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Detection of the Avian Influenza Viruses Nonstructural Protein 1 for
Distinction between Vaccinated and Infected Chickens
Using Synthetic Peptide-Based ELISA

Hyung Tae Lee', Kyoung Hwa Jung', Ji Hyun Park', Gun-Woo Ha? Jin-Sik Oh?,
Youn-Kyoung Oh’ and Young Gyu Chai"*

T~e o . . . . 2
Division of Molecular and Life Sciences, Hanyang University, Ansan, Korea, “Bionote, Inc., Suwon, Korea

Avian influenza (Al) virus infects both animal and human. Low pathogenic Al virus infections (some H7 and H9
subtypes) have been reported all over the world and pose a potential threat to the poultry industry. Vaccination is the
most effective way to prevent virus infection. However, vaccination makes it difficult to differentiate between
vaccinated chickens and infected chickens. In order to differentiate vaccinated chickens from naturally infected chickens,
we adopted synthetic peptide-based enzyme-linked immunosorbent assay (ELISA) using the peptide sequences from
nonstructural protein 1 (NS1) of HIN2. Five synthetic peptides were designed using Protein Variability Sever
(http://imed.med.ucm.es/PVS/) and synthesized. NS1-1 ~ NS1-4 peptides failed to detect serum antibodies from both
vaccinated and naturally infected chickens. NS1-5 peptide from the C-terminal NS1 protein detected serum antibody
from naturally infected chickens but not vaccinated chickens. These results imply that NS1-5 peptide may be a useful tool
to differentiate naturally infected chicken from vaccinated chicken as being used in the synthetic peptide-based ELISA.
Key Words: Avian influenza, H9 subtype, Nonstructural protein 1 (NS1), Synthetic peptide-based ELISA
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SEEOA Aot} (1~3). 1997'F-H ofA|o}f,
T 7bol| Al A Al BRolei 2ol TAF AT Wl
7b Atk 2003~2004'30 = S EFER] WE oA
o} =7t A ZhFFol H5N1 LA Al nlo]e] 20
o3k zhdo] BT} (4~6).
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AlZbo] Ald<EE HON2 Hlol#j 7t e ¢ Sl 5
H7E WolAal A E3ehs b2 FollA B 4
A Adabd = A 7FeAS 2L At (12).

A2 B2 WEE Bopalol Al Al el
2 319l 9@ wark E7kslo] salvh s Qe
22 A AR-= (Office International des Epizooties;
OIE)ol A= Al Hlol&{ =0 o)t 7S List A o=

AL, el M e AllE 71 A9 os EFskal
At BLY =F 57101 gk A9-oll= Tlﬂﬂra}%
xghste]l d AAle] gt H7HEe] AAEg skal 9l
ou, WAE oM GARES 5T 5 g 2
th ol FsE 9] 8l s xFshe Al
A w7t A o é &S skaL vk kAR 2
=7to] WMASHE g dEshe @ HANE Este] W
e HES 7Hx119} Adq oz 7 MAE T
& Q7] witel] BE BE AR 4 vl gl A4
AL 7HAAL Ut (7,13, 14).

J}n tlo

A violEls Te) SebAel slERe
e} U A (neuraminidase: NA)
¥t ofl

(hemagglutinin: HA),
gl oigh A (antigenicity)oll W} of
(subtype) 2% %W, A HI-H163} N1-N9o| &ef#]
AF (15).
=7 A vpo]E]=E RNA AlES 7HAIL 1o, HA,
NA, nucleoprotein (NP), matrix protein 1 (M1), matrix protein 2
(M2), nonstructural protein 1 (NS1), nonstructural protein 2
(NS2), nuclear export protein (NEP), polymerase acid (PA),
polymerase basic 1 (PB1), polymerase basic 1 - F2 (PB1-F2)
18] 31 polymerase basic 2 (PB2)2H= T &S W sir}
(16). °I5 F NSI& Hpo]g 27}t 5ol A AS A
HAE O] RNAC 23S ob= ) v @d s
RS o FES 7P Sl EEe (17).
=, Hpolg| vt 5ol NS o 550 oY B2
RNA, @A 53} g5 2-gste] npo]g 27} A éh=t)
g Ag3s gkl 5o HNkeS AAlee 5 o
S 3} (15, 18). NS12 Hfo|#{ 7} &304 39
Sollgk e TRAelA L=

Havm F2EE 4
o] NS1 ©hfde] &4 f5= WAs AEs A

of npojeizol 7l JHAE AT F AT BAAR

8 At (7, 19).
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= HOol= NSIS o]&3f ghpoll A A%k Al vho]e]x
Q1 HON2°| NS1 ©hiide] o 9ExE MultAlin?t PVS
Zragow Axlete] o dsialar, dlidd ol ez
FEfo| =5 39319 enzyme-linked immunosorbent assay
(ELISAH & o]-&3to] Al npelg| 2ol e st )
A& AEe go] 47 dkg-& BEET.

