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(IBV) strains with
cellular protein chicken Aminopeptidase N (chAPN) in vitro. Methods: The pET-32a-chAPN was converted into E.coli BL21 cells to

ABSTRACT Objective: To compare the binding capacity on different pathotype infectious bronchitis virus

induce expression. SDS-PAGE analysis were used to examine the fusion protein. The purified His-chAPN was detected by Western
blotting and its activity was determined by enzymatic reaction. ELISA plates were coated by the different dilution His-chAPN, and the
equivalent amount of three different pathotype IBV strains (respiratory type IBV strain M41, nephropathogenic IBV strain S-03 and
proventriculitis type IBV strain A2-2) quantified by Q-PCR were added into the wells, determined the difference among the binding
capacity on three different pathotype IBV strains and chAPN in vitro. Results: It showed that the recombinant pET-32a-chAPN was
expressed successfully in an inclusion body form. The purified His-chAPN had expected antigenicity tested by western blotting analysis
and had enzymatic activity which was similar to the natural chAPN. ELISA data demonstrated the His-chAPN was able to bind three IBV
strains dose-dependently, A2-2>S-03>M41. Conclusions: The binding capacity on different pathotype IBV strains with chAPN in vitro
was different to a certain extent.
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1.1 74

111 i E#k., SHRMELEIY  pET-32a chAPN,
pPMDIST-IBV-N f A SC8 S MBI AR TE, 527 E.coli BL21
ZARHE I T35 [ Invitrogen A, 1BV M41 #R(IFIR I ) iy v [
Ak Fh2E B I IR ST T it . 1BV S-03 ¥k (5 ) and
1BV A2-2 (Jift B B i AR AU ARl K= 3h ) B 2 B sl ) 1% g 5%
28 o B WS E TTARAT o BTV 22 R A Sl [ SR VT R 25 ks
B shyhts.

1.1.2 X7 7B ERILF A One Step SYBR®  PrimeScript™
RT-PCR Kit IT I F 3£ TR (K% ) A+ His - Bind 4lifkist7]
£ DU His AR T HOUR EUL P I (HRP)ARIC 1) 2P0 R 1eG
BRI AL (HRP)FRIC A 4% 1gG g [ Sigma /A 7],
1.2 7%k

1.2.1 chAPN BYR4ZFRIE. 4L F0 western blotting ¥£3E K FH
P 3 3k 4 iUk pET-32a-chAPN 4% fk 2 )& 32 5 4l il E.coli
BL21, BEALPREC Amp HTME AT, 2680 F & Amp 19 LB ¥
BRI, 37 C YRGS 0, BUZ I SR Wndse 1:50 A4 LAl
AF| LB W fA$ 37 3,37 C RIZUREE &= OD600 4 0.4-0.6
i, A ZE Ry 1.0 mmol /L 1 IPTG #4715 53635, 5 h 5l
LRI, TR 2O P RS B0, 0 SR UL AN B3 , SR F
T SDS-PAGE #:il] , 4218 His.Bind Zli ki # &5, FIH
Ni2 ftf§ % B A% F 35 19 chAPN #E474li4k, 0 H 18 1 32 %
DI PRIE 3 ek, D FH 6 e I A 2 11, SR B T 1) vk ik
FrEARE M. BEL)E & ARG iETT SDS-PAGE Kl ,
BRI N R R R SRR AT 4RI 1, 5% BRS04 1 i iy
FH 4 C 3R . —PUEHBL His Hras BER T REDTR . —
Yl HRP- £ B, IgG, #E4T Western blotting £l , ffi H§ DAB
R A T

1.2.2 His-chAPN ByiEHEMIE 218 Blackmon 45 19 J5 1™,
¥ 44k His-chAPN & [ LA RE (1:20 & 1:320) J54-H 0.5
mL, ¥/ A 1 mL Tris -NaCl Buffer,0.05 mL leu-PNA } 2 W&
FET 37 C KB 1 /N, JJ5 A 0.1 mL Na,CO5(0.4 mol/L)
Lk N ; [ HOAE R S B R AN 1 mL Tris -NaCl Buffer,
0.05 mL leu-PNA , 0.1 mL Na,COs;( 0.4 mol/L)VE MR 3t 745
FHE I LSS OB R BRSO I, DA o A8 O 30 IO B
J9 0, 7E 410 nm T I 445 1 % B2 (OD) W E =K
BOF5 1

