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i E. VP28 EXIUF I BELE AR AN # (White Spot Syndrome Virus, WSSV) [ . Kf VP28 He [ 351
A5 A, SR TE N VI Nde T Xho 1 VI , ¥ TE A Y B SAHENG 74 A 2 pET-28a( + ) Rk K
bo BABORIFARIAFTE BL21(DE3 ) , 22 FORI U] P %€ I iR i T VP28 RPN A% 35 1k 2 A
pET-28a-VP28, HALH L IPTG 55, SDS-PAGE {7n &4 15 BU /N —Ei 29 30 ku EE 4, EELIALRIA
AL, R Ni-IDA-Sepharose CL-6B SR FIJZ A HEXT E 418 [ #EA Tk, AR 7 T4l N 95% i R AT i
EH VP28, AL E AR At Western FUBRIE RN , A6 5 i A S2 v vl ol 2, LA G 0 e 56 ) 1 2
W 7120 HG VP28 Za Xk SCERAS R, R AT BL21 (DE3) Fk M VP28 5 i i 7120
HRIR I VP28 ST AR, ZEAL S (AT R A R AR R R O 45 X0 RE A Western ARifET 2K, 15
SR DA A IR 7120 FEREIRES 17 JRINF, VP28 [RIK IR, N 5. 14 pg/mL, (G FEHEDR #7120 SR I
JFEM) 1.45% o JXASSURT e HE DR 0 Rl 1) s 1 9 HAT T B0 S, o I G 80RO 1 e A A0
B i A RELR AL BEE 1A

REEI : IR FIBELEEAERREE (WSSV) 5 VP28; RIGFFE; MRS 71205  Ht Gy EIl

mESEE: S917 SERARERD: A

I BE2E A 1E 5 2 ( White spot syndrome virus,
WSSV) B 1992 475w 5] 5 75 8 & I LAk, A4k
FEE KRG S B L R H A
SEM RO A T A% FE R R B M R T
FERLTEARE T . WSSV RALAT LU X IR, i
ALY IR 7K B IR |y B | gt 8 4 30 v 5 25 B
P13 ~ 10 d P9 AT s O BF 100% BE TS
WSSV IR — KA RUEE IR DNA 4 F K
2 305 kbp, 2545 181 IR bEAE " . HATE
A5 30 vp [E RCBli i | 5 VS R R R R 4 K DU A
WSSV 4N 41)7 5] . BARKET WSSV (1
WFSEATAE A &, HJE WSSV [ BURHLEE 2 4
W AT AE , DR RT3 %A T 6 9 75 A5 23 A0 BEL BT 5 ol
HFB LU T B A oy
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B AR R S ofE il £, DA OR U E % VP28
PR e ——fR B38 7120 rf VP28 3 48 X R
KR, WIBEE FUKF B 5 VP28 JLN 12
B 7120 HYRIKNE DL, A2 Jo S IR 1 S 1 114
A A3 B R o SR R B R B A

U BPRS ik

1.1 ##)

% VP28 SL DK fa IR 7120 v RL 24 B A
Yo fir $Ei . Bradford 25 [ 2 5 3800 & R AR
BRI A LA T s bk DHS o, 2 35 B
BI21(DE3) DNA Zlifb iR & . ks $2 B 5
£ . 2 x PCR Master Mix . IPTG ¥4 H KA AR
F(dbat) AR pET-28a( + ) KIKH A A
¥R AE A/ ) s T4 DNA JERERG | BRAIHE A
YR § TaKaRa /3 ) ; Goat Anti-Mouse IgG( H +
L)- HRP — 4y At it &N A RAF .
1.2 7k
1.2.1  Fik# Ak pET-28a-VP28 [k ¢