Mz 2 2
S=-bs!
Z 617 (FIGR & 267, WAS HET 2670,

s 971l & P3-S Bionote A} (Suwon, Korea)il"i—
B Aok S AHEA (specific pathogen free: SPF) &

o] AL 5FHEE 70787 HollA A4S F=
Gl OIS WS AED  AAL Y, 07

Fo] ol MAS HFe § NS FE3)9ch 7w
o] AL 6~77% ol Al HIN2 H}Olr?ii% Eals
ol & FE39th 42 S 15000 X goll A
102 &<t A4 s A7}

st BeEs A F AR

HEOIE &d
ghaoll Al Al g AT Whe] 22291 HIN2©] NS1 vl
A4EE 13l MultAlin (http:/multalin.toulouse.inra. ft/

Table 1. GenBank accession number of NSI proteins in Korea
avian influenza

NS1 protein of Korea accegseigr?irllll;ber
A/Chicken/Korea/25232-006/96 (HON2) AADS52955
A/Chicken/Korea/S21/2004 (HIN2) ACD37776
A/Korea/KBNP-0028/2000 (HIN2) ABQ57383
A/Chicken/Korea/AI-96004/1996 (HON2) ACZ47501
A/Chicken/Korea/MS96-CE6/1996 (HIN2) ACZA47499
A/Chicken/Korea/38349-p96323/96 (HON2) AADS52953
A/Chicken/Korea/99029/99 (HON2) AAQ05002
A/Chicken/Korea/S21/2004 (HON2) ACD37766
A/Chicken/Korea/S1/2003 (HON2) AAV65821
A/Chicken/Korea/S27/04 (HON2) ABC(C48833
A/Chicken/Korea/S25/04 (HON2) AB(C48823
A/Chicken/Korea/S24/04 (HON2) ABC48813




Discrimination of Al Viral Infection

multalin/multalinhtm)) &2 AH&0 3, o3 oFEZ
= PVS X213 (http://imed.med.ucm.es/PVS/, Protein
Variability Sever)2.= AL =, 19961 A5-H 20041
74 gho A wAEE HON29] NSIAE 127HE Gen-
Bank (http://www.ncbi.nlm.nih.gov/protein)S 3|4 LS
o™ (Table 1), MultAling ©] 839 BRE MES 44
5kt (20). PVSE AR&-sto] #2413 NS1 A el ¥

Table 2. List of synthesized peptide of NS1protein

Synthesized peptide Location ip NS1
sequence protein
NS1-1 RLRRDQKSL 35~43
NSI1-2 AIMDKNITL 122~130
NSI1-3 TLKANFSVI 129~137
NS1-4 EDVKNAIGV 172~180
NSI-5 KRKMARTIESEV 219~230

NS1-1 ~ NS1-4 peptides were predicted by PVS (Protein
Variability Sever, http://imed.med.ucm.es/PVS/). NS1-5 peptide
was referred from reports of Dundon et al (5, 21)

NS1-1
1 10 2 3 40 50
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Gk 42 4 FEFO]I= (9 mer)?t Dundon 5 (5, 21)9]
A A ARSI NS1T A E Foll ¢ g Fa (12
mer)S F2dto] koAl wAE AGeA Tl B
(RLRRDQKSL, AIMDKNITL, TLKANFSVI, EDVKNAIGYV,
KRKMARTIESEV)S IF8F3IT} (Table 2). a9kste]
HeE F 5529 FElol=& s3I (Cosmo Co.,

Seoul, Korea).
ELISA

Table 22| FE}O| =5 coating buffer (15 mM Na,CO;, 35
mM NaHCO;, 0.2 g/L NaNj, pH 9.6)°l 1 ug/100 pl 5%
341171 T 96 well maxisorp immuno plate (Nunc, Roskilde,
Denmark)ell 7} A 100 WA 5380 2R &<k 4T
ol A coating8}Sit}. Coating buffers #| A s & <QArked <
Z A A9 (PBS)0.5% Tween 20/5% 2 &3 <&3q]
(BSA)S.= 37CollA] 1417} &<t blockingdF3AT}. Blocking
bufferZ PBS/0.5% Tween 2022 43] Hojr |73k &

