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Abstract The polyhedrin gene of Antheraea Pernyi nucleopolyhedrovirus (AnpeNPV) was

identified in a 6. 6 kbp Pstl fragment of the viral DNA genome by Southern blot

hybridization using the polyhedrin gene of Bombyx mori NPV (BmNPV) as a probe.  The

nucleotide sequence analysis revealed that the AnpeNPV polyhedrin gene contained a
promoter sequence of 51 bp and a coding sequence of 738 bp encoding 245 amino acids. 

Amino acid sequence comparison was made with both polyhedrins and granulins of other

baculoviruses and very high homologies were detected with members of the group 1 NPV. 

Among them a NPV of another saturuniid moth， Attacus ricini (一 Samia cynthia ricinz)

showed the highest homology， indicating that the two NPVs are closely related or variants. 

For the establishment of a novel baculovirus expression vector system using AnpeNPV and

diapausing pupae of A.  Pernyi， we have constructed a transfer vector plasmid pApCHI，
which enable the foreign gene expression under the control of the strong AnpeNPV

polyhedrin promoter. 
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Introduction

    The baculovirus expression vector sys-

tems using Autographa calzfornica nucleopoly-

hedrovirus (AcNPV) and Bombyx mon' NPV

(BmNPV) are now widely used for the high

level expression of foreign genes.  Among them，

the BmNPV vector system was expanded to in

vivo expression using larvae of the mulberry

silkworm B.  mori and enabled higher production

levels in larvae than in cultured insect cells

(Maeda et al. ， 1985).  Like the BmNPV， Antheraea

Pernyi NPV (AnpeNPV) has a potential to

produce large amounts of heterologous Proteins

in not only 1arvae but also pupae of the Chinese

oak silkworm A.  pernyi.  Pupal diapause of A. 

Pernyi i s an advantageous characteristic over

B.  mori， because diapausing pupae can be stored

for more than six months in the refrigerator

unti1 using them for the recombinant virus

infection.  To establish a novel AnpeNPV vector

system， we have already developed in vitro

replication and plaque-purification system of

AnpeNPV using an/1.  pe〃ゆcell line， NISES-

AnPe-428 (AnPe) (lnoue and Hayasaka， 1995;

Wang et al. ， 2000).  ln this paper， we describe

the cloning of the polyhedrin gene of AnpeNPV

and construction of the polyhedrin promoter-

based transfer vector plasmid， which enable us

to insert heterologous genes in the AnpeNPV

genome and to express them in the virus-

infected A.  Pernyi cells. 

Materials and Methods

Viras， Bacten'um and Plasmid

    DNA genome of AnpeNPV A strain plaque一
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purhied from the Chinese isolate by using

AnPe cells (Wang et al. ， 2000) was used for the

polyhedrin gene analysis and transfer vector

construction.  Competent E.  coli strain XLI-Blue

cells (Stratagene) were used for plasmid DNA

transformations.  Plasmids， pUC19 (Takara-

Shuzo)， pBluescriptll (Stratagene) and pCR

2. 1 (lnvitrogen)， were used for construction of

the transfer vector pApCHI as described later. 

DNA manipulations
   All plasmid DNA recombination techniques

were essentially as described by Sambrook et

al.  (1989).  Restriction enzymes and other D NA

modifying enzymes were purchased from Takara-

Shuzo Co.  Ltd. 

Southern blot hybridi2ation

    For Southern blot hybridization， AnpeNPV

DNA was digested with Pstl and electrophore-

sed using a O. 8 O/o agarose gel.  Then the Pstl

fragments in the gel wefe transferred on to a

Hybond-N＋ membrane (Amersham) and hybrid-
ized using ECL direct nucleic acid labeling and

detection system (Amersham) with the Sall-

Hindlll fragment of BmNPV containing the
entire polyhedrin gene as a probe. 

DNA sequencing and sequence analysis

    The nucleotide sequence of the AnpeNPV

polyhedrin gene was determined by D NA

sequencer (Model 373A， PE Applied Biosystems)

and Taq dye-deoxy terminator sequencing kit

(PE Applied Biosystems) with the following

oligonucleotide primers. 

