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Avian Influenza HIN2 Virus@| HA2} NA
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25 H7h}o] 8 2(avian influenza virus, AIV)3= Aol A A B 3HE QA EFAA {3 o] a8 STL &
o} &3] 3T ATV HIN23 o 2 8t 7127 g o] W8] viehul 3 gle] oA 74 o] A3 S5 AA ol
2 dT7dA = HFH 22 ATVE HASENA S A o] Bo] 4 2.2 uh-3-3= Y Y & AArst Al sisich 24
A9 Goll A F2) 9 AIV HIN2 538 5 A/CK/Kr/MS96/962] 7% RNA 22| RI-PCR ¥ 2.2 HAS NA
DA N-T -9 of sgale 9D S 2239 ol 3 339 DNA SR 2 E. coli AW E pGEX4T-1
o Alg ¥ BL21 A XA Z2+] GST fusion protein (GST-HAInS} GST-NAn) ¥l 2 sl GST-
HA1n$8} GST-NAn-& 2 glutathione sepharose column$- A}H-3te] 23] o AAslgon, AAd dyzL 3
Hez AHg3te 27 3PS YA AR 849 FUE )AL ATV HIN2 538 F A/CK/Kr/
MS96/96 2. 7+9 8 MDCK | £2)] cell extractE AH-8-8}¢] immunoblotting- 44 .22 el siglc) £ AY
ZA 3} ATV HIN22] HA ¢} NA 48 N-2h32-9) o] 838} A 2§ GST fusion protein}, o] & 2+2+2] g 2l o)
EojA o2 uhgal: UYL YO 2 AIV Y9 Ak Bl of) g, AIVY] W3 7| 2 A Fo TR A B2 A}
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QAEFAA ulol ) A(influenza virus)s Q49 Anld) 3
(Orthomyxoviridae family)oll 4:8H= RNA nlolgizol &) ¢
Auinigy Fol= A, Influenzavirus B,
Influenzavirus C, Thogotovirus, B Isavirus® X33t 5709 4
(genus) 2 & F-FHE o] QIrh31). o8 A influenzavirus A9} BI}
4 Hlele2A 5F7) FES dovle FH YA oy, =
AT QEFAR FE Ao vl 200,000% o)) ¥
of ALE 3p9 oF 36,0009 ] APkl R1E w} ke, 5).
53] Influenzavirus A2} A, AA<LF(natural reservoinE A
HA SASHe FAZEF (aquatic birds)o|H, °1E 539} HY
BHE FAGCEN AT AWE dorlA| Ferh9). B3
Influenzavirus A¥ HAS} NA ©h3le} 8 X (antigenicity)ol] ot
2hA TRkt o} (subtype) O ® T-EE™, A 16782] HA subtype
(H1-H16)7} 9712] NA subtype (N1-N9)°] L&A glths, 29).

Influenzavirus A, B ¥ C 25 v}$ FAFE 22 o]Fo]x]
gom, YAbel =7l oF 80~120 nme|UH18). Influenzavirus A
9} B $7119] segmented negative-sense RNAS AlE o8 717

Influenzavirus
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I glem, o[ EEHE] hemagglutinin (HA), neuraminidase (NA),
nucleoprotein (NP}, matrix protein 1 (M1), matrix protein 2 (M2),
nonstructural protein 1 (NS1), nonstructural protein 2 (NS2)/nuclear
export protein (NEP), PA (polymerase acid), PB1 (polymerase
basic 1), PBI-F2 B PB2 (polymerase basic 2)8}3L HHE 117)
o] Thas WEITHE). olE FelA HAS NA ThiEzL nlo]
H2 grke] g9l e 28 E (glycoprotein)© | Th. HA T
A& receptor binding¥} fusion activity® 7141 ¢lew ¥ )
ojzl~ol dhglo g ALy NA WAL pewraminidase®] &
A& 7HAR 027 progeny virus®] W& F03 4EE v}
(26). WA o]E T Thilgo] gutolell AA Aol F2 €
Aoln], ¢17)e] HurSA| F8 o Fhgshs Aoy U
A S1TH30).

