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Abstract The pl O gene of A ntheraea pernyi nucleopolyhedrovirus(AnpeNPV)was

   identified in 4. 8-kbp Psfi 1 fragtnent of viral DNA by comparing genome maps

   between AnpeNPV and Orgyia pseudotsugata multinucleocapsid NPV.  The
   nucleotide sequence analysis revealed that the AnpeNPV plO gene consists of

   the promoter sequence (55 bp) and the coding sequence (264 bp) encoding 87

    amino acids.  'lhe predicted amino acid sequence of the AnpeNPV plO gene

   product showed the highest identity (930/o) to that of Choristoneura fumiferana

    NPV among other NPVs by homology search using the BLAST program.  Two

   transfer vector plasmids， pl O locus-based pApp l O and polyhedrin locus-based

    pApCH3， were constructed for the foreign gene expression under the plO gene

   promoter.  Among them， pApCH3 is a dual expression vector， which contains a

    copy of the plO promoter and polyadenylation signal inserted in tandem，

    downstream of the polyhedrin promoter， but opposite orientation. 

    Key words:、肋励Ieraeα perπ)ノi， nucleopolyhedrovirus， p10， transfer vector

Introduction

    Previously， we have constructed a transfer

vector plasmid pApCHI using the strong

Polyhedrin promoter of Antheraea Pernyi NPV

(A秩容NPV) and established a baculovirus

expression vector system (Kobayashi et al. ，

2001).  Using the system， we have demonstrated

the high-level expression of foreign genes in

cultured A pernyi cells (AnPe) and diapausing

pupae (Huang et al. ， 2001)， and the mammalian-

like biantennary， complex N-glycan addition to

a recombinant glycoprotein in AnPe cells

(Nagaya et al. ， 2002， 2003).  Because of these

advantageous characteristics for the protein

production， we consider the AnpeNPV vector

system is an ideal natural bioreactor (Kobayashi，

2002).  We have also succeeded to suppress

proteolytic degradation and liquefaction of

virus-infected AnPe cells and pupae by deleting

the virus-encoded cathePsin gene (Huang and

Kobayashi， 2003). 

    In addition to the Polyhedrin promoter， the

promoter of another baculovirus very late

gene， PIO， have been frequently used for the

high level expression of foreign genes not only

for single gene expression but also for dual gene

expression in other systems using AutograPha

calzfornica NPV(AcNPV)and Bomめur〃zori
NPV (BmNPV) (Vlak et al. ， 1990; Weyer， U et

al. ， 1990; Tomita et al. ， 1995).  Therefore， it is
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expected that the utilization of the p l O

promoter could enhance potential capability

and usability to produce recombinant proteins

by the AnpeNPV vector system. 

    In this paper， we describe the identifica-

tion and nucleotide sequence of the PlO gene

of AnpeNPV， and construction of two transfer

vector plasmids containing the P I O promoter，

which enable us to insert foreign genes in the

AnpeNPV genome at the P I O locus for single

expression and at the Polyhedrin locus for dual

expression， respectively. 

Materials and Methods

Virus Bacterium and Plas〃zid
    メ

    The 4. 8-kbp、Pstl 1 fragment of D NA genome

of AnpeNPV A strain(Huang et al. ，2002)was

used for the p lO gene analysis and transfer

vector construc廿on.  For the vector construction，

the 1. 8-kbp、Pstl l)fragment(Huang et al. ，2002)

was also used.  Competent E.  coli strain XLI-Blue

cells(Stratagene)were used for plasmid DNA

transf6rmations.  Plasmids， pBluescriptII(Strata-

gene)， pCR 2. 1 (Invitrogen) and pApCH1

(Kobayashi et al. ，2001)were used for construction

of the transfer vector plasmids pApp10 and

pApCH3 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. 

