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Expression of Hemagglutinin of Avian Influenza Virus
(AIV) and its Application in Diagnosis of AIV H9 Subtype
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Abstract  Tn order to differently diagnose avian influenza virus ( AIV) subtypes, the HA gene of AIV H9 subtvpe was cloned,
expressed and utilized in an enzvme-linked immunoad sorbent assay (ELISA). HA gene (1683bp) of HON2 AIV was amplified
by RT-PCR from a strain of field isolated HON2 AIV, and iis identity was confirmed by sequencing. The HA gene was subeloned
into prokarvotic expression vector pGEX-KG with its secretion signal sequence removed. The expressed HA-GST fusion protein in
E . coli BL2] was characterized by SD3-PAGE and western blotiing analvsis as a 90kD protein with immunogenicity . The fusion
protein was present primarily in inclusion bodies and was purified via denaturation and renenaturation. The HA-GST fusion
protein was used to establish an indirect ELISA for the detection of antibodies to H9 subtypes of AIV. The assay has 91.57%
specificity to H3 AIV, 92.31% sensitivity and excellent reduplication. It could be used to differently detect antibodies to H9
AlV.
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HSNL WAL AIV R ERAEE S . Bk, FREI HO BE
EHBRENTE YRS ETEREERE L.
BREHEEE TSRS RRRER WELREN
AEEEIEE RNARBEL 0HREEA Kb B4
HFEOEEZHOEES EHRERIEMEEAR BE
FRERE BT LLESERERENEES . Bit,#
FAHABHHE R Y MW ERBRERMTE. A YR
BERETERL, BT, HW.USEAT 5SHHERAY
ANTEH BETFHAINEELELEN. ATSHEIZ
RRSEFETIER RS, Bt BNEE - LEREY
SHRTR SN . AR ARHERSA 0 TR HA EH
ERHSER R TRHERBRT RN ELSA B8 7%,
WA AR R RE TR E TR, BT,
EAMLHERE. ErdmdrstbonBRer, gk
RMBHEE T AEENE L.

1 HEE5TE

1.1 H#
1.1.1 FH& S ER E N2 RS REARE A FE &
HEA ARFHEBZRFOLEFEN HN2 A, E. coli DH5e.
E.coli BL21 & F (RIFHA.
1.1.2 FRERHXEAH . pMDIST EEMATEY IR
ml. pGEX-KG H % %= {£ ff. OMEGA Bioteck RNA-Solv
Reagent . TaKaRa One-step RNA PCR Kit( AMY) . Taq ¥ & 8 1A
EHIXEABANETER THEAGD. UNQ10 BB LR
DNA ERAWARNEWAEHETES LELAA.
1.1.3 M RIBRILA . 155 o TR SHT A 4G T
B AR e R YRR B R JHS HT H9 TR
AR BEREEAE BRAAE Y BN I ERE
HERVE M AR B M iAW B AL R TR b L AR
FALMRIT LR g6 TR E AT, AIV A
WL H&W 8 EHE IDEXX &7 .
1.2 A%
1.2.1 3|4 18 GenBank WK HON2 TR EFHBE A/
Chicken/Shandong/2/99 41 55 bk il & % 3% RUFF 9) 821 3F & 831
7 HAPL HAP? HAP3 HAP4 . Hofr HAPL HAP2 R F{ # M
ATC B TAA TR BREEREY HA EH HAP HAPY A
Tk Hy BEO{ESKEANM HA BB 5i8d g
TEwTRAESE AN,

HAPI1:5'CGC GGA TCC ATG GAA ACA ATA TCA CT 4L A
BamW 1 ARGV

HAP?2.:5'CGC GAG CTC TTA TAT ACA AAT GTT GC Rl A
Sae | HIBEIDLT 8L

HAP3:5'GCG GAT CCG ATA AAA TCT GCA TCG 6C F1A
BamH | #IBFY) i &

1AP4;5'CGG AAG CTT TTA TAT ACA AAT GTT GC gl A
Hind [ & 8§40 {37 &
1.2.2 HA EAMT . £ 8 OMEGA Bioteck RNA-

Solv Reagent iR W HE R AmEREEAH RNA KOS . 5
7. HAP1,HAP2. % 8 TaKaRa One-step RNA PCR Kit{ AMV)
A5 3T HA B i RT-PCR 744, PCR /¥ A 0.8% %
ERERERREMATEE. EEEM CREYEA
pMDIB-T Fik, % BamH ] + Sac | I EEH EHEA
HEMEEFNHATHE AHEHRE T OLEN pMD-
HA.

