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Cloning of midgut aminopeptidase hcapn3 gene from Hyphantria
cunea and binding to CrylAc toxin of HCAPN3

Wang Cuiping'. Zhao Dan', Li Shaoya', Guo Jiaping', Guo Wei"?, Lu Xiujun'

(1. College of Plant Protection , Agricultural University of Hebei, Biological Control Centre of
Plant Diseases and Pests of Hebei, Baoding 071001, China; 2. Plant Science and
Technology College s Beijing University of Agriculture, Beijing 102206, China)

Abstract The specific primers of aminopeptidase N gene were designed, and a fragment of hcapn3 was obtained
by PCR method. A full-length gene (GenBank accession no. KJ013598) encoding APN of Hyphantria cunea was
obtained by RACE-PCR method based on the sequences of published APNs from insects and iTRAQ of Hyphantria
cunea midgut. Analysis of the protein sequences by NCBI Blastp revealed that it belonged to aminopeptidase N
gene family 3, named HcAPN3. The primary structure of HCAPN3 contained 952 amino acids residues, a typical
Gluzincin aminopeptidase family domain and ERAP1_C domain. The hcapn3 gene was successfully expressed in
insect cells as secreted proteins (108 kDa) using recombinant baculoviruses (Bac to Bac system). Further, the
Gluzincin aminopeptidase family domain and ERAP1 _C-like C-terminal domain were expressed in E. coli as
58 kDa and 49 kDa proteins by SDS-PAGE analysis, respectively. In vivo Ligand-Blotting study demonstrated
binding of CrylAc toxin to both HCAPN3 and peptidase Gluzincin family domain, not to ERAP1_C domain. The
first identified aminopeptidase N from H. cunea may be a candidate receptor for CrylAc toxin.
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EEHM[ Hyphantria cunea (Drury) JJ&—Ff
SR AR R, G PR BT SRR
15RO RS AL # A o F 44l T . %
HIC ARG R 18 AR EZ M X, 1979
AL AT E LR, C iy e 2= K VL LA X B 47
A EAESR N A BV il A S NHE 7 S

T 4 3 WA # (Bacillus thuringiensis , Bt)
S H A A0 N 7 e K B )T R B
Ba A B ) A O] R i g B H
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P20, FRTRE ST & 0 43 B9 0 22 Al vt 55 [ A
= BE TG B B AR 6 S SRR L R
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B9 A IE R Cryl Ac 35 F 2% 6 H Ak =& )
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Bt Cry & A Al 5 B B g b Bz kil iR 1
(BBMV) ¢ S 25 5 o AT 51 S [ 1 v i 435 4 B A
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FEA 455,40 SR R B (cadherin-like pro-
tein) . Z Ik N (aminopeptidase N, APN) | #isi 4
iz & i Calkaline phosphatase, ALP) FilBiNg (glyco-
lipids)!™ - Hrh IR N 2B 5% e 2 19— Fh 8 2
MZiREN.

FAREG N & —F OB T Zn® 1 N-3iig 7K A B
KL AT BBMV UYL S B B R 1
FHEZRZ—, Knight 8 1994 415 IR M AR 5K ik
Hor A3 3 APNL, JFIESE N Br R 216,
ULJ5 S FHAK SR BRI IR ZE R0 A M
TR ME Je TP oK EN SRR L 3R
i s i rp TR T APN BN R IE S R AN
Bt Rk, HATTE GenBank FPE 1L 50 ZF0
APN A, OC T 36 [ 1 b iz 52 (K8 1 B B9 ok
AHIE, AW E R B T RE KT
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L1 8
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B AR R 27 2% ] iy 2 42 B

1.1.2 FERHA

RNA # Bzt 77 £ (RNeasy Mini Kit) Iy H
QIAGEN 7wl 5 5 s il 55 & W B Promega; & &
[N G B R AR AT B2 w5 BRI 9 D1 B A
FAY TREARA R T4 Pl iE #H B Thermo
LRI DHS5o.BL21 fil DH10Bac B fy 4%
S AR I T A5 2 S A M Be(CrylAce) 1#
PR AR 523 2R AE , Cryl Ac R AHLIAR i 648 4 1)
IS T ) B 5 2 1 o A a0 & B g AR T
A TRRA B2 A G 4 1035 W 3 28 [ Invitrogen
AT BRI MRS FE 3 TNM-FH insect medium 4 A
Sigma 23 Al s FFARIR B e ik 2 8t (Bac-to-Bac Baculovir-
us Expression Systen) ) H 35 [E Invitrogen 2\ H],