M13 forward 5'一CGTTGTAAAACGACGGCCA(｝3'
          タ

M13 reverse 5'一CAGGAAACAGCTATGACCAT-3'
         タ

鯉1，5'柵TAGGAAArmACTAC鵬3'
AP25'一GCGCAAGAAGCATITAGTCG-3'
   タ

AP3，5'！rGGCGAGGCTAATTCTGTA. C-3'

AP45'一GAGATTGTGGACCGCATCTA，3'
   タ

齪75'一GTTTAGCAAGAGCGTTCAGA-3'
   ，

    Homology search of predicted amino acid

sequence of the AnpeNPV polyhedrin were
carried out using the BIAST program supplied

in the GenomeNet BLAST lnternet Server

anstitute for Chemical Research， Kyoto Univer一

sity). 

    Phylogenetic relationships among bacu-

loviruses were analyzed by comparing amino

acid sequences of both polyhedrins and

granulins using UPGMA method in GENETYX-

MAC programs (Softvvare Development Co.  Ltd. ). 

Results and Discussion

ldentzfication and sequencing of the AnPeNPV

Polyhedrin gene

    AnpeNPV DNA was digested with Pstl

and the resulting fragments were cloned into

pBluescriptll.  Among the cloned fragments，

the AnpeNPV polyhedrin gene was identified

in a 6. 6 kbp Pstl fragment by Southern blot

hybridization using the BmNPV polyhedrin

gene probe (data not shown).  The fragment

was further analyzed by digesting with several

restriction endonucleases to make a physical

map (Fig.  la).  Then， the nucleotide sequence

of the 6. 6 kbp Pstl fragment was determined. 

Sequence analysis revealed that the consensus

late promoter transcription start signal (TAAG)

and translation start codon (ATG) of the

polyhedrin gene were located at 192 and 141

nucleotides (nt) from the BamHI site， respec-

tively， and that the translation stop codon (TAG)

and putative polyadenylation signal (AATAAA)

were located within and at 276 nt from the SPel

site， respectively (Fig.  Ib).  'lhe results indicated

that the AnpeNPV polyhedrin gene consisted

of a promoter sequence of 51 bp and a coding

sequence of 738 bp encoding 245 amino acids

(DDBJ/Genbank/EMBLE accession number

ABO62454)， which well agreed with previously

reported partial sequences of the AnpeNPV

polyhedrin gene region (Yuwen et al. ， 1987，

1988) except several nucleotide mismatches. 

Polyhedrin gene comParison between AnPeNPV

and other NPVs

    In homology searches for the predicted

amino acid sequence of the AnpeNPVpolyhedrin

uaing BLAST program， very high identities
(more than 950/o) were found in those of Attacus

ricini NPV， EPiphyas Postvittana NPV， Choristo-

neura ノ勧〃ziferana  NPV; (二  rosaceana  NPV;

RachiPlusia ou MNPV， ThysanoPlusia orichal一
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a. 

Ps潤 Sma｛ Smal EcoRV

AP4 AP2
一レ ・レ

繍懲評 Ps潤

  1 kbp

一
TAAG AATAAA

b. 

                                一 API

-Sl TAAGTACATTGCTGTTATTGTAGCAACTTTGTAGTAAAATTTCCTA［liAACT 一1

1 ATG CCA GAT TAC TCA TAC CGG CCG ACC ATT GGT CGC ACC TAT GTG TAC GAC AAC AAG TAT 60
1 Met Pro Asp野r Ser［lyr Arg Pro Thr 工1e Gly Arg Thr Tyr▽al Tyr Asp Asn Lys Tyr 20

