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Abstract [Objectives] Aminopeptidase N (APN) is an important receptor of Bacillus thuringiensis (Bt) in the midgut of
insects that is associated with Bt toxicity and the resistance mechanisms of insect to Bt protein. Cloning and spatio-temporal

expression of aminopeptidase N encoding genes in Cnaphalocrocis medinalis (Guenée) (Lepidoptera: Pyralidae) were
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conducted to reveal the function of CsAPNs and the molecular resistance mechanism of C. medinalis to Bt protein. [Methods]
The full-length cDNA sequence encoding APN was cloned by degenerative primer PCR and RACE techniques. The relative
expression levels of APN genes in different developmental stages and various larval tissues of C. medinalis were determined
by Quantitative Real-time PCR method. [Results]
belonging to different classes of the APN family were named CmAPNI (GenBank Accession No. HQ853294), CmAPN2
(GenBank Accession No. HQ853295), CmAPN3 (GenBank Accession No. KJ143755) and CmAPN4 (GenBank Accession No.
HQ853296), respectively. The full-length sequences encoding CmAPNI-4 were 3 698, 3 478, 3 150 and 3 149 bp, respectively.
The open reading frames were 3 045, 2 877, 3 045 and 2 862 bp, which encoded proteins of 965, 958, 1 014 and 952 amino

Comparison of sequence identity in NCBI revealed four 4PN genes

acid residues, respectively. Putative protein sequences included potential glycosylation sites and a zinc metal binding site motif
of HEX,HXsE, which is typical of the active sites of the zinc-dependent metalloproteases, and a highly conserved GAMEN
motif, which was to form part of the active site. Each sequences had a cleavable N-terminal signal peptide and
glycosylphosphatidylinositol (GPI) anchor signal peptide, which is also typical characters of lepidopteran APN proteins.
Expression levels of CmAPNs in larval stages were significantly higher than these in eggs, pupae or adults. During the larval
stage, the expression level of CmAPNI was significantly lower than that of CmAPN2-4, though it differed significantly among
different larval developmental stages. Transcription levels of CmAPN2-4 increased with larval instars. CmAPNs presented
significantly different expression levels in different larval tissues, with higher expression in the gut and abdomen and lower
expression in the head, thorax, fat body, and entire body minus gut tissues. CmAPNI and CmAPN2 showed higher expression
in the midgut and hindgut, respectively. Similarly, CmAPN3 exhibited significantly high transcription levels in both the foregut
and midgut. However, significantly lower expression levels of CmAPN4 were detected among different tissues compared to
those of CmAPNI-3. [Conclusion] CmAPNs have significantly differently spatio-temporal expression patterns in different
developmental stages and tissues of C. medinalis. Therefore, to determine the function of CmAPNs it is very important to

choose the appropriate instar for RNA interference.
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Table 1 Oligonucleotides primers designed in this study

R1 FHMRBAAGY

I Gene 5'— 3' Primer sequences Purpose of use
APN_F CCNTGYTAYGAYGARCC
APN R TCRTTNACNATYTGNGC Degenerate primer for cDNA
APN1 RACE3' CTTGGACTGACCAACCAGGACATC
APN1 RACEN3 PNI CGCAAATCCGTAGTGATGAATGG
APN1 RACE5' TCAGACGAGTCCGTGAGCAAGATAGA
APN1 RACEN5 CTGCTTGGAGTAACCGTTGGTATGGA
APN2_RACE3 ACCCTGATTGGGAGAATCTGACACC
APN2_RACEN3' PN CAAGAGTAACCACGCAGCCATTCA
APN2_RACES5' CTGGTGGAGGCAGAGGAGTCGG
APN2_RACENS' GGCTGTGATGTAGTTCCCGAACCATT SRACE ~ 3RACE
- 5'and 3' RACE PCR
APN3 RACE3' TTACCCCGATAATGCCTAC amplifications
APN3 RACEN3' APN3 TGGATAGTTCCCGTCACGTTTGC
APN3_RACE5' TGTTGAAACGACGCTGATA
APN3_RACENS5' GCGTGCTCCCTTCCGACGACT
APN4 RACE3' GACATGGCTACTGGACAAATCACCC
APN4 RACEN3' ACCTACGAAACAGCAACACGAGAACC
APN4 RACE5' APNY CGAGGGGTTGTTAGCGACAGAGGT
APN4 RACENS5' GCAAAGGACTCGTTGAGCCAAAGGTTAC
APN1_ENDF TAGGGAAAAGTTGCCTAGAGTC
APN1_ENDR APNI CCACAACAGTTATGTTGCTCAG
APN2_ENDF ACAGCACAATGTCCTTCCTAA
APN2_ENDR APN2 CCTTGATTGGAAACCTTATTAC End to end PCR
APN3_ENDF APN3 TTAGAAGGTCGCCGTCGTGAT amplifications
APN3_ENDR GGACTGACAAGAAGGCCGTGT
APN4_ENDF CTAGTCGGTAGTGCGTGGTCG
APN4_ENDR APNY TACCGAGATCCGATTCGCTTTT
SYAPNI-F TTGTGGTGGTGGGGAGACG
SYAPNI-R APNI TGAAGAAAGGATAGAAGGTGGAGC
SYAPN2-F CATTACTGTCAATAGACCAGCCAA
SYAPN2-R APN2 CACCTTCTTCGTAAAGGAGACG
SYAPN3-F CGCCAGCGACCCTGACTTTA
SYAPN3-R APN3 GGTCCTTTCAATGCCTTAG PCR
SYAPN4-F GCTCAACGAGTCCTTTGCCAG Quantitative Real-time PCR
SYAPN4-R APN4 CAAGGTTGTAGGCGTTTTCTCTC
SYactin-F1 ' GTATGGAATCTTGCGGTATC
SYactin-R1 factin ATCTTGATCTTGATGGTGGA
SYEF-F Elongation ~ CAAGGAGGGTAAGGCTGAGG
SYEF-R Jactor GTTCCGATACCACCGATTTT
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Fig.1 Identification of PCR amplification products of Cnaphalocrocis medinalis APNs gene

