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Abstract : Objective To establish a prokaryotic expression system of F1, F2 subunit gene of human
metapneumovirus, prepare the corresponding polyclonal antibodies and provide evidence for the development of vaccine.
Methods The F1, F2 gene was amplified with PCR, and cloned into vector of pET32a ( +) after T-A cloning and
double digests. The recombinant proteins were expressed in E. coli BL21 (DE3) according to the optimized conditions,
purified and tested by using Western Blot, and subsequently used to immunize BALB /¢ mouse. The resultant polyclonal
antibodies were evaluated with ELISA assays. Immunofluorescence assays were used to test if the prepared antiserum
could specifically reacted with the fusion protein. Results F1, F2 genes were correctly inserted pET32a ( +) , and had
correct reading frames. A large number of recombinant proteins with His tag expressed after inducing by 0.5 mmol/L
IPTG at 37 C for 5 h, and the concentration of purified products reached 200 pg/ml and 300 wg/ml respectively.
Western Blot results showed that the recombinant proteins could be identified by His tag antibody specifically ; the highest
valence of antibodies in immuned mouse were 1: 640 (anti¥1 sera) and 1:40 960 (antiF2 sera). The results of
immunofluorescence assays showed that the prepared antiserum could specifically reacted with F protein. Conclusion
The recombinant plasmids of pET32a4'1 and pET32a-¥2 were successfully constructed and expressed efficiently in
E. coli, the recombinants had good antigenicity and efficient polyclonal antibodies were attained by immunized BALB/e
mouse. The results of the study can be used in the further research of MPV infection.
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metapneumovirus, hMPV) & 21 {40 R IR EE 2 —,
1757 2% 2% van den Hoogen %[l] T 2001 4 M BB IR0
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HoAb e i o hMPV R YT JLAELE R A 2 4
8, 8 pR T 0 4 S R A SR 73 EE AR AR T A R
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filh & #5 1 (Fusion Protein, F) J& hMPV &1 (1 —
Fobl 8 1, /v 505 25 5 40 M A0 @ik 7R 9 1 R
A G 8 vhk A S A A AL A2 H ATRIF ST R T i i
BUA R A EEHR 2 — Y, BEAR R
TR 500 (v ) 9P A5 v BT DA B R 2 A7 988 W WE 9 1)
o AR EZLEM T 80 FEARA
AW EYE G AT FLLR2 43 550 il 4% AR B 1, 9 LA
IS /NR I R8T H P10 F2 2w B diik, A
F 4 1 S L R B 7 29 0 Rk Al

1 BPRS ik

L1 BURL Bb B EEARK5 & hMPV bR bk
NL/1/99 (GenBank : AY525843. 1) 4> X [K 1Y 78 [ i
RL A7 22 BE AP R B2 20 Y Erie Claassen #{4%
WM. pET32a( +) ML 1K # k. KL H bk BL21
(DE3) Vero£6 4l %z hMPV & bk hy 2 ¥ 9256 % fR
1o %A BR&|VE A VIEE Taqg DNA R 4. T4 DNA
NG LA S pMD19-T #4177 £ 34y TaKaRa A
Fe e R 3 5 V) A A6 K ) & H QIAGEN
Adl. FNEE - B - DRACEILEE T (IPTG) WH
Sigma 2v#], His b5 %8 H E 40 30 4440 4 1K 77 & B
HELE 22 F] 7 i PU His #3388 0 B P SRS
AAPEG (HRP) FRC 1T R 1gC ik i E A
Marker I ( MP204) ¥ & K B 2 & 7™~ @
QuickAntibody-Mouse2W 1/ 77 Il [ b 57 18 B g G 426
FEARAT IR A& . Bt hMPV B 50 B i 44 I [ 5 |5
Chemicon, FITC Fric ) EPu i 1gC W H AL s h A2 &