19709t ©]F live poultry marketo A4l TFFS F/9] avian
influenza virus (AIVY7} A2 08 wAsT 3o, oje|d AV
7} Apel Al Aubs o] QEFNA} -3 (pandemic influenza)sr
dosle v Fag %S 3= 3oE AR T3, 14,
23~25). AIV HON2 ujojzie] 79 ofrjop AHejA] ofu] 7}
ko] 7] 2l Zi7 St FEHLE AEIPT UMY A
o7 PusHm Jrk9), E3F AIV HON2 vlolg2rt Ajzte] =]
G2 AR X3S 08 E(species)ol Al B} A4 AvtE 4
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RE AR F=Ho] Aokl 2 AAZ 19999 ATV HIN2
Hpolg| e EFoA F we ofdololAl dAvlEe] ofgl 4
doziovt, B & SBETHIS, 20). HISE Al7]o] Fo
M= Hs=g AR B bl Juh9). ol 3 T 7hdale
= FYHoZ HZ TE AIV HIN2 Hlo]g|2o] oJsjjx] 7+4d
735< Ao AFEAY & 359 A Z9ARIE Alquail/
HK/G1/97 (HIN2)T} f1AFgE nlo]8 =24 AV H5N1/97 Hho]#
28] 1% (genotype)S 7 Hpol@jzo) 23t Ae-glom, F=
o] AeE FYUsFHoZ  A/duck/HK/Y280/97 (HON2)F A/
chicken/HK/G9/97 (HIN2) wlole)~9} SARSIY S48tz o g
TRE AlVlike Hho]2of] gk 399 Aoz gaHt}9). o]#
3k HON2 o] #2252 human strainX] 8 o (2, 6) sialic acid
receptors®]] AR F A= EALS ISR om17), T-FA
A 25 EAE vk Ack19). T HON2 vlolZ2= EA)
Freprlol A He) ThaRola &4 wdol H(, 2), )AL
HZ 2099 B2 olF ol AT F e SFHYL
WA T S-S dAIERL it

E dFellMEs HZ EAZF §30 9l AIV HON2 Holg] A9
HASE NA THlZlo] NZHE9E GST fusion HEIE E. colioll
A drdska, GAIE A2 GST fusion proteing 3902 A}
|31, A2t B0l dE3e Aalsloth B A4S SaA
Aol Az T A e o s HIN2 Hio|z|2e] 7+
& A7} vlolei o] ¥ FAlz fgEE PSS 2
Aol Z23 A AMEE Ao s yu"n)

L Wy

N

Fu

M= % djo|2{A

MDCK M ¥+E 10% fetal bovine serum, nonessential amino
acids, sodium pyruvate, Eagle's balanced salt solution, ¥\l
2ERAEuo]2o] M7 minimum essential medium (MEM) ¥l
A5 AHEER 37°C, 5% CO, 204 wiekaldt). B ol
AREE ATV HON2 vlolgje 4998 Homiy a9 3=
EEF AICWKIMS96/9601H, o] ntele]ze ol malg o

d ZRAEIARNEH BFIh

DNA E2Y

2 DNA 242 k&l DNA A=3 7|eg AMgsiant
(22). PCRE §31A4 S5F¥ ZE DNA ©H-2 DNA sequencing
TA Rt B Ao AMSE SelawEY QEle|=
= Table 19 Q2F3ITE ATV HON2 nlo]#A9] HAS} NA &
o] NTEESE GST fusion proeinTEIE E coliol A &
a7 A e BE Qdadshs G718 Y-S pGEXAT-1
HEjo)] FE3IATE -S4 2001 ATV HIN2 (A/CK/Kr/MS96/96)
Hho]| A2 RE 600ul TRizoL LS (Gibco-BRL Life Technologies,
Inc., Gaithersburg, USAYS AFE-3le] A|ZAP) A1E35 WHo=
A% RNAE Ealn). 3¥ HON2 ulol#]A9] A RNA
E F¥0 7 AMEl, HA (HAINSE NA (NAn) T2 N2