HiF VP28 1) 5" i j A B /K 1) 55 B IX, 9 5
A AT A5 5 RK, B LU VP28 3L P 51 %
WAk )5 4 i : ATGGATTTGTCCTTTACCCTGTC
CGTAGTTAGCGCCATCCTGGCCATCACAGCGGTG
ATTGCGGTCTTTATTGTTATCTTTCGTTATCACAAC
ACCGTGACTAAAACCATTGAAACCCATACTGATA
ACATTGAAACCAATATGGATGAAAACCTGCGTAT
TCCGGTTACGGCCGAAGTGGGGTCAGGCTATTTCA
AAATGACGGATGTCTCATTCGATAGCGATACCTT
AGGGAAAATTAAGATCCGTAACGGTAAAAGCGA
TGCGCAGATGAAAGAAGAAGACGCGGACTTAGT
TATTACGCCCGTCGAAGGCCGTGCACTGGAAGTT
ACCGTAGGTCAGAATCTGACTTTTGAAGGCACGT
TTAAAGTGTGGAATAATACGAGCCGTAAAATCAA
CATTACCGGTATGCAGATGGTACCGAAAATTAAT
CCAAGTAAAGCATTCGTCGGTTCGAGCAATACGA
GTAGCTTTACGCCCGTTTCAATCGACGAGGATGA
GGTGGGCACCTTCGTTTGTGGTACCACCTTCGGAG
CGCCGATCGCCGCGACGGCGGGCGGTAATCTGTT
CGATATGTACGTTCATGTCACATATTCGGGCACGG
AGACAGAATAA

R4 VP28 L CDS J7 4l pET-28a( + ) 3
RERARI 2 5E B, , BT RR S 1% PCR 5 4: 1E
15|49 VP28-F1.5’ CATATCCATATGGATTTGTC
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CTTTACCCTGTC 3'; /% [ & ¥ VP28-Rl. 5’
AATCACCTCGAGTTATTCTGTCTCCGTGCCCGAATA
3 H F1L th & Nde | BV 5 RE h &
Xho T BgYIM 5. 519 A T A9 TR BR
A

FRAE UL EH 45 23K, >R ] 2 x PCR Master Mix
(RAR)S0 pL R R34 B B, [N 4%
4:94 °C 5 min;94 °C 1 min,58 °C 30 5,72 °C 1
min,29 MEH ;72 C 7 min;4 CAR-1F. W45
J& , BC10 WL #17 1.0% Agarose HLPKEERE o

Y IE S, Rl DNA 4lifk izt 7 & 4l ik
P R LT a7 % B VP28 PCR 774 \pET-
28a( + ) #IKHELT Nde 1  Xho 1 XUJY] ., DNA 4fi
A S sl Ak [ S g B0 7, T4 DNA 3% 2 i 22
Ci#EHz 16 h, EH =Yk DHS o JB3Z 25 20,
AT 50 pg/mL Kana 1Y LB -4 ,37 °C & &
RiFRid . BETE PCR i vk PHE se ke, PR B 41
R RTS8 R E B R TR TREA
A BRI
1.2.2 pET-28a-VP28 7 KT & P iRk

4 56 TF 1E B 1) B 40 R pET-28a-VP28 414k
2 RIGFF BL21 (DE3) | PRI F-A b (14 55
REHERI T4 50 pe/mL RABEZE 1 3 mL LB K57
WA 37 °C 220 o/min RFE TR K H 4%
1:100 3R F % 50 we/mL EIFEZ Y 30 mL LB
i%?%i&qj,37 C 220 r/min yfﬁﬁgﬁﬁg ODoooﬂ‘:l
0.4 (#32 h),MA IPTG ZLHJE N 0.5 mmol/
L,37 °C 220 v/min §E#% 4 h, S FEBH 1 mL
B, B R GA WK E B T 400 L Ni-IDA
Binding-Buffer (20 mmol/L Tris-HCI,5 mmol/L B
M. 0.5 mol/L NaCl,pH 8.0) ; FE 2K 47 7 Ik
MR (VKT EAT) (D13 100 W, TAE 4 s, (] 8K 8
s, 3£ 10 min; AR 4 C 12 000 g B0 20
min, B 10 pL EiHBRIMA SRR 2 x EREGEup
W, UTTEF 400 pL 1 x b FF 9% w2 B J5 L S
wL, {H JE 150 V #£47 12% SDS-PAGE,

