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Expression and biological function analysis of chicken
aminopeptidase N

Xin Yin, Lanlan Liu, Ying Jia, Xiaobo Ming, Ying Zhang, Tiantian Li, and Ping Wei
College of Veterinary Medicine, Northeast Agricultural University, Harbin 150030, China

Abstract: To clone and express the gene encoding chicken aminopeptidase N (chAPN), and analysis the biological function of
chAPN expressed in Escherichia coli (E. coli). The chAPN gene was amplified by RT-PCR from the kidney cells of chicken
embryo and then cloned into the prokaryotic expression vector pCOLD-TF. Recombinant expression plasmid of
pCOLD-TF-chAPN was constructed and then transformed into the competent E. coli BL21(DE3) cells for expression under
different conditions such as induction time and inductor concentrations. Purified soluble recombinant chAPN was obtained by
Ni-NTA His Bind Resin affinity chromatography and identified by SDS-PAGE gel and Western blotting assay. Its biological
function was detected by its reaction with Leu-PNA and Enzyme-Linked Immunosorbent Assay (ELISA). The results showed that
the expression product of chAPN gene in E. coli was soluble. It was able to bind infectious bronchitis virus (IBV)
dose-dependently. In conclusion, chAPN gene has been successfully cloned and expressed in E. coli, which will establish a basis for

further research the enzymatic activity and antiviral function.
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KW N(APN), Z&—Fh [ 848 85 A, T2
ST E N VRIS E AN RN, A
YU . ETAEANAE . P ATRE L i R A 4 ik A
200 L DA B R AR A 2 FR 58 B S b U LA i
M ERP . W2k, SRR ZA . S
5 VG Z R E YR RE . e R R
APN [ VRN Z2 Pl 25 1O 40 M 32 K1, dni i et
W R (TGEV)) | A% Yk M I 4 9 28 (FIP V)
T PG (FCoV)T L R TR I 75 (CCoV) ™ B A T
ARG HE(HCoV-229E) 5 (122 4k . BFFTREA, A4k
fitf N (chAPN) AJ{E Ny (& Yebk 5 58 R EE(IBV)
R TR AN il o () = BU W = - (2
FHUO i P A A LR A Ak T e R as, X
H W BERF IS A o AT LI Y HE T chAPN
A M T 4l FR 3K iUkl pCOLD-TF-chAPN,
SELT chAPN WAL . IR MERL, IR TRk
FERNAEDETIRE A e a2 T R A 5T S
FE T A

1 AR5 7

1.1 SREEHHY
V1.1 ZH. . AR LT

IBV M41 ¥k fiy v [ 4ROl R e i R 3-8 B A5
T Xk RE AT B2 58 3 pCOLD-TF H A58 AR A7
KIFFE DHSa. BL21 (DE3) HIASHISE R 417 i
PU IBV M41 [liLiE A B 5 5 1 45 PR AT
112 FENGF G

fast 200 & RNA $2HUAH & W T Fastgene 24
T ; Wizard Purification Plasmid DNA Purification
System I ] Promega 2\ 7l 5 JiA /)N & B B 7] 5 1)
FTERWAR;ANEHERXWMWT Amersco 2 Al 1IPTG
(Dioxane free)., M-MLV JZ %% 5% . Oligo(dT)s.
dNTPs. RNase Inhibitor. pMD 18-T Simple {4
T4 DNA %4 . EcoR 1 . Sal | %¥F TaKaRa
vw] s ARG & W T Novagen A )5 B
ALY (HRP)FRIC DR 1gG T Sigma A F .
1.1.3 7/¥

5 GenBank L EVESFHIWZAKEE By F51
(Accession No. D87992) J pCOLD-TF £ vl s

BHSIYUF . chAPN-Up: 5-GAATTCATGGCAG
CCGGCTTCTTCAT-3' (FXIZkAb A EcoR I FYI{
#); chAPN-Down: 5-GTCGACGGCTAGCTGGAGG
CGGTCTC-3" (FRIZALH Sal 1 FEDIfL ), HLY"
W4 chAPN JEH P 5| W 1A TA ARG AL,
T4 5 9 5 BEh 2906 bp.