60 10 80 %0 100 1o

| " " " | e e |
25232-006/96¢HSN2)  DSHTYSSFOYDCFLHHVRKRFADOELGDAPFLI
AT-96004/1996(HIN2)  HOSHTYSSFQYOCFLAHVRKRFADQELGDAPFLI
HSS6-CE6/1996(HIN2)  MDSHTYSSFQVOCFLHHYRKRFADQELGDAPFL
99029/99¢H3N2)  SHTYSSFQYDCFLHHYRKRFADELGDAPFL
51/2003(H3N2)  HDSHTVSSFQYDCFLWHYRKRFADQELGOAPFLI
38349-p36323/96(HIN2  DSHTVSSFOVDCFLAHVRKRFADQELRDAPFLI
521/2004(HSN2)  HDSHTYSSFQYDCFLHAYRKRPADOEL GOAPFP
S2T/04CHINZ)  MDSHTYSSFOYOCFLHHYRKRFADQELGDAPFL
S24/04CHINZ)  MDSHTYSSFOYOCFLHHYRKRFADQELGDAPFL
525/04(HIN2)  HDSHTYSSFOVDCFLHHYRKRFADQELGDAPFLY
KBNP=0028/2000(HIN2)  HDSHTYSSFQYDCFLHHYRKRFADELGDAPFL
Consensus  ndSHTYSSFQYDCFLHHYRKRFADQEL gDAPFL

LRROQKSLAGRGSTLGLOIETATRAGKATYERTLEEESDEALKHTYASYPYSRYLTOMTLEENSROMFHLHPKOKYTGSLCIKM
LRROQKSLHGRGSTLGLOIETATRAGKATYERTLEEESDEALKHTYASYPYSRYLTOMTLEENSROMFHLHPKOKHAGSL CIKM
LRROQKSLHGRGSTLGLOTETATRAGKATYERTLEEESDEALKHTYASYPYSRYLTOMTLEENSROMFHLHPKOKHAGSL CIKH
LRROQKSLHGRGSTLGLDIETATRAGKATYERTLEEESDEALKHTVASYPTSRYLTOMTLEENSROMFHLHPKAKVAGSL CIKH
LRROQKSLHGRGSTLGLDIETATRAGKATYEQTLEEESDGALKYTVASYPTSRYLTONTLEENSROMFHLHPKAKVAGSL CIKH
LRROQKSLHGRGSTLGLOIETATRAGKATYERTLEEESDEALKHTGASYPASSYLTOMTLEENSROMFHLHPKAKYAGSL CIKH
LRROQKSLHGRGNTLGLOIETATHAGKRTYERTLEEEPDEALKHAYASYPASRYLADMTLEEHSROMFHLHPKAKYAGSL CIKM
LRROQKSLAGRGNTLGLOTETATHAGKRTYERTLEEEPDEALKHAYASYPASRYLADMTLEENSROMFHLHPKOKYAGSLCIKH
LRROOKSLHGRGNTLGLDIETATHAGKRTYERTLEEEPDEALKHAVASYPASRYLADMTLEENSROMFHLHPKOKVAGSLCIKH
LRROQKSLHGRGNTLGLOIETATHYGKRTYERTLEEEPDEALKHAYASYPASRYLADNTLEENSROMFHLHPKOKYAGSLCIKH
LRROQKSLHGRGSTLGLDIETATRGGKATYERTLFKESDEALKHTYASYPATRYLTONTLEENSROMFHLHPKOKYAGSL CIKT:
LRROQKSLHGRGSTLGLDIETATraGKQIVERILeeEsDeALKnt vASYPasrYLEDNTLEEHSRONFHLHPKOKvAGSLCIK

|40 150 160 170 180
 —— |
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e

25232-006/96(HSN2) |KANFSYIYORLETLILLRAFSEEGATYGETSPLPSLPGHTHEDYKHAGYY IGGLEMHDNTVRISETLORFAHRSROEKGRPSLPPKYKRKMARTIESE Y
AT-96004/1996¢HIN2} JKANFSYIJDRLETLILLRAFSEEGATVGETSPLPSLPGHTREDVKNATGYRIGGLENHDNTYRISETLARF AHRSROENGRSSLPPKAKRKHARATESEY
H596-CE6/1996CHIN2} JKANFSVIJDRLETLILLRAFSEEGATVGETSPLPSLPGHTREDVKNATGYRIGGLEKHDNTYRISETLARF AHRSROENGRPSLPPKAKRKHARTIESEY