61 TAC AAA AAC ［YI，A GGG TCC GTC ATT AAG AAC
21 Tyr Lys Asn lleu Gly Ser Val lle Lys Asn

              AP2 一
GCC AAG CGC AAG AAG CAT TTA GTC GAA
Ala Lys Arg bys Lys His lleu Val Glu

CAT 120
His 40

121 GAA GAG GAA GAA AAG
 41 Glu Glu Glu Glu Lys

       B∂π正ヨI

CAT TGG GAT CCtrL
His Trp Asp Pro

TTA GAC AAT TAC A，TG GTC GCG GAA， GAC CCT TTC 180
Leu Asp Asn Tyr Met Val Ala Glu Asp Pro Phe 60

181 CTG GGG CCG GGV AAA AAC CAA AAA CTG AeA CTT TTC AAG GAA ATC CGC AAC GT7 AAA CCC 240
 61 Leu Gly Pro G±y Lys Asn Gln Lys 工」eu Thr I、eu Phe Lys Glu Ile Arg Asn Val Lys Pro 80

241 GAC ACA AMG AAA CTT ATT GTC AAC TGG AGC GGT AAA GAA TTT C［DG CGC GAA AC［［E TGG ACC 300
 81 Asp Thr Met Lys Leu 工1e Val Asn Trp Ser Gly Lys Glu Phe Leu Arg Glu Thr Trp Thr 100

301 CGC TTT GTT GAG GAT AGC TTT CCG ATT GTA AAC GAC CAA GAG GTC ATG GAT GTG TTC CTC 360
101 Arg Phe Val Glu Asp Ser Phe Pro 工le Val Asn Asp Gln Glu ▽aZ Meし Asp Val Phe Leu 120

36k GTC ATT AAC CTG CGC CCC ACG CGC CCC AAC AGG TGC TAC AAG TTC TTG GCG CAG CAC GCG 420
121 Va圭 工1e Asn Leu Arg Pro Thr Arg Pro Asn Arg Cys Tyr Lys Phe Leu A］，a Gln His Ala 140

421 eTC AGA TGG GAC TGC GAT TAC GTG CeG CAC GAG GTA ATC CGC AT［V GTG GAG CCA TCC TAC 480
131 Leu Arg Trp Asp Cys Asp Tyr Val Pro His Glu Val Ile Arg Ile Val Glu Pro Ser Tyr 160

481 GTG
161 val

                      一 AP3

GGC ATG AAC AAC GAG TAC AGA ATT AGC C［VC GCC
Gly Met Asn Asn Glu Tyr Arg Ile Ser Leu Ala

AAG AAA GGC GGC GGC TGC CCC ATC 540
Lys Lys Gly Gly Gly Cys Pro 工1e 180

541 ATG AAC ATT CAC AGC GAG TAC ACC AAC TCG TTT GAA TCG TTT GTA AAC CGC GTA ATC TGG 600
181 MeヒAsn 工1e His Ser Glu Tyr Thr Asn Ser Phe Glu Ser Phe Val Asn Arg Va1 工le Trp 200

601 GAG AAC TTT TAC AAG CCC ATT GTG TAC ATC GGC ACG GAC TCG GGT GAG GAG GAG GAA ATT 660
201 Glu Asn Phe Tyr Lys Pro Ile Val Tyr 工1e G］. y Thr Asp Ser GLy Glu Glu Glu Glu 工le 220

661 CTC ATC GAG GTT TCG CTT GTG TTC IVLG GTC AAG GAG TT［［S GCG CCC GAC GCG CCA CTG TTT 720
221 Leu 工1e Glu Val Ser Leu Val Phe Lys ▽al Lys Glu Phe Ala Pro Asp Ala PrO Leu Phe 240

72工 A(コT GGC

241 Thr Gly

           Spel

CCC GCG TAC 71AG ［ITJ］CGCCGACAATTCGI？IPGGC［llAC［VCTTAACAAGTTTTTTIVXC［1］TTAAATCGTCGG 793
Pro Ala Tyr ' 245

794 GCGCGTC］MCCGCCTGCACGAAAGCGCGCACGTCGTCG［1］ACCGGCCGGCmmTTAGGTCCTCAATTTGTACATAAAA 872

                                                                  一 AP7

873 TTGCGGCGCGTTCGCCGCGTATAACTCTACGGGCGAeTCGCTGTCCAACGCGTTTTCAGTCAGCTGAACGCTCTTGCTA 951

952 AACAAACGCAAATCCATTTTTTGCCTTTTCCACGTT［VTCAACCGTTCCTGGGTCTTTTTCCGCAATAAA 1020

Fig・1 Physical map of the 6. 6 kbp Pstl丘agment of AnpeNPV genome(a)and nucleotide sequence of the