1.2.3 HAEFAWERERSKEN: 519 HAP3 HAM.
Wi, pMD-HA. HH PCREHRT BB EH A EARSK
B HAREH. 2 BemW [ + Hind |l TURELD R I3 51 ) 5 4 7 i
RS TR T 3 A £ A1 pMD-HAM .

1.2.4 EARFHEKEHEH Boml T + Hnd[l LEH
pMD-HAM 138k 8 {& FU8. pGEX KG, [ it HAM F Bt ## ik
BEIKREL T4 DVAGEER 16 CHEES . EET R E.
coli DH5a,% BemH | + Hindll WEEME = KB TEMN
EE A PHYE S T A 8 4 pGEX-HAM:

1.2.5 HLEMNBESEESRATONGR . BHLEHE
BEE SR KB pGEX KX AL B EFHHT
Tk 9 (1 SDS-PAGE 1 Western blov ¥ 8% X sk 110 3§75
£ A O3 R O LR 9 VR T B9 TE #E SCRR 11 AT
1.2.6  ELISA ¥ 80 J7 3k - [al & FLISA &4 f I A& fF /O i 2
M FERE SRR AR R R R YRR
P M 1:10.1:20 B2 11280, r BN ¥ B tr B | £ 8
17, MGEM 1210, 1:20 SR80 10320, MM MEKERER
mEiE 1 Ee ¥y AN AFREREEMBFETIE 25]. &
(B4 FLISA AT . ME 0D 0. LIHME 0Dy, H/BIE
O o, [0 PIN (B Y B A i FLOFT 35 G2 04 40 42 K 9 82 0 I 74
WERENBRERNFEAERENLEREY.

HERHER R W R R RS HL R R A B
By 57 R, HEAT RIISA ity R A P 5T i
EHFEEE RS SD AHARTELR «+25D.

EEMERE - R K A [ K A b O AR
PR K PO MFRE S P s i AYEE .3 G mF)
s E e E RSB e 12 # T, ITEH
P FOAHL ] A R U 5 AR R

AHEERE S e HERE BT T RIRA,
WL TR BEREREER OERELAE. B
WasEe |0 GRS (N A T B M B PE M T K OHS Y.
H $7 9 BH A il i .

BEESY BEN S TAERR: AEAERTRY
Wml 7 ik, B AR 1A 3R (HT) G5 AR T L M ELISA 5
J7 ik M BB R E 1 ELISA 2 Wi R M S iR B L BOR
SEGE.

[ ELISA 5 # M ELISA R &M W HifE: #1
ELISA KM A (TR Al &R0 B /E, 9 HA-ELISA X 16
{4y SPF % M 3% .10 5 HO JF & AIV T B 06 3% A e Rk Re
75 fir W 0 7, 2L 100 fr i TR R .

[A 2 ELISA B9V FH - Bl ELISA 77 204 TR, 38 3L &k
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B0, 000 T 25 X B 420 63 % K LT AT R
2 #R

2.1 HAXEMNTFRNTE

One Step RT-PCR ¥ 1§ ™= %7 4% 0.8% B 5 % %€ I L 3 5%
Br&m .7t — &2 1683bp KNS RUER B, ST
SRHEM(E1)., RT-PCRY W2 M si/E S pMDI8-
TRIEEHE 5L E. woli DHSe. £ BamH 1 + Sac | JUNEHD
E5E K8 T 49 1683bp #1 2700bp EH M B4, S M M &
RHEF. FANEHEREER -HAXEBFF N 1683bp B T
M ATG 3 TAA — T B RIRER, 5 GenBank YL R H
BHE HIN TR KR EEE 82% ~ 9%. 5 A/
Chicken/Shandong/2/99 ¥ Pl B ¥E R # . 5 99% . 5 Alrkey/
California/189/66 R BH R, K 2% . 5F—TEBWAH HA W
FF#E— B 80% ~ 100%™ QI TF T R4 .

