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# E.BM MERERE HnanB3 BB EORXEIREEAR A AR EAPHE TR OTIREARA AR EAN
FEMRRZ I, FiE RIHEREY HCEER % Hunan03 # S 2k B % % JF #% 7 3 42 (ORF) & 5] 4 , RT-PCR 4 % , =
4y & B pGM-T 84K, s (A % Mg TOPL0, v F % & 36 0 %6 (B 47 \PCR % & , & 11 7 [ 2| pGEX-6p-2 B &k ik # 1K, #%
1 Ecoli. BL21 Star™(DE3) ,IPTG % % % 3 .SDS-PAGE,Western blot 3t & 241 & 5 # 47 % & . M H Glutathione Sepharose 4B
G EAEARA AR WA AT EHEELISA ZX R EANERREREE AR RN BTN, &R PCRYHES

HBH ORF R = A /N2 1306 bp, &4 # 1k pGEX-6p-2-S £ X841 .PCR.M F % & # "M # &R % 37 CLIPTG W E K
0.8mmol/LiFFS5hty & BT . XA HEFmENMEL 2 FEH 74 kDa ty GST-NP @ & & g . 2Ly # ELISA # &
GST-NP @A & B R XMW = &t F, IgM R #H Z % 1 8000,1gG R Lk 1216 000, &ik mAMET HHEE

AR E SHEELUXRARK RETAERGEARANAEERS A RRANENEES. W ESEVOEREE T RN
R H & E T .

KER.VERE;SEF;RR AL ;REAAKXR K
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Cloning and expression of hantavirus nucleoprotein gene

of Hunan(3 and its immunogenicity

CAI Liang"?, ZHANG Hong', GAO Li-dong', LIU Jian-gao',QIN Di',
HE Fang-ling'. LIU Jia-hui', ZOU Yi-zhou®, LI Jun-hua'

(1. Hunan Provincial Center for Disease Control and Prevention .
the Key Laboratory of Microbial Molecular Biology of Hunan Province , Changsha 410005, China;
2. School of Basic Medical Science, Central South University , Changsha 410013, China)

Abstract: We cloned the hantavirus nucleoprotein gene and expressed it in E. coli for laboratory diagnosis. The whole open
reading frame(ORF)of hantavirus Hunan03 strain S gene was amplified by RT-PCR after designing specific primers, and the
PCR products was cloned into the pGM-T vector and transformed into competent cell of TOP10 and identified by the assay of
blue-white spot screening, PCR and enzyme digestion. Then, we directed cloned the S gene into the prokaryotic expression vec-
tor of pGEX-6p-2 and the recombinant plasmid of pGEX-6p-2/S was transformed into the competent cell of E. coli BL.21 Star™
(DE3) and induced by IPTG. We identified the expression product by SDS-PAGE and Western-blot. Results showed that the
PCR product of S gene was about 1 306 bp. The recombinant plasmid of pGEX-6p-2/S was constructed successfully after being
identified by PCR and double enzyme digestion. Under the condition of 37 °C and 0. 8 mmol/L IPTG induction, the pGEX-6p-
2/S has expressed a 74 kDa fusion GST-NP protein. The successful expression of the recombinant prokaryotic plasmid pGEX-
6p-2/S will benefit to the laboratory diagnosis of hantavirus infection.

Keywords: hantavirus; nucleoprotein gene; prokaryotic expression; Nucleoprotein immunogeicity
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W% 3 (Hantavirus, HV) 4035 B Y B A%
fsE RNA 5 88 . A FEG 25 2h 1 35 0] e sk v, O
L M.S A 705 4 i AR A5 RNA [ RNA R 45 1l
LM 11 (G1.G2) R AGEE T (NP, NP X
FRAZEE A S B K g i 2N 1 0 FE LM E M,
B P8 D AR iR SR BTL A T 5 | A iR B R A e 92 R
2 B 2 I 2 A B AR B T L 4 R I R L 7R
B 7 S ok AR T OR[R AR T A 3 NP &
FWR P IR SE . W ARy HY B J5 1Y 12 W &
I TR 2 R AT N A R i R 4 2 e 4y
B R 7T W HH % F Hunan03 # ( GenBank No.
JN712306)"  %F S 3 5 4 F FEAF S A% B (1 ) 45
FHEAT T WA 43 B AR B SR A B IR AR S 3
K ORF [X 48 58 B 31 pGEX-6p-2 J5i#% 3R ik 404K
TERIHFFR th AT T 38 A 3 4 52 50 X A% &
(1) e 98 B Pk 5 S0 e I Nk AT T 020 B 5 IR 4G
RAEWT