ir t
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Y& QlFIGste A7IXES reverse transcription (RT)-PCR
WMo g FE3th HAI®l 49 HAI-NF9} HAI-NR =2t
HE AMEE O, NAnY 7895 NA-NF2H NA-NR Z o]
HE Z}zb ALEEtH(Table 1). YWHAQ] RT ¥H&-& 10 ul B}
222 RNA, 5 pmol Z&o]u], 100 U Superscript I G3A E A
(Gibco-BRL), 40 U RNaseOUT (Gibco-BRL), 0.1 mM
dithiothreitol (DTT), 10 mM deoxynucleoside triphosphate mix,
2 AR EA MY7F 23 20 Ao s ST o
ZFAF wh-2 37°ColM 1ARE B}t eEE F 70°CelA 1583t
AT AlgsiA sl GRAL whEHS ARESt] PCR
g8 35T PCR 52 Pyrobest DNA polymerase
(TaKaRa Bio Inc., Shiga, Japam)E AF&38l90.om, HheAle]|Ee
denaturation (94°C, 303%), annealing (60°C, 302%), extension (72
°C, 30%)2.8 & 30 cycleS A3PFH o, vl extension &
Al 72°CAl A 108 B9 AEGAIATE HAING] 749 471 bp 4F
Bo] ZEHN oM, NAnS 7% 369 bp 2HEo] ZEHUTH &
Z= ¢DNA Y- forward primer 5 2ol AUH EcoRIFH
reverse primer 3' B AUE Xhol (HAInS] 72-%) = Sall
(NAn®} 73%-) AgaLE A8t ek t&, EcoRIF Xhol
o7 HAhd pGEX4T-1 (GE Healthcare, Piscataway, USA) 9 E
9} Hgreled pGEX/HAIn2F pGEX/NAn constructs T 8193t

E. coliti M GST fusion protein 23

ZF9 F 9 Zekav]=pGEX/HAINS pGEX/NANE
Z¥7} E. coli BL-21 competent cello] BAXIAZIC, HAHE
8 Z2uE e A7k LB AAsA6) 27 124030
¥t &, 250 ml LBO L:SoMi= 34 HEI F 37°ColA] 14
7 303 v dElglTh A600 FEE7F 0.6~1.08% A 0.2
mM isopropyl-B-thiogalactoside (IPTG, Amresco Inc., Solon, USA)
£ 9o} GST-HAIn? GST-NAn B8 2E-S friesiict. U
o HEE PTG 37 F 4413 2 A%3hsic,

GST fusion protein X |

pGEX/HAIn®t pGEX/NAnZ 22t PH7EH BL21 A3
IPTGE A71ho @M 4AI17F 53t GST fusion protein®] ¥EE
Fr=stltt. olFA Aol AEE A2 H4PBS, phosphate-
buffered saline)?ll F-f-A171 e, 2592 71E o] &3ted A=
g st FAE Axe] Ffel 1% Triton X-100
(Sigma, St. Louis, USAYS 3087F A2x Hlgh &, 4°Col|A
20%-7F 12,000 rpm o2 YRSl AEAe FSSA 5
ml polypropylene column (Pierce, Rockford, USA)®l glutathione
sepharose 4 fast flow beads (Amersham, Uppsala, Sweden)Z
column F L5 ml& ¥ AT AFE beadsE A H3IT} 2
Z+e] GST fusion protein®] X 3HE ME o] FZAE e
column®l] loading®+ ©]%, 0.03% Triton X-1007} £¢¥ PBS-T
2 AFsch A2e A280 FB=71 0010187} 2 w7t
A pastairt. AlFe] 1 B beadst A¢H GNAES
elution W13 (30 mM glutathione, 50 mM Tris; pH 8.8)% A&3}
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of 22 BAsIAc £ A" dNAe A0 FREE =3
% o Bradford A A183) ALt o) BAY @
WAEL 10% SDS-polyacrylamide gel electrophoresis® 2] 5}
Row, FE DY AEL commasie staining® 2 15T}

7| ey MLt

el A1z GST fusion protein (GST-HAInT GST-NAn)
£5 AU OE AMEsl BE7] 8-S WAt 4zte AA|
e Al HE2AZ welM SPF (Specific
Pathogen Free; S4WUAMAE A5 E) E7d HEsi4T)
sl AW, 13 HEL 500ue] complete adjuvant
(Sigma)9} 500 uI] Z}2te] GST fusion protein (200 ug/mh)E &
e F, B7e] Bdve} Ao 25596l Bk 23
NXFE 63 FE7HAE incomplete adjuvant (Sigma)S AR5}
o] 22 WHOZ GST fusion proteind} 3+ & H23 ).
HELASLE 139 22} HEL 25 HHoE, 3315 63
SIS 15 HE02 AAEKEY. vixe d% & gae |
mI 5= ol FA-g Ao g o] YAHAEA Felslsirt.