123 =# IBV & chAPN S REHRENH & K =t BV

R EE Y PRI 435 37 C /20 °C [ B VREi =K , 4000 r/min 5.0
30 43h, B VE  HEAT 30-60% EWHE BEBE RE BT R 7 45
o BATREREERE , PEG6000 455 , -20°C A7 F o W sl Ak
IBV M41 IBV S-03 IBV A2-2 fl His-chAPN & [4 43 31 i T 3
BT 22 K A, 43 DUIR G e, BRI R R 2 J8] o i — IR Sz 10
KGR M3 , ELISA A b ARkt , I 5 AIV(HIN2)
NDV Fl IBDV [ i , K AR i 45 bk o

124 =Z#k IBV imHRHIEE LI pMDIST-IBV-N AR
7386 B PCR BT 58 & IBV (FRERZ . 4> B4R E IBV
M41.IBV S-03 fll IBV A2-2 JR#: AU B RNA, M HFEAY T
T2\ ] B9 One Step SYBR® PrimeScript™ RT-PCR Kit IT i#£47
POt i RT-PCR, R4 ST € it IBV A5 1 il 4 2 = 4%
IBV SR AR PN AR5 4 DL, AR TR A5 4t SR i e 3
B AH A R R TR B

1.2.5 ELISA #%ill=#k IBV 5 chAPN {kshE&RE S 4B4lifk
i) His-chAPN fil & 25 1 43 7 7 B 50 £% .100 1% .200 1%, 9k
96 fLAGHRR 37 CIRE 1 h, FAT AR A2 AR, Ve —
UAA T BT 37 C a1 1h, Peik =T /5 2 30mA
i HAF R =0k IBV SRR T 37 CHER 2 h, [FlAT B 2
B O RR . RIS AR R, B Sebt IBV M7 37 CHEE Lh,
(] FsF 35 IS 1A a3t %o L, VR3S I A HRP FRid - Hi o 1gG (1
8000),F 37 CHEE 1 h, ¥RIEJSIMA TMB #5565 ¢ 5 min,2
mol/L H,SO, 2 11 J hif , T+ 450 nm T 2 BUROGEE(E(OD )

2 #R
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AR RR S BUTEMH Nz sk aifb B ME A5,
FAR BN T 5L 1T T 52 P . western blotting( &l
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Fig. 1 SDS-PAGE analysis and western blotting analysis of recombinant
expression protein chAPN
M1, M2: Protein Molecular Weight Marker; 1: BL-21 with
pET-32a-chAPN(sediment); 2: BL-21 with pET-32a-chAPN
(supernatant); 3: BL-21 with empty pET-32a; 4: BL-21; 5: BL-21 with
pET-32a-chAPN; 6: BL-21 with empty pET-32a
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1b) 447 2 W A 25 A i 5 His FR2s RO 0 B HT I & AR R 5 e
PERN , A RAFRB R
2.2 His-chAPN K& % iME

UK N Al SR T leuw-PNA Y, BEBC 5 (AR

X EEA M A 410 nm A RO R o S0 e
SE MR, B His-chAPN e BB HEVE AR A , WO BE th 2t B
JEPEAR AL, S5RFEW, R EF His-chAPN BAT RAF HY RS
P

% 1 His-chAPN HiEENE
Table 1 Examination of His-chAPN activity

Dilution multiple % 20 % 40 % 80 % 160 % 320
chAPN 0.147 0.1128 0.0799 0.042 0.0264
BL-21 with empty pET-32 0.0532 0.0497 0.0379 0.0203 0.0119

2.3 ELISA #ill =#k IBV 5 chAPN {k4p 5 &8EH
SERL LI FRIRLHAL IS ) chAPN 5 IBV 35 HA BT (25 &
AT, HBEE R Bk B AR A et tb . ZAMS T F

SSPS13 JpHT it , —#k IBV fii#E 15 chAPN IUIRSPES & T4
2% 5 (P<0.05) 2% 5, A2-2>S-03>M41, L 3% 2.