1 #RERE
1.1 Fokr, @tk 550 Bkl pGEX-6P-2 (GE
Healthcare, USA),Glutathione Sepharose 4B & 4
alifk # (GE Healthcare, USA), $ii. GST McAb
(Cell Signaling Technology Inc, USA),FEcoli. BL21
Star™ (DE3) , JM109 ( TTANGEN, dt %), Trizol,
One-step RT-PCR System with Platinum® Taq
High Fidelity,Platinum® PCR Super Mix, TOPOO
R TA Cloning® Kit (Invitrogen, USA), T4 DNA
AW EcoR 1 Xho | BR#IPEAN YIEE. 1 000 bp
DNA Marker. fit 7> ¥+ & & 4 Marker (Fermentas.,
Canada) . i [ W30 & /0N i ORE 3 B0 AR & (Ax-
ygen, USA),
1.2 5t 58 WAETTHATR EgE Gen-
Bank {9 ¥ 3 %5 & Hunan03 #k ( GenBank No.
IN712306)S % [H 4 i X 7 51 K ik pGEX-6P-2 £
Vo437 45, 5 B Primer Premier 6. 0 ¥+ — X7 4
S HEH i X 2K RS s, o TE T ok S
RIREFIWP IS A EcoR T M Xho T BN 5 M
PP M B K. L UiF 5l ¥ pGEX-6P-2-F. 5
TAGAATTCTGATGGCAACTATGGAGG- 3' (5’
g B A 2 o8 EcoR T Y147 £ FEBI Y
pGEX6P2R : 5 -CGCTCGAGTTATAGTTT-
TAAAGGCTC- 3" (53 F I 53y Xhol T 1)
{37 5 &+ Invitrogen 28 &) 5 .
1.3 RNA #2H.cDNA & 1} PCR 7= 4 4li fk [ i
Trizol ¥E4£ M HV U 20 21 Hunan03 # FH M 45

A% RNA, 5|9 pGEX-6P-2-F.pGEX-6P-2-R {E
T, W One-step RT-PCR System with Plati-
num® Taq High Fidelity 7] & X S % ORF X
WGHEAT — R S Ry YR R4 1. 003
JIEWEBE R L UK L 0 Axygen JBE Il 0t 560 & %5 7 )
AT A4k 1,

1.4 TAwES%E PCR™YaifbInE . 2 MM
TOPO® TA Cloning Kit #5838 PCR =¥ 5 T
HAK 15 BB T 22 °C#EAT % 4 S, B 10 pL
HEREFE WAL Ecoli. TOPI10 ., 3k 3% 2 v [ b 42 o
i, Platinum® PCR Super Mix if 7| & i# 7
PCR %5 . EcoR | \Xho [ F 37 ‘C JEAT XL
YE

1.5 AR pGEX-6P-2/S ity g K
JE ) TA FORE B M kL 5 pGEX-6P-2 %5 i ki £
37 CE&MMFRIBF#FT EcoR T - Xho 1 MUHE] . B
KCH® R B egifb, #E 1 3 el TN T4
DNA JEHERE T 22 “CHERE R 10 min, BUE 79
10 pL B4 Z 25400 TOP10. %4 100 pg/mL &
FTHEZRMN LBYM.37 CHER R AR, Phikp
vERETR I AR R, 1 oL 4T PCR %55E . W
EcoR | \Xhol | %} & Ji ki ¥ 17 W EE D) . PCR 7= 4
KO F= 4 F 1. 0 Yo 35t R W 6 s v Uk » X pGEX-6P-
2/S B FTkLi% Invitrogen A B AT )7 I AE .