1.1.4 W

18 d MR I F AR A Al K #7463
1.2 chAPN EEM=ESEE
1.2.1  YGJF B 940 PR 5% RNA 2]

TCHRAE 18 d IR B ALY, WAMEES, %R
Fastgen /A ) fast 200 & RNA 2 BUGAF] &3 5 iy
ERAE T AR U RNA
1.2.2  chAPN cDNA 55 —HEHT A0

B 10 pL FiR$EEUAY RNA 5 2 uL Oligo (dT);s,
R-5), 65°C/KHE 10 min, 7 HIE VK I 2 min, SRJ5 N
A 4 pL Sxbuffer, 2 pL ANTP Mix, 1 pL RNase
Inhibitor, 1 pL M-MLV, 3t 20 uL K%, 184, 42°C
Kif 60 min, 15%] cDNA, —20°CI-7E4% M.

1.2.3  chAPN #KHAH 1

DL R A LAY cDNA 25 —4 M fl, 1
chAPN 5K Bt PCR W45 : 95°C 5 min; 94°C
50s, 61.6°C 1min, 72°C 3 min, 30 PME#H; 72°C
20 min, SR ZE S X PCR =9 A T B S R i e,
PRAG I
1.2.4  chAPN FA 19 721

4 PCR 7= 1 DNA BUIR A EE I B 7] & 4t
fbJ55 pMD 18-T Simple #iKi%ER;, #1b E. coli
DHSo JRZ 4008, LB 4 (AMP Hitk) ks
e, PRIERTEVE, RIS IS BRI B G
F B HEHUT R, PCR A1 EcoR 1 . Sal 1 XY &
EcoR T 1) % 5 34k B 1) Bobia% A T4 9
TARRARNRSS A AR, i — 20007 % 8
1) BH 4 8 20 5Tk 4 4% 24 PMID 18-T-chAPN,

1.3 chAPN RiZRIZHARHMESLEE

EcoR T Ml Sal 1 BUH V) B & 41 Jfi ki PMD
18-T-chAPN, YJ i chAPN HARIFEIA , [F]HF FH EcoR 1
Hl Sal 1 ¥ EEY] pCOLD-TF 28 # 4K ; 28 DNA BifiEHE
B e TR ) & 4 S U chAPN H B 55 RN
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pCOLD-TF 75 &k #K 535 7E T4 DNA ZEHERHENT
16’ CHEHI R, B4 WAL E. coli DH5a 24
AH, WATE Amp B LB PR, 37CHiFRAMLE,
PR T TS, R R 5 TR/ e i U7 & B
WUTURL, #54T PCR %5 ) EcoR 1 Hfi§ Y] . EcoR 1/
Sal 1 WEGYIMEE , S Y PR R BTk % TaKaRa
OSENE, HE—20 Y  E TE A %) B e 2 SR A
# N pCOLD-TF-chAPN,,
1.4 chAPN HiESRiA K SDS-PAGE 71

V- 00 T A 118 O 44 9 5K o AR R b 2R Iz
A E. coli BL21 (DE3), FfHLEEEL Amp Ptk B VE,
BEAT 5 mL & Amp B9 LB 1 SOC 55558+, 37°C
WH R SR, WH 1. 100 HLBIEEF T 10 mL &
Amp it LB Hl SOC HiF53E, 37°C Rl ZUHRHE 2 %l
ODgoo N 0.5~0.7, 15 CHUAREFEY) 30 min J5, filA
KWE R 0.1~2.0 mmol/L 4 Isopropylthio-p-D-
galactoside (IPTG), 15 CAGEIEFERIL, 20T 4.
8. 12, 24, 36, 48 h A EF K, 4°C. 5000 r/min
B0 10 min, WA . FUKIE HolE s P m e 14,
MR 10 s, [EIFRETE 10 s, TR 300 W, B
10 min, HAEE T 4°C . 12 000 r/min ZL> 10 min,
WA P WM DLYE, #17 8% SDS-PAGE HL
vk, HED Wiy m, WEEHRBLER.
Bandscan {4  Hr AN]R8 45 0F T H A H AR
X Rk,
1.5 chAPN FRiEF=H Ry FE 4L