1.2.3  VP28-His {8 & & 1 #9 46 fk & SDS-
PAGE Fiiil]

W 1 L3RR 09 55 IR AR DTUE T 20 mL
Ni-IDA Binding-Buffer ¥ & J5 , # /5 il #% ( 2 %
200 W, TAE4 s, A8k 8 s,4L 20 min) ,4 °C 12 000
g 50> 20 min, AR TTE ; DITEIELLH 2.3 4 F16
mol/L JRE T B G T VR, 4 C 12 000 g 5.0
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15 min, YEEDUIE ; MPTTE A 50 mmol/L Tris-
HCI, B2 5 70 1Ef# 4 °C 12 000 g B0 15 min,
WO TTHE ; BRI ITIE A 8 mol/L JR % , B &5
AP C 12 000 g 5.0 15 min, B L3 F)
FH Biologic LP E#r &4, FiFW LA 0.5 ml/min
Vi b AEE Ni-IDA Binding-Buffer T - 7 i) Ni-
IDA -Sepharose CL-6B 3% #1 )2 #7 #; FI Ni-IDA
Binding-Buffer L} 0. 5 mL/min i & t %, & ¥ H
T OD,q, Bl IE B2 ; i 22 & A 10,2050 #1250
mmol/L BEME Y Ni-IDA Washing-Buffer (20 mmol/
L Tris-HCI, 0.5 mol/L NaCl,pH 8.0) PA I mL/min
T PR , LR 0Dy, B3R BE2K; YE M H Y &K
H, WO R ; 3547 12% SDS-PAGE 434t
1.2.4  FEELP IR 7120 rf VP28 RGkH1E
g ivaill

H LAl RN 3 I I B R TR A IR 7120 DX
1: SORY L2 mh B0 3 A FAT. 0 milsRaE 3 4
HEU A FESL PR £ IR 8 7120 BERPIEEH 1.3.5. 7,
9,11, 13,15, 17,19, 21,23 KM,
JOERETHIE H ODys {5, 22 il AR K 2k Rt
URAlE S DCHAE Y B 1, Bradford YA & B AR
IV Z G - 80 CARAE , LA 2 A ] i 400 i 4 v
VP28 KL &,

RIHFE P RIXIF A E A VP28 8 7y
M FA£0.05,0.1,0.25.0.5.1 F12 pe, fENE=E
Western FUPRUEMIZE . —Fi 0k 1310 000 YA S5
il & P VP28 £ Ik BT BE SR, —Ht
1:5 000U i S8 AL W Wt b 10 - Pt Bl A, fi ]
ChemiDoc MP Imaging System( Bio-Rad) #3477
KOG SR, Tmage Lab ST IE ¥ P E AL
FIEM VP28 (& ik, % VP28 fa iR 7120 ik
KR VP28 ] S5 AR ifE i pET-28a-VP28 47 L
BoER .
2

2.1 E/AFf pET-28a-VP28 12
SRR W B IR R UK RS I, 4 BTRE KN Ry
5910 bp,% Nde 1 Xho 1 MVIIG, 4> TR
/N5 289 bp 1621 bp, SR/, 45513
B A ORI AS A 2 (BT 1) o S R 37 1 1E A
P8, 2R D) IR A kxR Ak TAEY) T
FEAT R R 0 P 25 5 R VP28 JE 3 IEAf

2.2 EARAWNBFSRESHEN

BRI 2R, VP28-His Bl H
B> 72900 30 ku Z247. SDS-PAGE £l 4%
R, o RN ES B —2(K 2), 3 H
VP28 LR IR IR RIEERIL (1 3) .

bp M 1 2
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Fig.1 Electropho-retogram of agarose gel detection
M. DNA 73 FHbRifE; 1. B2 Foki pET-28a-VP28 (5 910 bp) 5
2. pET-28a-VP28 Nde 1 Xho 1 XUFVIF4)
M. DNA marker; 1. pET-28a-VP28 recombinant plasmid (5 910
bp); 2. pET-28a-VP28 Nde | and Xho | double digestion

products

ku

120
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50

35

25

20

2 SDS-PAGE #illl pET-28a-VP28 fyi% S &%
Fig.2 pET-28a-VP28 induced expression detection
M. A B THARE; L RS ER; 2. S 2W; Wik

7~ VP28-His gl &M

M. Protein marker; 1. Total protein of non-induced pET-28a-
VP28 ; 2. Total protein of induced pET-28a-VP28 vector; Arrows
indicate VP28-His fusion protein
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ku
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35 —
30 ku

25
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# 3 SDS-PAGE #:ill VP28-His & ik 4t
Fig.3 SDS-PAGE detection of
VP28-His inclusion body purification