DNA sequencing and sequence analysis

    The nucleotide sequence of the AnpeNPV

PIO gene region was determined by using

DNA sequencer (ABI PRISM 310 Genetic

Analyzer， Applied Biosystems) and BigDye
terminator cycle sequencing kit (Applied

Biosystems) with the following oligonucleotide

prlmers. 

M13 fbrward，5'一CGTrGTAAAACGACGGCCAG-3'

M13 reverse 5'一CAGGAAACAGCTATGACCAT3'
         タ

P26DN，5'一T工AC CACGTGTGCAACAAGC-3'
P10UR 5'一AGATCTGGTAAAATATTATAACTATI，一3'

PIODN， 5LAGATCTCAAGTCAATGGrmAAAAT-3'

P74DN， 5'一CAGATITTGACGAGGCGACG-3'

At each 5' end of PIOUP and PIODN， a BgllI

restriction site (AGATCT) was added to create

a foreign gene-cloning site just downstream of

the PIO promoter by PCR. 

    Homology search of predicted amino acid

sequence of the AnpeNPV PIO gene product

was carried out using the basic local alignment

search tool (BIAST) program provided by the

GenomeNet WWW Server (Bioinformatics

Center， Kyoto University).  The GENETYX

program(Genety幻was used for both sequence
data analysis and phylogenetic tree construction

by the unweighted pair-group method with

arithmetic mean (UPGMA). 

Nucleotide seqzaence accession number

   The 1873-bp nucleotide sequence within

Pstl 1 fragment containing AnpeNPV P26， P l O

and P 74 tpartial) has been submitted to the

DDBJ/EMBL/Genbank databases under acces-

sion number AB IO6130. 

Results and Discussion

ldentzfication and sequence

AnP eNPV p 10 gene

    By comparing genome

AnpeNPV， and OpMNPV，

analysis of the

                          maps between

                        the PlO gene of

AnpeNPV was predicted to exist within Pstl I

fragment (Huang et al. ， 2002).  By constructing

several deletion mutants and using the various

primers described in Materials and Methods，

1873-bp nucleotide sequence within 4. ＆kbp

Pstl 1 fragment was determined.  As shown in

Fig.  1， three ORFs (2 complete and 1 partial

ORFs) were found in the sequenced region. 

Homology search revealed that these 3 ORFs

were homologs of OpMNPV ORFs 132 ip26)，
133 lp 10) and 134 ip 74) (Ahrens et al. ， 1997)，

respectively.  Relative positions and directions of

these OpMNPV ORF homologs were conserved

in the AnpeNPV genome， except P 74 whose

relative direction was reverse as found in

several group 1 NPVs such as AcNPV (Kuzio

et al. ， 1989)， BmNPV (Gomi et al. ， 1999) and

Choristoneura fumi erana NPV (CfNPV) (Hill
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M13 forward
     e

    TAAG AATAAA
P26DN N PIODN
 ⇒            ■レ

       PIOUP I P74DN
        ぐ■        ぐ■

M13 reverse
'

ρア0

Pstl Xhol Hindlll Xhol Kpn 1 Pstl

                                                                    O. 5 kbp

                                                                    -

Fig.  1.  Physical map of 4. ＆kbp Pstl 1 fragment of AnpeNPV genome.  Positions of consensus late promoter

      transcription start signal aAAG) and polyadenylation signal (AATAAA) are indicated.  Several restriction

      sites are also indicated.  Small arrows and a large arrow indicate positions and directions of oligonucleotide

      primers and PIO coding region， respectively.  A scale bar represents 500 bp. 

et al. ， 1993). 

    Sequence analysis of the P l O gene region

revealed the consensus late promoter tran-

scription start signal aAAG)， translation start

codon (ATG)， translation stop codon (TAG)

and putative polyadenylation signal (AATAAA)，

respectively (Fig.  2)， indicating that the AnpeNPV

PIO gene consisted of a promoter sequence of

55 bp and a coding sequence of 264 bp

encoding 87 amino acids. 