A: APNI; B: APN2; C: APN3; D: APN4 ; M: DNA

DNA marker.
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Fig. 2 Phylogenetic tree of amino acid sequences of APN in Cnaphalocrocis medinalis and other lepidopteran insects
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CmAPNI MGTLYVIVIAVACLSVCAFPENEVPY--KNTIFGEERIEGGAFEHIDDFRKDIAVZG NNPYRLPZTTKPSHYKVIWKHDMSTL-—-—--—— SLS 86
G ——— MSFLTKIVIVP——AL]'.}WVRSEFPFD—LEAD—LE—LEP————GV:F%LTSYRLP DLDPIHADIEITPYFETAEAGKEPFTFD 76
CmAPN3  yATTYLLLIVASCLSIHAFPPEPLSYRLKNT IFADEKLEGGIFEHVDEFNDITLYSRSANNPYRLPTTTRPINYNLEWTVEFPRS——————- VFA 88
CmAPN4 T MGSMMIVPLFCLLLGAAIALPDDDLRAG-FEMLDY----GT--NLDEPKYRLRDSVQPRNVYVHLDVYLEEA-—————— REN 68

CmAPN] GIVQIELCATQSNVNEIVIHVNELDLQSVELFLGQTENQEVPIET-YTIVPEYHFLKVKIINGVLQYNANTEVIYTLKIAFSAPLR-TOMY-GIY 178
CmAPN2 GHTRHIFKBVKDNINAFVLQDNVRDVRTVSLTTADGTIVAINABNPFERIRQYFFLKINIAEGITIVNGE———IYHLTIEYIGN@MTRGMF 168
CmAPN3 GDVKIQLHATTENVNEIVLHSQDINIRSLTLIENDVE---VPIEN-YVLQPEYHFLRVRVINGVLKYDPTDSVIYTLHITFDAELR-TOCMT-GLY 177
CmAPN4 GIVEHEVEVHEEDLTQIVLHQKVVSIQTVSILDAAGRPVNLQFPTPFSTDDYYELLLINIANPLPVTISYLGQIHINQFDRGFY 157

CmAPN] RSWYRNEPTDEVSWMASTQFCATAARSAFPCYDEPSFKATFDVTIRRPSTYKSWFCTLPSGTTENVEPGYTDDHYHTTEVMSTYLIALIVAEYES 273
CmAPN? RGSYIINGT--LEWYAACHLQPTHGRQLFPSFDEPGFKSTHNIJVNREANFIETF SNMRIRDTVD-MGDRVKEYFYQTPRMSAYLITIHISAHFK 260
CmAPN3 VSWFRNNENDPESFMASTHMCATAARFAFPCYDEPGFKATFEVTIRRPTALKSWFCTKCVSTGRGTLTGYQEDVYATTPIMPTYLIAVIVADYER 272
CmAPN4 RGHYFLNGQ--MRYYATTQFQPYYARTAFPCFDEPQFKSRFTISITRDYNLIPSYSNNAL ETTQPSAGFVRETFFPTPIVSVYLIAFHVS—DFV 249