Immunoblotting

MDCK A3 AIV HIN2 wojelag A7) 3 724|7ko]
739G the, wholeize] FA oz Qg AETHWH AN} BEE
& W, 1x sample loading buffer (80 mM Tris-HCl; pH 6.8,
2.0% SDS, 10% glycerol, 0.1 M DTT, 0.2% bromophenol blue)
£ 499 Axe g AH H7IeEM cell lysateS H]
ST A AE AEe} ZEE R e AZERE Holz] Skl
cell lysates SDS-polyacrylamide gel electrophoresis®. 5-2]3F Tf
<, PVDF membrane (Millipore, Billerica, USA)2.Z blotting=
TR 12} G B APl Lo Zzte] 7] 83
(1:1000 2]49)& AR&3IH 01 24 7H5 <t S38l9e). 12} 37}
A4 blor alkaline phosphatase (AP)-conjugated goat anti-
rabbit IgG 23} A (1:5000 3]ADZ THA] 2417F B2 a3k
o} 1249}k 23+ A7 AFE blot 5-bromo-4-chloro-3- indolyl-
phosphate®} nitroblue tetrazolium 718& ARE-3}o] zZbztol] s
3 gl o] EAEE 248kt

2

AIV H9N2 H[0|2{AS| HAS} NA CHEZo| Nolcisels
Ursist= WE] 8

Table 1. Oligonucleotides used for cDNA amplification in this study.
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AIV HON2 Hpo]# 0] o) x5k 3¢ Tl HA
¢} NAdl| 5olH o uhgshe Zhzhe] J8AS Aatslr) 23]
A, B dgtellxe WA Zzte] Dl de] ectodomain FollA 31
g/d0] ¥ E. coli HHo| HH3tha AGE = HHE Table
19 €A% Zefo]HE AREste] REPCREY 02 SE3e 2N
SgH-919] cDNAS I3ttt & A7l AHS-E AIV HON2
Hlol¥ e o] Y Fog Ry Byd d=EEF ACK
Kr/MS96/96°]tF. 560719] ofr|ieiko 2 748 HA ©je) 7
- HAL-NF} HALNRE AHE-81e] 151719 ofnedtel] sfgs}
E P9 (HALn; aa 30-180)5 ZTE3H 01, 4697)9] opr]iato.
2 74% NA @9 739 NA-NFSH NA-NRS AR5t
11671] oprizitbel] S3le H-9I(NAn; aa 40-155) ZZ515
AE vlAAD. Z42ke] FEE cDNA TS Zelome] wik
o 224 A4S gt 3] A Aoz 43t
AFELE ALESIS E. coli FEWEQ] pGEXAT19 4131513
o FHAHC 2, HAInS S35 cDNA T (471 bp)yS EcoRIF}
XholE A18-3tF o™, NAng 5E3 cDNA THH(369 bp)
EcoR1Z} SallZ A3l GST ©iaS ¢l5ygsts d71449
L2 F ol 4913k pGEX/HAIn® pGEX/NAno|#t1 w8
ZZAv =8 47 A3 HE. 1) AMYE cDNA ©3¢] &
Aol d7IMEe] JBE= EcoRl, Aval, Apall, Bgll, @
Nsil AFELE A-8-3 genetic mapping¥} BigDye terminator
cycle sequencing systems ©]-83 A7|1ME BT} FR151Y
CHAER. HA|AD.

GST-HA1n2} GST-NAn fusion protein2] 25 2 M x|

HelX FH8 F AN E coli THHEHEGEX/HAInTG
pGEX/NAYE AME-3}ed, BL21 AXol|lA thake] Az wud
(HAInT} NAnyS GSTY -2l &3 fusion protein FENE
LAt sldeh. UA 2zt Fepani=g A8 E E
coli BL21 MEE 47t 52t IPTGS &7 mjdsto 2/, GST
fusion protein®] HE F=351c}. ZFHF2] GST fusion protein
o] WA GArbs ARE dolry] s, B fd 44
o AEE 33 F total cell lysateS 10% SDS-PAGEZ -2
3ttt ol2A AA EeH dES commasie GAHoE o
AEtant.

pGEX/HAIn HEIZ FZHEHE BL21 AEolA BFAE the
o] S de Hagk o) oy dldz TS &
T A} TAe] B v1FEo s HW, o] F9 shie
GST-HAIn fusion protein®] oJ4=x]2} FAKGE ~44 kDa (Fig. 2A,

