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Expression of hemagglutinin protein of H7N9 subtype avian influenza virus
in baculovirus and evaluation of its immune efficacy
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Abstract: The aim of this study is to construct a candidate vaccine strain for protection against highly pathogenic
H7N9 subtype avian influenza virus ( A/Chicken/Huizhou/HZ-3/2016) in poultry using baculovirus expression system. A
recombinant baculovirus ( rBac-SX5201HA) expressing H7N9 ( A/chicken/Shaoxing/5201/2013) hemagglutinin ( HA)

protein was constructed. Genetic stability of rBac-

e F 73:2021-04-08 SX5201HA was confirmed by PCR. Expression of HA
BE&WE : HRARRAEEITH (31972188)
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protein was identified by indirect immunofluorescence as-

say (IFA) and Western blotting. The activity of HA pro-
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trial on specific pathogen free (SPF) chickens. Antibody titer of chicken serum collected at 21 days after immunization was
tested, and virus isolation was performed for chicken oropharyngeal and cloacal cotton swabs at five days post-challenge.
The results showed that recombinant baculovirus (rBac-SX5201HA) stably and efficiently expressed H7 HA protein in in-
sect cells, and HA titer could reach 2°. The recombinant vaccine induced 2** hemagglutinin inhibition ( HI) antibody titer
in SPF chickens, and could resist the attack of highly pathogenic H7N9 subtype avian influenza virus. The SPF chickens in
the immunized group did not get sick or die, and shedding was found from 17% SPF chickens at five days post-challenge.

Recombinant vaccine provides protection against highly pathogenic H7N9 subtype avian influenza virus and effectively in-

hibits virus replication in SPF chickens.
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H7NO 37685 i Jak A v [ 2 %, i AN [R) R 8 1 N
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TRZEIG L L RE 2020 4F P EIC KSR K 6
P NG HINO WAL & i B B2 1% . X 2017 4F i
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Tt PRLMG, BF AR 4 X HTNO IV 760 85 375 a0 7 19 28
WHAEEE Y,

14 55 0 X JR ¥ A7 A0 XY IR B AR E | AN 7
TFY SR TR T AR Y B DNA BE R
MAF S PR 55 | R BORMR B bl ), BT
ARIR BB R GUEEME T X9 IR 4 B, HAg A = A
I et BB E A AR e R
b B Al s A = AR O R LA R IR T
LT , AT 52 AN 35 A S SRR TS5 g, HLIGRS 4lidk,
ARG W FERIERE B B A — 2 1 S A 7800
A L SR E Vi 0 G s

AT E AR TR B REWET 14
rBac-SX5201HA & i i e bk , - % HoAE B o 248 fifg
MR HIRE ST I EE R (HA) & H R SME M, HA &
F A 2635 7K T B HEAE TC % 52 9 I A4R ( Specific patho-
gen free, SPF) X [ R ZER SIS AT T — R YT
A, LIS HTNO 5 4R 97 2 95 1 19 ifE — 26 5
FAE P BRI AR

H7NO subtype avian influenza virus; recombinant baculovirus; hemagglutinin; immunogenicity

1 #ret STk
1.1 JRfL, ke

PVL1393 iy L SfO 4 fifg | & AL SF+4 g 4
FH AR B 1 m] it
1.2 FEiH

PR ECBR M ] VIS Bam H 1 FI Eco R 1,T4
DNA JEH2 \PCR §38 HAH G A New Eng-
land Biolabs ( NEB) /A ) ; TOP10 JEA2 25 41 i Il B K
AR (b 5T) A BR 2 w5 Bk il 52 0 7] &
DNA Fh# 5 & B IS 77 & 32904 H QIAGEN /23
a] ;T S19 455 35 1Y EXcell 420 K535 [ Sig-
ma A A G50 & | Alexa Fluor'™ 488 £ HLiA
W B Invitrogen INH) ,1‘T>U\J%% DNA g H Expression
Systems 2\ A ; & LB H7 W5 (H7-Rel ) brifEd 2 AN
FRUE IS A H WA R AR Y B AR TF KAWL 1L
i IgY H&L(HRP) I H Abcam 23 A ; 4% X% £1 4
JL0E A e AR DU A R A BR A F
1.3 J&E#HL PVL1393-SX5201HA W&