      AnpeNPV polyhedrin gene fo).  Positions of consensus late gene motif TAAG and polyadenylation signal

      AATAAA are indicated.  Small arrows (a， b) and a large arrow (a) indicate positions and directions of

       oligonucleotide primers and polyhedrin coding region， respectively.  The predicted amino acid sequence of

       the polyhedrin is given below the nucleotide sequence fo). 
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cea MNPV， Anticarcia gemmatalis MNPV and
Orgyia Pseudotsugata MNPV (OpMNPV＞ (Fig.  2＞. 

     Two evolutionary distinct groups were

identiiied in lepidopteran NPVs (group 1 and

II) based on the homology of the polyhedrin

sequence (Zannot et al. ， 1993; Hyink et al. ， 1998). 

All of NPVs whose一 polyhedrin sequences
showed high homologies to the AnpeNPV
polyhectrin sequence belong to the group 1. 

Therefore， it is obvious that the AnpeNPV is a

Virus Name Accession
 Number

σ卯細ρ力わb勧teu¢02御9緬GV      X79569

Cytiia pamoneSI＃ GV YO947B
〃盈〃兆ヌ加撃briiY18ns GV              AF重42425

Cheristaneuta rumirenlna GV UB7621

Trichopusia nt GV PO6503
Xestia c-nigrtim GV AF16222t
P'醒θ侮甥05f8〃8 GV           AF270937

Pieris brassicse GV PO6502
AgrQtis segetum GV A4023S
Bu rμra supρtes5at佑SNPV         P33732

0仰γ徊ρ5ゆμdb細μ9嗣伯SNPV        PO7388

Eeotropls obiiqua SNPV UgSO14
M8m6隊8〃矯σση角7Uf鴇抱NPV         U59461

Panolis fiammsa MNPV P22t15
ルlamestra伽鴇88船80 NPV           Pて2423

乙8μα■”舶seρi■摺掴置NPV            U30302

Trichopiusia ni SNPV AFO93405
Th♪欄”qρ'μ5㌍0昂‘角a船θ£SNPV      AFO1988盆

Spocioptera exigua MNPV CX｝S 586

Spodoptur“ trvgipenta MNPV P t 4670

Spodopねra〃μ月謹NPV              X94437

ル7a舶rσ08α齢日d恕8鰍NPV          U6壌732

Malaceson？a nevst”'a NPV AJ277555
He〃。酌偲で』Hθ'舷》γθ脚ノarmigera SNPV U97657

He〃αコγ8加綱zea SNPV           P30786

Helieoveqoa arrnigera SNPV 〈G4＞ AF271059

Spodoptera tittoralis MNPV P24e4e

Cnon'stoneura rumiterana NPV U78n94

Epiphygs pastvVttana NPV AFO61578
Choristoneurn rosaceana NPV U91040

0rgyia pseudotsugata MNPV PO7488

AAchips cenasivaranus N PV V408S4

F？achlptusia ou MNPV 2522404F'
thys』neptusi』o船わa船g紛MNPV     AF169480

Anticarsia gemmatalis MNPV P81472
・縄”伽nの●のρのrnyl NPV            A6062454

メ嘔tt厨α旭r鱈3甜7り酋cy 7tわia｝ricin'NPV    S68462

ハm8農σ傭8め個畝78 MNPV        AF胴8850

Hyphantria cunea NPV 〈Japan) P32373

1Bombyx tnoti NPV 〈Kl) U75359
Bombyx mori NPV (T3) T41754
Autograltha catiromica MNPV Pe4S71