Oligonucleotide Sequence (5' — 3')* Polarity
HAI1-NF GATGAATTCTCCACAGAAACTGITGAT Sense
HA1-NR TTTCTCGAGCTATTACCAATCGTTAGTATA Antisense
NA-NF GATGAATTCAATGAATGCAGCATCCCC Sense
NA-NR TTTGICGACCTATTAATGAGGGATCCTATC Antisense

* Restriction recognition sites used for cloning are underlined.
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(A)

PGEX4T-1 | GST
EcoR |
PGEX/HATN | GST ;
EC(I)R i
PGEX/NAn | GST

(B)

HA (471 nt)

Al HON2 aF&3 A2k 181

Expected molecular weight

28 kDa

Xho |
44 kDa
Sall

40 kDa

NA (369 nt)

Fig. 1. E. coli GST-fusion protein expression vectors and PCR amplicons used in this study. (A) Schematic presentation of the pGEX/HA1n and
PGEX/NAn constructs. These two constructs were designed to express the N-terminal region of the HA and NA proteins of AIV HIN2 fused to
the C-terminus of GST. The corresponding regions of each protein were amplified by RT-PCR using ATV HIN2 as a parental virus. The EcoRI-
Xhol (for HA) or EcoRI-Sall (for NA) fragment of cDNA amplicons was cloned into a multiple cloning site of the pGEX4T-1 vector. Indicated in
kDa are the predicted molecular weights of each recombinant protein. (B) PCR amplicons for HA and NA ¢cDNA fragments. The genomic RNA of
AIV HIN2 was isolated and used for RT-PCR amplification using a pair of the corresponding primers designated in Table 1. PCR products were
separated by 1% agarose gel electrophoresis and staining with ethidium bromide.

GSTHA)|o ™, th2 = ~65 kDa (Fig. 2A, asterisk) Q.2
BL2IA|Zo| A F-ei=90S Ao g 39w el oF 5= 9l
ATk EZE o] F HHAET T4 44 kDa F7)HTF AL o
e A wl=Eo] PAEA oW, o]52 olnlE truncated
form®] GST fusion protein®] At -2 E colifl A internal initiation
o &% Bdd sheAde] Era A4HEL gRrToss
pGEX4T-1 WE| 2 HAxgHe Ao GAE vhige gjpe
©] 28 kDa 7|9 GST T ddS ¢ + AUUTHFg. 24,
GST).

pGEX/NA HHZ F24%H BL21 A¥olME 40 kDa
GST-NAn fusion protein® & F4 5+ chldo] ok 2e] A
A=) $ATHFig. 2B, GST-NA). pGEX/HAIn] 7-$-9} nlx7x| 2,
2:8ke] ~65 kDa =7]9] @ Wi=o} 35 kDa R} 2R o
& 7)o SRS o] 40 kDa Z7]9] AT} s A=),
£ ARNE Q2T o2 AME pGEX4T-1 WEHZ J2Ax3s
A M= dddd A Zo] 28 kDa F7]19] GST @hijdo]
oo = o] YA = AThFig. 2B, GST).

pGEX/HAIn % pGEX/NA HEZ 32 AEE BL21 A FAA
ZYz7+e] GST fusion protein®# SR il lo] o]&3} 3
A QA" 3 &2 o] GST fusion protein?] A S Yok,

(A) (B)

GST-HA1n GST-NAn

GST GST

Fig. 2. Coomassie staining of recombinant GST-HA 1n and GST-NAn
proteins expressed in E. coli BL21. BL21 cells were transformed with
the parental pGEX4T-1 or one of either recombinant constructs,
pGEX/HAIn (A) and pGEX/NAn (B), as indicated. Each bacterial
culture was incubated with IPTG to induce the corresponding
recombinant proteins. The GST-fused proteins were purified using a
glutathione sepharose columns and resolved by 12% SDS-
polyacrylamide gels. The eluted proteins were visualized by
Coomassie staining.
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7] S18iM, 2] Zefanisg Ak M ZolA FAH &
B4 10% SDS-PAGEZ #3 ¥ GST Soldoz vukgs}
B ks BEE BA(AG-GST Mab)yE AME3te] 928 B3
£ Y3} Figure 39 Jebd A=) o], pGEX/HAIn ¥
pGEX/NA HE 2 FAAZH NZZHE 217} 44 kDao] GST-
HAIn# ~40 kDa®] GST-NAn¢] F& AAEL & 4 gk
1831 commasie ¥ A Vel olE B} e zv)e] vy
A M=ES anti-GST Maboll A= AL & & U} wb
2hA o]E T ERT GST fusion proteind-2 & 4 Ut 3}
At ~44 kDa®] GST-HAInY ~40 kDa®] GST-NAn Kt} =7]
7b & ~66 kDa®] DA E)S anti-GST MabE AXHA] o4&
S ¢ & S kA o] BAE)e BL21 AXERYH &
2} bacterial proteind ZoZ FHHc}

