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Development of an Indirect ELISA of Infectious Bronchitis Virus by Using Tandem
Epitopes of S1
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Abstract: The aim of this study was to establish an indirect ELISA for detection of antibodies
against avian infectious bronchitis (IB). The published amino acid sequences of S1 gene of avian
Infectious bronchitis virus (IBV) strain ZY3 were analyzed by bioinformatics software, and four
dominant epitopes named as F1, F2, F3 and F4 were selected and ligated together as a chimeric
gene F. Bioinformatic analysis showed that this protein if highly antigenic and flexible. Then the
chimeric gene was then inserted into expression vector pET-32a(+ ) for the expression of target
gene and a 42 kD recombinant protein was obtained. The result of western-blot showed that the
chimeric protein could react specifically with anti-IBV positive serum. An indirect ELISA was
then developed using purified protein as coating antigen. 175 sera samples were examined by this
ELISA and commercial kit, the results showed that the positive coincidence rate could reached
90. 2%, negative coincidence rate could reached 85. 7%, and the total coincidence rate reached
89.7%. The results indicated that the indirect ELISA was sensitive and specific, and no cross-re-

action with positive sera of other chicken diseases. The indirect ELISA for detection of chicken
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antibodies against Infectious bronchitis were successfully developed.

Key words: Infectious bronchitis virus (IBV); Sl protein; tandem epitopes;indirect ELISA; de-

velope
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& IBV BRI HPR .S A MR gE £
24 L 7 2 1 DD E0 O SR EEOR ) ST R R S2 B .
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IBV HriR gk

Het AT IB bRk MLt s rikFEH
it 15 4 28 W B3 560 (ELISA) L BEAS 97 8001 7 i 36
(AGP) Al 8w AR B8 (VND 25 07 vk, 3 R i Jy
B B B S A AGP R 2% 5 P R
PR S 2% ORI AT AR 1Y LI & Ak ELISA
T3 1% bR T L B R R S B S R RO R AN JC T
PEAE I (] P REAS DU R SR A L 3 P T S 5 5 I
2 DL e RO BE I i e U &, AR BF 5 R
DNAStar % {4 %f GenBank | % %@y IBV Z2Y3 &
Bk S1 2 I S SE R 7 9 HEAT 4 BT« R B &5 & SOk
FUMRGESY L 1BV ST 4 Bebi st &
JE 2K R PR R A # X (FL~F4) , FlH
A [ i D) 7 o5 HR I 4 B i A, E BT B IR) in
AT I GiS DL AR & B R A0TE 45 A 1 &
FAE AL AR B R B R AR AR . M AL R
KH AR pET-32a(+)-F IFFER R IE R G Rk,
FHEEAG Y BRI AR VR S R B A o SR f AL
T R Bz ELISA K I 7 % o 9 %% 05 356 00 4 55
FAEPE R BUBRAE TR R R T R4 19 0 A 5
by it — 2 4 24 AR G B L

1 #MRl5F%®

1.1 ##

o101 Ok, B Bk A IBV 14 1] 43 85 ¥k
(ZY3) #5290 % 73 B R A7 E. coli DH5a. E.
coli BL21 (DE3) Jgk 57 75 241 ffd thy 75 & 52 40 = il 45 OF
P*A7 s pMD19-T Z ikl B K% 5 EWA R A, 3
& pET-32a (+) 4 5L 5 = f& 475 AIV (H5) | AIV
(H9) \NDV . IBDV F5 1 BH 14 i 7% 35 W B 0 IR I 4t
BHEWH A TF % 25 6 IBV B 10035 . B 1l 3 35
H A 3 S 00 a5

11,2 FEEH FR 1 1 N DD Ex Tag B
T4 DNA Ligase 8 [ Ji A XF 2+ J 2 b5 o (1) 45
W H R A TR O A R H S DAB R &6
& W B AR 1 B va A B AR A R W 5 BRI 4
Y (HRPYARIC F 03 1gG, 1l B Jb 5t 1 8 2R 4
P ARA PR A 5 R/ i 32 O] &L n i v g
4y TMB Il A 6o KARA LR A B A 7] 596 fLAT
PrEGARAR W [ 22 B 7 28 w5 AR X o [ =y
Mrali. 5144 BT i B R AR Y E R A B2
A 58