B3 g T RINEH 20 mL BRSP4l fh 24 fig
WO RLRE, 4°C. 12 000 r/min 250> 15 min, B I
THUE T A 2lifh . J2 M HUE ) Binding Buffer -1y
10 f5AEAFL,  E#E)S M Binding Buffer Pk 3tk ,
RIGH 6 AR FIA Wash Buffer (500 mmol/L
NaCl, 20 mmol/L Tris, 80 mmol/L BKME, pH 7.9) ¥t
FAEF S W 2 1, 25 L Elute Buffer (500 mmol/L
NaCl, 20 mmol/L Tris, 1 mol/L BXME, pH 7.9) ¥t
R RS G RmA E I, BRI . 2tk B
FEHAEAMAIUNIRAHE , KRS, D
Bradford %45 Ik BER I 50 &0l d vk, B
BEEAMHNEH, FIH 8% SDS-PAGE HLIkA:
i slifk =4 .
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1.6 Western blotting 74

W alife iy 4 & (A FE 5L PE SDS-PAGE 4317, K
BRI A FEED BASIREF4E R (NC) WL, H
5% BAEYR 4CH AL KIE, FEHCE T BT His
BHT (1:2000) 1, 37°CHLE 2 hy FRIABUR S
LW EEFRIC B I EP R IgG (18 5000) T 37°CHFHE
60 min, DAB #% (4,
1.7 =BAEGEMERINE

% Blackmon ZFM vk . U 1 mL A A AR
WER4aifb HE A, A 1 mL Tris-NaCl Buffer,
50 uL Leu-PNA H1, 37°C/K{ 1 h, FIA 0.1 mL
0.4 mol/L Na,CO; ffi Wi 4 1k, 7 410 nm I T
TE A5 72 A8 WO BE (L (OD4y0) , TR 1 mg 2 FH 5T
FRAE MR BRI A 1 mL Tris-NaCl Buffer, 50 pL
Leu-PNA, 0.1 mL 0.4 mol/L Na,CO; 1E hrifE
W E D EREME 3 W, Lh3 TR EREAR
AR, AN AR FE RIAE S Leu-PNA Jx
Va7 ODy 22 3
1.8 ELISA #&il chAPN 5 IBV BY4E & &t

FAFER R 4l H & gt itatk, 4C
f9% 16 h, PBST %% 31K; £ 1% BSA T 37CHf
B 30 min J5 AL LLHG RS IBV JREERHAT 7 BT 2
37°CHFE 60 min; AP IBV 2407 (1 2 8000),
37°CHEE 60 min, YT I ABT B B B AR - hT R
IgG, 37CHEHE 60 min, TMB {45 # 450 nm
K OD A, [R5 BAPE X 8 B 25 (% e

2 HR

2.1 chAPN £ KERBTEMEE

FI A RS 40 LA IR B AN cDNA 2f—%55H
RS T PCR 4738 , 45 4 4% 7= s [ 3] pMD 18-T
Simple ZARH, ZBEHHEERE FLIK /34T, 7E 2906 bp
WA RSPRS00 (B 1), SR/ —2,
BiZ chAPN B:H P 5358 GenBank (Accession No.
GU223212),
2.2 chAPN EREFERFIEHENEESETE

Ph EcoR 1 Fl Sal 1 WEHII & A chAPN FEH Y
pMD 18-T Simple, W H B ER A B, i A
pCOLD-TF #4414 48 [m] il U] 37 1 4R A5 55 20 3% 3k Tk
pCOLD-TF-chAPN, DI E 4] kit 17 EcoR 1 [l
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I\ EcoR 1 /Sal T XU V) J5 B Ne Bl 58 J6e HL 9k 43 BT
LEAF R 2906 bp A9 BE (K] 2), PHAE ve B
I G UESESE IR AN B . 1) . R H 1A
2.3 FRIEFFY) SDS-PAGE £ ERA[iZ MR
SDS-PAGE HLJK 45 R, 7820 160 kDa 4k
IRESME H W &, KNS TUEIARST, M2 i R s
BT BOC R et 25 (B 3)s T
WrE N, BEEE 90% L ELIHERR TR (K 4),
2.4 chAPN JET 4L & Western blotting 45l
R 22 i b3 VR Rl B 48 0 RN 2 T 2 Ak
J&, SDS-PAGE #55 /R, ¥ 160 kDa HE M7,
HHUE A RN—2 (8 5), SBREZE A
fr, HAE KT 95%., %4 Bradford ¥EEmaifbay