ML GenBank 1/ Afi ) A/chicken/Shaoxing/
5201/2013 Hk B9 1L 5E 2 (HA) J K F 91 (8 3¢ 5.
AJJO1725. 1) AE AL IF AR 9 B s A i 3R ik &R
BB AWM A PE AT O OU AL, B 4 0 B 2 BB
ABRA A HA BEH 5 U HA B2 Eco R 1
Al Bam H 1 XUHEG Y5 % 5 2] 2 4 [\ 85§ U1 )5 1
PVLI1393 #44& I, 15 TOP10 B2 2540 i I %5 4k 31 3k
TR UL . SR )5 PRI SO R 3% 57 | i Jooks
Ji e AUV 5 8 £t IR S a6 B A T A TRE (1
) By A BR S TN HA BEPR R4 0 3 5630, PH M
4H ki A 44 PVL1393-SX5201HA .

14 BEATRFSHEEREEERE

LT [RVR E 41 09 B FE B PVL1393-SX5201HA it

KRR & 18 R SO 2 #A 1R 5 (AcMNPV )
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HL[H 4 DNA FIH] Lipofectamine 3000 JFAATLE S £
b AT SR EE YL 4 d JE s T W, 15 F) rBac-
SX5201HA-P1 f#47T-80 C vk, FIBZERET
X RS SE9 20 AR R FR B T TRE 6 0
WOHEAT [ AT R S O (IFA) S50, %t 3
s BEaifb )5, 4l iy rBac-SX5201HA-P4 1E SF+4
AR TAGRY B B A R AR 1
ml 1x10°4Hf, YL L (MOT) = 0.01, 4 d 5k
IEBOFRAATAE-80 CUKA PR TR LY B &
PO AR, I 5 AR5 55 14 21 B2 B 55 W IR G )
(TCIDy,) , SULIA I, 42 B P11, P8 P9 X 415k &
DNA X4 HA 3EH B BT PCR 9714 K H: HA
155G HA 9347 HeXF, PVLI393-F 51 4)% 51 .
5'-AAATGATAACCATCTCGC-3'; PVL1393-R 5| ¥ )%
%1.5'-GTCCAAGTTTCCCTG -3’

1.5 [E#ERERIRK (IFA)

¥ 4 AT R K B rBac-SX5201HA-P1 | rBac-
SX5201HA-P8 . rBac-SX5201HA-P9 /P SO 4 it %
7% 5 d Ji, 305 LI, 7R S IR T S AR | DY R
TRA TR E A 20 min Ji, 25445 [ 2 8, T8 X
B PN B, LA H7-Rel &Y BH PR I35 9 —$5 (1 -
500) , Lk Alexa Fluor™488 £ XA K —Hi (1 :
500) , TES G EE T LR,

1.6 Western Blotting i 1%

1 P7~P9 ELAFFIRIGEHIRYLE R 0.1 Hefh
SF+4MIL,S d JEGRANMLER , 46 e en- 2R
ITIEER LK (SDS-PAGE ) Ji , LA H7-Rel MV AYBH I
HA—PL(1 2 1000), LULEEHTY IgY H & L(HRP)fER
“Hi(1:2000) 34T Western Blotting 155,

1.7 EAfKE HA ERRBEARPIRIEEGMRL

W ARG MOI=0.1.0.5 1.0 43542
FF2 B0 1 ml 1x10° /40 i (1) 7% SF+40 i,
TEIBG S 1 ~6 d X ARAR ARG 5 3 40 i, 4 i J A%
FZH BB A HA SO v, #e R AR AR
SRR 25 0) (2015 ARRR) U BRESE R RG HA UG