1.6 SHRHMEIL F pGEX-6P-2/S 4 i ki 5%
b T B Ecoli. BL21 Star™ (DE3) J& 52 75 41 il
37 CHiFE 24 h PR SERE 75 T & 100 ug/mL 2
THHEZREM LB ERE T C ml)EFHRE ODHA
0.6 247 i A 6 ¥ BE IPTG (0. 2 mmol/L.0. 4
mmol/L.0. 6 mmol/L.0. 8 mmol/L.1.0 mmol/L,
1.2 mmol/L),37 ‘CARIFFHEFHF 3~8 h, B I
LR,

1.7 QWMENERSEE  IWEN R RS IKEE
7 4 VR T (60 mmol/L EDTA,4% Triton
X-100,1. 5 mol/L NaCl, pH7. 0), % ¥ 11 (0. 1 mol/L
Tris-Cl, 20 mmol/L. EDTA,2 mol/L Urea, pH7. 0)
Vel A I s A AL 4K, 1226 SDS-PAGE H ik,
AR A B I A W (8 mol/L Urea, 20 mmol/L
Tris-Cl, 1 mmol/L EDTA ,6 mmol/L. DTT, pHS. 0)
B G 2 A& GST filvG 3 H 2 M (20 mmol /L
Tris-Cl pHS8. 0,1 mmol/L. EDTA pHS. 0,0. 9 mmol/L
GSH.0. 1 mmol/L GSSG) iy #4842 ¥ 24 h,
1.8 GST-NP HAHE A 41k . Western blot ¥ 10
mL Glutathione Sepharose 4B Jli A GST & [ 4li fk
FE L PBS ¥k 2 A, L 0. 1 mL/ min Jii 3N A



8 1] S

X% . X3EHmFE Hunan03 #k S A B L% KA R K G 2R RESH 713

10 mL W& M 1. i 8 B 78 40 K. PBS YRk 2
BT AT 2 S P B Ak B B i A 1 BA R E S
% GST HE A alifb kv 47, Ve GST—NP
A E 4 12% SDS-PAGE VK45, B &
PVDF ji£, iyt GST McAb Ji—#1 . HRP #xid i 3
ViR PR R — 30, ECL B3, Western blot % 5E,
1.9 GST-NP HAHEMWENE FEZREN S
BB SR Ao 58 40 43 606 B2 5, i I BSA & 1
W bR o 22 bR o il 2R DU a2 4k 5 GST-NP
1.10  Zh¥ 52 5 il 4 T GST-NP H 41 2 15 = 1
Pk LIEER R4 EH GST-NP Jy 452 I %
BV CHfEPE. 6 HL2.5~3.0 kg/ ), W1 IR . 9iF
M2tk 1 200 pg 55 R B 95 [ 58 448 70 1 5 2
PEFER A e N Z ST, 15 d JeAke 10 d 4tk
HH 100 pg 5B R 582K FNR AT iniE G
BE 3 U A B A A4 2R I VR IR GST 8 11 4
BE 2 FUBT PG 2% G X B 5 g Ok o 8 1T F H-  i kCR:
I AR K ABE 10 d J5 0o IR A5 B850 43 85 1L 7 - PR AE
F—20 C,

111 P8I Pt GST-NP & 415 11 5t 14 i B
A H0.05 mmol/L ik iR £ % vh W (pHI. 6) 7 B
glifb i) GST-NP HEAHE M E 1 mg/L, &AL 100 pL
AW AT AR 7% . ] 4 ELISA B4 PBS £ 51 Fi
FERIAR K S G B ML - — B0 FE iR 1gG-HRP Al
IgM-HRP 100 »L(1 ¢ 1 000 # &), TMB i {4, fig
BRI RE Ao (B 5 LA R 4 S 1L 375 11 B 2 6 L, 75 90
REAS Ao {8/ B PERT BE Ao =2, 1(P/N =2, 1)
Shy PR S BH P o o B AR 5 8 2 Sy I T8 5