HrEW A E] o
1.2 51¥it L PCR 4731 Ll GenBank 1 NL/1/
99 F &L 7 3 AR 43 2 A Bkt 514, B
Wit 8 F  primer 5.0, B 35 4 5 N BamH 1 1
Hindlll BEYIAL 53 (51907 R RIZR 5 53) » B V)AL S i
BN 3 MR EEE . 519 LR A R Al
¥ %1 4y 51 A NL/1/99F1F 5-CCG GGA TCC TTT
GTG AGC AAA AAC CTG3%, NL/1/99F1-R 5-CCG
AAG CTT CTG ATC CTC AGG AAA CTT-3";NL/1/99-
F2F 5°-CCG GGA TCC AAG GAG AGT TAT TTG GAA
G37,NL/1/9942-R 5"-CCG AAG CTT TCT TGA TTG
TCT GGG3". LA L5147 LA NL/1/99 4= % K 40 Jii %t
RS 43 48 F1 R F2 BEEA R B T R K
F1 /4 864 bp, F2 5249 bp.
1.3 pET32a-F1 % pET32a-F2 i 20 Jif K i) ¥ &
P 1G5 % Bt e Bk s VR Ok S ) B R WiG, H
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T AR, 7712 18 pMD19-T Vector iR 57 & 4T,
ve [ 7 13k g ge R AR, 455 GenBank
F1.F2 551347 bt

AG 00 Py AE W 19 T-A 3¢ B UL HE AT BamH 1 AN
Hind W XL V), 5 [5) K XURE VI J5 1) B % 20 8k
pET32a( +) #% 3: 1 FE/K L) & T4 DNA % 52 K
T 16 CilBOEHE . W e AW i 1 % 1 BL21
(DE3) J& 52 25 4 i, [5) i % A R 4% F1 8l F2 (%
pET32a ( +) Jii i {E A X M, & 10% 44 “F i K
(Amp) i3 » B HCBH 1 v B $2 55T RL 75 47 XU V)
1.4 HAH TR RIE A R AL BRI 2 2 #r
PRI & IET (1 B se BEHE A0 T LB i 4 B 97 0k (&
10% Amp) ,37 Cit k9%, 4% 1: 100 %% A\20 ml LB
WiARREFREE, 37 C 200 r/min F5FE 3 A 7E 0.6 ~
0. 8 ¥, IR 23 R VBN A TIN5 3 700 (4 B 1 ) I, R
TEBR N EE N 0.5 mmol /L [ IPTG, 43
2 HRMAAFRE#ITHESRIE —HEFERMER
37 C, 55— 40 E T 30 °C,200 r/min $%3%557E5 h,
BERA 1 h WSREB 7 . B 5 IF BLBE A 5 000 x g
4 C R 15 min, WO EMTTNE, DKIHE S 055, 4
HAERE N 20% 5 s/ RFIRIAIRE 5 s, B B H A
FEFEUPRZE . 14 000 x g B0 15 min, 737 WEE E
W RIGTNE » SDSPAGE HLjk % 5 o
1.5 EAHAMLifL  HUBH P BE F A 1 100
AR R L K 3%, SRR A J5 1 Sk AR 2R AT KRR
35 s FH R Ayt 2 60 TR A 4 ) 6 Ak B B A DT S WOER
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B 17 h, i 2 R WU H A IE AT SDSPAGE 3
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1.6 Western Blot L% e alifb E A% 7t aifk
& ® E i) SDSPAGE &Eiz, 7£ 15 V fHJE N 2417 min
HBEMNMA G ER, 5% WIS Y EH,. 4 C it .
RN 1:500 F B (1) BUPT His h7 25 50 50 B i 4k,
FIRBFE 2 h, TS5 N 1:300 FiRE A BRI A 1k
YIEE (HRP) FRic Y EHUE TG Hilk, ZIR T E 2 h
J&i FH Bt 42 20 71 (4 318 55 B HRP JE 4 & €6 5503 4T
DAB . i,