CmAPNI RSWYRNEPTDEVSWMASTQFCATAARSAFPCYDEPSFKATHDVITRRPSTYKSWFCTLRSGTTENVERGYTDDHY BTTEVMSTYLLALIVAEYES 365
CmAPN2 RGSYIDNGT--LEWYAACHLQPTHGRQLFPSFDEPGFKSTFNITVNREANFTETFSNMRIRDTVD-MGORVKEYFYQTPRMSAYLITIHISAHFK 351
CmAPN3 vSWFBNNENDPESFNASTHMQA@AFPCYDEPGFKATFEVTIRRPTALKSWFCTKQVSTGPSTLTQYQEDVY TPIMPTYLIAVIVADYER 365
CmAPN4 RGHYFINGQ--MRYYATTQFQPYYARTAFPCFDEPQFKSRFTISITRDSNLSPSYSNNAIAETTQPSAGRVRETFHPTPIVSVYLIAFHVSPFV 342

CmAPNI  FKQLIAYILSHBIAPMWFGNLVTCDWRDVIWINEGFARYYQYFLTDWIEDYMGLGDRF INEQIHSILLTDSSONPQPLNNRG-VGSEACVSAMFA 459
CmAPN? DKISIGTITAHEJLAHKWFCNYITARWHDNVWINAGEASYFEYFAMDAVDKDLELKDQFNIMYLOSALSADSSASTRALRHT--NSEAEVTGHES 444
CmAPN3 FKATIATILQHE‘IH!#{WFGNIVTCDWWDAFW%ABYFQYFLTDWVEDYMGLTPRFIIECVHAALLTDSANN HPLINPG-YGDEVAIRAMFS 459
CmAPN4 NKIFIATILIAHELAHKWFGNIVTCFWWSNLW ASFFEYFSAHSADPSLELADQFVVGHVHSAINWDSCAGATEMNRTSVANNES-VSSHFS 436

CmAPN1 SISYNKGAAVIRMTEHIMGFDAHEKGLRQYILVDRKFNTALPIHLFQTLCNTAVELGAIAEYGSNFNIIDYYKTWTDQPGHEVINVCVDHSTGIMT 554
CmAPN2 GISYTKGASLLGMLKHFLSEDTFKKALHTFILVDRAYEHAFPEDLYRAFKAAVTED----GIIGNVDIEAFINTWVDQPGYEVLSVSVDINSGLVS 535
CmAPN3 TISYNKGAAVIRMTDHLLGSNAHRQGLRQYLIDRRFSTATPEHLFQSLCNAAEATGAISEYGADFSVIDYYRSWSVCAGHEVINVEVDHQSGIMT 554
CmAPN4 TTSYAKGASVLRMMEHFVGGRTFRMGLRYYLRENAYNLGTPEDLYNGLRRATLEDMNYRRDFMDIDIGEVLDSWVCNPGSEVUNVDVHMATGHITI 531

CmAPN1 VYQRRFNINSGYSTSNINWIVEVTFATASDPDFNNTKPTHIISDAITVIDRKSVGDEWVIFNKQQTGYYRVNYDDYTWDLIAKALK-GPERTTIH 648
CmAPN2 LKQDRFYLSATATPTDETWPLPLTYTTSRNPODWENLTPSEVMLGKTHQIPIEP-GYDWVIFNVQQQGIYRVNYDTKIWENIANSLR-SNHAT-IH 627
CmAPN3 VYQRRFNINTGYSTATTNWIVEVTFATASDPD@(PTHIISDAITVIDRKSVGDEWVIFNKQQTGYYFVNYDDY’IWDLIAKALK-GPERTTIH 648
CmAPN4 IKQERFIVSG-ATPPTQRWHIPITWTHQGSINFCNTRPSFILSDEEAVIQTTP-GHNWVMINIAQSGLYRVNYDDENWEMIAAYLRNSNTRINVH 624

CmAPN1 EYNRAQIVNDVLQFARSGIMSYNRAFNILTFLENEIDYIEWVIAFTGINWIRNRLKGTPLA-ADLDARIALIVNIATCTHGYLEVPDESFMRSYM 742
CmAPN2 HINRAQIVDDVFAIMRSENMKYDLGFRVLDFLKQDTSYFSWYEAITGINWIRNRFLHLPEVIAQYDECMYEFLDAVIKDLGYDVPSVEEVTKTIN 722
CmAPN3 E‘iNRAQIVNDVLQFARSGIMSYNKAINILTFLQDE@WVTAFTGLNWIBNRLKGTPLA-ADLDAR]’.ALIVNTATCTHGYLEVPDEPFMRSYM 742
CmAPN4 KMNRAQIVNDVLYFLRARKISTKRAFDIFEFLRIETDYYVWAGAIGCMNWIRSRLEHLPIAHAEFSQYQLELIEHVAGHLGFEEALTDSTSTVIN 719