1 AIV RT-PCR #"3#f HA 55 &
Fig.1 RT-PCR product of AIV strain HA gene
1:DL2000 marker; 2: RT-PCR product: 3:negative control .

22 HAZERNTRERERR K &N

UL pMD-HA 808, 85 F #E 5| ¥ HAP3 HAP4, 1T H
PCR. PCRY PR BR 51— &2 1600bp K/MEY
FRERFER. ETMMNSERMAT. PCRY MY E My 4l
E5 pMDIS-T BUKE &, %1k E. coli DH50, % BamH ] +
Hind[l WIS EHRNGMITEE SEBRKB T 1600bp
1 2700bp LA WP R, SRS RER.
2.3 RARBRZIFRNOHE

W BamH ] + Hind[l MBSV E A F,68 T 1600bp
F15000bp AHMPERM(EH 2), WA T HABABSK
B HA EEBATEBEEXRE pCEX-KC PHEMMLE.
2.4 RIZLTHH SDS-PAGE # Western blot & £

SDS-PAGE BE45 £ B 7 : & pGEX-HAM EAHARKH £.
coli BL2L 45 90kD kA B M EXZXHF.E HAEBS GST
EABEERANTY . HA EG % 63kD, 5 GST ) 26kD R &
G H 90kD, T & pGEX-KG 1 E. coli BL21 B X} FB#E #4
6kD AR EREW MY T GSTHEAMNS TR, UL
REHHMERKS T EA(E 3). Western blot SR %8
kD MEHWESH FHH: HO E& AlV MM F LS T

A2 EAXKENOBIER
Fig.2 Identification of recombinant expression plasmid
1:DL15000 marker; 2:pGEX-KG; 3:pGEX-HAM/BamH I +
Hind [l ; 4:DL2000 marker.

RUM BRI, ELFATYRARTOTFEE(E4).

1 2 3
kD

1ne0—= =

66.2 =~

450—

35.0—

250w

18—

Hi—-—

M3 FEEREHEE pCEX-HAM BSREFDH
SDS-PAGE KW
Fig.3 SDS-PAGE analysis of the expressed products
by pGEX-HAM
1:protein marker;2: pGEX-HAM:3: pGEX-KG.

Ha FiKF=PH Western blot £3
Fig.4 Westem blot analysis of the expressed proteins
I : negative control;2; proteins expressed by pGEX-HAM.
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2.5 ELISA ## 7%

2.5.1 ELSABREAHRAMABATE. FEERERY,
HEREAEEEY 1:80,80 0.8 mg/fl MERERBE N
1:80. T EEBFEHE « FT0.197,50 FF 0.077 RHFH
ABH0.351. HRAF.WMEALAE, EEHFN EREL
OD o (8, 0D, = 0.351 ¥ 0 M, 8809 & T 2 i 2 18 3
0D, <0.351 F 9.

252 EEH#ARR: RHREMKN S HTRAKEABTR
(AR IR B 5 S E B s R B9 e PR iR (L) ) Rl 8
BHEKFERFMMFRERGSHBASEGESN 3 HALNR

=1

W ERRRMNERE MR F REAE 5% ~T7.3%2
B, HEAEEHRETRERE4TE ~2.6% 26, R
LR ATERARGMEEN.