1.2 5|#

FIF DNAStar 43t 3 445 43 #r Bl IBV ZY3 #:
S N A N E BT SR o O Y S N )
PO 4 B v o S 2K R S e 1 I 3
FAIX (F1:26~51 AA.F2.165~249 AA,F3.295
~391 AA J% F4.464~505 AA), ZMRK W16 %
T 2 2R AE AL E I A PR (GlydSer) s F1
B 5'un| AR IR B B4 5 BE 3 i B AL 1%
W L 1,

1.3 HEXRMGERF BRREHEHHEE

2 M TaKaRa RNAiso Reagent i 7] {8 1%
FARBUK RS RNA, A Prime Script™RT reagent
kit Jz e 080 & SO e B L cDNA, F1,F2,F3
M F4 53 51H 50 pL R P71, PCR 7™ 1) 28 i a1 i
Ja s #EAT TA 5[ B D)% O PR R 56 40T . 3% b
U B0 A ) F AR AT B RN . 4 E A S 43 i)
fir % S pMD19-T-F1, pMD19-T-F2, pMD19-T-F3
# pMD19-T-F4,



1782 oM OB OB ¥ M 43 %
x1 519EF5
Table 1 Primer sequence
Eis fL ' /bp J¥51(5'-3") IR 1 14 P Y T
Name Location Sequence Restriction enzymes
GGATCCATGAATTATGTGTACTACTACCAAAG BamH [
F1 26~51
GAATTCCACTACTGCATAAGCACCCC EcoR |
GAATTC GGTGGTGGCGGTAGCAACTCCACATCTGTT EcoR [
F2 165~249
TCTAGAAGTAAAAGGATAAAAGCCGTC Xba |
TCTAGA GGTGGTGGCGGCAGCTATCAAACACACAACAG Xba |
F3 295~391
GTCGAC GCTGCCGCCTCCTCCTTCACCTGAATAAACAC Sal |
GTCGACGGGTTAGCTATTTTAGATACTTC Sal 1
F4 464~505
CTCGAGTTAGCCACCAGACACTACAAAC Xho |

TR B A P9 DD P 51 5 T R R SRR IR 81 s AL 32 B 4 7 A& 1L R

Bloded means restriction sites; underline means flexible peptide sequence; bold italics means initiation codon and

termination codon

BamH 1T Ml EcoR T X Y] & 4 i bi pMD19-
T-F1, Bk F1 F B EcoR T Ml Xba T X[V 5
4R pMD19-T-F2, g il F2 R B 5 4% e i i)
F1 R0 F2 ] T4 3% 45 1 7% 42 . 1 7% £ 7 ) OB B st
11 PCR 3445 8] F12 J Bt el &7 F12, sifk
A T 84Ky T8 5 i 44 9 pMDI19-T-F12, [F]
B R W] pMD19-T-F3 #il pMD19-T-F4 , K 1k 44
F3® F4 B 5 Fl12 % 3. s i i 5 41 5 ki
pMD19-T-F(HJ pMD19-T-F1234) . ¥ 1% 5 41 Ji ki
F BamH T F1 Xho T BUEGY) J o [0 H 56 09 91 )5 =
v Foi#1d BamH 1T il Xho 1 v S iE#: A pET32a
()28 ik .51k & DH5a 15 £ H Y] %
SE B 1 5 20 00K 2% 1 0 D IR A W R A R
T .

1.4 FEREMNFSRIESEREFUHEK

B 7 E B 1Y pET-32a(+)-F/DHb5q« B 42 B
JFoki 55 A E. coli BL21(DE3) JE& 32 25 40 it , Bt 150
pL WA F & Amp(100 pg » mL™ ")y LB BiEFH
H1,37 CE SRR PRBURA AT T % Amp 1)
LB A SRR G i e i . SR)E4% 1 2 100 b
By KPR K5 9%, 18 OD A F] 0. 6 2240, im A
IPTG ZBAWRE N 0.8 mmol « L',37 CHe ;5%
4 h,SDS-PAGE HiL kK 3k 7= 47 .