%2 =R IBV 5 chAPN k45 & BE NI LL 3R
Table 2 Comparison of binding capacity on three IBV isolates with chAPN in vitro

Dilution multiple of chAPN x 50 x 100 x 200
IBV M4 1+Rabbit serum anti-M41 0.151%+ 0.05 0.132+ 0.04 0.117+ 0.06
IBV S-03+Rabbit serum anti-S-03 0.216x 0.07 0.202+ 0.04 0.191% 0.04
IBV A2-2+Rabbit serum anti-A2-2 0.320% 0.05 0.303+ 0.04 0.256x 0.07

IBV M4 1+Rabbit negtive serum 0.071% 0.05 0.071% 0.06 0.070+ 0.04
IBV S-03+Rabbit negtive serum 0.072+ 0.02 0.067+ 0.02 0.068+ 0.04
IBV A2-2+Rabbit negtive serum 0.071% 0.05 0.067+ 0.05 0.068+ 0.02
PBS +Rabbit serum anti-M41 0.114+ 0.03 0.113+ 0.04 0.103+ 0.04
PBS +Rabbit serum anti-S-03 0.132+ 0.03 0.125+ 0.05 0.108+ 0.06
PBS +Rabbit serum anti-A2-2 0.148+ 0.04 0.134+ 0.02 0.119+ 0.03
No chAPN coated +IBV M41 0.117+ 0.03
No chAPN coated+IBV S-03 0.100+ 0.03
No chAPN coated+IBV A2-2 0.115+ 0.02

3 ITig

ZHYUEENE—H R BV B— PR . 16w S %
PERTE T, RETHRA IBV BF35RENS 8 i 3 N F 4 4605 20
AR SRR AR SRR REAS K A7 AR B2 I IBV 4141
REPEAYAS T o TR R L SUERE AR A S50 T A H A T
S, IR BE 1) 52 1A 2 VI AR S 07, R ) 20 B 5 32 AR ) 14 A
YEM. IBV k8t [ B 1978 5 5 HA ZUR g M AR L SR A7 %
. ARG R SR rE Y 5 99555 1 32 PR 25 W AH DG, e 51
IR S ZRE AR T2 IR AEARAL %R
K MR AR 25 509 X T IBV X Rl g Ut 2Rk
AR EE AL, I EE 5 2RSS A RE 1 AT RE A W IBV Xt T
IR AR Y . T P TG T R, AR5
TIRL A P) A LA RESS Sy B 1BV A7 140 55 HL2H 208 2 ]
MIC RIS

ARG PR chAPN (A% R4, & Ky H T
TR LAY chAPN ZE T, HARE T2 N+ E 4. (HAARL A&
[ His-chAPN XtJiK4) leu-PNA ()3 RE 71 R E  Za A E A

A RAFRRETE M , X URAAS S50 T %35 His-chAPN 28 (1 5 X8 {4k
MR SR chAPN 7EDIRER A B & UAHIPE , REORIESE 04 2R
B HERPE

M ELISA SZISZEHL AT LI H, =4 IBV 5 chAPN £ {4
VIS5 ERe)), xS & 1 SPURMPUR Z 0 25 & FEAEAS Il
X 5 6 BT e A 32 AR TR 1 AR5 S A0 WG 1 25 4 B AR F 1
SRR S AR S A R, BUR S RS A
TR FHRSHURMLE S 1. ARSLEH =4k IBV 5 chAPN /)
G IRIN A2-2>8-03>M41, X UL R[E R IBV Btk 5 32
1 chAPN W25 & INIRITAAEZES; X F =8 IBV 241k H
AFERAL, XN 1BV 1Y 2 4 U X Fh 4l & 71 7T BEATF
TERFPCIBN: . [HIERBERNE IBV 5 chAPN 2 |45 & 1172
LR R A IBV> B A IBV> IR 1BV, i 8 IBV &
chAPN (454 J1 > BT IBV> IFI M IBV? 3k 77 225 KAEEA
B, RDASHE 5T 45 5 b BT R 300 AS R B0 8 1BV 5 27
chAPN 54 125 5 Hla B4 A M3 TR 75 233l — 800,
FEIG S RBIEGT 24 o 35 U 22 B0 AL BRI 1Y 1BV 43 B ik aEA T
9%, DAI& T IBV 5 chAPN 454 77 52l 21 M2 a1



+ 3246 - DNREYESH#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol.15 NO.17 JUN.2015
— B [11] Chu VC, McElroy LJ, Aronson JM, et al. Feline aminopeptidase N is
N not a functional receptor for avian infectious bronchitis virus[J]. Virol
4 ik

AT LU A% R IR 4L ) chAPN 44 ELISA #iz, il A &%
AARFECR R ERRL T 19 =R AR R B0R L 1BV (REIE R M4
1Y S-03 FfiRE B A2-2), JIE = #k IBV 55 chAPN 9255 fE
J1o SR =HK IBV 278 chAPN 254 45 R L W] =k IBV i
55 chAPN 2545, HES G HES1 N A2-2>S-03>M4 1, #7R A [FEUN
TR IBV 5 chAPN Y45 5 E) Z A7 125 5%