    Homology search for predicted amino

acid sequence of the AnpeNPV PIO gene
product using BLAST prograrn revealed very

high identity (930/o) to that of CfiNPV and

relatively high identities (45 一一 520/o) to those of

other group 1 NPVs， while those of group II

NPVs showed lower identities (31 t一 360/o)， except

470/o of Buzu ra suPPressaria NPV (BusuNPV). 

A phylogenetic tree constructed on the basis

of multiple alignments of plO sequences，

however， supported the separation of the

group 1 and II NPVs (Fig.  3).  Therefore， the

relatively high identity of p l O sequence

between AnpeNPV and BusuNPV is likely to

be an overestimation derived by the BLAST

program algorithm for sequence comparison. 

    AII of the results indicated that AnpeNPV

possesses a plO gene homolog， which is
highly identical to the CflSIPV P I O and has no

obvious sequence deficiency disturbing its

expression at the very late phase of virus

infection. 

Constraction of transfer vector PAPPIO and

PAP CH3

    Two transfer vector plasmids， pApp lO and

pApCH3， were constructed for generating
recombinant AnpeNPVs expressing foreign
genes under the control of the plO promoter

as follows (Fig.  4). 

    First， O. 5 kbp of 5' upstream fragment

containing the PIO promoter and O. 3 kbp of 3'

downstream fragment containing the poly-

adenylation signal were amplified by PCR
using the Pstl 1 fragment as a template and two

different primer pairs， P26DN/PIOUP and
PIODN/P74DN， respectively.  Then， after trim-

ming the amplhied upstream fragment with

restriction enzymes， Hindlll and Bglll， and the

downstream fragment with Bglll and Xhol， a
O. 4-kbp Hindlll-Xhol fragment was obtained by

ligation of the trimmed upstream and downstream

fragments (O. 2 kbp each) at their Bglll end. 

    For the construction of PlO locus-based

transfer vector plasmid， the O. 4kbp Hindlll-

Xhol fragment was cloned into pBluescriptll

together with the 1. 8kbp Pstl b fragment and 2

subfragments derived from the Pstl 1 fragment，

O. ＆kbp Pstl-Hin dlll and 2. Okbp Xhol-KPnl
fragments (Fig.  4a).  The resulting pApp l O (7. 9

kbp) contains both 5' and 3' flanking regions of

the PIO gene for homologous recombination

with AnpeNPV D NA at the P l O locus and

between them 1 unique restriction site (BgllD

for insertion of a foreign gene just downstream

of the PIO promoter. 
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CTGCAGCGTCAGCAGCGCGGCGCGATTAAACTCACGGTCGTTGTACGTCGACGCCGAGTCGTCCGTAGCATACACGTAATACTTGTACAT
 Ps亡工

GTTGGCGAATGATGCGGCTGCACTTTATATACTGCTGTGCTCCGCAAACCTCGCATAAACACACGTGATGGATAACAAAATGTACGTGCG
                                                                    MDNKMYVR

                                                                    p26 一一一＞

CATGGAGATTAAGTTTGACGAGGACACGGGCCGTTTGCAAATTGGTGACCGGGACGTGTTTGTGCGCGTGTTTGAGCCCGGCCAAGAGGT

  ME工KFDEDTGRLQ工GDRDVFVRvEEPGQEV
GTTTGACGAAACGTTGGACCAATACCACCAGTTTCCCGGCGTGGCCACAGACGTTGTGTTTCCGCAAGTGGACACGGGCGCGACGGTGAG
  F D E T L D Q Y H Q E P G V A T D V V F P Q V D T G A T V S
                                                          P26DN 一一一＞

CGTGCACACCGCGGCCGGCGCGTACTCAGGGCCGCTAACCGCCAGCTGCTTCAIV［VTACCACGTGTGCAACAAGCGCTTCGTGTTTGGTGT
  V H T A A G A Y S G P L T A S C F N Y H V C N K R E V F G V