AIV H9N2 Hjo|2{Ao| HASL NA cHHEO Ho0[Xoz it
S5l EEE Yt

U202 pGEX/HAIn 2 pGEX/NA HElE §24%H BL21
AEZFE] FAE GST fusion proteind E7|ol] HEGOEM,
olE AEF vl HolHog whghe JEAHS Akl
2 aFek. 94 ZAE 2o Sild S Bradford HHE ©f
o] AR F, B7) @ vl 200 pgmi®] ARG A S
complete adjuvant (1X} HE) E incomplete adjuvant (2%} 9|
o AF)ok A 2AS uebA HESAT Am g b
7led A o] F1H R X HED F, E7) gHony
B gag AFsle g Atk EeA dolzl Zdzte] 8

pGEX/HA1N

GST-HATn
GST-NAn

GST

Anti-GST Mab

Fig. 3. Immunoblotting of the recombinant GST-HA In and GST-NAn
proteins that are expressed and purified from E. coli BL21. BL21 cells
were transformed with pGEX4T-1, pGEX/HAln, or pGEX/NAn
construct, as indicated. The GST or GST-fused proteins were induced
and purified as described in Materials and Methods. Purified GST-
fused proteins were separated by 12% SDS-polyacrylamide gels and
transferred onto methanol-activated PVDF membranes. The GST-
fused proteins were visualized by immunoblotting using a mouse
monoclonal antibody (Maby) specific to GST.
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o] AIV HON2 Hjo]e|2] HASH NA TS QI =AE
B8] 98, MDCK X of uloleag HAA F &
£ cell extractE AMEEM} pmmunoblottingS $EHTE GST-
HAInG AAE dilids HE5e §F dod 87 @3l B,
~76 kDa F718] ©¥ido] AIV HON2 ulel#2r} 7™
MDCK HZ A 2= ckFig. 4A). E3 GST-NAnY] A€
chl AR R dojzl E7) A A9, ~55 kDa 7)) & d
o] AIV HIN2 ujo]gizo] ZHdsl ME2RE ddES &
ATHFig. 4B). WRTLEH AIV HIN2 HlelgAaz 7HEEA]
2 MDCK AlXolMe oldt T gulldo] J&H=A] &t
B A agol A AMEE cell extract®] % anti-GAPDH 3HA &
A+2-3k immunoblottingS <~383F 23} E Aot gleS Ed
ATk AtE BAA).

I &

B dpaxe H AlelA R Asried 712 QeiA
AlEH o g BAZL HI Qe AIV HIN2 vlo]# o] F39] v
Aol HASH NA ©Ao] e E7) F8A-S stz st
Q). o]& FIA A HoN2 F=EelFe] HASH NA whd
N-ZHE21Z GST fusion protein FE) & WAZHF o, 4 A
AE Z¥zEe] GST fusion proeind E7]0] AFAII o2 HN HASH

(A) (B)

IV HO9N2-infected
IV HO9N2-infected

kel
@
£
O
@
£
£
¥
-
43
o

Mock-infected

Anti-HA Anti-NA

Fig. 4. Immunoblotting of the HA and NA proteins that are expressed
in ATV H9N2-infected MDCK cells. Naive MDCK cells were mock-
infected or infected with ATV HON2 virus at a multiplicity of infection
of 1. At 48 hr after infection, cells were lysed with 1x sample loading
buffer; total cell lysates were separated by 12% SDS-polyacrylamide
gels and transferred onto methanol-activated PVDF membranes. The
blots were stained with a primary rabbit antiserum raised against GST-
HAln [(A) Anti-HA] or GST-NAn [(B) Anti-NA] proteins and
subsequently with a secondary AP-conjugated goat anti-rabbit IgG
The immunoreactive protein bands were visualized by incubation
with 2 mixture of BCIP and NBT.
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P AEAS Ao Al Al At

oft

NA ©ei=e] o

¢

H FEAHL AIV HIN2 tlo]#]29] HA cEl o] Boly
0 HkEF

A
= A& immunoblotting £43-% S-3)4] gHelstgict,
AAT Aol HASF NA @8 NUGESE 711 GST
fusion protein®} O]ZF-E| YAHE FHAL ko AV 7Y
T} AEFAA} npo]#) 2] AL Foll A entry A
TSt 71247 23 A2 g AMEE Ao Jggith

