MCP #%4k, E. coli DH10Bac /&2 241 iy,
WA =Hi(Gen, Kan, Tet), Bluo-gal, IPTG ¥4
#ﬁ“*lélﬁj?f‘rﬁi_ P B TE 3 kR ZAifl,

7 M13 38 FH 591 MCP Fe 5204514 PCR 9)20 %

miﬁ, g P T ¥ 22 DR — I A W) R A PR
AP R i — 20 M o ARG R E B Y B P
ML+, fw45 rBacmid-MCP,
1.7 EEMRFESHHEREBHETFHUE

% Insect GeneJuice® Transfection Reagent #¢
VEULE A5 19 07 %, B S il A A 1 42 B rBacmid-
MCP Jikr, @UZ%L 2 ug i rBacmid-MCP ik 5
10 pL H QR RRIRA RO T SO FRZ 401
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SRR AR R R 5 MCP 2 A TEAT IR 5 R 1K R G iRk 5 4k 1273

(IR EE L 1x10° A~/mL), 27°CUkSeRE S, £
80% N it B AR I, WCHE A v Aric o P1 X
FEAFPRIGEE, B P1LARTELLE TR SR ST9 4
fitn, 28340 K557, [RlHHS: 16 Bac to Bac Baculovirus
Expression Systems i F T H 19 ik BE 2 00 5 4%
B, AT EAR SRR, W
T4 B 1) T AL B AN M SR ) LA AR R R
W, 4°CHCIRES . B EAFRIE R 44 N
AcNPV-MCP,

AcNPV-MCP &Y SO 4l fifd 72 h )5, Frdadssz
W, FISEARH T 10 mL 2504, 3000 r/min &0
20 min, 7 Ff; 2 2.5% % REREE, CEEIK,
WEM IS, H] Leica CM1950 #83HH] A #HL
il 25 JEBE R 50~80 nm Y], BT SRR
AR L, BERR AN AT R Y, SR E T H-
7650 % B B (H 37)7E 80 kV R ER
1.8 BMEAMERIE

R 408 96 B T B, S IRCSCAR 22080 52 A [R] B e
2 (multiplicity of infection, MOI) ¥ 75 1Y F &,
¥ AcNPV-MCP #Z AN [FIR L Z H(MOI=2, 5. 10)
FERDAL TR E K IR ST 40 i (40 255 )3 20 Ny
1x 10°4~/mL), #EfF MCP J:H ik, £ 80%LA I
S fif HF BPA S AR AR S, AR, 1000 t/min
B0 10 min, [FIE 4°CHOGORAE, BEEMMDIE
V420 M T FH T8 11 PBS PRI R, A 20 i 24
R R R, 25 A R (200 HZ, 3217 15's
[E] 8k 30 s, 3 PMEFR), 13000 r/min 4°C Z5.0> 30 min,
SRIG B LA 12%5E e 4T SDS-PAGE HLIK, 57
sz ol a, JFRBERKE T syngene
b2 K ICEE IS AR R G AT I A IR . [A]Bi
B AR VTR o5 B B G4 1) STO 240 Jfd A %o i
19 EEREXXESTENEANRIE

BEEES A E T 6 fLM(corning) ;3% 5
JZ 1 ST 41 ifl, AcNPV-MCP &40l 72 h J5 5%
BiFRM, 40 4% R W 2 i 72, PBST ¥R 1%, 3%
BSA # 4 2 h, DI/NEPTRBIIT W # MCP B4t
(1 :3000)8—Pi, El FFE 2 ho PBST Wik,
PLFITC #Ric BYEPT/NR 1gG(1 = 250000 —9i, &
TREDEIFE 2 he PBST PEASE 2G4k Hoechest
33258 WEATYLAN . fFEE B A AR — 1 R,