1.7 SAEAZ P & XA E A
1L G E 4 R A 28 Bradford 72200l 52 & & O, 4%
20 pg/ml 73 B ORAF . HUMEYE S J& kS BALB/c /MR 6
FLFL 5 F2 A% 3 30 R B B Ak R Quick
Antibody-Mouse2W % 1: 1 {1 Lb 4y 55 F1.F2 &
HEERE], UL 20 g/ 300 /N B EAT J5 /N R UL PR 3
St g, 14 d R AR R it 4 AT I G 28 W B 56
(ELISA) & .

il AL 2 i f 2k () F1LLF2 2402 A4 )
FiBE% 2 pg/ml, &L 100 pl F 96 FL AR, 4 C
B H P EBE 5 UG NN 10% Jif 2 L3 i
PBST i 3514 2 h, 435010 F1.F2 40 E F %%/ R
FRAF M5 4% 1: 40, 1: 160, 1: 640, 1: 2560, 1: 10 240,
1:40 960F4FE, %ML 100 pl /B FL NN B 418 1 6
B FL b, AR P AT 43 FL, HL 1: 40 FRBE e
P2 T /I BRI 37 1 A B % %6 B, 0. 01 mol /1 PBS {45 [
XFHRL37 CCHEE 1 h, AR5 I 1: 1000 #iBEf¥) HRP
PRICHIEPLR 1gG,37 ‘CHFH 30 min, HRP iKY &6
WHEAT B, 5 min S5 INZ AR AR DO, BLAS
xof BEFL R % Ji5 0 % L Auso oo 1L, 2945 KT B PR XS R
A B 2.1 4%, B0 P/N >2. 1 J K FAE
1.8 [A)HE Sy ¢ S i K W) 3 4 B 11 22 o B A
St ¥ 1% Lol iRt hMPV 3 4k 3] VeroE6 41 i,
37°C 5% CO, %At T 5578 2 IL40 M s A2 . Y3k
hMPV JE& 4[] Vero-£6 4 il # 5T 5 40 51 B
HAN ) FLLF2 SR A R i » 10 40 FFE 5 6
FPUE R AL 4300 B G w0 BRI 22 Bt hMPV
PiAR A YA P PE RS IR . 37 CiR &M 2 B 30 min,

PBS ¥k 3 Wk, T 5 i 0 1: 50 #FE i) FITC£ 5t R
IgG,37 C i &P R 30 min, PBS §i§¥E 5 0 10%
Hoh 3 Bk .

2 R

2.1 EARKMSE EHBEK L BamH 1 F
Hind W §§ V), B pET # 4k b B, pET32aF1 v W2
864 bp ifiMi 21, pET32a+2 FK1F— 2621 249 bp 1Y
HE9R B (B D), i BR/ANS BEEAN 7 BRI
5, % W F1.F2 JE 5 BE e o4 A\ pET32a ( +)
Wk, MPLEREW, FILF2 & Q5 RGN GE A
T3 T HE 08 1E 9 TG iR

1 2 3 4 5 6 7

864 >

500
249 250

100

Lo pET32a¥1 i b0/~ 40; 2. pET32aF1 # 4 il Ki;
3. pET32a-F2f§ ) 7= 4 4. pET32a-2 ifi 415 #i: 5. pET32a
C+ ) B W™ % 6. pET32a ( +) % Ji Ki: 7. DNA
Marker DI2000 .
#1 pET32a-F1.pET32a-F2 flj 7] ik &5 4
Figure 1 Enzyme digestion electrophoretogram
of pET32a-F1 and pET32a-¥2

2.2 EHAFEARIE KM  SDSPAGE Hijk
LELFRI, F1.F2 &5 pET32a ( +) {1 35 20 5 bt i 0 4%
I #e3k, pET32aF1 7E 50 kD it . pET32a¥2 7
30 kD PfHiz H B — 268 (1) 4 1 %7, 55 F1(50. 81 kD) |
F2(28.59 kD) 4 & [ Fil] K/ AV o