R 1 T4 EREME ( Specific pathogen free, SPF) B HEH NIRELER

JEHEAT HA a6
1.8 HMERHES

WEASERE N 1 ml 1< 10541 SF+41 3, K dE 4
R EE rBac-SX5201 HA-P8 £ MOI=0. 1 $:5p & &
T SF+ARLH 5 d R4 MR
1.9 BHBH&

i i 5 5 (7 1.8 RN I B 4%
20 1 PR LA R /N R ZL AR AL AT 4K, T 16 000
v/minFLAk 3 min, X} FLALJE BT IR HE1T T R A4 B
PEIRAG 5
1.10 SPF 3B A1k

AR FEAE R AL K2 ABSL-3 ¥ S5 ==
AT H 20 SE sh W 4l 5 A B 2 B v (U
5  AUP-18-53) , N[ 2H 1] i) X6 Pt e A [) ) Bl o
TPEBCE EORPE ) HTNO Y & i RR 51 HZ-3( A/
Chicken/Huizhou/HZ-3/2016 ) B ¥R A AR 56 1) 1
VR, TEHL 29 SPHERERY 10 H % SPF A IEREHLK
SR 3 AL, Horh 12 PRS2 miER K2 T ¥ rBac-
SX5201HA-P8( e 4 0.5 ml) , 12 PR 1E NI
BEXTIRAL, 5381 5 PINGHE 28 U6 IRA, S ge s ik
B B HE ISR 1, S5 21 d RN,
BL R UM , P S Ak H7-Rel 1E briEBLR I
Fe R N R IR E S 25 ) (2015 AERR) B SR 7
P ) HE 50 7 A RS HE () HT TR

GREIG S 21 d, W55 1 41 56 2 AT A WS 22k
47 HIN9 %5 B A/Chicken/Huizhou/HZ-3/2016
(HZ-3) ¥RICRE , BCRE ) & 5% 10%° EID/ml, M #
Jo B ROUEE SRR I RAE AR, 728 14 d, K8
Je , ARG RS ITAR P B AR AL | P R R 28 g R
AT S H R S SR SR T, BV AT R 1Y N
BT TR

BREIGEE 5 AU SRR I | kg
3T B REAR D 3 M9~ 11 H iR SPF AgJR, F
37 CHEE 72 h, WU R B 5 4T HA il
o BREIGHE 14 d BT AAm SR T4 AR B

Table 1 Immunization and challenge of specific pathogen free ( SPF) chickens

21531 XHCEE () G PERET G E ) R ] FeRhiRfe BEERIE (L) BCEERTE WREEAE
1 12 rBac-SX5201HA 13 0.5 ml 10 Hi#% B9 10%°EIDy, SR 21 d s
2 12 N/A N/A N/A N/A 10%°EIDy, s 21 d i £
3 5 N/A N/A N/A N/A N/A N/A N/A

N/A A
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2 HR50Hr

2.1 EHRH PVL1393-SX5201HA HIMEETIEE

H2H TR PVL1393-SX5201HA 45 Eco R 1. Bam H 1
WEFIIG , Uk SE e, AL 700 bp 24 A 1 4
SR (B 1) 5 HB R R N8 WP RS
XT3 A B, 4 AT R 1 791 5 S b 5 17 41 8 4
— B, TCAT Ao e P 58 A8, 3K W] 41 R PVL1393-
SX5201HA #A#E) .,