bp M 1 2 3
8000
5000

3000
2000

1000
750

500
250
100

Bl1 WBHEKENEHRVGLEE

Fig. 1 Identification of the recombinant chicken aminopeptidase
N plasmid. M: DNA marker; 1: identification of the recombinant
chAPN plasmid by PCR; 2: pMDI18-T-chAPN digested with
EcoR I; 3: pMD18-T-chAPN digested with EcoR I and Sal I.

bp

E 2 pCOLD-TF-chAPN Rix#HAMHESLE

Fig. 2 Construction and identification of the recombinant
pCOLD-TF-chAPN. M: DNA marker; 1: PCR identification of
pCOLD-TF-chAPN; 2: pCOLD-TF-chAPN digested with EcoR I;
3: pCOLD-TF-chAPN digested with EcoR I and Sal/ 1.

kDa M 1 2 3 4 5
170 —

130 —

100 —

70 —

35— ..
3 SDS-PAGE ##i8 S RkEE N 7£ pCOLD-TF FiE R

G RIA

Fig. 3 SDS-PAGE analysis of the recombinant chAPN in
pCOLD-TF system. M: protein marker; 1: whole fraction of
recombinants with pCOLD-TF-chAPN; 2-3: the supernatant of
sonicated recombinants with pCOLD-TF-chAPN; 4: control; 5:
the supernatant of sonicated recombinants with pCOLF-TF.

kDa M 1 2 3 4

170 —

130 —

100 —

70 —

55—

o

B4 FEFHHTFLEES T
Fig. 4 Solubility analysis of the expressed product. M: protein

molecular weight marker; 1-2: sediment of sonicated

recombinants with pCOLD-TF-chAPN; 3—4: supernatant of
sonicated recombinants with pCOLD-TF-chAPN.

kDa M 1
170 —

130—
100—
70 —

55—

E 5 SDS-PAGE % #7 Ni-NTA 3 #1 /2 #7 £ £ B9 38 & Bk

i N
Fig. 5 SDS-PAGE analysis of purified recombinant chAPN.
M: protein marker; 1: the purified recombinant chAPN.
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chAPN ZE 4 4.8 mg/mL., Western blotting 43
Mrisse, Wonsi R His S HMEH, KW
FamBREIEMHMWER (K 6).
25 ARIFSFHTENERNREENSH
SDS-PAGE HLUKSH T A IRIE S 4504 T H A H
RIFiA R, 53 Bandscan ¥ AF40#T B & A E A
ST, 4559 R . pCOLD-TF-chAPN BL21(DE3) 7£
SOC }i g3, IPTG &K E N 0.1 mmol/L, 553
IR IE] R 24 h B H AR A s (B 7. 8).
2.6 FEEEMERNE
ZKEE N AR S EVE T Leu-PNA IKY), Bk
WO XT RS IEIRRE, 7E 410 nm A S KWOIEHE .
SR Non, BEERBEORBEMEENZ, ODy,)
W IR B AR (/] 9), S5 REI, RIXEAHFA
it 175 1
2.7 ELISA 45 R
FHAS R FE 1Y) chAPN AL filghr i, [A] I35 57 B
kDa M 1
170 —

130 —

100 —
70 —
55 —

6 Western blotting £ 38 & KB N

Fig. 6 Western blotting analysis of recombinant chAPN. 1: the
purified recombinant chAPN reacted with anti-His mAb; M:
protein marker.

