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Prokaryotic Expression and Immunogenicity Detection of the H Protein of
Peste des Petits Ruminants Virus
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Abstract: Peste des petits ruminants is an acute and contagious infectious disease caused by the peste des petitis ruminant
virus (PPRV ), which has a serious impact on the development of China’s animal husbandry. At present, vaccination is the
main method of prevention and control. In order to detect the main antigen protein hemagglutinin (H) protein of PPRV ,
searched its amino acid sequence published in recent years from the GenBank databases, and selected a sequence that
conformed to the popular trend in China. The gene sequence was optimized and synthesized, and then cloned into the
pET28a vector. The high-expressing Rosetta (DE3) strain was selected for expression and the product was identified by
SDS-PAGE , Western Blot and mass spectrometry analysis. A single H protein was purified by nickel column affinity chroma-
tography, and 20 g H protein was mixed with adjuvant to immunize mice, and serum was collected for antibody titer
detection. The results showed that the serum antibody titer reached 1:6 400 after two weeks of the second immunization ,
indicating that H protein has good immunogenicity. Further testing of neutralizing antibodies on this serum showed that it had
a neutralizing effect on the PPRV vaccine strain, and the neutralizing titer did not exceed 1: 40. The results provide a

theoretical basis for the use of H protein in the development of PPRV vaccines.

Key words: peste des petits ruminants virus; hemagglutinin protein; vaccine; Escherichia coli expression system

N A By (peste des petits ruminants, 44 B e B (peste des petits ruminants virus,

PPR) , fAFRFI , XFR/ NSBB8 2 7y PPRV) SR B —Fh 2tk U g, Hk

s B #9:2021-03-25; 5 HH5:2021-06-02
B4R X E 50 41X 5 E (2016YFD0500108) ; B K B 4 £ % 4477 H (32072796 332002236)
BRZAX: 2/ E-mail :lidancaas@163.com; * #EIEH T« E-mail : liyinv@caas.cn



A N A R WA A RIS B EEIE | 771

I SN E T 2R 43 )3k 5] 100% F1 909%™, %% T
1940 4E K &AL TARN R F il 17, 2 J5 B i 4
FER, 2003 4F Lok, TR JE 3 0 it i AR
5 AN AR 2 T /N R A R R Y
2007 47 A & E VU G 1K H + B3 £ g1 R
W& PPRIENE Ji , AR & T 2B AT 5%
It L2 1 47 ol B P RS v, ok R I 3 4 92
5 14 9 42 8 AR R ) SR B R I 2 LB kg —
FBh W , R e R

H AT, X /N 2 B 1 TC A IR YT Tk,
F B A W AT BT, AR SR AN 5 B
FEW CKIGREMT | HAR W] LA S50 7 RE 9 1 A
(L2 TG 3 3 AL 2 A X 4 B e s 5 A
SR YL Zh ™, ME LLAE PPR VAT b X AT A S0
PEA, HLARGRAT R RN R A5 7 135 5 s BAH G
[ S AE R 6 T AR U T E R Y
&, i THBEA G4 RO R S K
SERE A TETRBT /N 2 S8 P A b R 4 T AR
FH o ABAE Ry — g BURE o, L TR A A
22 B A i, AN BE R AT AR e BT
ey AR S A7 AR AR EIS . Ak, PPR
£ BRI 2 AT AR

AN R RE T R B R R RS B
JE" LR 41 R S BE RNAM, 5 A 6 N3 A
KA 3'-N-P-M-F-H-L-5" , i i3 &K A2 & H (N) |
BEEE 1 (P) R (M) Bl A & (F) Lk &
HH) AR E A (L6 N EME AR C .V 2 FpESS
FEE ™, Hp PPRV B H 3£ 4K 1 852 bp, 4
5 609 > 2 HE IR , /3T & 298 70 kD™, PPRV H
B A 2 R I P R 2R T PR, R B
FA EEPUR, 515 F Y0 2 ARGE R, AT
SHUA= A AT PR, W R b
JRHEAT PPRV ETAEGE . ABIFGEKE H 2R (76X
B R G PTG A B AR O gk S Rk %
PEATRAGER & H AR Tk it B b il 454
JETE AE /N B oG H A B ORI AT, LA H
B A R A AR O R R R RS
TR 1 H AR R R T8 PN