15 000 bp

2500 bp

1 000 bp

A:DLI5 000 DNA marker; B:PVL1393-SX5201HA,

B 1 ZARK PVL1393-SX5201HA MBS E 4R

Fig.1 Enzymatic identification of recombinant plasmid PVL1393-
SX5201HA

2.2 EAMIKFS rBac-SX5201HA Mzt
KE

PCR 45 %W, P1 P8 PO {0 4 #F IR 5 55
rBac-SX5201HA DNA a4 4 i K/NA1 900 bp 72
i EEB HA BRE A (B 2) o Y 5 AT 7
& B, P, P8 PO AR & 4H A1 4R %K B rBac-
SX5201HA (1) HA FEH P31 56 B HA 3£ R 751 58
G—F, [RIBFXTPS ~ PO AR5 5 10 0 B2 AT 0 A2 &
PR, 25 2 AR B rBac-SXS5201HA 7£ SF+ 41 fifg
AR, ARG T rBac-SXS201HA (13 B AN
Wb i, P8 A B A% 35 Bl de i B, 9 1 ml 10%Y
TCID (£ 2) . PHBL, vE#% P8 A TEE A £
IR B A B 4
2.3 rBac-SX5201HA HIEZEREKLLEE

B # 40 AT IR R rBac-SX5201HA-P1 ., rBac-
SX5201HA-P8 1Bac-SX5201 HA-P9 J&HL Y SO il it m Il
RESEPESR O SN, XIRA AR WL SO, RAS R 5 1)
PR T EAAAPIRIETE rBac-SX5201HA , I HHAE S9 4
MR A RS HT HA B, rBac-SX5201HA f[a)4%
TP S ELE R LA 3,

T

M 1 2 3 4 5

2000 bp

750 bp

250 bp

M:DL2000 DNA marker; 1 rBac-SX5201HA-P1;2. rBac-SX5201HA-P8;
3.rBac-SX5201HA-P9;4 . PVL1393 [Fiki ;5 BAPEXTIR,
E 2 PCRETEAHFRES HA EEMNER

Fig.2 PCR identification of recombinant baculovirus HA gene

*2 EARFE rBac-SX5201HA FRIRXBIFSHE
Table 2 Virus titers of the recombinant baculovirus rBac-

SX5201HA in different generations

iR RIR JRTEM L (TCIDsy ,1 ml)
P5 1L 10547
P6 1t 10584
P7 R 10%%
P8 £t 10847
P9 1% 10780

TCIDs, I 55 1R SV S MR i

24 HA ZEAMRIERETE

Western Blotting %5 € 454 (& 4) R, FEE 4
FRIRFTEE rBac-SX5201HA JEYL ) SF+4H g 2 ]
DIRI 2] 1 45 A8 XS 2 £ 70 000 242 47 1) 2%
FWH L rBac-SX5201HA i) HA & 7E SF+41 i rh
PAF I FRIR
2.5 HA EEREEHHRL

fE S o] LUE H SRS J5 14 196 41 A 5
M MOI=0.1 B, 7R GL J5 55 3 d I 20 M 2008 31 i
{H;24MOI=0.5 1.0 BF, 7RG R 565 2 d 16 40 5
IRBN A, B 16 A MR A 2 T B R R AR 6
d 4HHEJL P 2 ERIE T, MWIRIL S 28 1 d JF iR, SF+
20 ) 3 AR AW AE R Y MOT=1. 0 I 7R
Y555 2 d 438 ELAR A B ; 29 MOI=0. 1,
0.5 Af, EIRYL 525 3 d 4 P38 AR A B 01,
SR A3 AR RS /) SRR S A 20 L
AW TR, ARG5S d &R 15% LI, Ik
TG PRI 28 R R W] AR IR 5 553~ 6 d, ARl MOI
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@ 100 pm

°

100 pm 100 um

E

A :1Bac-SX5201HA-P1 L) S19 41t ; B : rBac-SX5201 HA-P8 YL ) SI9 4ififl ; C : rBac-SX5201 HA-P9 JEX YL i SO 41 g ; D . M A= AT BRI 7 Jak

YL SI9 L E . TEH Y SO 4

B3 [EERERLLETE rBac-SX5201HA ( x100)
Fig.3 Identification of rBac-SX5201HA by indirect immunofluorescence assay ( x100)

