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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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Fiit 4 1683bp ¢ e B A A E F Ly 3 T4 L E D pMDIS-T H 4k RAMENR A AR EE 3t —F £ 2 L %2 pGEX-KG
b5 GST & @ dk4 K ik SDS-PAGE #= Western FFiZ AR A T RE HA LB AABHEFTREFTARE AASH AR
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Abstract  In order to differently diagnose avian influenza virus (AIV) subtypes, the HA gene of AIV H9 subtvpe was cloned,
expressed and utilized in an enzyme-linked immunoad sorbent assay ( ELISA) . HA gene (1683bp) of HON2 AIV was amplified
by RT-PCR from a strain of field isolated HYN2 AIV, and its identity was confirmed by sequencing. The HA gene was subcloned
into prokarvotic expression vector pGEX-KG with its secretion signal sequence removed. The expressed HA-GST fusion protein in
E . coli BL21 was characterized by SDS-PAGE and western blotting analysis 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 H9 AIV, 92.31% sensitivity and excellent reduplication. It could be used to differently detect antibodies to H9
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H5NL TEBS AV B ik . M, FFREX HY &Y
B RFEANRR. RGN T AT ERRE L.

BHBHRER TIHMERIURRER AEERA N
AUBRBR G RNAVRBZEL IOHFEEEN . KPR E4
HEMEZ(HABEAS CARERAEEMNREHE.BE
TRERE FANTUESEFEREN L . Ak, f
AHAEAFREY MW ERRELM L. A WHE
BRBEIHEAZ . 5%. BR.CEALXH T SHHERMM
MNT® HEEBZEILMEFCIRAE. A X
RSB AEIT AR . BN B EE A EER
BBV SE L. AHRAMASHRE U T8 HA HH
ENZEMIEE Y T2 & R T R ELISA 8 77k
WOTH R R R R AT L B E MBI RY, B R,
ERMEHXRE. ZAEWELSHE OBRNZE, 8
A MR A T EEMNRE L.

1 #M#EE5F&

1.1 ##
1.1.1 JHHFSHF M HON2 TR S JBUR S A5 0
HEGF ZEFHRB P OCETH HON2 ER. £, cli DH5a.
E.coli BI2I IR E R {FHRM.
1.1.2 R EAxEH . pMDIS-T AWM A T4 WA
Al . pGEX-KG H & % {& . OMEGA Bioteck RNA-Solv
Reagent, TaKaRa One-step RNA PCR Kit( AMV) .Taq % & B§ L)
RHEXMEHELEAEEYTELF . UNIQ-10 HERE LA
DNA BB FIW RN aWE B ET AW TR A
1.1.3  [MiEFFMB IR . 8 S57 5 RR SRR 39 aliR

B SRS TER O RERER H5 H7 . H B8
%ﬁﬁi ML R OREE 1R YRR E 1 BT
AE PR i AR R E W B b sk s bl . BERGE
FALMBRICETE gC W FEEEY AR AV LR
MR & W A 3 [ IDEXX 24 A
1.2 Fi&
1.2.1 314 #& GenBank Y% 1Y HON2 IV B & i BU 9" & A/
Chicken/Shandong/2/99 4 5 #k Il ¥ # 3t W ¥ 911 13+ & s 31
) HAP1 .HAP2 (HAP3 (HAP4. H 1) HAPL HAP2 H F 3% A
ATG B TAA — 1~ 5F %5 (7 35 HE 32 49 HA 2B HAP3 . HAPL A
Fy¥e Rk HABEAFE SHKFIIM HA BB . 51t 184
TEMTELAREHR . EFIIN:

HAPL:5'CGC GGA TCC ATG GAA ACA ATA TCA CT 5| A
BamH [ A9EE UV &

HAP2:5'CGC GAG CTC TTA TAT ACA AAT GTT GC 5| A
Sac 1 (1RG0 =

HAP3:5'GCG GAT CCG ATA AAA TCT GCA TCG GC Bl A
BamH 1 #8813 5

HAP4:5'CGG AAG CTT TTA TAT ACA AAT GTT GC 5] A
Hind [Tl #) B8 ¥ {7 2%
1.2.2 HAERAMI HMLE:.&

i OMEGA Bioteck RNA-

Solv Reagent 1 B S H2 IR MU AR B H 40 RNA FIR 8- 3
#): HAPI .HAP2, % B TaKaRa One-step RNA PCR Kit( AMV)
W T HA BB RT-PCR 374 . PCR =¥ A 0.8% 3¢
e BB R KENHEITET. ¥TEM PCR =it A
pMDIS-T 1K, %2 BamH [ + Sac ] WEHI A ESHEHRTA
FEMEAFRBETMF HEEEZEFHL R pMD-
HA,
1.2.3 HAEFEW T 5w KRR EN. 5147 HAP3 HAPL.
B pMD-HA. ¥ # PCR AP B AW HA ERfF S
B HA 2. 2 BamH 1 + Hind Il &G ) & FF 510 & B 77 1%
LA A W EF I 454 0 pMD-HAM.
1.2.4 HAREFENKGE: A BamH [ + Hind[l WEG Y
pMD-HAM F13% 15 8 /& B pGEX-KG. [e14% HAM A Bt fi & ik
KPR T4 DNA B HERG 16°CEEH R EETFWEL E.
coli DH5a. %2 BamH 1 + Hind[l WEGWVI % E . RIBEBM A
By A 4 F 45 & 9 pGEX-HAM.
1.2.5 HUHEWEFRESRESYHEDN HEAHNE
FREAGOWIAPRRIL pCEX RiE RA B F M3t 7.
Fik ™ 4 19 SDS-PAGE 1 Western blot i’Jﬁ%)‘cﬁ 10_ 3 i7-
B0 A BT R 5 1 R 2R VR BE B E RS0k 1L
1.2.6  ELISA KW J7 i (Al 3% ELISA fef$ & M %H#th_&:
T T R A ok B L T R B U 1 R o R (R R
PO 1:10.1:20 F B F) [: 1280, 4> BU N €I BG AR 4R AY | 2 8
7. mEM 110 1:20 BB E 1:320 MM MFEZHEBEE
MAL 1 E6 5 FAMMBFZEBREEMALIE 27, %
(] ELISA J7 31T . E 0D, H . VAFAHE 0D, (8/FA 1
0D, (L (P/N {8 ) £ i FL AT 3t 10 B9 37 15 0 8 vk 1 0 1M 3
5 B B A B AR B TR B ok B R R RR I

25 R A PR E TR R R AT HL AR I O B 1
#) 57 (RS I s L HE T ELISA 8 A BH M R I% 57 b m
HHEE R SD . BATHRBRITBE AR v +25D.

HEMIKGE R AOR AR [ AR S AR B X A
LA K B9 L BE AR (A 5 A PR I i L3 (0 B I i)

frétp bR E R EWE RBESH X 12 # T, TEH
P HE (A A IR IR E R AR
DR 0 BRI B X8 D R

WHEREH L RER GEREERTER GERERKE .S
MR | B GO AR A, 79 80 R PH MR I 75 A HS5 . HT,
HO 7 i PA 4 1M 3 -

BHERN BURESFEERE . REHAERNE R
£ 77 B A R 56 C HD L5 AR B Y 3 0 A9 ELISA 1280
FE B E % ELISA BB ik aVis R ORI

A4 ELISA 5 O ELSA I gy ¥ th ik 6. # 0
ELISA R & #F 0 RN & WA BEE. 5 HA-ELISA ¥ 16
{4 SPF 3% [ & .10 {3 HO ¥ 4 AIV T3 1 I 5 M I & 2% 18 19
75 {5 %G I 7 L 25 101 {4 I 75 436 13 6

] $ ELISA B A A : AUt ELISA 77 i % B3I L 89 4k & Bt
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2.1 HAERRY HEINEE

One Step RT-PCR ¥ 1 7= 4 2 0.8 % Bl fis 45 % ¢ W vk 70

R U B — &2 1683bp KRR RE, SHED
ZERABF (M 1). RT-PCR Y -2 B A LGS pMDIS-

THIEEE 51t E. coli DH5¢. & BamH 1 + Sac | WL H§ 1]
UAE L R8T 2 1683bp F1 2700bp £ BB K, 5 B Y 4
RBHF. FHUNMELERBE R - HAXEFFI N 1683bp ME T
MATG B TAA — D E B FIEHMES . 5 GenBank I F AT H b
BIRE HON2 ER 7 BRI R 7E 82% ~99% - 5 v/
ChickewShandong/2/99 Y [Rl Y8 1 & &, K 99% . 5 A/turkey/
California/189/66 [FIIE Y& (K, % 82% . 5 [E — W B4 HA /Y
[A A — R TE 80% ~ 1009 HIBFITLS RABA.