50% HmE F & Tak A b, 9% B4 (Olympus
BX-51) FEE, A8 [RIA, 15255 A BUAT IR0 7 ek
YLy STO 4 it £ B4 X BE
1.10 BEHWEBWL LR Western blot £
RIEERAE VLIS, S ifE, #%8 500 pL
WER AT 456 350 pL B9/ BB KB M9 5 MCP
BB LR . B 1.8 S Bl Rk A
TR EA BMEARE TN SO 4 H
Triton X-100 VK [-24# 1 min, 4°C 600 g &5.> 3 min,
WA LV, TS A I e B R ER IR ), 37 °C
H 2 h, B ZRIEREER, Ve 2 K, kS
7T 500 uL pH 2.5 Gly-HCI, %% 5 min, #J10
SRR, I 100 uL pH 8.0 Tris-HCI Hrfn, EJ
Wik EEMER . Rk EMEASZ
SDS-PAGE HLiK, FIH BB 43 Hrill & 465, BCA
T e B 2 1857 6 (Sigma) I E B IR E . WAG
W 2lifb & A AR, Few M T ai b B
SDS-PAGE HiJk, ZJfH k=Y %] PVDF
HiE L, TR A DA A BRI BRI SI9 4 it Ay 2
F A R B X R S LR S min, FHPEAR 25TY
S0, 4°C, 50 g/L BiAEW k3£ 2 h; A PBST ¥
WE, BT 1500 B0 S bo R B % 9 i
MCP I, =EEBFE LR, PBST Pik)E, M
HRP #ric BEPi R 1gG(1 : 3000), FEEMFH 2 h;
PBST Y% 3 I, ECL Kl .

2 #RE5HW

21 MCP ER¥ #E5EH pFastbac-MCP FHiR]
MERETE

Ll pMD-18T-MCP M, &M MCP F5 5%
5|%1(P1/P2) it PCR ¥ 1% MCP &K FEH, =¥
ZEH KK KN 1392 bp(Bl 1), fFEETM., &
# AL DNA [ U FliZ 4%, 1% MCP 4fi A 3] pFastBacl
AR, I )M (B )R, SRR
T pFastBac-MCP 41 JFiki
2.2 EHFFH rBacmid-MCP I L E

VA e i AR R M3 38 H 519 Fn
MCP $E5PE5 191 (P1/P2)# 4T PCR %5 (A 3), I
HE BH A d 3% A 20 w1 T, 485 SR E B ok D A
T rBacmid-MCP 20 % .
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BT MCP BER 3 7 4y v Uk 15
M: DL2000DNA 7} F- AR ifE; 1: MCP 4374
Fig. 1 Electrophoresis patterns of MCP
M: DL2000 marker; 1: PCR product of MCP.

2  E 4Bk pFastBac-MCP 1] % &
M: DLS5 000 4> F=#5#fE; 1: pFastBacl HLEFYI =4,
2: pFastBac-MCP W] ;=4 .
Fig. 2 Idenfication of pFastBac-MCP by
restrication endounuclease
M: DNA Marker DL5 000; 1: digestion production
of pFastBacl; 2: digestion production of pFastBac-MCP.

23 EAMRFENFHSEREBHETRNE

A FT R rBacmid-MCP 54 3% S19 B d14i g 3 d
Jei, T R BB IR A i B0 TR 1 A4 i A, B
M IRFRAR K AR5 5E, REIETFAR R,
I X5) B 20 DU % A LG P B (5 SR M%) o o 7
MELE R BoR, PLACE4UR R MREE N 5x10°
PFU/mL, P2 fUHE 41 8 004 B Wt =, o 2x
107 PFU/mL; P3 1CH1 P4 U535 13 BE X 1x10°
PFU/mL. Hitt, ## P3 U 410K 25 B YL 40 i Y
B gt LIEVE N E AR R R

bp

3000
2000
1000
750
500
250
100

K3 EHAFPR rBacmid-MCP /) PCR % &
M: DL5000 DNA 737545 HE; 1: MCP #J PCR 437 4);
2: rBacmid-MCP [1*) PCR ¥ ¥ ;=4
Fig. 3 Identification of recombinant rBacmid-MCP by PCR

M: DL5000 marker; 1: PCR products of MCP;
2: PCR products of rBacmid-MCP.

L FPIRR 5 (ACNPV-MCP) L S9 41 fitd ),
WY, BT B i E 4 PR, R
FEAR G HEAEAE T 40 M v (B TP 7 Sk B R, R/hg
4 200 nmx40 nm, HAGMAIGFARBGEEIEE, U
B E T3k T K EAAIRIN R o

; .
B4 ARG E(ACNPV-MCP, #isk T )i e 48 L 58

Fig. 4 Electronic microscope observation of AcNPV-MCP
(as arrows showing)

24 HHMEAMREREN

MCP & F I HIS X F a4 50 kU, i
AcNPV-MCP J#&H: S19 R HU4i il J5, £ SDS-PAGE
AT, FIXERAR LG, 78 53 kU Ab 38— 4%
Wy E A, N HBGEEMOL A 108, B
FEAMNERS RS E S,
25 BEEREXAESTENEANRIE

(] 427 G B DR M 25 51 7R, AcNPV-MCP Jg&



SRR AR R R 5 MCP 2 A TEAT IR 5 R 1K R G iRk 5 4k 1275

29

K5 HZl MCP & H i) SDS-PAGE %

M: 5T RARE; C: FIPEX IR 12 rBacmid-MCP %% Sf9
[ B4 i (MOI=10); 2: rBacmid-MCP %54 Sf9 B 4l i
(MOI=5); 3: rBacmid-MCP %% Sf9 B 81 4 Jfi (MOI=2).