1 M 2 3 4 5 M

100 000

- . . 70 000

55000

1 TEH 1Y SF+20A; 2. rBac-SX5201HA-P7 &L 1Y SF+4H i ; 3 ; rBac-

SX5201HA-P8 JEYL SF+JI; 4 rBac-SX5201HA-P9 JE&HL () SF+4H

B 5 B A RIFPIRG REIE YL Y SF+ANAE M . B 5 marker,

B 4 Western Blotting £ EH4H HIN9HA EHMER

Fig.4 Identification of recombinant HIN9HA protein by West-
ern blotting

JRYL A HA B 3 AT PR R TE 2°(25 w40 i B
) BRI o R TEF 5 30 R AR A 7= | S 28 B
MOI=0.1 JBYJF 55 5 d WK A0 2R 3R 1T 3 ik
5 BT £
2.6 BHENESRKE

¥ rBac-SX5201 HA-P8 $#MOI=0. 1 1YL & K1
LR SF+4I LS S d RGN B, 25 pl
AR HA Bt b 2° (I 6), X FLAk R

rBac-SX5201HA Ht s i 47 5t 125 46 40, DA JE 17 A 90 45
AT LUE AR ST A BT o 38— 2L E L
F, TE o2 sl 2L, RS TCAK AT H 5 570 L A
K (W/0) KR I EE 3 WoR  BRES 1 k4, Ho
57E 10 s IJCH B9 HL;3 000 1/ min .00 25 5 i
INEIRTCK AT Y FEEE R 44.2 P KiAR N 0.7
wm ; JG R RN 25 5 R T A A ARG, kT
W, e T A
27 GREBEMAIEMS

HI A 25 SR 26 B, G 8 4009 1M 3 1T BLiR-F- 35
B AT A 28 T A G g5 2H A A v s SR AG N £ HT
A FRBRPE 1 e TS SRR Y HE LR OK S (%
3) ., LIEEowtE HTNO W21 & i B 3 HZ-3 bR
PR, RS 4 d PN S0 X R 2 X B 4 R
FET, FA G A I R S 1A (] 2 R A R R AE T 1
TEOL(E 7). WG 5 d, Wi B s R W, s
201 SPIRG K BRI HER | 55 1 RIS A B A s HE 7
SMARHERE R R 17% ; G P28 20 A XS 1 i S o) HE 4 09
FRMBEIGE TR Fs 2 A AG I B HE R . P kel DL, FALAT
JRIFEE rBac-SX5201HA RI X} H7NO V. 1 & 3t B 7
HZ-3 BRI 5 1 SPF XS EEAELY | HL AT 2500 19
BELEXS IR S



148 TEOOR 4 2% M 2022 4F 45 38 & 1

26
i £ 24
z 2
5 ﬁ 2
E ﬁ 20
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100 3 b
%0 = 7F
@ R 6 - - -
< BE
M 60 35 st
= Ziz 4r
2 40 R 3k
= ] IS
20 == 2
& 1
o 2 3 4 5 6 0 3 4 5 6
JEGET ] (d) ST (d)

—0— MOI=0.1; — 8 MOI=0.5; —&— MOI=1.0

AARIR MOT AR RYLS 1~6 d 1 SE+ATE ANMIEL B AR MOI AR RYLS 1~6 d 1 SE+AIIET- R EAE ; C. AR MOT b PR SR
1~6 d ) SE+AMMETE R ;D AR MOI AT F YR 1~6 d MAIIE SR HA 20
E 5 HA BAFREEEHHMRML

Fig.5 Optimization of the HA protein expression

FEfL BT BN HA BB,
B 6 EAMIKAFES rBac-SX5201HA HILER LR
Fig.6 Hemagglutination test results of recombinant baculovirus rBac-SX5201HA

%3 =2 rBac-SX5201HA %% SPF BEH HI HLE M
Table 3 HI antibody titers induced by rBac-SX5201HA in SPF chickens