35029/99(HSN2) |KANFSYIYNRLETLILLRAFTEEGATYGETSPLPSLPGHTNEDYKNALGVY IGGLEHNDNTVRYSETLORFAHRSSHENGGPSLPPKAKRKHARTIESE Y
51/2003(HSN2) |KANFSYIYHRLETLILLRAFTEEGATYGETSPLPSLPGHTEDYKRALGYY IGGLEMNDNTYRYSETLORFAHRSSDENGGPSLPPKAKRKHARTVEPE Y
38349-p96323/96(HIN2 |KANFSVIYNRLETLILLRAFTEEGATYGETSPLPSLPGHTYEDVKHATGY] IGGLENHDNT IRVSE TLORFANRSSHEDGSPSLPPKYKRKHARSIESE Y
521/2004(HSN2) |KANFSYIYNRLETLILLRAFTEEGYIYGETSPLPSLPGHTHEDVKHALGAY LGGLEHONTVRYSETLORF THRSSDENGGPSPPPKYKRKHARTIESE
§22/04(HIN2) |KANFSYTRHRLETLILLRAF TEEGYIVGETSPLPSLPGHANEDYKRATGAY LGGLEMNDNTVRYSETLORF THRSSDENGGPSLPPKAKRKHARTIESE ]
524/04(HIN2) |KANFSYTRNRLETLILLRAF TEEGYIYGETSPLPSLPGHTEDYKKATGAYIGGLEMNDNTVRYSETLORF THRSSDENGGPSLPPKAKRKHARTIESE ]
525/04(HN2) |KANFSYTRNRLETLYLLRAF TEEGYIYGETSPLPSLPGHTEDYKKATGAY IGGLEMNDNTVRYSETLORF THRSSDENGGPSLPPKAKRKHARTTESE ]
KBNP=0028/2000CHIN2} JKANFSVTYGRLETLILLRAFSEEGATYGETSPLPSLPGHTYEDYKNATGYYIGGLEHNKNTYRYSE TLORFAKRSSDENGRPPLPPKAKQKHARTIGSE
Consensus |KANFSYinRLETLILLRAFEEGATYGETSPLPSLPGHTEDYKNATGW| TGGLENENT !R!SETLORF aMRSsHE4G, PsLPPK{KrKHARE !esk !

NS1-3 NS1-4 NS1-5

Figure 1. Multiple sequence alignment of NS1 proteins from avian influenza virus reported in Korea using Multalin. The NS1 protein
sequences were obtained from GenBank. Multiple sequence alignment analysis of NS1 proteins using Multalin displayed 84% homology.
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1A AR ' @S A IARE EeF Aol Akskaith vbeR F3% Fho] cutoff BEU H& AT
A HESSIITE WhS & 43] A|2]5Fal HRP (horseradish I 82 o] e #eE Aog AASIST (7).
peroxidase)7} A3t¥| ] U= goat-anti-chicken IgG (H+L)

(BioFX laboratories, Owings Mills, MD, USA)Z A}-8-a}o] 4 1t

IA]ZE 5t Aol whgakltt. feto] =5 o] &35
ELISA Adol 713 Age A3 234 A9 vl&s

>

NST ME =4 & ofZE= o

Ah

AZst7] fsliA dH 3 22 A 54 HlE (EF: NS1 g FollA W A7 A3 5 e oY E
1/100, 1/1000, 1/3000, 1/5000, 1/10000, 22} &A)|: 1/5000, = A53l7] 98] e=roll A A3 HIN2 H}o] 2~
1/10000)S Z+zt 27 3|4 28-S s3It NS1-5 3 NS1 AJE-S B4 (Fig. 1). NCBIoA A2 NS1 A
Elo]=5 Alg3sle] 9 AFE FaA 32 1/100, g 1245 o] &3 X*Eé?ﬂ A} B MI7to| 84%<] A
22} FAE 1/50002] H]E= PBS/0.5% Tween 20/5% BSA 5735 7RIths 218 E<18IGith o5 A DS ]85}
bufferell 8]A48k= H A 218 AASIE 22 AE A He A7} %6—; G U= 471 (NSI-1, NS1-2, NS1-3,
71 %l TMB (3,3, 5,5-tetramethylbenzidine)-ELISA (Thermo NS1-4)9] AFEZE oF3] WAt Dundon 5 (5, 21)
scientific, Rockford, IL, USA) &4-& 7}8}aLl 450 nm 3} &) AFolA] AFEEFR T NSI @hlde] ¢ gt RRS
oA FEEE SAST 54 Ao H §F FEste] gl HAEAE NS19] ¢ Hek R
P54+ 2 X (E=HAP 3248 0|83k cut-off FLS 7 HEFO]| = (NS1-5) A& AHsto] 33T (Table 2).
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Figure 2. Detection of anti-NS1 antibodies by synthetic peptide-based ELISA in chicken sera. (A) NS1-1, (B) NS1-2, (C) NS1-3, and
(D) NS1-4. Dashed horizontal line represents the cut-off value calculated by adding an OD 450 nm mean value and two standard deviations
(SD). The cut-off values for the test are (A) 1.122, (B) 1.127, (C) 0.601, and (D) 1.787. Serum sample is positive when OD value is greater
than the line.
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Figure 3. Detection of anti-NS1 antibodies by synthetic NS1-5
peptide-based ELISA in chicken sera. Dashed horizontal line
represents the cut-off value calculated by adding an OD 450 nm
mean value and two standard deviations (SD). The cut-off value
for the test is 1.257. Serum sample is positive when OD value is
above line.