1.2 A&
1.2.1 hcapn3 2K FEF 77| K&

i) 9 1 ok, B2 I i O R R TR AL
FHOFABIEIE 2Ry R« #5120 & U B B 42 LS RNAL K
I RNA Jit &, e 3% sl S i 158 1 pg &
RNA Jef% 3%k cDNA, FI 2 E H i iTRAQ 25
B BIFHN BT heapn3 B S 4, APNF . 5
GAACTGGGGAATGGTTAACT -3" ( NWGMVN ) ;
APNR:5-AGAACAAAACGTCGTTGAC-3 (VNDVLE)

LAY cDNA 25 —88 AR, 514 APNF
F1 APNR ##47 PCR 3%, Ly S80h . 94 CHiAR
P 3 min; 94 CARM4 45 5,51 CiBk 45 5,72 CiEff
1 min, 25 MEFF; 72 CHRE 10 min, 4 Cf4F. PCR
P2 0. 8 Y0 SN MR I FL UK I - Ak T i Tl
Wk AL st R IR o AR P 5 SR 43 i it 5
RACE J% 3' RACE 5| 4., APN5F.; 5-CTAGTG-
GAGAAGTGGGCAGTGATTGAAGGGAGA-3';
APN3R: 5'-CGCTATACAATCTCCGGGGTTAG-
GCCAGCTG-3', %18 RACE % i & il Wl &
Jif 5'RACE il 3'RACE #5482, 343 5l #E 17 PCR ¥~
B, PHESEANT .94 C AR S min, 74 C FEfH
2 min,5 PMEFH;94 CAEPE 3 min, 72 CiE k 45 s,
72 CHEM# 2 min,5 MEH;94 CAHE 3 min, 72 C
Bk 45 $,70 CHEMH 2 min, 25 MEFF; 4 CIELE,
PGP 2 0. 8 V0 B WEGE IC FEL K I 4 T MG I i
TR GBS E T Al Ak [l TSy 3% b s AR R
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i 78 57 a5 K Blastp #EA 7454380534, 38 8 DNA-
MAN 3 Afr FE e EHE | 55 H 5 S8 oo
1.2.3 hcapn3 1& B & 400 2 F W ki

B heapn3 0 L FES 19, IF5] A Notl Fi
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11 41 47 553 R: 5-COGCTCGAG ATGGAACAACT-
GGGCGAATAGTACTGC-3' CF il £ % 4%~ Xho
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Bi % 72 ho WA RIS AR — AR AR (P LR Py iR
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HcAPNS 5 4 & [ M 451 3 & H i 17 SDS-
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2.1 hcapn3 EEREE
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5'RACE #1 3'RACE [ 43353445 1. 4 kb 1 1. 7 kb
R BB D RACE S = )00 7 5 77 90 Pf 4 3k
1% heapn3 KT, WitFEs519# T PCR 3§~
A3 2.9 kb K BN F B (&l 2), £ Blastp 73
BT R A K I DR iy 5 [ Pk 2K N3 i 24
K heapn3, e (1) 2 HE R 7 91 5 B 5 1 APN3 (Gen-
Bank %545 : AAL26894. DAL R 5 3% 65. 13%,
2.2 hcapn3 FE545HT

hcapn3d FR GenBank % 5% 5k KJ013598, Jf
B EAE A 2 859 bp. gt 952 A4~ 2d HEFR 5k 2 Tl
rFRER/NA 108, 2 kDa, S HL AT 4. 84, HERHY
AT 5 N B 15 AN B M5 5 kP51, C
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AUt 930,931 43 24 R % 55 o WL 9 GPT 4 22 o7
1.4 Gluzincin fil ERAP1_C ff5F45 1, A4 %
BB L A KT I PRSP LR P 51 GAMEN, i3k
A7 TS 5 R HeAPNS &4 2 4> O 346 17
R AT BT A14 F1 566 37,6 4> NESEEAL A7 5,50 31
£ F 133.373.419.641.654.,930 {37, T (14 BE s 1
BT 227~245 f s FERRER %