B Aol Me HAS NA whde) NgTR9jo] sk
15170(HAYS 1167H(NA)S] o}p)=Ake Zb2) GST fusion protein
2.2 E coli BL21 A|ZE X LH3C} o] 58 &d 2 A5}
= oA, opuiegte] EAERS v)Eoz ANk 44 kDa
GST-HAIn#} ~40 kDa GST-NAn ¥z 8l opz} o]5 B
tF Exbke] & whide] Hwo) Aol ARt A Ay
As BAIAT Anti-GST MabE AFE-3F immunoblotting
A& B3A o] BEA(E)S GST fusion protein®] obg-S &
o2, ofnle BL21 Mzl F2iE bacterial protein®]
Ao E FHHAKI, 21, 27). HIE 2 AFoA £33 HAS

e

re Heorr

L

=
o7t =] AN, o158 GST fusion proteing ZTHE- AJok
ot 71ete] Ao 2 AREEtarA}l & Aol Ay v

T s AN a7t e Aow AN, Tl B A
TolA Lol HA B NA F83o] g2 AlV -} oL
HEg-sh=Alol thgh Aol FrlElojol & Roz MztEd) 5
o]9} T+ bacterial protein®] &l A AFE ZF7re] GST fusion
proteini T} Aol 2ke @l dEo] b A AAPS o
4 A} o] EMAEL Anti-GST MabZE FHEE A0 1
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ABSTRACT : Expression, Purification and Antiserum Production of the Avian Influenza HIN2 Virus

HA and NA Proteins

Hyunji Lee', Byung-Hak Song!, Jeong-Min Kim', Sang-Im Yun!, Jin-Kyoung Kim',
Youngsik Kang', Yongbum Koo? Iksoo Jeon®, Sung June Byun®, Youn-Jeong Lee®, Jun-
Hun Kwon®, Jong-Hyeon Park’, Yi-Seok Joo®, and Young-Min Lee'™ ('Department of
Microbiology, College of Medicine and Medical Research Institute, Chungbuk National Uni-
versity, Cheongju 361-763, Republic of Korea, *School of Biotechnology and Biomedical Sci-
ence, Inje University, Gimhae 621-749, Republic of Korea, 3Research Planning Team, National
Institute of Animal Science, Suwon 441-707, Republic of Korea, 4 Animal Biotechnology Divi-
sion, National Institute of Animal Science, Suwon 441-707, Republic of Korea, SNational Vet-
erinary Research and Quarantine Service, Anyang 430-856, Republic of Korea)

Avian influenza virus (ALV) is recognized as key to the emergence of pandemic influenza for humans; there are
growing concerns that ATV HIN2 may become more efficient to transmit to humans in the near future, since the
infection of poultry with ATV HON2 has been common in recent years. In this study, we aimed to produce anti-
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sera recognizing the HA and NA proteins of ATV HIN2. Initially, coding sequences corresponding to the N-ter-
minal regions of the HA and NA proteins of the Korean AIV HIN2 (A/Ck/Kt/MS96/96) isolated from a
domestic chicken were amplified from the genomic RNA. Following cloning of the amplified cDNA fragments
into pGEX4T-1 vector, two GST-fusion proteins (GST-HA1n and GST-NAn) were expressed in E. coli BL21
and purified with glutathione sepharose columns; the recombinant GST-HAIn and GST-NAn proteins were
both used as immunogens in rabbits. The antigenicity of the rabbit antisera was analyzed by immunoblotting of
the cell lysates prepared from ATV HON2-infected MDCK cells. Overall, the recombinant HAln and NAn pro-
teins fused to the C-terminus of GST and the rabbit antisera raised against the corresponding recombinant pro-
teins would provide a valuable reagent for AIV diagnosis and basic research.