1 3

B 1 AIV RT-PCR ¥4 HA % %
Fig.1 RT-PCR product of AIV strain HA gene
1:DL2000 marker; 2: RT-PCR product; 3:negative control.

2.2 HAZEFEMTREER XS

UL pMD-HA A4, 45 5 51 4 HAP3  HAP4 3 1% &1
PCR. PCR U Hm#& R Bor P 18 1 — %24 1600bp K/ BY
MEREMERFER. STMSEMNEREE. PCRY =Nk
55 pMDIS-T #H K #E #, ¥ 1k F. coli DH5a, & BamH | +
Hind[l A EH TP HITEE FRERKSE T 1600bp
1 2700bp 75 45 (9 M 645, S TR 45 B AR 7
23 BEERBRERNMNNE

H BamH 1 + Hindll WEGYIBAME AT, KG 1 1600bp
1 50000p 22 BRI Ay (B 2) I BABR A T HA BHE S 1K
B HA A T B R IEH K pCEX-KG # #8h #Y i &

2.4 REFIH SDS-PAGE 1 Western blot &5 5§

SDS-PAGE 45 R B /R : &% pGEX-HAM MEH TR £.
coli BL21 7E#5 90kD 2 A H1 B i F ik 4, & HA H9 5 68T
HAOREEREN ™Y, HA E A2 63kD. 5 GST # 26kD M &
5297 90kD. T & pGEX-KG B E. coli BL21 A % M 75 24
kD BRI REF HET GSTEANT TE. L%
R EHMEEIKSG 7 FIE(E 3) Western blot 558 KM .
KD MERWSH MM HO WA AV MM E %+ T4

B2 EHRERUMBISEER
Fig.2 Identification of recombinant expression plasnud
1:DL15000 marker; 2:pGEX-KG: 3: pGEX-HAM/BamH [ +
Hind [l ; 4:DL2000 marker.

BN LN EEREFMER RO EE(E 4).

H3 EHEKSHE pCEX-HAM BE £ E™9H
SDS-PAGE # il
Fig.3 SDS-PAGE analysis of the expressed products
by pGEX-HAM
1:protetn marker;2: pGEX-HAM:3:pGEX-KG.

1 2

M4 RETHH Western blot 50
Fig.4 Western blot analysis of the expressed proteins

1 :negative control;2: proteins expressed by pGEX-HAM.
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2.5 ELISA Bl 5%

2,51 ELISABERMHEHAMHRRMBE: 7 EHE LN,
MIE B AECPIKER 1:80,H 0.8 mg/flL mMFERERREE N
1:80. ITEEFEHMHE x FTF0.197,5D0 % T 0.077, R 5 B
RN 0.351. HRAFE LUSHILAT, 8N R &1L
OD g, 18, 0Dy, =0.351 | R PP, B0 & 0 B & &
OD.,, <0.351 ¥ RFAM.

2.5.2  EFMWHRE: BAHRM KK S AR B R
(HE D) FIAS AT 4L AR B 5 B A a9 47 I 1 B8 4 AR (L 1) R T 8
3 (4K AN 6] /Y i AR & (S BRI R 3 5 B A i

B)ERETIHMHNEENRRKTRARE4.5% ~7.39 2
. fEEETNRETRERE4.7% ~9.6% 28 8%
LEALEARITMERRE.

2,53 SFHERMERE AWBD T ERE GRFEE L
ROERAFEN R YRR SR RSk T
MK E R EEEE M M X 8RR R A M M 1
EKOHS HT BRI @ PSR e PP M5 3 R LR - e T
HO T B & it 1247 ok FH 1 I 375 45 55 0 PR ME A o BRI 1 7 45
RN, ENETENATRRERT. £RILE 1.