M. 2 E B TR 1. 205 2. B0 B 3. B E Ut
s 4. G 5. A B 6. 10 mmol/L VEIRZE M
el 7.20 mmol/L PRMEZE iR BEIGE 5 8. 50 mmol/ L i 2% ifr
TRUEBL; 9. 250 mmol/L YEMBEZE MK e . 7k #5878 VP28-His
AhEEN

M. Protein marker; 1. Total protein of induced pET-28a-VP28;
2. Supernatant protein of induced pET-28a-VP28; 3. Pellet
protein of induced pET-28a-VP28; 4. Effluent; 5. Elution with
Binding Buffer; 6. Elution with Washing Buffer( 10 mmol/L) ;7.
Elution with Washing Buffer ( 20 mmol/L ) ; 8. Elution with
Washing Buffer (50 mmol/L) ; 9. Elution with Washing Buffer
(250 mmol/L). Arrows indicate VP28-His fusion protein

2.3 aRGEANGLSKRN

G RIRIR S IR R U RIS, LT
Biologic LP JZHT R Gt , W - ¥ 0 i 1 3 I W 2%
FIEHTHE (Ni-IDA -Sepharose CL-6B) 4fifk, 2545
ARG A 10,20, 50 F1 250 mmol/L Ik
Ve S ph R e, e 2R HIEE (B 3),
SDS-PAGE F il H4li i ok 95% .,
2.4 AREEKEHFEERE&RES 7120 & VP28
RIEE.BEATHAEKEL

B VP28 IR 7120 ) VP28 ik Bim it
f§iFf} ChemiDoc MP Imaging System ( Bio-Rad) ]
Image Lab 5.2 #{F g7 brf i 26 (1 4) #4731
B, SR REE VP28 fa e 7120 fERE SRS 17
KRR GRS 14 pg/mL, &5 BV R Y
1.45% (&l 5a) . BEREAWES 15 R, N
365.9 pg/mL( &l 5b) 85555 21 RAERKERK,
0D, {87 1.25( & 5¢) .

3 g

XHERE 8 N T A A 7= B W Y B
Gz —, AR TR [ B X R 5 s 2 KA 5
{EURE iy T T 5 A 8 R R 44 SR, A
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)" I I REZR B A R (WSSV) o 24k
SLBEERIR BTN 3 14 Bl L 575 128 J0 9 75 1) A L B
FIRFAAR RIS, g /> WSSV /e, —H
ST, R DL A IR TR 5 P L A i 6 14 24
Py, X E SO T FAERT . R WSSV 20 4 i 4
SRR N B 5 WSSV SR I, B R I 4R BFSE
R L, e JC DL WSSV L4 54 1y VP28 fif
W E

awp

NI

N
1234 5 600 3
_30ku

(a)

R
Cumulative intensity
[y}
S
S
S

0 0204 0.6 08101214 16 1.8 2.0

pET-28a-VP28%E /1 g
Recombinant protein

(b)

4 7E= Western Blotting FrfE B 2%

Fig.4 The standard curve of

quantitative Western Blotting
1 2aifb mAHEH0.05 pg; 2. CAfLFEAEHO. 1 pg; 3.2
AL A 0.25 ng; 4. CACEHENO0.5 pg ; 5. 04
CEAVELT | pgs 6. O A TAIE (12 pgs 7120-VP28. 5
VP28 fa i35 7120 5 7120-wt. B2 T I 35 7120
1. purified pET-28a-VP28 protein 0. 05 pg; 2. purified pET-28a-
VP28 protein 0. 1 wg; 3. purified pET-28a-VP28 protein 0.25
wg; 4. purified pET-28a-VP28 protein 0.5 pg; 5. purified pET-
28a-VP28 protein 1pug; 6. purified pET-28a-VP28 protein 2 pg;
7120-VP28. recombinant cyanobacteria with VP28 gene; 7120-
wt. 7120 wild type

WEEEAE G AR, & Tk 7
LBfE, HZER SN BER, S EA MR/, k0]
DIVE Ry % R &0 A B 300 1) OF 10 BEDRE, o1 S5 4
VP28 SR IE R G R A RARMILHE . BARE
TELZRAR WG Be——f R 38 7120 h R M) Rk T
VP28 B (HIE A e VP28 LA # iR i 7120 1)
R REFEIR TR VP28 23K WA T TH (BT R O
RN o T RE AT VP28 [ ik a4 i 383
R RERR IR A IE 5 T 3208 & LA,
JIT LAAS SCH i K FF 147 8 41 5 kE pET-28a-VP28
Ji% # ik VP28 i 1, & IPTG 5 3, Ni-IDA-
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AR5 (WSSV ) HE[R VP28 5% 5 S5l