[FiF 22 IPTG i §%i% 5 h, pET32aF1.pET32a-
F2 76 37 CRak=R B & (B 2) . fEFHN 37 C
FHFHM T, — @M EE AN, pET32a-F1 . pET32a-
F2 R IA 7= il (] i 1 2, (HiF S 5 h JFRIE
PRI R 2 (] 3) , wlAR 92 50 K 3R IA i HL
%S5 h (EARTE LR
2.3 HEMAFRRIEENX SN AT RS
B Mz SDS-PAGE %52 J5 K B, F1 . F2 4 & 1 K&
Iy LA AR 1 T8 SRAE7E, & R R 7 A B S
K43 A B AT i 0 U7 A8 T 2R s
BRI EER A E M EAES, WE 4.
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ikl pET32a-F1 £ 30 Cif G RAM™H; 2. pET32aF1 £
37 CifFRIEFW; 3. B IR A b R 94
kD,60 kD,45 kD,27 kD, 18 kD; 4. pET32a-+2 #4530 Cif 5 ik
4 5. pET32a¥2 4 37 Cif Gk~ .
2 TR 2R A [l T R 15 8 P vk 5 2R
Figure 2 Electrophoretogram of expressed
recombinants induced at different temperatures

12 3 45 6 7 8 9

«— S0kD

36 kD —»

ikl pET32a42 £if S, 2 -4, pET32a+42 43 5]i% T 3.4,
5 h ek 5. e R EERAE, M E e TR HGR D 94 kD, 60
kD,45 kD,27 kD, 18 kD ; 6. pET32a-¥1 i 5 7 -9. pET32a-
FL 42 5i% 9 34425 h k7.
B3 AR A [a] i )5 Ak = ek ik a5 R
Figure 3 Electrophoretogram of expressed
recombinants induced for different times

7E:1. pET32a-¥2 £ IPTG i 3 %3k B 2. pET32a+42
£ IPTG i FRIEMPUHE, 3. A1 0 EbRdE A B FRIR
494 kD,60 kD, 45 kD,27 kD, 18 kD; 4. pET32a-F1 £ IPTG i
Gk LY, 5. pET32aF1 £ IPTG i3 Rk ATt
4 EESR A I
Figure 4 Detections of dissolubility of expressed recombinants

2.4 HARARFEERE T HAT AT
eIl F R S BB SO RPT His AR2E ) 850

B Ao ASHIE 90 o 82 T His bR H 418 A T
Western Blot #l], 45 5 5 7507 His #5250 41 F1.
F2 25 (44 375 50 kD A1 30 kD /4 47 B B0 e €0 2347
55 SDS-PAGE 4t K /Ny 4 3 B 5 41 2R A v 4 4
His b5 %5 (1) 50 50 B B fAcde S M 500, LI S .

5 HEAKE

(kD)
94

1 2 3 4

18

1. pET32a-F1 IPTG i 5 #2ik =¥, 2. pET32a %% Jii ki
IPTG i S #3572 3. pET32a Fi ki A% S 4. pET32a K%
5. FUHE 1 Marker.

P45 HE414 1 Western Blot &5

Figure 5 Detections of expressed recombinants
with Western Blot

2.5 HHAHEAD wEHUARH& K IFA K45 R
% Bradford {9 58 , pET32a-F1 = 40 245 (1 19 4l {k 7~
Y A 200 pg/ml, pET32a+2 F 4 & A 4L )5 &
H EE R 300 pg/ml. 4644 Y & 4 R H %
BALB/c /MR H1% 7 BBt F1 EAE A MR 1
F2 E4E A ML, 243 ELISA 74, 3 Ho/h
BB pET32aF1 I35 800 4> M 4 1: 640, 1: 320,
1:640, $ii pET32a¥2 [fiL 75 24 4 5l v 1: 40 960.
1:10 240.1: 10 240 43 5l HU R0 552 w8 0 e 2% 7 IR
1ML 5 hMPV 5% #3344 1) Vero£6 i i i3 47 W] 42
RSO, R R, UL FI EAEAM 2 H4
B A S L 1 — PUM PR A L 38 o] e e
W6 IIURL, 7 A 28 8 20 2R 13 G 8 A0 /N BRI 3 (e i
ML) ) TRA 5230 B4 S 8, LI 6.