TTTGCCGGCGLg;XgGIXGGTGCCCGCCGACGTAAGCCCGCACCTGCGCGTCGGCGCGCCCATCCTCTGCAACGAGCAATTGGTGTCCGTGGT

  I、PALEVPADVSPHLRVGAP工LCNEQLVSVV           Xho工

GACGGCCGTGCACGAGCGCGCCGACGGCGTCTGGCTGGTGCCCGTGACGGGCGTGCGCGGGCCGCACCAGGTGTCGGGACACGCGCGCGT
  T A V H E R A D G V W L V P V T G V R G P H Q V S G H A R V

GTGCAATGGCGTGCGCGCAGAGCGCCTGCGCGCCGGGCGGTCGGTGTACGGCGCGGTGCAACTACCATATGACAAACTGAAGACGCACGC
  C N G V R A E R L R A G R S V Y G A V Q L P Y D K L K T H A

GCTATCGCAAACGGCGCCACACGCTGAAGCTTCCGAATCGTGCGCGCTGTTTTACAATGACTCTGAAGTGCGCATTACTTTTAACAAAGG

  ］ISQTAPHAEASESCALFYNDSEVR工TFNKG                          Hind工II

CAGTTTTGAATTGATGCACTGGCGATTGCCGGGGCCTTTTGTTGCCACAGCGTTAAATAAGCATTATTGACAATTTATTATTATATCATT

  SFELM且WRLPGPFVATALNKHY★       〈一一一 PIOUP

GrmTAGTTATAATATTTTACCAEIJGTCCAAACCAAGCATTTTACAACAAATTTTGACAGCTGTGCAAGATGTCGACACAAAAGTTGACGC

                       MSKPS工LΩQ工LTAvQDvDTKvDA
                       Pエ0一一一”＞

GTTGCAAGCGCAACTGACTGAATTGGACGGCAAAGTTCAGCCGTTAGATGGTTTGTCCGAGCAACTGACCGCTTTGGATACTAAAGTGAC
  L Q A Q L T E L D G K V Q P L D G L S E Q L T A L D T K V T

CACAATTCAAGACATACTAGGTGGAGCGGAAATTCCCGATATTCCCGATGTGCCTCTACCCGACAATCCTTTGAACAAAACCCGCAGTCA

  T工ΩDILGGAEIPD工PDVPLPDNP］INKTRSQ
        ★FLLD工TKFYEYPEK工LYYI」AIMLF工AFAGCAAAATTAAAATAGCAAGTCAATGGTTTTAAAATATTCGTACGGTTCCTTGATTAAATAGTACAATGCAATCATTAAAAATATCGCAA
  A K L K ＊ PIODN 一一＞

  YVFFT工、EKYL工FAAVAAGTNI、LFLGAVVRNAGTACACAAAAAATGTAAGCTCTTTGTACAATATAAAGGCCGCAACGGCCGCCCCCGTGTTCAGCAIVWrulllAICCCGCTACCACCCTAT

  工、KNNNENMDLLTNΩRFTYQMFELRTYI、SSSTTAATTTGTTATTATTTTCGTTCATGTCCAATAGCGTGTTTTGCCTAAACGTGTACTGCATAAACTCGAGACGCGTGTACAGCGAGCTGC
                                                                  XhoI

  ALAΩGvLTAEDFDT工ΩDSEDLΩLMQGDSNVTGGCCAGCGCTTGGCCCACCAGCGTCGCCTCGTCAAAATCTGTAATCTGGTCACTTTCATCCAATTGTAGCATTTGACCGTCCGAATTGA
                          〈一一一 P74DN

  E L A A V Y D L L H Y L S Q F M A D D D T E V F D A F E E P
CCTCAAGCGCCGCCACGTAGTCGAGCAGGTGGTACAGCGATTGGAACATGGCGTCGTCGTCTGTCTCTACAAAATCGGCAAAAAATTCGG