Fig. 5 Identification of recombinant MCP
protein by SDS-PAGE

M: protein molecular weight marker; C: negative control; 1: Sf9
cells infected by rBacmid-MCP with MOI=10; 2: Sf9 cells

infected by rBacmid-MCP with MOI=5; 3: Sf9 cells infected by

rBacmid-MCP with MOI=2.

YLy SO Yi i i B S R s (B 6), Hoe
643 A 1E A0 M R T, A7 B X R A A B
o SLEGZE ], CGSIV MCP & )78 B H 40
Mirh ik, H AR .

2.6 BHHWEBRZLT Western blot £3E

Wk ik MCP LR R 4 e, 28 Triton
X-100 ZfgFnE.c, Wk b, MRS EE /R
PR BT 99 5 MCP BT e G Bk AT 244k .
4lifb 2 2 SDS-PAGE Hiyk Kz . 558 Hf —p
— A5, MXH A FREAN 53 kU(E 7a), 5T
WIRANKRF & o AR 100 20 0 B D 45
R, 4tk HE AL R 90.8%, & Wk )E
4 0.85 mg/mL,

W 2lifb i H B B R A R BR S SRR L 1
ST 21 Jitd 24 ¥ £ 4T Western blot 1, &5 5N
7b Jiz: 4k /e PVDF [ E ] LB — S )
e, HRU/NAFG i, T B A X R U TG B 45
FTRXWHWEARA PRGN, Bt
UK BT 61 MCP LRI

3 i

MCP IR kRS E S, —
AN Z K . MCP 897 55 19 G058 Fl s gy o f
HAEEEMAP), AL EFMNPEEN, AR
WA SR B o R R i PR TR R 3k AT S s
JEPER) MCP 8 21 8 2k il £ ST 4RI B4

FITC Hoechest 33258

Kl 6 [ s kAl B4 MCP & 1 Rk
a. A RUFFLRE EE R YL Y SO 4 (72 h); b. JEY ACNPV-MCP J& 72 h ) S£9 4fifitl.
Fig. 6 Identification of the recombinant MCP protein by indirect immunofluorescence assay
a. Sf9 cells infected with wild type baculovirus at 72 h pi; b. Sf 9 cells infected with AcNPV-MCP at 72 h pi.
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BETE, M SR PR 3 19 3 2R T B
HAREHII RIS R Rk MCPH 22,
IR IR RN BAT PR B AR R AN R 1K 2
A LA, U A AR e B SR T AR A
FAAGER, il 0 H AR A LA R AP 5
ik, Haifbd a2 vk 20, SRR %m, i
CER YR EREE . WA DB H A R
FILR G $521K MCP LA 40 A gt 20
Btk RIX R A 20, IR ER™
Yire BIRAE i Jy AN BES AHLL, B — @M%
1. BES RIXMHE A HE H HA S B = 6
RECEAT B O T A . RIKFr . BEA N
KorFfA R Be . BRIRINT Rk 24K, Jf HAT
PRI R XA S JO R, 22 4T

: 17—
a b
E 7 4ifbEH MCP & 1Y SDS-PAGE #il
Western blot %58
a. Zlifk MCP % 1 #Y SDS-PAGE % 5E; b. 4lifk MCP E /)

1: alifki MCP .
Fig. 7 Identification of purified recombinant MCP protein by
SDS-PAGE and Western blot assays
a. identification of purified recombinant MCP protein by
SDS-PAGE; b. identification of purified recombinant MCP
protein by Western blot. M: protein molecular weight marker;
C: negative control; 1: purified MCP protein.