ノイ｝「ρ力綴fpf惣cun醸NPV(Koroa)      AF300872

購θ償”＆8ゆρε拙NPV              AFO筆6916

Agκフ旛5θ98鼠〃n NPV                PSIO36

乙ン切研r口切dispn'NPV           T30348

1dentity
O/e

S7
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Fig.  2 A phylogenetic tree of baculoviruses based on the amino acid sequences of both polyhedrins and granulins

       available in the databases.  Virus name， accession number in the Genbank database (except RachiPlusia ou

       MNPV， for which code number (＊) in PIR database) and amino acid sequence identity (O/o) to the polyhedrin

       of the AnpeNPV (in bold) revealed by BLAST search are indicated.  The division of baculoviruses，

       granulovirus and nucleopolyhedrovirus igroup 1 and II)， is also indicated. 
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member of the group I NPV. 

   In addition， A.  ricini ;NPV was most closely

related to the AnpeNPV in the phylogenetic

tree.  Because b oth A.  Pernyi and A.  ricini

(＝Samia cyn thia ricinz) belong to the family

Satruniidae， AiipeNPV and ArNPV may be
evolutionary isol'ated when the two insect

species were diverged， dr' may sti11 be variants

of the same virus. 

Construction of transfer vector PAP CHI

   A'transfer vector for generating recombi-

nant AnpeNPVs expressing heterologous genes

under the control of the polyhedrin promoter

wasi-L， constructed as follows (Fig.  3).  ”lhe

pBluescriptll containing the 6. 6 kbp Pstl

fragment (pApPst6. 6) was digested with EcoRV

and self-ligated.  Using the resulting plasmid as

a tempelate， a 1. 8 kbp fragment containing 5'

upstream region of the polyhedrin gene was

      Anpe卜iPV P5電董6. 6 kめP「ragmθn｛

Ptsfi Satal StTmt EOcRV BanHi SPel P旨翻

一…
P 齢Q駐E. ・…〆

Spel ＆ Psti cut

 5，｛紬nki㎎  of poM ORF

         どめ 

曲
弾、訟

31ftanking o「ρo蒲ORF

ゆ       ゆ

酌EboR x   郎

 1
 ロ        ヨ

幽
三民

ECoRl cut

EboR x   纏

盟
鯛GAAITCGAGCTCGGTASCCGGGGArcCTCTAGT

Xbat＆ρs調。讐

    L噂atめn

EeeRl釦d Kpa1  β酬1丼酬鰍

iEocRE XbeYSpel”“…”'

鶴 曽慰 制

Fig.  3 Schematic diagram of procedure used for the construction of transfer' vector pApCHI.  The details are

     described in Results and Discussion. 
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amplified by PCR with M13 forward and API

primers and cloned into pCR2. 1 by Original TA

CIoning Kit anvitrogen).  lhe 1. 8 kbp・fragment

excised from pCR2. 1 by EcoRI digestion was

subcloned into pUC19 (pAp l. 8).  The pAp l. 8

was digested with Xbal and Pstl and then

ligated with a 1. 9 kbp SPel-Pstl /fragment

containing the 3' downstream region of the

polyhedrin gene.  Finally， the transfer vector

pApCHI， which containing both 5' and 3'

flanking regions of the polyhedrin gene and

between them 3 unique restriction sites (Sacl，

Smal and BamHD for insertion of heterolo-

gous genes just downstream of the polyhedrin

promoter， was obtained (Fig.  3). 

    We previously reported that the AnpeNPV

replication and plaquepurification had become

possible by using the A.  Pernyi cell line， NISES-

Anpe428 (VVang et al. ， 2000).  As described in

this paper， we have obtained the transfer vector

pApCHI， an important tool for the gene transfer

to the AnpeNPV genome.  Thus， the prepara-

tion of two critical components， cell line and

transfer vector， necessary for the establishment

of the AnpeNPV expression vector system have

been completed.  To evaluate the recombinant

protein production performance of this newly

developed AnpeNPV vector system， especially

in diapausing pupae， recombinant AnpeNPVs

expuessing a reporter gene have been
constructed (Huang et al. ， 2001). 
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