1 HREH%

11 FEFHRIXF
SPF ¢ 5256 /N BRI F b 5t 438 1) 4 5258 sh )

FARAG R ] ;T4 DNA E [ DNA B A5 EAH
it B b st A0 A R A IR R ok R R
TR & BRI RS & BCA 8 F e iR &
W F RAR A AL (A6 B A BRA w5 BRI 1)
fit# . Protein marker 1§ | Thermo Scientific 23 7] ; fit
U5 PPRV H S5 BT AN 17 9% [ Je LU RE i 5 or
(Pirbright Institute) ; HRP #x1c (L 241/ B 1eG 114
H Beyotime 2 A ; fb 24 &G & B 31 = KA
Y1 AR\ 7] 3447 Montanide GEL 02 PR Il [ 12 [H
SEPPIC / # ; TOP10, BL21 (DE3) | BL21 (DE3)
PLySs , Rosetta (DE3) B2 25 40 itd | Vero 411 ifd i 552
552 P17 s PPRV 11 #k (PPRV 75/1 Clone9) 14
KA AR ] BG4 ML (fetal bovine serum,
FBS) J DMEM X5 5% 214 [ Gibeo 23 A 5 ELISA J&
A5 A 4l Ak T R BC 7 S IR AR S5 1Y
oo HA R ¥ R [ 7= 43 Fr 4l PPRV (9 H & ]
H R 4 W e A R AT BR A BB, 51 A
ST i A st 2 TSR E RN A FRA R SE R
1.2 EBRREHEHHE

121 B& AR eHAS R M GenBank FHEE
AR 5 T A /N 2 B HAR A R A R R Y
G, FIH Mega ™ B HEAT I 51 ELXT, T 6 H 1 45 4F
G E AT B EILTRITH), X T B X
T B AF 5 BRI T o 256 75 S A0 TR 15 &
e 35 %85 AL —~feft P A0 23 4% JHC Al £ 1T 29 3R, % PPRV
() H LR 7 5 HEAT LA, I 26 L 57 i U in 2 4 2
1 F S BamH T BEVIO A, 37 St S 28 1k 2655 1
K EcoR T YA B2 3 P 510 3% 28 1 ol 4 3
T AR B AT BRA B HEAT 6 A, B i 3k PR o 2
T pUCS7 #ifk I, I 44 4 pUCST-PPRV H.

122 REZFxEBARGME WIEHAE DN
pUC57-PPRV H & K315 | 14T PCRY™ 4, 514
¥ %1 2y PPRV H-F1:5'-CGGGATCCATGAGCGCG-
CAGCGTGAACGTATC-3'; PPRV H-R1: 5'-CG-
GAATTCTTACACCGGGTTGCAGGTAACC-3'(F Ik
I 431275 BamH 1 Fl EcoR 1 B4 £5) . PCRFE
724295 CCHUZEE 5 min; 95 “CA21E 30 5,57 ‘CiB 2k
30 s,72 CHEMf 1 min, 30 MEH. 44 =Y 2505
U FEL ARSI, 1) e [ i it 8 el H 1
A B, A BamH 1 Fl EcoR 1 XU i 7E T4 DNA
FEEREE R % 3 T pET28a 204K L, $ 4L TOP10
JERZ S AN, FE R ARBUPE M L 0 32+ PP TR
PEHUTORL , I F BamH 1 Fl EcoR T MEA7 XU H %