2 7 B

2.1 SHPHM PCR Y 1 &% TA FpE%%E  Trizol
IS (1 RNA 22 pGEX-6P-2-F, pGEX-6P-2-R 3|
WAt — 2 RT-PCR 88 S B[4, 1. 0% B8 b
BERC LYK R A 20 1 306 bp, 5 B KN —
AR DNA S HIW A B, DAl TA
T W R A B AR . pGEX-6P-2-F, pGEX-6P-2-R
It S B HE4T PCR &34, ;=M 48 1. 0 %0 B AR Wl
BEREHL K . BT W —2 1 306 bp (9 H i 44 (B 1D, LA
FIE I pUCmM-T/S %4 EcoR 1, Xho 1 XLJi§ ¥) %
SE S WY R I 7= 48 1.0 26 B g s 06 e v Uk AT L —
2y 1306 bp By H Y&, 5 HUE 2L

2.2 pGEX-6P-2/S Wit 5% & LI /s
ki pGEX-6P-2/S Rt i, LL pGEX-6P-2-F, pGEX-
6P-2-R 5| ¥ #17 PCR 473, Al I — %4 1 306 bp
3 4kl (B D 5 W0 E — 3. HI BRI i b
f§ EcoR 1 \Xhol 1 %t &4 Fk pGEX-6P-2/S 47
XUEEY) A5 %) 5 H A FE I (1 306 bp) M 84K (4 985
bp) #H R K /NEG 2 A BE (R 1) PRECS 3 A R B
pGEX-6P-2/S {1 BH V£ ek » F /)N £ 52k 4 B0 7] &
PEHCBUORIIN 7, 45 R R W] S FE P Be 48 1 ) iy 4
A pGEX-6P-2 #fA, HAfi A J7 ] IEH .

2.3 WMpE5 P AL P g X DR IR %
i ATG JF i, L2 R %65 1 TAA 452, ORF K
1 290 B 1 R % 3t (W FG Bl 3k A423 4~ (32.79%) ,
B AL C244 4~ (18. 91 %), Bl e G325 4~ (25.19%) ,
B EE T298 4 (23.10%),GC & K 44.11% . AT
TRy 55,8900, UBE Ay T2 391, 41 kDa, 4 fi5
429 PN FERR (20 B F¥ 4 F &k 48. 13 kDa, %
ERENEARER N Len CRARRD) . HEREH RN
9.79% (42/429) , F f F AR Ry Cys CF B &R Al
Trp (AR A4S 4 1.1726(5/429),

2.4 pGEX-6P-2/SW KRB HExE HFEAMA
pGEX-6P-2/S ) E. coli Star™ BL21(DE3) B ¥k [/
AR e B IPTG #1715 % . SDS-PAGE # it Ha Uk
MR R T AT S~ P - S e = B 37 (R
5% 74 kDa, BEPETE IPTG & ¥k EE 0. 8 mmol/L,
3T CHMTIFESS h FMTF, Rikam K (H 2),
PR 2 7 D 0 R R 4 8 mol/L JR R I it Je
it GST ZE R Z T kE . SDS-PAGE #§ i i 1k i o o —
1) H & o P S U RN —3, 29 74 kDa,
G AR TR ARk,

2.5 NP#&EHM4ifk 5 Western blot 5%  A280
AN B AR B MR EE D 1. 80 mg/mL, &
H&E P52 GST & 114l fb 4 4l ik, SDS-PAGE %t
Ji L Yk B R 4 TR 74 kDa(E 3) 5 AT GST
McAb i —#t . HRP #5id 9 £ 50 R 1gG 8 41
Western blot 740 N 7 & H IR 5Pk 4500

2.6 WAEHGRERNE EAEAREHE A
4 W5 > B #: ELISA 3 & I 1 3 H 4% 5 4 1gG
IgM Hofa o 2 7t i FLALH 40 53k 2 1 ¢ 16 000 Al
1:8 000 LA I IfiL ¥ FHAE S R 2R 6/6. [R] At B
X MR S i 4 WK s I3 TP R A BT GST-NP 4§
SPEBUA
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M:1 kb DNA ladder;1:PCR A%t 88 ;2. RT-PCR; 3 . # 2H Jii k7
pPGEX-6P-2/S Jy iz i) PCR j 4 ;4. 25 Foki pGEX-6P-2;5: T
41 TR pGEX-6P-2/S;6: 8 41 Jfi ki pGEX-6P-2/S £ EcoR 1, Xho
TUCREY) 5 7 B 24 ik pUCM-T/S 2 EcoR 1, Xho 1 XUEFY)
M. 1kb DNA ladder; 1: PCR negative control; 2;: RT-PCR; 3
PCR products of recombinant plasmid pGEX-6P-2/S; 4 ;: Plasmid
of pGEX-6P-2;5: Recombinant plasmid of pGEX-6P-2/S;6: Re-
combinant plasmid of pGEX-6P-2/S digested by EcoR I and Xho
1;7. Recombinant plasmid pUCm-T/S digested by EcoR T and
Xho 1