S5 Al 3R GR R AR 3 U R U B AT IR 4
U [a) B HE A7, X B W 5 B R 4 C 10 000
remin ' .0 20 min, 4 8RR ETE RTUURE

SDS-PAGE Hik it EAHE A M XXX, R
Ve AL R ) Iy R AR AR PR S A R BR A A L AR
HRAEAEARIREZERE T ENELZE. &
SDS-PAGE siykfril it EAHE A I HEREN
ASCIN 5 2 Ak 1) T 2 B T PV
1.5 [RE#ZRIEFZYH Western blot 4 #f

FHE AL SDS-PAGE k)5 . FETREER
LKA LA R 1V - em * 56 60 min, B A4 R £F
AEFR B (NC), TBST EEVE. 520 BAR2F H5 & M 1 h
J5  TBST EEUE . ARG % Gt S48 98 B 1T
TBST v, Ffin A HRP #% i (9 2 1 %% 1gG,
TBST %% . K NC it A HRP-DAB & (o i o, i
B2 AT I 7 B AR K 20k W e R 45 AL
1.6 (813 ELISA ¥l A5 &L
1.6.1 FefETAEKMRIHE FH 0. 05 mol » L
T R - il PR L B 2% P (pHY. 6) FR el Ak i) F 25
% 50, 25, 12. 5, 6. 25, 3. 12, 1. 56, 0. 78, 0. 39
pgeml 1,100 p Lo FL0,37 C [k 1 h 5. B
Al PBST Pk 3 %K. Bk 4 mins 3 5% BiR W34
37 CAyrBIEH] 60.90,120,150 min,200 L« L',
[F] A 6 ¥ s IBV BH BH A M 3 4 4 1 ¢ 10,1 = 20,1 ¢
40,1 : 80,1 ¢ 160,1 * 320 f% lLF %, 100 pl « 4L,
I35 7 s 8] 43 31 3% € 2 30,60,90,120,150 min,
[l —HE e 3 AN E AL, W B AE —25 g4 BAL, T
37 C W HE 1 h, [W) F vk 86 I Eg bR — 40, JEAT
1:1000.1:2000,1:3000.1:4000F1:5000
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iR 100 pLo« FL1, 43000 T 37 'C Wi 30.60.,90,
120,150 min, [F] /7 ¥ % 4k M om A 0] % 2 524 4
TMB JEYIE R 50 pl « £L" REDE SN, R B ] 43
MEE N 5.10.15.20 min, H G A 2 mol « mL™' 1§
H, SO, 1k & Wi, 50 pl « L1, 76 Bl bR A b D e
ODysg o fBL. >R FH J7 B4 1R 5 ¥ 1 7€ BT 50 1Y) I 3 ) 1
W RBE 3 AT B[] XL 3 R TR 0 04 i A A R AR
FH ] PS5 o I () 45

1.6.2 I S8 /Y i K HL R E IBV $7 4 [ 4
M 20 4, LAY TAE S5 4 3647 8 $L ELISA £&
W ARG SE 22 I ) FEAR 1) OD,s n fH=> B R HEAS
ODys50 o - 218 C ) 4 3 X bR 22 Cs) BF, 7] DL 7E
99. 9% B K- L HE R BH M . BT LA e L = BA
M%) ODyso o fH +3 X FrifE2E (5) .

1.6.3 EEMAR

1.6.3.1 N EE MRS I —H 6 A 0w A
HEE AL 1 B ELISA #i . 75 W] — B filg br Al 8 £ I 5
Uy BAE M3, Ay Vs 1% 4 DN EE . 8 H AR
() FAE 7 ZE(CV) L LUK 35 b AL S 1 B & 1
1.6.3.2 bl LMl A — 4t il 4 00 kA
B 3 P ELISA . A0 R &4 F 43 B AE 3 B
ELISA #g AN 5 £ FHAE I » A3 00 L % 4 A
o TR AR 2E (o) RS F R BCCV) L LUK 30 it

[t 1 B A

1.6.4  HUSEPER R PP Mg /E 12 50,1 ¢
100.1: 200.1 ¢ 300.1 ¢ 400.1 = 500.1 : 600.1 *
700 7 B # © @ 19 ELISA J7 ¥ 347800, o o2

T 15 U
L6.5 Femtbilys  JHES AR ELISA J5 i

BRI ATV (H5) . ATV (H9) ,NDV ., IBDV [ #
ML - B IBV BHPE 1035 55 B P i 3 % B, B4
FEAE S 3 K HIWHZ T A o 38 RN .