1 SyERHEAR
Table 1 The result of specificity test

Serum Standard positive serum
Serial number i 2 3 4 5 o 7 8 9 10 11 12
0Dy 0.049 0.089 0.118 0.103 0.130 0.201 0.230 0.149 0.301 0.242 1.097 0.196

Note:1: positive serum of Marek's disease (MD); 2: positive serum of I fowl adenovirus (FAV); 3 positive serum of III fowl adenovirus (FAV); 4;

positive serum of avian Parainfluenza; 5: positive serum of infectious bronchitis (IB); 6: positive serum of infectious laryngotracheitis (ILT); 7: positive serum

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

Influenza; 11: positive serum of H9 avian Influenza; 12: negative serum.

254 LHFRE. SEESHIRAR. £FAEAEA
BRI 77 i - 0 R0 4 B3 (HD 5 A< BF 58 @ 7 19 ELISA 12 B0
77 % (7] 4 4 I 1 AR 26 K I 3 , — 3 L K R € 1K ELISA 2
WM RN SRS AE, SRR

X2 UHERM ERESHEXRAE

Table 2 Diagnosis Sensitivity . specificity and coincidence test

Type of test Hemagglutination inhibition test (HI) Total

+ -
ELISA + 239 6 245
- 22 72 94

Total 261 78 339

HERD R ZHFERE N N.7% . B HBEME R
92.31% , AR NI.74% - HWHEIEHRA RTMSE
S HMERESFAE.

2.5.5 B ELSA SHORAEMTHRAR 0N E
K 16 {5 SPF 35 11 75 39 7 BAYE , 10 {4 HO E B ATV DU 3G M
T B ) HE ELISA 12 W 05 ik % i I 3 BE A FE AT R
BRI R —B . XM 75 MG F L3 A ELISA &0 1
FEZR Y 659 (49/75) , 18] $ ELISA #t 17 [l 45 K0l 58 45 4 —
.

2.5.6 AR KM IE A )4 ELISA 825 8 o il BRI 25
RRE3

RRERE R MAGKRFS HAXR RERR . &
SR ELISA R 77 2 ol LAbR e  HERR ML R0 00 HO I A & iR

£33 RERULER
Table 3 The clinical detection of Al sera antibody

Total Positive Positive
Source of serum

number number rate/ %
Shenzhen of Guangdong province 90 38 2.2
Wuhan of Hupeh province 52 37 71.2
Anlu of Hupeh province 185 155 83.8
Xinzhou of Hupeh province 93 35 37.6
Total number 420 265 63.1

3 itib

A 5T K F PIRP R 4% A 4R pET-28a # & #1 pGEX-
KCE&ERE HAEO R AEHREXRS SEHEARS
B a4 EEM B ES K CATS P 9 ) L M S L B B AR S
BOHAERTEFES HA BN E SRt kN # -4
S pET-28a #5 {& Fl pGEX-KG # & %A 5t & {5 5 KA HA
HEH.ZREA . LARARERGE P HA RIEKFHERK.
pET-28a/BI21 1 % # 1§ 3| £ ik, pGEX-KG/BR21 KB H E R
RO ENBEARESE N HA REMNKREATMEES
FRTERAPEBMNT AEEM. R4 6906 % ELISA /9
EMELSKMNEREEE RIFAHEW . BER T @& N
HASEHREBARXARPESY B RmENER 2152
ES I

FHmMEREHOEAEIB R EEZ L TR HY ¥
R &M BRI E 12 ELISA TR B FMHE. 5 H5. 17
Ty B 8 LR B o PR I i B 3 SR L TR B 5 38 5 57 e IR
WG E T SRR R EREXAER G R T
TR GERMERNE ORFFIA SRFHEFENEEIH
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FEAR AR fE B P ML B R SR . A T % K (E H ELISA
() B L T 101 3 X8 1003 B9 4G U £ R L9 sk 1 ) A W 2
Rrg KU 2 EMEEFLE AUHFAEREAR
¥ 0 1009 - i85 0 b RE ah 80 R I N A R B L T AT A
T e PR SK B -

mMBEEEMTHRERBREN -MEOKR, AEATH
HRE, ETURIFREREN ™ E. HiLF A HA BH
RO TUEREER TR 6t 5 TARE.
Boh HAVHFHI YR 3 ELISA R ER M fr 5 ME3R R
HETEER RE R, ERT &R &R,
b8 R R RN i T
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