% % 37 #ik( References )
[1] Roh HJ, Hilt DA, Williams SM, et al. Evaluation of infectious
bronchitis virus Arkansas-type vaccine failure in commercial broilers

[J]. Avian Dis, 2013, 57(2): 248-259
[2] Schalk AF, Hawn MC. An apparently new respiratory disease of baby

chicks[J]. J Am Vet Med Assoc, 1931, 78: 413-422
[3] Franca M, Woolcock PR, Yu M, et al. Nephritis associated with

infectious bronchitis virus Cal99 variant in game chickens [J]. Avian

Dis, 2011, 55(3): 422-428
[4] Ambali AG, Recent studies on the enterotropic strain of avian

infectious bronchitis virus[J]. Vet Res Commun, 1992, 16(2): 153-157

[5] Abro SH, Renstrsm LH, Ullman K, et al. Characterization and analysis
of the full-length genome of a strain of the European QX-like
genotype of infectious bronchitis virus [J]. Arch Virol, 2012, 157(6):

1211-1215

[6] Gough RE, Randall CJ, Dagless M, et al. A new strain of infectious
bronchitis virus infecting domestic fowl in Great Britain [J]. Veterina
Record, 1992, 130(22): 493-494

[7] Chen L, Lin YL, Peng G, et al. Structural basis for multifunctional
roles of mammalian aminopeptidase N[J]. Proc Natl Acad Sci U S A,
2012, 109(44): 17966-17971

[8] Masters PS. The molecular biology of coronavirues[J]. Adv Virus Res,
2006, 66: 193-292

[9] Bosch BJ, Smits SL, Haagmans BL. Membrane ectopeptidases
targeted by human coronaviruses [J]. Curr Opin Virol, 2014, 6C:
55-60

[10] Miguel B, Pharr GT, Wang C, et al. The role of feline aminopeptidase
N as a receptor for infectious bronchitis virus [J]. Arch. Virol, 2002,

147(11): 2047-2056

J1,2007, 4: 20-29
[12] #A w2k, 7K 0, % 8 38 , 5 . 28 R Ak B N LA 44 3 BHK-21 @ he /s
IBV B4 0L ey s Z[J]. F B & E $4R, 2010, 30(6): 793-797
Ming Xiao-bo, Zhang Ying, Liu Lan-lan, et al. IBV intection
difference before and after the chicken aminopeptidase N gene
transfected the BHK-21 cell
Science, 2010, 30(6): 793-797
[13] Blackmon DL, Watson AJ, Montrose MH. Assay of apical membrane

[J]. Chinese Journal of Veterinary

enzymes based on fluorogenic substrates[J]. Anal Biochem, 1992, 200
(2): 352-358

[14] Song JE, Jeong WG, Sung HW, et al. Sequencing, phylogenetic
analysis, and potential recombination events of infectious bronchitis
viruses isolated in Korea[J]. Virus Genes, 2013, 46(2): 371-374

[15] Liu X, Ma H, Xu Q, et al. Characterization of a recombinant
coronavirus infectious bronchitis virus with distinct SI subunits of
spike and nucleocapsid genes and a 3' untranslated region [J]. Vet
Microbiol, 2013, 162(2-4): 429-436

[16] Zhang Y, Wang HN, Wang T, et al. Complete genome sequence and
recombination analysis of infectious bronchitis virus attenuate-
dvaccine strain H120[J]. Virus Genes, 2010, 41(3): 377-388

[17] Graham RL, Donaldson EF, Baric RS. A decade after SARS:
strategies for controlling emerging coronaviruses [J]. Nat Rev
Microbiol, 2013, 11(12): 836-848

[18] Schneider-Schaulies J. Cellular receptors for viruses: links to tropism
and pathogenesis [J]. Journal of General Virology, 2000, 81 (Pt 6):
1413-1429

[19] Gambaryan A, Yamnikova S, Lvov D, et al. Receptor specificity of
influenza viruses from birds and mammals: new data on involvement
of't he inner fragment s of the carbohydrate chain [J]. Virology, 2005,
334(2): 276-283

[20] Chandrasekaran A, Srinivasan A, Raman R, et al. Glycantopology
determines human adaptation of avian H5N1 virus hemagglutinin[J].
Nature Biotechnology, 2008, 26(1): 107-113

[21] Tharakaraman K, Raman R, Viswanathan K, et al. Structural
determinants for naturally evolving HSN1 hemagglutinin to switch its

receptor specificity[J]. Cell, 2013, 153(7): 1475-1485