1.6.6 ELISA J7 & b JH FH B ST ) 3
ELISA Jy 3 fl 3 [H IDEXX 72wl 7 & 4k 19 ELISA
TR S AT I AR 1l L LR 2 A NS 3 SR B 175
0 ML B A FEA TR OAR 2 PO A AR A

2 # R
2.1 BEREEFHNENEERFESNW

1 DNAStar B AF 0 Hrig g iy 1BV S1 & 1
WAL F B (E B AR . & 1 s, eR R IE [
FBAT B8 19 2R R PE AT SR K A 8 %
I H. Hy P T A S PSR A A N TS ) 3 3 4
AETE I T 2R X 3 B iR 5 5 DR A S T 2

20 40 60

v y

T T T T T T T T T
80 100 120 140 160 180 200 220 240 260

— O Scale

.

F —H—HEHEEH— - @ Flexible Regions - Karplus- Schulz

L7771 @ S -

-1.7-4
4.5

0

4.5
2T 8 7 S 2 S I 22 1 K

i B Antigenic Index - Jameson-iiolf

i o B Hydrophilicity Plaot - Kyte- Doolittle

Position marked by arrows means artificially added Flexible peptide

1 HMEMIBY SRUBKEE FHNENERESH

Fig. 1 The bioinformatics analysis of multi-epitope series gene I of IBV

2.2 IBVSI ZEAZRMUEBEKERFHHEER
M 4 3518000 5% 1BV Z2Y3 Fbk ST EH Y
KBt F1,F2,F3.F4 gt47 PCR ¥ 1 ,PCR F=¥
2.5 0 B R W B Jeg ol UK HEAT 45 5 L 5 R IR Sk
g BER/N BN 93,276,324 ,138 bp, HRK /N

AU AF , B UK A LA 2,

AN F1 Y5 F2 %400 F3 5 F4 WiE#T91E
NN 43 #EAT PCR 3815 3 R4 F12 F1 F34,
PRI 1L 006 Byt i B R IS R VK SR AT S L B R
B R S M A BRIV il Dl 363,456 bp,
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HARNE G BURARST kB W 2, RAL F12 5 BB Rk 50, F BOR S 813 bp, i vk & I
F34 SRR, 217 PCR 97 2 R AL F, 2,
I 1.0 V0 B M IR I FlL UK R AT S L 45 OR

bp
100
250
500
750
1000

2000

M,. 50 bp DNA Ladder A%} 43 7 B f bR 1 s Mo, DL2000 DNA A% 4r 7 AR ; 1. F1 97877452, F2 §7 1477915
3. F3 4 W0 s, FA Y005, F30 5780036, F12 57807907, BHE A 0E 58. F 3374

M, 50 bp DNA Ladder marker; M,. DL2000 DNA marker; 1. F1 fragment; 2. F2 fragment; 3. F3 fragment; 4.
F4 fragment; 5. F34fragment; 6. F12 fragment; 7. Negative control; 8. intact tandem gene of F

2 IBV SI B B R R AL B B M R M K

Fig. 2 The splicing epitope fragments during the construction of tandem gene F of IBV

2.3 EARMKEERFISH 2.4 BBRERAMBESRIEK Western blot £E
PR 10 TR DU SR v B IOBORE i 2 3Ly SDS-PAGE W45 R gon (& 4) , KR F A

T HBR B E A A pMD19-T-F FI pET-32a-F KA & P 3R A5 w0 ik #0707 Ui 42 ku,
Sy A BR M N VI B BamH 1 F1 Xho [ #E47 XUEE 5 B4R —5.

YIS . BEEDFEMILE 1. 0% SRS B R e rh vk W4 M . 5
RUBF) 45 5 R 3R45 T 2 600 bp MK pMD19-T, !
5 600 bp (Y #AK pET-32a I/ H 813 bp 9 H i &
Z . 5 TUREE R — 2L Bk G R ILAE 3, 20.1 [EE—
M 1 2