  LFE工工ERSSNADI」TEFYATLFTRSLDDPFEGCAAAAACTCTATGATTTCGCGCGAGCTGTTGGCGTCCAGCGTTTCAAAGTAGGCGGTAAGAAACGTGCGCGACAAGTCGTCGGGAAACT

  RPFMNSYGFPDWLALVLDALTFLILV工GVVCGCGCGGAAACATGTTGCTGTACCCAAACGGGTCCCACAGCGCCAGCACCAIVXTCGGCCAGCGTGAACAAAATCAAGACTATGCCCACCA
                                                                 〈一一一 p74

  SSAK工A工RTLAKAATTLTK工A工RNCGGAGCTGGCCTTGATGGCGATGCGCGTTAGGGCTTTGGCTGCCGTGGTGAGCGTCTTGATGGCAATTCGGTT 1873

90

180

270

360

450

540

630

720

810

900

990

1080

1170

1260

1350

1440

1530

1620

1710

1800

Fig.  2.  Nucleotide sequence of 1873 bp within Pstl 1 fragment containing the AnpeNPV P26， P IO and P 74 (partial).  The

       consensus late promoter transcription start signal (rAAG)， translation start codon (ATG)， translation stop

       codon (TAG) and putative polyadenylation signal (AATAAA) of the P lO gene are underlined.  Restriction sites of

       Pstl， Hindlll and Xhol are double underlined.  Positions of oligonucleotide primers P26DN， PIOUP， PIODN and

       P74DN are boxed， and arrows indicate their directions.  Deduced amino acid sequences are shown below (P26

       and plのor above(ρ74)the corresponding nucleotide sequences， and arrows indicate their directions，
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Virus Name (Accesion Number) ldentity (O/o)

  Autographa californica NPV (L22858) 50

  Hyphantria cunea N PV (AF302233) 51

  Rachiplusia ou M N PV (AY145471) 52

  Bombyx mori N PV (L33180) 52

  Antheraea pernyi N PV (ABIO6130) 100

  Choristoneura fum'勧aηa N PV(AF512031) 93

  0rgyia pseudotsugata MNPV(OPU75930) 46

  Perina nuda N PV (U50411) 45

  Anticarsia gemmatalis N PV (AYO55828) 48

  印'ρhyas postv'ttana N PV(AYO43265)    47

  Mamestra configurata N PV (AF539999) 34

  Trichoplusia ni S N PV (AF1 50991) 31

  Buruza suppressaria N PV (AFO34410) 47

  Spodoptera exigua M N PV (AFt 69823) 36

  Spodoptera litura N PV (AFO37263) 36

Q. 

コ

9
σ

〉
ユ

Z

Ω. 

コ
。
 

o
＞
巳

Z

Fig.  3.  A phylogenetic tree of NPVs based on the deduced amino acid sequences of p IO gene product available in

      the databases.  Virus name， accession number in the Genbank database and amino acid sequence identity

      (％) to the PIO gene product of the AnpeNPV revealed by BLAST search are indicated.  'lhe division of NPV

      group 1 and II， is also indicated. 

    For the construction of Polyhedrin locus一 inserting 3. 7-kbp H'indlll-Pstl fragment of pApCHI

based transfer vector plasmid， the O. 4kbp (6. 4 kbp) into truncated pCR2. 1 with Hin dlll

Hindlll-Xhol fragment was blunt-ended and and Pstl digestion (Fig.  4b).  The resulting

cloned into BamHI site， which was also blunt一 pApCH3 (6. 8 kbp) contains both 5' and 3' flanking

ended， of pApCH2 (6. 4 kbp) constructed by regions of the Polyhedrin gene for homologous



58

(a)