B 1 SEFRZEARN pGEX-6P-2/S 2

(8 cm length gel,1 X TAE,7V/cm,45 min)

Fig. 1 Construction of the prokaryotic expression recom-

binant plasmid of pGEX-6P-2/S

kbDa M 1 2 3 4 5 6 7 8 9
200

116
97.2

66.4 !!! "
- =

443 7 : 3 .

M. % 4 Marker;1-6: 0. 2 mmol/L.0. 4 mmol/L.0. 6 mmol/L.
0.8 mmol/L.1. 0 mmol/L.1. 2 mmol/L IPTG %% pGEX-6P-2/
S37 .25 ki pGEX-6P-2;8. 25 i E. coli BL21 Star™ (DE3) ;9.
pGEX-6P-2/S £ £ IPTG ifi 3

M:Protein Marker,1-6; 0. 2 mmol/L,0. 4 mmol/L,0. 6 mmol/
1L.0.8 mmol/L,1.0 mmol/L,1. 2 mmol/L IPTG induced pGEX-
6P-2/S,7:Plasmid of pGEX-6P-2,8 E. coli BL21 Star™ (DE3),
9:pGEX-6P-2/S induced without IPTG

2 EHRHM pGEX-6P-2/S EXRBHHEHHNESRIZ

(12%SDS-PAGE)
Fig. 2 Recombinant plasmid pGEX-6P-2/S expressed in
Ecoli. BL21 Star™ (DE3)

116
97.2

66.4

44.3

M. % Marker;1:pGEX-6P-2/S k£ IPTG 5% ;2. pGEX-6P-
2/S#% 1.0 mmol/L TPTG #F;3: 33 GST H A 4L H AT 45T
GST T AAFE T 55 5 — IR BE LI 6+ 28 IR P B
M:Protein Marker. 1. pGEX-6P-2/S induced without IPTG, 2.
pGEX-6P-2/S induced with 1. 0 mmol/L IPTG.3:Induced prod-
ucts of pGEX-6P-2/S before purification.4: Induced products of
pGEX-6P-2/S after purification, 5: The first eluant,6: The sec-
ond eluant

B3 Hunan03 #IBHFEZE QAU LR S (12%

SDS-PAGE)
Fig. 3  The purification of hantavirus nucleoprotein of
Hunan03 (12 %SDS-PAGE)

1:pGEX-6P-2/S 4 0.8 mmol/L IPTG i S F k=W ;2. 4ifb 5
19 pGEX-6P-2/S T 4 % 11 3: pGEX-6P-2/S J& IPTG i S 7= ¥
1:The expression product of recombinant plasmid of pGEX-6P-
2/S with 0. 8 mmol/L IPTG, 2 Purified recombinant pGEX-6P-
2/S nucleoprotein, 3: The expression product of recombinant
plasmid of pGEX-6P-2/S without IPTG
B4 Hunan03 #SUE % B8 B % B 6 5 4 47

Fig. 4 Immunoblot analysis of hantavirus recombinant

nucleoprotein of Hunan03
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F 1 ELISA EKNFHE =% %R MER GST-NP #5524 i 45 & & B4 & Bz &
Tab. 1 Specificity antibody titer in New Zealand rabbit serum detected by ELISA and the positive rate analysis

Gl B = A (D TgM T4 ik B2 TgG B M3 B2 FHPE R (00D
Groups No. of New Zealand rabbit Titer of IgM Titer of IgG Positive rate( %)

o g2 6
Immune group
S ol R IR 21 5
Buffer solution control
GST X} B& 4l 5

GST control

1:8 000

>1: 16 000 6/6(100%)
0/2(0)

0/2(0)

TE S5 R AR DU BR A2 Auso {8/ BIPE XS IR Aso (H=>2. 1 S B L LA H B R P 52 7 174 o o 0 8 0 DA % LK 0 B

Note: If the ratio of the absorbance value of the sample to the negative control at 450nm was =>2. 1.the sample was consid-

ered as positive, and the highest serum dilution was the serum’s titer.