bp 29.0

100

250 443

500

750 66.4

1 000 972

2000

M. & A RAHX TR bR v (%) 5 1. R iE S A0 4 W
2. %2 IPTG i S E 4L H

M. Lower molecular weight marker; 1. Positive recombi-

nant pre-induction; 2. positive recombinant induced

4 hours
M. DL2000 DNA A% 43 F B it b 5 1. BamH T/ Xho T B4 BEEEEZKEKEN SDS-PAGE 434
X ) pMD19-T-F; 2. BamH T /Xho T X fif# Y] pET- Fig. 4 Identification of the prokaryotic expressed series
32a-F protein by SDS-PAGE
M. DL2000 DNA marker; 1. pMDI19-T-F/BamH 1 +
Xhol ; 2. pET-32a-F/BamH 1 +Xho 1 P o \
Fig. 3 Identification of recombinant plasmid by enzyme di- 5 1BV [H @Jﬂl(jﬁajiifim( K5, gﬁ'\ﬁﬁgﬁgﬁ%%

gestion Wl R R AL T 0 220k B U B AR e 1y L i Ak i A
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AACAT LURN IBV ZY 3 B B BH A% ML 3 2 A SR, ool
DA H52 35 bk A A e S SN ik B 3k 1) 3 IR 2R
HF BA R RO

ku
14.3

20.1

29.0

443

66.4
97.2

M. 3 FBAH X 4 F B s AR (5D 5 1. IBV H52 B4 il v

FEEENIE 5 2. IBV ZY3 FH 4 I 3 S0 B0 3 5 3. alifb 5 &

HEH

M. Lower molecular weight marker; 1. Identification of

IBV H52 positive serum; 2. Identification of IBV ZY3

positive serum; 3. Purified recombinant protein

5 ®BEBREEEZERIER Western-bloting ¥ 7F

Fig. 5 Identification of the prokaryotic expressed series
protein by Western-blotting

2.5 (@)% ELISA 1 A EME L

2.5.1 [a]4% ELISA & TAE & E i
M i 25 R s M PR B 12,5 pg » mLT1,
MV # BEAEECR 12 160 B, P/N (K H FHPE I
(9 ODys0 o (ELAEIT 1. 0, 00 A SAE QLB 12,5
pg e mL L M TEBAER R 12 160, I fefE X
MBS 1 by bR P TARMREE ) 1+ 2 000, )2
W28 37 'C 60 min,JEY 37 CE A 10 min,
2.5.2 I FE B E iz BEEL R () 9
ELISA J7 K0 20 £ 348 B (L3 » I 22 3 ODis
fH. 20 By ILIE 5 OD.s o B KAE N 0. 305 e /MEH
0.148, Ml C 2 ) K 0. 248, bR #EZE (s) K 0. 038,
KL, 8] 4% ELISA J7 35 9 I {6 0. 258 + 3 X
0.038=0. 363, i && 2 FE A ODy5g e =0. 363 ] H
TE N ODysg 0 <<0. 363 I3 E H BHPE .

Table 3 The result of specificity test

2.5.3 HEMEKE - BEHABLSRER.S 6
PR I3 m kg CV fe/ME R 3. 320, e RAE N
6.56 % i L[] CV f/NE N 5. 34%, e K{H N
9.61% . ¥ /NTF 10% (F 2), F W] @ 57 [ 8] #
ELISA ik HA RIFMESE .

2.5.4 fURMEIRE  IBV PHEEMIE M 1 ¢ 50 5 IF
ARG BEEAT IR 3 ELISA K, 24 i i # B % 1 ¢ 500
IF A5 ODyso o {E 4 0. 374 CIE 6, 138 B 4T3 BE K6 I
2| IBV HL A, iE B 37 09 7 2 A 550 1 UK

®2 WARBEEHRBELER (n=5)
Table 2 The result of repeatability in the same and different

microplates (n=35) %
1 2 3 4 5
e AS 5 R B
3.32 4. 96 4.92 6.56 5.71
Intro-batch
EIACTRRR 5

7.57 5.34 5.70 9.61 8.16
Inter-batch

121
1.0
0.8F
£0.61
041
0.2F

value

OD4SO nmS.'Z ig{ﬁ
OD4SO m

L L 1 L L 1 1 )

1/50 1/100 1/200 1/300 1/400 1/500 1/600 1/700

BURRBEEE
Dilution of antibody

6 FHEMRE
Fig. 6 Sensitivity Test

2.5.5 FrHiL IR EAEN ELISA 4
bR HAh 4 Fb xS UL 15 e BE A i v & R
FRE s I H ODyso o fH ¥/ F 0. 363, 359 0y B M (3R
3), FE U BB 1 AE X IBV BH A I3 B A T 1 4
S AT RIMESS ELISA gl bt )i+ IBV Hiik i
iRl