2.5.3 AWHESFHRR KAV I T RER HRES]
B OGEEY IR SRR BERELXIER B R
WS e (T HT I V8 £ B A R R TR 8 FRIEAR MY ML
MR HS.HT BRI BRI NE Y L RE. &N
HO I % Rk b A A o 3 2R O L R PR A
RoRFAY, EAETEMAMTRFERT. SRAERL

SEHERERR

Table 1 The result of specificity test

Serum Standard positive serum
Serial number 1 2 3 4 5 6 7 8 9 10 11 12
0D 0.049 0.089 0.118 0.103 0.130 0.201 0.230 0. 149 0.301 0.242 1.097 0.1%

Note:1: positive serum of Marek's disease {MD); 2: positive serum of 1 fow] adenovirus (FAV}; 3: positive serum of Il fowl adenovirus (FAV); 4:

pasitive serum of avian Parainfluenza; S: positive serum of infeetious bronchitis (IB) ; 6: positive seruru of infectious laryngotracheitis { ILT) ; 7: positive serum

of Newcastle disease {ND); 8; positive serum of infectious bursal disease (IBD); 9: positive serum of H3 avian Influenza; 10: positive serum of H7 avian

Influenza: il: positive serum of HY avian Influenza; 12: negative serum.

2.5.4 BWRRY HERESHEERKE: AERAERFEH
SR E 7 O A R 8 (HD 5 AR 8F 5 B 1 ELISA B
TR TG T, F N LR R E K ELISA 8
HFENEES RS HERESTFAF. SRLE 2.

%2 LHESEH. EBESHEERE
Table 2 Diagnosis Sensitivity . specificity and coincidence test

Type of test Hemagglutination inhibition test (HI) Total
" -
ELISA + 239 6 245
- 2 72 94
Total 261 78 339

HERER. SHEFEN ST, BHBRAEN
92.31%  FaER. 4. WHEFTERBA BT 2B
Btk EBRESTLE.

2.5.5 EIZELSA SHTKMENTHRE : FHERE
Bmi L6 5 SPF B A 2 R B 10 £ HO T &Y AIV HEM
HEIAMME EHE ELISA Bl R E S #TEN,
RS R - B M 75 RS MGE LM L ELISA KM FH
HEA % 650 (49/75), A ELISA T RIZERW AR &R —
B

2.5.6 5O HS Mg AYIEE ELISA fr 2 8 . AR
ERES3.

RBERE R, HASHEHT A XHBRERE. &
7B ELISA R 7wl it R HO BRI iR,

© HERFRBEDHARMATIRSHER htto
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Table 3 The clinical detection of Al sera antibody
Total Positive Positive
Source of serum

number number rate/ %
Shenzhen of Guangdong province 90 38 42.2
Wuhan of Hupeh province 52 37 71.2
Anlu of Hupeh province 185 155 83.8
Xinzhou of Hupeh province 93 35 37.0
Total number 420 265 63.1
3 it

AHFIT R TG AR R B 3% 3K 4 {4 pET-28a 3 & FI pGEX-
KC B ik£A HA BN WEEHEBEE. KRB AELGHA
B4 {5 S B CRT S AR M AR L B B A S
B OHMALAIEFRE A ZNNESREAE . # —5
F P pET-28a 48 1K 1 pGEX-KG B A R A Btk 5 5 KM HA
EE ZEREWH. AR BEES S HA BHEKEREBR K.
pET-284/B121 H i 45 13 8] & ik , pGEX-KG/BI21 H R 3823 &
LR AFHEE RS S R HA BRNREMAGS
BaEREPRS T REAEM. 0% 2 aE & ELSA §
ERtEipEFREAE R AT R S SRR
Hys EHERAHTASESSN RAitumkn g E1H 2

FHGEEHOEAFENUEREE T ridH 19 T
R E RN B 4 ELISA - iR R 6. 5 HS K7
T AR HE P IR B T L R LRI 5 A8 T AL T R
OB EE BAITR BRI E R RS
e MERMEATE BRET Y SRR EE A
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FEREITRAERIYE M 2 BT R nr. O T F B K 3 ELISA
g eE R 10 HamErRRER SO LRE RIS
Rikg. kY2 AT E e ELE#H G
B 100% . a3 IR S B M H E L m Tk AT H
Tils F R B

nNERZGTHRERBVEEN -HEQR, AATER
HREE EVLRSHRRELEN £, HEAA HAERA
EHAEME. U EEE TRV Had H R
7380 RATTOHE A ELISA 7R ki SR
HE FEEMW RE . ST S RAN GRS,
BSmEER R R FEE.
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