3 e

KEHF I HE %, hMPV 2 AR R B 95 186 AN I i 3
A ML HE A0 B0 L FE S I I T R e f B
HEGHRRBENH BT R ATRE" ™ . hMPV 2
B fUEEAE T BetE RNA 9 8, 36 R4 3L 4 A 9 ANk
R 3 NPM - FM2 - SH-GALS5", i F &
F A& A B AT BLAR 3 LA G 52 9 35 B IR 2t
Jif 2z —, FHLAR B3] i 28 st A% v SRR e, 7E A [A) 2k
(K% hMPV o 45 S fl /N, (5 U5 o ik 95% » 1R A AT
B 1 9 AR TR R 50 ) 2 S g i e R
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PEra. pET32aF1 3 /h BUILHT; b, pET32a42 i /s il il
W oc. HURMPY Hiff: d. pET32a-F1 G/ 8l e. pET32a-
F2 S/ i L o
P 6 4w B 1A 1 1) 2 258 9% 0 B2 7 (400 x )
Figure 6 IFA for specific identification of polyclonal
antibodies of mice (400 x)

F & AR, Hoal iR & A I B A2 iE
2208 AN R A R RO B FL A F2 R
A RAFHERAER" o R T BB F &G 7EE
PIAE I 5 20, 2838 4 FE N ZRAR A7 £ (RQSR) 4k 43 L%
B, B RIS 5 K 5 R T R 3 £
HiSE X, 23 F2(58 —306) 1 F1 (502 - 1365) Py 4> ilF 51
PrkF R EH TR 54 hMPV F &3 B 4 s &AL
il & 7, 15 - 28,88 — 102,163 — 188,195 202,
206 —213.245 — 257,290 —299.302 - 309.318 — 334,
410 —419.515 - 526 [X Bt b 7R £ Fh Pl 7 ik A —
B A B SR ACE AT R S PR FE R I
BAE =45k b5 5 T8 R R AL A AR B
DU B 5 5 PR O 3K 6 X S d A7 T RE RN B 4 L 3R
B . LBRWER K X G, EF LI F2 f1 FI
Fr BOEARESE | DL B4R ZEU T B 4H AL,
YR A s B P BT ) 4% 1 22 e B B pk mT LA A2 B L
REROGH AT R R TREZHMARE T FEA L
A RBEDUR RO KR X, a8 F EAPUEA
SRR 1) 3R

AW I LE R W, F2 A FLOE 87 1) 7] 78 pET-
Ra(+) FEEERGTHE HARE. T HAl
IRDA A AL I EE X F OB 1 w8 S i,
iHRKIE F1 5 F2 (EALFOR, B2 8 T B Al
e EA R AR DRIRG TS F EARR R
BRI . FERERGERARZEOMIEE
HIIN CAZ M Dhfe» M DA R I 2 (8] 44 G, {EL 35 4 aj B
JE B v FE ELRT AR 51K e g I R B R 3R
AR ER, % pET32a ( +) A% ARG RKIEMEA
HE RN RS, o7 3R N B 1 £ 5 R Pk
H A5G T hMPV [ Vero-E6 41 il 7] 4 4= 45 5 (1)

GBI, YW E T AF 7 RN hMPV, BT R4
ENNERERIEE IS i

AT FLFIF hMPV i 2R /9 F1ORT F2 378
Pt AT T ALK, T F BEASKAFRIENA
P RN e 2 B A 1 TR I HUR AL A 19 3
T AR B ) pET32aF1 . pET32a+2 i &5 RIA K
H I G e/ RYCER T i 20 9 BT FL AR BT F2
Z G, 9 F R E S B R HL 1 B BT T R R AL
v [T A B A

Z % LWk
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