KT o B

AN TR PR | 7R L 3E 9 7 A 2R 1 S SR R T A1) A X
TRSF B3 A T 400 F0 B 240 i 4t 5 e 2 75 L i
SERLAAR AR R S e A TR I 25 4 iR
A B S RN S T I RNA K Bl I8 e 40 it 11 21
JiLR 5 G o S A VR T B A AR . AR TR
o0 B IR L IS 14 I3 212 W i FH 0 D R A B R 1Y
2NN, HLAUR A R S R AT R N B
K8, AU B 2 0 % W H 4 A o R AR 1 el A Y
2R 38 B R A 1 e 5 T R G 8 B g L Rl
AR SRBUIE T DO F R (L =12 W .

R 5 22 B HunanO3 #k >k 5 1 57 28 B8 4R
Bl JE DU B HTN AL, S 3 [N 4 9 /9 4% & A
428~433 ™ KL IR A W, A X o> F &R 49 ~ 51
kDa, He PR R Bepn J5 A7 o 2 AR A AR M 1 . 7E B e
20 60 P 2ot e R I pR T R 1 B B o P L =
8 B R[] R0 25 18] 3 A7 4T B R 4 il L AT R AOR IR
ALK AHIE 5T 8 X G # S R Y ORF
X HEAT e B I MR IR R T — o T4y 74
kDa ff§ GST-NP fili & 7 (1, SDS-PAGE i 4 2 B il
G H R IIE XA T AR i T AL AR
UG5 R o S5 v L AT v B 1% 2 T R R
Jor S Al 1 ) AT Ik 3 11 8 7 DR 3R S R IR R = 1)
PR & T RER 4 4% BT, R % Triton X-100,
EDTA WU UE R, K24\ M s T
VEME . B 8 mol/ L FR 211 ¥ fiff 0T A0 AR 54T T
AR . pGEX-6P-2 # 4k [ B #545 A 4r 7 &
h 26 kDa M 75 fif 8 13 72 o R 5 AR 09 45 e H K
iR (GST) , BAA AR HE R (1 35 4w
FEIR TR A WO MR B Ak i R AT GST

TN Wl B e sl A AT — 20 B ) T sl EE R R Y H R R
.

AR AR Y B MR — A B HSCR AR R i
P AH P EEME AWK I TR S
B, ARG FM R E . RHZEE
B i TG A RN 5 A0 23 I H A 45 5 1 O 2k L
MR EEEAE AR A, WE 4 CEMETH
8 mol/L Urea & WAE & 16 33 T W, SR J5 32 W B AIK
BT IR Z WS I T IR ZE W T 5 22 5218, Il
AT SRR AR P R U E B R A MR R
T iR R BT 1 & A B 2 W e i, F 4138
TEEEZE i P A 2 mol/L i J5 R 45 bk H K
GSH #1 0. 2 mol/L 44k 4 e H Ik GSSG. A 3%
P& FE B HE A TE B . A R T DU B R R
RAR 0923 [R5, DA 58 4 fift Ji i) A8 PR RS K &2 31 IE
WINPT B L5 e KRR K S T A8 M R A
1) A= 0 1

¥ GST-NP 21 2 11 £ 0 i br AR, DS B B
IgG-HRP 1 IgM-HRP Jy — 47 . 8 7 iy [A] 42 ELISA
PR e 45 d ZJE 1SRG - 1gG Al IgM iR
R 43 93K F) 1 16 000 A1 1= 8 000 LA |, IfiL i FA
PER A 100% . BB R4 E [ GST-NP HA K
B 1) B 2 D R B 8 2 1 S A e 8 L HER B L B
GBI B T & B9 E T SR

5% 3k
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