80T & soc
= 1B
6ot
S
9
2
>~
Z 40t
O
S
(=]
20t
0 |

4 8 12 24 36 48
Induction time (h)

7 AREFESHEBENEBREENE
Fig. 7 Relative yield of the recombinant chAPN in different
stages.
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80 r 0 SOC

=+ 1LB

60 r

40

Protein yield (%)

20 F

01 03 05 08 10 15 20
The concentration of IPTG (mmol/L)

El8 A[EIPTG REBMERRIEENE
Fig. 8 The relative yield of recombinant chAPN in different
concentrations of IPTG.

040 1
&~ Postive

- Control

0.35
0.30
0.25
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0.10 l\\\.\\\.-‘ﬂ"
0.05

0.00

ODyyo

1/10 1/20 1/40 1/80 1/160 1/320 1/640 1/1280
The dilution of the expressed chAPN

B9 AREHREMGEIE NEELNESER
Fig. 9 Enzymatic activity of the expressed chAPN at different
dilution rates.

PEXTHR 5 25 o iR, S5 R R, RBEHMENR S 1BV
HAERIGNEGEE S, PN HYKT 3, W T
chAPN /£ IBV ZAKM AT G . 5 BETN & s,
FEalifl H R E AR RRIE N 10 640, LR
WA 111600,
3 W

S ZAKEE N J&—Fp 11754 J8 B i, Ichishima
MG BN R B E], IR A4 o EUIKEE Byt
Sihn ZEHF 5T UE B chAPN 7E XS AR AR i & 75 1 A v % 15
HEEEMEA"Y, HEiFsx €W, chAPN 1] /- Fiyf%
YL RERAEE (IBV) BYES RANf, n] RE1E
1BV BB Z AR AR SE IS IR B 4 2 e
[ 31 22 15 chAPN Y4 K K /N2 2906 bp Y H AYFEA
25 PCR I D) %6 72 B S 0 e 5 SR 5 8 A e 50 A
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ik 99.48% , MIRAMWIFE chAPN (14 ¥)2- D) RE A
1T A

W IR 8 K AU FHF B pET-28a, pET-32a JEA% £
REARFRIR T chAPN, [H2FEMAELAEA EZL
LORTALN W (= O R RN N s i e SN SRt
SEVEALER U LS R AR A SCRART AR I 5T
F pCOLD-TF AR il vl 2 A% R A AR AT 3R 35, HH
T pCOLD-TF i fi Al {528 TF (Trigger factor), fig
Al Fl A5 5 1 i A PR s LA T I A7, TR
JRAZ R IR BB K E A (Cold shock protein
A), REfEMAEAE 1SCHEMFRREFRE, X
T, EHMEAREZENG, WA R
Fikim . 4UFE . WM BN B . AR STE AT
BRMAE FRILKMF, 1 IPTG W . i S0 (A]
BRI, WE T HMEANELR,

Leu-PNA Fflt K N5 5 R, RIBEHRA
fitg 16, IR R, B chAPN MR (il
W . fdE pH (H . RS IRYIRE . &8 B T75F) X
it 55 PR (R R e A R — 2D A SE . Miguel SF A 24
JIKEE N AT REVE N 1BV AYSZ4RIS) (H Victor %5 5 4E T
A E RS, HRTEFSE @os, chAPN m[{EN IBV
DRt SZ K, T iff—L Uik ¢chAPN {2 IBV
etk 2 Rl B, ARG i AN A IR IR AR
Il chAPN 5 IBV 2546871, il AL v 24,
7~ chAPN BB S PE4E & IBV, HARTE R BRI,
X5 AR 25 A — B, i — 25 KB chAPN &
IBV INHEMEZIKZ — . chAPN K HBUIR BT 25 1%
P, chAPN 2 75 W] A kg Ho A e bR A 75 i D e Pk 2 4
HESSARIMERLY IBV BHHEHFE—EN
KER, BAEFHE ., AWF5RER pCOLD-TF
JERE R AR B R IE T chAPN, XA RIA K
PEHEAT THLE ; XFRIRE PSP 2=Dhe
HEAT THRE, il — 25T chAPN A A 422 D) RE RS
T R
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