772 ‘ A #HE R# & Current Biotechnology

TE , %8 IR A0 JTORE 2% 2 A0 5 TR A R B
AR AT
1.3 EAEANBFERE

14 41 5TRL pET28a-PPRV H % fb K W #T 1
BL21(DE3) ,Rosetta(DE3) . BL21 (PLySs ) J&52 2%
20, 7E R AR HTHE (50 mg-mL™) -4 v 57 25
75, PRBCA B TR T 4.5 mL AR R ik BE RIS M
TomE LBE: IR BT 37 CHEIK 220 r-min ' 3557
2.5~ 3.5 h, AR BE IPTG 7556 ~ 8 h, [R] AT,
BB RME S HFE R XTI 8 000 r-min™ B0 10
min WA A, I A 450 wL PBS H&: , fi BB i
3 s 455 s Y JE DU A7 88 P R A%, 12 000 remin™' B3
> 10 min, WA 138 BUTHE , 43 B 10 L 13 &
TLVEHEAT SDS-PAGE 437 .
14 BEERFEMAEN

T£ 200 mL 35 55 5 b K5 %35 PPRV HER [,
BOCETR . A 20 mL 2428 v B Tk b
47 30 min, SR 5 AT EE 7R B (T2 200 W)'5
YR, YR IE] 2 min, 12 000 r+min™ 850> 10 min, I
SEVLVE , FH 20 mL AL WA VG U T A0 3R 4 1k U4
WL VRV IR, 52 2 A, DOVE HIA 20 mL ik
NTA-0 Buffer £z #h ¥k T 4°C i % ¥ f# . 12 000
remin” Z0 10 min, BE35H 0.45 pm JEAR o U8 5
B NBAE AR BT A A 20K, 43 1) FH R
e & oh 50,100,250 mmol - L™ Y NTA-JR % 2% i
HEAT VRN, WSCHE VR , 54T SDS-PAGE Kl 4l £k
S50t
1.5 Western-blot 3T R it £ E

IR 19 R L 4T SDS-PAGE J ,
R A IR AT YE R M L, 7E 3% 1) BSA h it
WE A, ¥ BUR PPRV H B0 B BT B 1 000 %
JEME 1.5 h, #RE HRP AR Ll -0/ B TG i B
5000159 F 1.5 h, B B 1 FH PBST G 2 R K
RIEUE T, feJE e RS i e RO s & T
b2 R A R e o S I A RE Y IR
SDS-PAGE HR/INVG 1 1Y 25 1 B 4% T PBS Z2 it
Wb, ik & iR S A9 s | AfEH Easy-nLC
1200 YA R 50 i pH 20 25 WROR (0 3543 S 0047 T
TS
1.6 EHAZEBPPRVHEE/NMNR

W4 W K 1Y Balb/e /N BRI S5 22 7 RS, B alifb
) PPRV H & FIFE i 20 pg 55445 Montanide GEL
02 PRHZ MR 7: LIRA J5 M I 2 s 58 /N, R BT

&E PBS A AE N PR X R B i 10
5o N—% 2 A I 4 B J 2R A7 AR BRIk B
B A4 I 2 JE 5 2 h, 2 000 remin™ 5.0 5 min
YNGR 3 G, A FE S =T Kk e
RE B BUMLTE B T80 CIKFEIRAT
1.7 EFEL % W F SEI8 (ELISA) 4 i 1 i35 fu 4

HE

XAtk ifiY PPRV H 2K 1 8 e il &
PEAT U I, AP R R R FR 2 5 pg-mL,
L 100 pL A 96 fLAR 1, B T 4 CrkAE R A2
B, HEFLINA 300 WL 3% BSA, B T 37 CH M
EH11.5 ho H/NETE DA 200 F5FF 4 247 2 F5 A%
e R B I, B AL A 100 L 9% 5 1.5 h, [A] K
PBS 41 1fiL 37 LAAH [ 435 B0 B4 A B X5 BE . LA
HRP AR i L SEH0 /B 1eG o — 9T, 541 100 pL
5 E 1 ho BRXBUIANE & HTH PBST R 2 W AT
Ve, A OPD S 83 T % Ab 5 €2 30 min, Jil
A 50 wL 2 mol- L7 i PR 2 1k 2 N, 75 i A A
492 nm AbNE WOCAE . T PNAE, BESV A K T
B E 2.1 45 R A B
1.8  shAnHTikAE