187

Sepharose CL-6B 2% FZ AT 44k , 3545 T 4l B Ky
5% M EMEH., CaifbREAEH 70 L
0.05.0.1,0.25,0.5, 1 #12 pg, fEREEALDR,
Chemi-Doc MP Imaging System J%f5 {460l 0915 5

FatmEVE AR, Hil VE 4 X E & Western 11
B v T 28 308 o bR v 2 SR ARG I 5 0 A 3 TR
#7120 ) VP28 & H 146 X Fak & .

6 £ 450 1.4
o
5 ~ 5 400 1.2
L 3£ w0
}02 4 ;n 8 300 = 1.0
S g
\\35 5 < § 250 g 0.8
g @ g.ﬁ 200 0.6
HE 2 Zg o0 0.4
Azl g & 100 o5
W 50 °
0 g o 0
9 11 13 15 17 19 21 &8 9 11 13 15 17 19 21 13 5791113151719 2123
BRI /d Time BEFRIFA)/d Time R /d Time
(a) (b) (©)
BS5 AEEKHSEERERERET7120 h VP28 RIEE.BEAREMERKMENTH

Fig.5 The expression level of VP28,protein concentration and

growth curve of transgenic strain in different periods

FEAIRERY, K ERIENEHAEDS
Fa P 7120 HhRIAIY VP28 4y 1 SLACH [A] , 4l
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it Western FRifih £k , 1530t 4 56 [ £ 1 38 7120
Bl B ] R RG S, VP28 SRk HE AW N, 256
17 K k3 KFER, N 5. 14 pg/mL, 5 2E
Y 1.45% .l 5 88 H AR K i 40t AT
LR B, BB REAS AR K e K (5 21 R) A
SR PR EEBCOR (55 15 K) (HADZE VP28 ik
s BT, e T L, R AR KR DL K
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() o 26505 R 7 1% I S AN SO0 2 ik PR i 35 1Y)
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Prokaryotic gene expression and detection of white spot syndrome virus
(WSSV) vP28

ZHANG Zhengyang' , ZHANG Chunli’, SHI Dingji’, JIA Xiaohui', JIA Rui', HE Peimin'

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Department of Molecular
Membrane Biology, Max Planck Institute of Biophysics, 60438 Frankfurt am Main, Germany; 3. Institute of Botany, Chinese
Academy of Sciences, Beijing 100093, China)

Abstract: VP28 is the envelope protein of white spot syndrome virus( WSSV ). After the codon optimization
synthesis VP28 gene sequence,and enzyme digestion by restriction enzymes Nde I, Xho I, inserted the correct
reading frame sequence into the expression vector—pET-28a( + ). After the recombinant plasmid into E. coli
BI21 (DE3) was digested by double enzyme and sequencing, it was confirmed that we have successfully
constructed VP28 genetic prokaryotic expression vector —pET-28a-VP28. The transferred strain induced by
IPTG, SDS-PAGE showed that contains the expected size of about 30 ku protein band, which was mainly
expressed in inclusion body form. The recombinant protein was purified by Ni-IDA-Sepharose CL-6B affinity
chromatography column and we got the purity of 95% protein finally. Gradiently dilute the purified protein as
the quantitative standard curve of Western blotting, to quantify the amount of VP28 expression in transgenic
Anabaena sp. PCC 7120. The experiment results showed that the recombinant protein and VP28 expressed in
Anabaena sp. PCC 7120 had the same molecular weight. Use the purification of recombinant protein as a
quantitative western blotting standard curve, calculate the expression of VP28 in transgenic Anabaena sp.
PCC 7120. The largest amount was 5. 14 pg/mL, on 17th day, accounting for 1.45% of the total protein
concentration. This is not only of great significance to efficient cultivation of transgenic cyanobacteria , but also
a foundation to determine the effective dosage of oral vaccine for prawn to prevent and cure white spot
syndrome in the future.

Key words: shrimp; white spot syndrome virus ( WSSV ) ; VP28 ; Escherichia coli;Anabaena sp. PCC 7120

quantitative Western blotting
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