& HS & HI B e e et 1k IR (AR ER RIS 1 % 1R
AIV H5 ATV H9 NDV IBDV Positive control Negative control
ODiys0 um 0.232 0. 249 0. 269 0.275 0.918 0.225

P g 4 R — — —
Result
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2.5.6 HilH&mraRilK N7 Y
ELISA J5 # 5 IDEXX IBV $g 3 ) & - 17 45 I
175 Gy REAG I3 5 5 IDEXX 3270 &0k 0 4 B M 45 5

®4 ELSARUAESHRFASZTERNEROLER

FHA90. 2% (139/154) , FHPESF & % Ky 85. 7% (18/
21) RS A F S 89. 7% [(139+18)/175], WL
%4,

Table 4 Comparison of the results between the established ELISA and Commercial kit

o Y 225 5 IDEXX ELISA i) & Commercial kit ELISA #1455 The results of established ELISA
The results M54 Serum counts FE 4% Positive counts B4 %k Negative counts
FH M Positive 154 139 3
B Negative 21 15 18
%t Total 175 154 21
R g — AP R v B e I e AR AR R B L Y
3 it i E B PR UERE— U Y 5 IR AR IE 5, AN 23 ) B A 5%

IBV Sy MR /) s R 2 . EE M E A SN
MMER 3 F., Hbh MEARIEMNEZESHHERN
S O AR I M LA 58 BN RRE 3 7 A T g
PRIPEER N SO S AT HERD IBV 5
SR PR . A AR ST HEAE NS
X G F2 A G 5 T SRR — T, ST BT AR
IKV-BE 8 S WEHILAAR S 82 IR 00 o AT AR by DF- A0 952 A g
ROR A8 B3 o 5] F 4 a] DL oA A6z 0 4 2 4K P &5 5 T
1A, Ry Hfy 8 3 24 A0 G I R 4R AR AR s —
I AR PR A R RN H O Bl T Lk
AR ACEPUR HHOR 2 F LR R SR KR
FHEARRER F FBLR AT R OR3P M TR KR

BT B3 8 R o MBI 1Y) Ak 2 A R 25 R R U]
WA AE G LI MR G U I L — A AE
PR AL 1 1 X PR I A O R R A X
1 o WRE AN BT B X T A . 3 AMAE i SR BT
FALIS AL PR BA G e I R A [F] i AT
B A 75 A [7) 35 R (1) RH R PR <1 1Y 26 A6, 100 B2 i [) 1o 4G
IR A ) B B 22 A 1 IBYV PiA, g5 R AL alifk iy
R H 5 XS T IBV H120 1 H52 BH%E 1L i 17
Western blot 43 #7 ¥ 58 & A= ¢ 5 M 6, X 3k R J5
BRI BE T B .

4 A F AL E 2 AR 1 450 B TR o A
TR TR AT 30 P 2% X R B L H i T RS
PE R RORSE R W52 e 4 R G B . B DL
Ja AR 5 R 4326w B 3% 5 R T S R 1Y O ik R i
ANPUREA. BT PCR &4 1 #2 v il 19 O B
AR — e pd T BB kAR R AR sl R BT LR i

AR BRI B SR

IR SR HR A A B 00 5 AR R A R AT
AL HEAT B ERBE 2 AL T HT sk . S T ek
BRI . T AF R, R AL R AP B 42
Z R T WP e I A AR AR
P EE Z IRk SDS-PAGE #ll Western blot /34T, 4%
RARW] AR E B Rk m B E PR R T4l
PR H R AR D BBl i — R AR
HESL TR IBV AR ] 4 ELISA J5 k. JF 5
IDEXX 22 ml (9 IBV K 0] & 2647 70 b A7 &
HRFK 89. 500, 5 H A ULAY 4 Fh X Y FH L L
B TEAE SR o K 6 45 R U B A 57 19 ELISA K
7 AT AT HARA R 9 B 521 U Ry e
R T R A O X AR e R SRV R KR
P T — R | A ) B

SE K

(1] Ea7. sl UEREEHIHIM] et E
A B2 B HfRAL £ 2000.

[2] HISCOX J A, WURM T, WILSON L, et al. The
coronavirus infectious bronchitis virus nucleoprotein
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