BT, fEKAESN YRR R AR G,
H 22 E A BES I T T B E AR,
1715 LA 4 A T 2 2 AT R R S s i 0
XEEHF5E R I, BES # nl BE R /K A sh W 5 1
PIR B 16 B AR I S B — A B AR FB
AT R H BES M35 T CGSIV MCP,

B2, AR, HEANREIRIFEAHR
CL1E 2% BES 1A 5 41 8 1 B8 25 R R A TR
2o, VIR T ARAMERTE H W& A7 SDS-PAGE
J02 3 1t 2 T Wi 5 W L £ 5 AN RE LS B R 51 B 8
46 . X ATRES CGSIV MCP 45 11 4 i 28 L2
FRRPE RN 2R 08 R AR S0 T B A . 7E Seo
25200 0 Zhou U BT R, SRS MCP e
BERIK RGP Ry RIE R, TEX MCP 4ifid 2
BRIEAT T EMSFIfk . M, FEaZemmtss ., &
AT AT LA 4 CGSIV. MCP 4 i3 28 KL 2 1) 2%
WFAk, LUER BES MY T2, Mt
& BES X% MCP ik,

AT B (B e DG B 45 R iR, CGSIV
MCP AN AE BES "5 2| 3%3k, 1 H o34 fE 4l e i
FeT o ARAE X LT ZE PO SRS IS R b, T
fITHEI CGSIV MCP ARA AT et B 45 21 8 A1 FT-4R
WREE M FERE o AN SR — R A5 3] 5 2 5L 00 i i
—PUESE, 0T DA R UCAR A5 Y B AT R B
VER e/, Ak, X 52 5 1 1O 40 i
W 5 B O B 3 94T SDS-PAGE, M HL Kk &
ATLVE S H B E AR, WHRIENEA T
TR

kA HA e R YE R E A E A X E T
JE M HEAT, ARSI R A His b5
B (AR RE SR RS AT, T A FH G2 Bk 1k R A T
HE AL th, difbss R R, RpemteRika
A B B9 & H 26 7R 5 . Western blot 525025 5
T, alifeiy B E A BA BRI R e, A
WF5T A R, G w1 A 4l AL B O TR SE 2L
aifb SRR . AL RRTE . PR DL K SliAb S B
B f5e KPR B A 35 00 3 SR 25 221 P2 28R,
PR R Rk ol B 1, R ERR A A3
BRI M i B A e B R AL B e 1R PR, $Blal
R & R RERAR, A5 W24 AR 7T BEAS i,
VU, 75 B AL T vk T LA ) 2D
WA BJE, AN AR G R B 1 R A ] A 4l
RE A, U IEA R -

A5 AE BES R ERIA T CGSIV MCP i
F, R e mi ek sk gl TiZ 8 [, 2 1
WoRFRIRW H B E A BA RO A 20 E, A
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Expression and purification of major capsid protein of chinese giant
salamander (Andrias davidianus) iridovirus in baculovirus expression
system

ZHANG Xinglang', GAO Zhi', YANG Pingwaz, ZHOU Xiaoyuan', JIA Qiuhong', HAN Yahui', GAO Hongwei'

1. Yellow River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Xi’an 710086, China;
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Abstract: This work was conducted to provide a useful basis for development of a new subunit vaccine against
Chinese giant salamander iridovirus (CGSIV). In order to express major capsid protein (MCP) of CGSIV in bacu-
lovirus expression system, the gene of MCP was subcloned into baculovirus transfer vector (pFastBacl). The re-
combinant plasmid pFastBac-MCP was identified by restriction enzyme digestion and gene sequencing, and then
transformed into Escherichia coli DH10Bac competent cells containing baculovirus shuttle vectors. After identi-
fication by blue/white selection, PCR analysis, and gene sequencing, a recombinant bacmid (rBacmid-MCP) was
obtained. Thereafter, the recombinant bacmid was transfected into Sf9 cells with Insect GeneJuice® Transfection
Reagent and recombinant baculoviruses were obtained in Sf9 cells, which could be observed by eletron micros-
copy in the ultra-thin sections of infected Sf9 cells and were named AcNPV-MCP. The recombinant baculovirus
infected Sf9 cells with different multiplicities of infection (MOI=2, 5, or 10) showed the highest production of
recombinant protein of MCP. The result of SDS-PAGE analysis showed that the production of expressed MCP
could be the highest with MOI=10. By immunofluorescence assay, the presence of MCP was observed on the sur-
face of infected Sf9 cells. The recombinant protein of MCP was purified with the prepared immunomagnetic bead
with monoclonal antibodies against CGSIV MCP and its bioactivity was verified by western blot assay with the
rabbit antisera against CGSIV MCP. The results of SDS-PAGE and western-blotting assays indicated that the re-
combinant protein was highly purified and had good immunogenicity, which could specifically react with the rab-
bit antisera. In conclusion, the recombinant protein of CGSIV MCP was successfully expressed in baculovirus
expression system and purified with the immunomagnetic bead assay, which laid a solid foundation for the devel-
opment of a new subunit CGSIV vaccine in the future.
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