Enzyme—linked immunosorbent assay

g3t FEle] =5 o] 83 ELISA A&l 7 4 3hsh
A7) 23 A vES 4
FA o] 54 HES 717 vEA A

NS1-59] JEfo| =& AREete] A& ANRE B84 I3
€ 1/100, 22+ A= 1/50009] Hl-& =2 3]4 %
As ARt (23 23 vANA). el AE &
S FaAlA D 5709 HEel= (1 pgwel)E ©]-8-38H
ELISAE 3% Fo] ZAHdeA & & dHES o
43 ANGOZ cutoff TS AXSFITE (NS1-1:1.122,
NS1-2:1.127, NS1-3:0.601, NS1-4:1.787, NS1-5:1.257).
ELISA ZA3}7ko] cut-off gLH.T} oW wlolg| ol 7]
o] HAth= A oR 1% F 9l=d, 479 NS1-1 ~ 4
HEfo| =5 o] B3t A& Fhoz Het 7S A H
s A3 SPF ¥ (NS1-1:0.8601, NS1-2:0.8882, NS1-3:
04219, NS1-4: 1.2263)2} WAL FE3gF B (NS1-1:0.8353,
NS1-2:0.8687, NS1-3 : 0.4084, NS1-4: 1.1408), 793¢ &
o] &3 (NSI-1:0.9454, NS1-2:0.8838, NS1-3:0.4765,
NS1-4:1.2512)°14] cut-off FtHTF W& AS AT 4
AT} (Fig. 2). 3HA5F NS1-5 FEfo]= IS o] &3k
28] Asto| M= SPF H (NS1-5:0.7409)3 WS HEF
3t B (NS1-5:0.6735)°l 4+ cut-off #tH.th A5k 7+
B T (NSI-5:2.2686)01 1= A& A5ko] cutoff Fhi
o H2 As Felsdt (Fig. 3).
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(H5 E5= H7 ofg)¥} AIA (H7 = HY ofd)e=
TR (7). 53] F=elM = A9 HON2 ol
& ARl B2 dEE 47 wiEel
bdoll oJ3t vjallE ZolaAt AMgshe
2]
Z

shaL glrk AN, HES VERe

of wo]H 27t HAlsk=d mws T 559 W
o= oAlste] Al vpole]2o] FAS FA €k o
gk NS1 ©E e 5 Hilet 2
FAFE st} sk (7).
Dundon 5 (5, 21)9] o] AFellA] H1gh vl
NS1 #A] euldS ARgSAY &2 F fEfo] =24
KRYMARRVESEV <& KRKMARTIESEVE 483131t}
2 Aol g AL vhol =9 NSI AME 1271E
GenBankol| 4] ¥ ¥ MultAling o]&3) FHste] BE
A A7) 84%20] FEdE 7RIt A Elskilth
Sk AL HRo] 222 NS19] Z-sdo] gl ol A o
JEX 455 (NSI-1, NSI-2, NS1-3, NS1-4)2Z} Dundon 5
(5, 219 ATrellA ARESERE NS19 C Hek E5
(KRKMARTIESEV)S ¥335}= & 5719 Felo]= A
& Adste] eI F8E A7 SEte|=E o]
83to] ELISAS 53§ 23} NSI-1 ~ NS1-4 fefo|=
oA SPF ¥ EH S o]&3ate] AXe cutoff gtETH
W gk Hof SPF H #MAlS HES |, 1efal vf
olg| e TP B AlolE EE  glith 1Ey C
ek E5-2<1 NS1-5 fJERo] == 2.4 o] o) 2]
H oA A& AAgholA cutoff FETF & S B
of SPF Wt WAls HE3 &, 1e]ar npolg 2ol 7

=}
S1 vk & o) 3

it
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