Pstl Xhol Hindlll Xhol Kpnl Pstl

Psオ1ノイ1ηdlll

Pstl ＆ Hindlll

  cut

  Pplo' plO
 ■レ      ぐ■

P26DN PIOUP PIODN

pcR 1

圏レ   噸■

   P74DN

t PCR

Xhol Hindlll Xhol

.  O. 5 kbp
       Bg川

Hindm
D2tBgiii l

      Hind111

   ・，2kbp瞬

Pstl Pstl Xhol Hindlll

-        O. 8 kbp

   O. 3 kbp
89川

  Bg川＆Xhol

肉
1 Bgiiic＆ut」

Xhol
-O，2 kbp

Bg川 Bg川

AnpeNPV Pstl b fragment (1 . 8 kbp)

AnpeNPV Pstl 1 fragment (4. 8 kbp)

Xhol ＆ Kpnl

  cut

Y Ligation

Hind］11 Xhσl  Xhol                ゆη1

脚・4kbp rp

Pstl Hindlll Xhol Kpnl

pB［uescriptll

 2. 9 kbp

Ligation

Pstl Hindlll Pstl Xhol HindlllXhol Kpnl

Bg川

pApplO
7. 9 kbp

(b)

Pstl Xhol Hindlll Xhol Kpn 1 Pstl EcoRl Sacl Kpnl Smal BamHl

  Ppio一 plO
 ■レ      ぐ■    ■レ

P26DN PIOUP

PCR l

PIODN
'
P74DN

1 PCR

Xhol Hindlll Xhol

胴IIIwρ9川

      Hind1

・・
ﾂ，ll

       l

・. 2kbp輯

   O. 3 kbp
Bg川

 l  Bg川＆Xhol
     cut

Xhol

肖

一〇. 2 kbp

Bg川 Bg川

Y Ligation

Hindlll Xhol

，罪・kbp

EcoRl SacJ i〈pnl Smal

AnpeNPV Pstl 1 fragment (4. 8 kbp)

ノイ'ndlH Pstl

pCR2. 1

3. 9 kbp

Pstl

Blunting

Ligation

Bg川

Hindlli ＆ P“

   cut

Hindll1

2. 7 kbp Pstl

BamHl cut

＆ Blunting

5i upstream region

 of polyhedrin

  (1. 8kbp)

Ligation

EcoRV
Hind111

Cial

Sall

Xhol
Apal
Kpn l

EcoRl

Ppolh

pApCH［
6. 4kbp

3' downstream region

  of polyhedrin

(1. 9kbp)

Pstl

Sphl
Hind111

EcoRV
Hindl11

EcoRl Sa. cl Kpnl ＄mal BamHl

  pUC19 (2. 7 kbp)

      t

       Hindlll ＆ Pstl

          cut

EcoRl Sa. cl Kpnl Smal BamH1

3. 7 kbp

Pstl

EcoRV
Hind111

Pp' 盾狽?Pplo

pApCH3
6. 8 kbp

Pstl

EcoRV
Hindlll

pApCH2
6. 4 kbp

Pstl

Fig.  4.  Schematic diagram of procedure used for the construction of transfer vector plasmids， pApp l O (a) and

       pApCH3 (b).  Ppio and Pp. lh indicate the AnpeNPV P IO and Polyhedrin promoters.  The details are described

       in Results and Discussion. 



recombination with AnpeNPV D NA at the

polyhedrin locus and between them， in addition

to 4 unique restriction sites (EcoRI， Sacl， Kpnl

and SmaD for insertion of a foreign gene just

downstream of tihe Polyhedrin promoter， 1 unique

restriction site (Bglll) for insertion of one

more foreign gene just downstream of the p lO

promoter.  'lherefore， pApCH3 enable to
construct recombinant AnpeNPVs expressing

two foreign genes (duai expression) under

control of the Polyhedrin and P I O promoters，

which were aligned in tandem but opposite

orientation. 

    We are now constructing recombinant

AnpeNPVs using these transfer vectors to

evaluate the protein production performance

of the P I O promoter as well as effectiveness of

dual expression in both cell culture and

diapausing pupae. 
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