$ Vero 410 FH &5 10% FBS K 1%0 75 %5 Z 5555
Z(1: 1) DMEM K F2 5EAG BE 2 1004 - mL 7, B AL
100 L AMA 96 FLAR H1 3557224 10 h, 17 4H i 50 410
BE BN BUMTE B T 56 C/K 8% 30 min f# K 3%
AMA, 26.0.22 pum JEBE A B8, H TE L7 DMEM 5%
TR IEIEAT 2 A5 A5 LU R . KA BRI 1 Il T 5 A A
FLAY 100 15 2 %5 21 21 40 i 8% Y 12 (median tissue
culture infective dose, 100 TCID,,) PPRV PETHMRIR
AL BT 37 CRFRMIEE 1 he BFL200 LA
ERFRAFI Vero R, REAMESL I S AN IR B
T 25 ARG IR ZH S B R R 2 . g R E 4 i
AR, T 05 75 X6 BB 4 43 & e i 2R AT
A 56 4= T R B A LT S5 KRR AL BCRD Sy 1
) TR A -

2 HRESH

2.1 BHEEMRELER

M GenBank B4 22 Hh AR MU N 2 5558 H
{1 % 512 ¥ 51 (GenBank:AJE30413.1) , /N2 44 4
REE B H K 140D 609 MR IR , X Hkf7 (5 5
JR TN % 5 S X 4T, 5 5% B, PPRV H 85 G



PR A N AR R H AR R RS RRAE EEE | 773

5T K, H 36 ~ S8 WIS HEIX T 41 . B R IX.
KM X T, B o S LR 7 5 A7 2% -
1k, P Ak e JE R B R 1659 bp , i i % 5 13
F8 4 (codon adaptation index, CAI) } GC 7 & Fitjill
HER AR 85 3 R H & AL S P31 0 CAT
K 0.94, 3 W% 3 R P 81 A 28— fof A% 100 5 1
M, GC & 46.98% , 7 FRAR ) GC & BEE I,
FoO 12 Kk PR A A e B KGR OK o RZE AR B
A L 4 e AR B R A BR S F AT A
22 BEZREHEHEE

B gt PCR Y 1S H PPRV 9 H 5L H T

bp

8 000
5000
3000

1659 bp 2000

1 000
750

500

250
100

G, R EEE S HLUK , 7€ 1 600 bp B3 H 30775 B
1 B R A, SIS 1A) X T
[ A A D) 325 3% A pET28a 2044, 75 R HL
PRS- Al e 35 g BR R R R 48 BB S T BamH T
5 EcoR 1 A7 HEY) %08 , 45 R Q& 1B firw , 78
1 600 bp 2 5 300 bp B 3T 3 531 i B H 1% 5& PN L2 3
AT, S U RAAT . Bz okt AL
TR E YR S P45 2R 5 B Y
FAAE , 32 W) BB 32 3k 801K pET28a-PPRV H H4
B

A: HEYFERE PCRY 1. PPRV H—LL pUCS7-PPRV H BRI PCR Y 874 . B: AR Y BamH 1 \EcoR 1 B§YI%EE . pET
28a-PPRV H-1 ~ 2—H A JFoki pET 28a-PPRV H4: BamH 1 EcoR 1 XUAFVIG 4 .
E1 HWEEMPCRYEREHRMA BamH | (EcoR | BRYVIETE

Fig.1 PCR amplification of the target gene and BamH 1 and EcoR 1 digestion identification of the recombinant plasmid
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Fig.2 Induced expression of recombinant protein in
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Fig. 3 Nickel column affinity purification of
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Fig.4 Western blot analysis of recombinant protein
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Fig.5 Detection of antibody titer caused by recombinant protein immunization in mice
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Fig.6 Neutralizing effect of different concentrations of serum antibodies on PPRV virus
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