M 1 2

i 1735b
— p
1413 bp

1 000 bp

M: DL2000; 1: 5' RACEf=4y; 2: 3' RACE f=4))
M: DL2000; 1: Product of 5" RACE; 2: Product of 3' RACE

1  hcapn3 {J RACE 3 12 7=4))
Fig. 1 Amplified products of hcapn3 by RACE-PCR

2.3 hcapn3 ER B ARPEIFRIE
HAR R N 2 WA AR TE T g kv Bl e
High Five 4iffd)5 48 h 8577 5k B0 G AF
Py R T AR SR AR K Y High Five
AN BRI 5 . B B RN S
() Py o7 AR SR G BRI Py S B B0 I R AT
SDS-PAGE }; Western Blot 434, 25 5 i 78 HcAPN3
1B B 4i i 2 Th iRk 108 kDa 15 H (& 3) .

M 1 2 3 4 5 6

3472 bp

2690 bp 2859 bp

M: A-EcoT14 DNA marker; 1: hcapn3 PCRj=4j
M: J-EcoT14 DNA marker; 1: PCR products of hcapn3

B 2 hcapn3 £ EE PCR &=L E
Fig. 2 Identification of hcapn3 PCR products
M 1 2

135 kDa—| S

— 108 kDa
95 kDa— .

M: i g 2R Fimarker; 1: X3, ARG ANE; 2: A
9 1 R Y 20 Y

M: Multicolor broad range protein ladder; 1: CK, cells
not infected; 2: Cells infected by recombinant virus

3 HcAPN3 FH 7% B HZHR 1 3R 1% H) Western Blot 5347
Fig.3 Western Blot analysis of HCAPN3 proteins in insect cells

2.4 HcAPN3 ZigE K IFH B R RIX

HcAPN3 S5l ik 73 Hr & SR £ W1, 37 'C, LA
1 mmol/L IPTG #4715, Gluzincin 1 ERAP1_C
PS5 F S EE 4 B (148 BT Rk, e Bl Rk Y
58 kDaffl 49 kDa () H i H (K& 4a~b),

M 1 2 3 4 5 6

e R — 5 Vs

52 kDa—

a

52 kDa—

SRS — 49 kDa

b

M: Fii % FHmarker; 1~6 41 mmol/L IPTGiE 50~ 2+ 4. 6+ 8+ 10 hEEHEZHMNFE
M: Multicolor broad range protein ladder; 1-6: Expression of recombinant proteins induced by 1mmol/L IPTG at 0, 2, 4, 6, 8, 10 hour

B 4 Gluzincin (a)$1 ERAP1_C (b) 5918 R4 FK1E K Western Blot 5347

Fig. 4 Western Blot analysis of expressed recombination proteins at different induction time points
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2.5 BAEALS CrylAc E A RIERED T ( Ligand
Blot) 5 #7
e 1 1338 3 A 285 S 7 HeAPN3 #8541 2 (4 il
Gluzinein 25 ¥ 5 g /3 1 5 CrylAc 5 H 456 77 4
108 kDaFil 58 kDa 2547 (& 5), B HcAPN3 417
M1 A1 Gluzinein Z5#43 7] 5 Cryl Ac 454 .1 ERAPL_C
LRI F A B RAES CrylAc RAELEE (R 5,

M 1 2 3
"

135 kDa—F’-

95 kDa—s
L=

52 kDa— .

. — 108 kDa

- —58 kDa

Nows.

M: ZEHFiYemarker; 1: HCAPN3ZEH 5Cryl AcH %45 A; 2: Gluzincin
L5 RIS Cry | Ak % £ 3: ERAP_CASMIB Cryl AciiZh &

M: Multicolor broad range protein ladder; 1: CrylAc toxin binding to
HcAPNS3 proteins; 2: CrylAc toxin binding to the peptidase Gluzincin
family region; 3: CrylAc toxin binding to ERAP1_C-like C-terminal
domain region

5 EHZRARS CrylAc BEIKENES 17
Fig. 5 Ligand Blot analysis of CrylAc toxin binding

to recombinant proteins
3 tig
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M CrylAc 5 HcAPN3 B 454 X 38 F Gluzincin
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HHEALKLS CrylAc (ARG G0 AT i —
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