CmAPN1 RYQIVPFVCSLDIDFNPCADAAEDQFADLRNGVAGYEVEADNENWVYCNVLRQGSVADFNFIWQRFINENVYTEKILLLOTLGCTPDEQSLFTFL 837
CmAPN2 RFYTLTFAC--NIGHKGCTEDAVQKFRAYRDGTSSS-VNENLRRHVFCQGLREGGYEDWKFLKERLLRSNNCADSIAMLRSLGCTENECAIQEYL 814
CmAPN3 RYQIVPFVCSLDIDFNPCADAAEYQFADLRNGVAGYEVEADNENWVYCNVLRQGSVADFNFIWQRFINHNVYTEKILLLOTLGCTPDEQSLFTFL 837
CmAPN4 BRMQIMNIAC--ELGHQGCIDDSIAKWKRFREDENNL-VEVNARRYVYCTGIREGDASDFEFLINQYETSENTADMVVMLRAIACTKDEPSLQKYL 811

CmAPN1 LAIVKENHITIRPQDYTTAFNAAVNGNEVNTQIVFKYIQCNTADVMKAF--ENSEATPFSYVSARLRTIECVEEFECKADNNRQTLGTWYQTIRNG 930
CmAPN2 -EMLLSDNI-KAQDRINGFTFLFMGNRGNSKVALQFLKQRVADIRAAVILEASFNSILSNMAAYL-DNEGLDDMECWLRNNCADVP-EFNVGINA 905
CmAPN3 LAIVKDNHIIRPQDYTTAFNAAVNGDEVNTQIVFKYIQCNTADVMKAF--ENSEATPFSYVSARLRTIACVEEFECWADNNRQTLGTWYQTIRNG 930
CmAPN4 QETLCNDKI-RVHDRTINAFAYALQGNRCNLKIVINFLFEQFAAIREAHGGEARLMVNINNVAGFLTDFEDICNFQTWAYANCVALGGAFSNAVSV 905

CmAPNI  AGNSRNS TEWVATVQDD IR F LB PR QR LT T S TG A~~~ =~~~ ===~~~ ===~~~ 965
CmMAPN2  TASARTSMKWGTDRAKE L ==~ — = — = = = = = = m o e 923
CmAPN3 - ACNSENSIEWVTTVQDDIRSFLEQPEQELLTSLCAPEVVDREV VPP P SER LaPELPEPDEANTAFLSVLVUALALIANNAL ~— -~~~ 1014
CmAPN4 VNSAINNINWGNTAAPEI----—---—---—S-So————————_=_____ @ 88 - 923
CIAPN ] = mm oo oo -

CMAPN2 === == mm oo LEAVQGSGIVRECARSTIVRTITLLLSSVVANMLR -~ =~~~ 958
CMAPN3  mmmmmmmmmm oo -

CmAPN4 YEIMIARS§--ACA---IAPLFVLIVVALASHLF 952

3 HESHMEHEMHIE CmAPNs §EEF75
Fig. 3 Deduced amino acid sequences of CmAPNs
N- O- N- C- GPI
GAMEN HEX,H isE GPI

Protential N-linked glycosylation sites are boxed. O-linked glycosylation sites are indicated by black dots. Signal peptides at
the N-terminal and C-terminal are underlined. The consensus GAMEN motifs and the zine-blinding motif HEX,;HsE are
framed by dotted line. The GPI anchor points are marked by black solid triangle.
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HEX,HX3E
GAMEN 3
APN

2.3 S|4 RMEAE

cDNA
PCR 10
Cr 3~4

4  p-actin EF APNI APN2 APN3
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0 2 4 6 8
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Standard curve of CmAPNs, f-actin and EF genes for quantitative real-time PCR
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Fig. 6 Expression profiles of CmAPNs in different developmental stages (A) and different tissues (B) in the 4th instar
larvae of Cnaphalocrocis medinalis
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Data in the figure are represented as mean+SE. Histograms with different letters indicate significant difference among
different treatments in the same aminopeptidase gene (P<0.05) (Duncan’s multiple range test). Number of each treatment in
different developmental stage and different tissues in the 4" instar larvae is listed as the following. Eggs: 50; 1st instar larvae:
20; 2nd instar larvae: 10; 3rd instar larvae: 5; 4th instar larvae: 3; Sth instar larvae: 3; Pupae: 3; Adult: 3; Whole body without
gut: 10; Head: 50; Thorax: 20; Abdomen: 5; Foregut: 50; Midgut: 50; Hindgut: 50; Fatbody: 50. Three times were replicated
in each treatment.
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