) SPF G GREIS 21 d Y HI B B S
SPF H54H 31 S
1 2 3 4 5 6 7 8 9 10 11 2 7
rBac-SX5201 HA g 2° 28 28 27 2° 27 2° 210 2° 28 28 2° 284
YRR REZ 0 0 0 0 0 0 0 0 0 0 0 0 0
fele B %ot HE 21 0 0 0 0 0 / / / / / / / 0

3 TJ‘ i/b\ ences Corporation Fl|FHFFIRIGEESRIE RS (BEVS) Al
M5 | S B TREA =M FluBolk® Azl Biit™,

HAT— M2 AP EERA B A HA NA M1 FluBolk® DU it/8i i T 2016 AR5 E 17, % i 5
M2 2538 AR AR T, 2013 4F,  Protein Sci- SRR DU RUERRE WA L , HA e R b AR AE:
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1 1 1

IR § T R RO S R B
1 23 456 7 8 910111213 14

YRR R (d)
—o— T4} R4 ; —m— rBac-SX5201 HA G 3 40, —a— {a R st HR 4

B 7 EAMTIRES rBac-SX5201HA REH KWL R
Fig.7 Immune efficacy test results of recombinant baculovirus
rBac-SX5201HA

Yot Btz A1, Novavax 2% 5 FHFFR 6 5 6 1k
AR R TR 7 S 1 IEARAE I R BE ', HA 2R
PRI E 8 T B 2 e i e i) FZE R A L, Fh—
AU A ) FE A AT ARG T 1Bac-GDISHA 5K T €
A0 iRk HS R & R HA E 3t
AIFFIATIAGEE  Lin 457 s 2 BV-Dual-HA
FRATXT 8 it s 7 MOk 5 ) Sh B BEAR A ) PR AP A
FH , 3R FEAFTDR G 75 2 18 28 Gu i i BRAR ) & T e
HRAE T I

BB ME HA FEN A MW A ST,
T BREA T ISR RO B B, B H
XFH7 HA FERJPFIHEAT T HO, BRI T 5 s 5E A
AT AR %5 v B9 HTNG 7 280 & 3 8 7 (A/
chicken/Shaoxing/5201/2013 ¥ ) HA %& K1y L4k
FH ARG HA FERE R BRI RS
PR B R AP AT T R A AL, B A T
FFRIE T 1Bac-SX5201 HA , & PR AT 75 55 35 (e
B R REFAM AR SF+h e R A Rt
PEIEPER) HA & A, BT & E0W M H7N AU 25 i
B BE UG S5 1) SPF XS 2 4IE T 100% B4R 3, AT A
BT HTNO WA & BN B R &, W
SRR, WS d I, AL SPF XS EE 17% 1)
HERE, WM T 8 B B E SPF SR N &
il HI SBT3 T 0FA 6 I B 1 1) B %8 D
PERERIRCT o ASF 5T 44 E 19 B AL AT 5 rBac-
SXS5201HA 4 21 3% I3 HI T4 - Y3304 7l 3k
2%, 5 Hu APV My A9 A AT R K #F Bac-
JX148HA FH LY., S AR H AT LA5 3 58 & 19 HI 3t
IR, ARG AR ARG 5 238 R e BT
I (TCILTE ) 1 R A0 2R b 2635 T 2l Ak i HA

Y 8 It JROTE B 92 T AE A B AL T S B

TEEHFRIGHE Bac-SX5201HA 351 HA &
F 7 7 1 Ja A5 AT AR 22 8 FH JHE Al 2 4
JH R 5 5L AN ] () SF+40 i 2% B8 4047 8 1 3Rk K
R A . XTI B A A SR AP I T AR AE
AN 5 it AR v G 58 1 28 S INE | A (] B 8 3 48 1)
PROR e/ M R B S S R Y I E AT R
PRI

Bkt RB R ARSI R (P E) A
PR 8] b i s 8) 3 AR GR B0 S B e A g R K 5
AR IEIRAE GG K A H B

SE Ik
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