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Abstract The polyhedrin gene of Antheraea pernyi nucleopolyhedrovirus (AnpeNPV) was
identified in a 6.6 kbp PsfI 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 I NPV.
Among them a NPV of another saturuniid moth, Attacus ricini (= Samia cynthia ricini)
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 pApCH1,
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 Awutographa californica nucleopoly-
hedrovirus (AcNPV) and Bombyx mori 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 larvae but also pupae of the Chinese
oak silkworm A. pernyi. Pupal diapause of A.
bernyi is an advantageous characteristic over
B. mori, because diapausing pupae can be stored

for more than six months in the refrigerator
until 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 A. pernyi cell line, NISES-
AnPe-428 (AnPe) (Inoue and Hayasaka, 1995;
Wang et al., 2000). In 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

Virus, Bacterium and Plasmid
DNA genome of AnpeNPV A strain plaque-
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purified 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 XL1-Blue
cells (Stratagene) were used for plasmid DNA
transformations. Plasmids, pUC19 (Takara-
Shuzo), pBluescriptll (Stratagene) and pCR
2.1 (Invitrogen), were used for construction of
the transfer vector pApCH1 as described later.

DNA manipulations

All plasmid DNA recombination techniques
were essentially as described by Sambrook et
al. (1989). Restriction enzymes and other DNA
modifying enzymes were purchased from Takara-
Shuzo Co. Ltd.

Southern blot hybridization

For Southern blot hybridization, AnpeNPV
DNA was digested with PstI and electrophore-
sed using a 0.8 % agarose gel. Then the Pstl
fragments in the gel were transferred on to a
Hybond-N+ membrane (Amersham) and hybrid-
ized using ECL direct nucleic acid labeling and
detection system (Amersham) with the Sall-
HindlIll 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 DNA
sequencer (Model 373A, PE Applied Biosystems)
and Taq dye-deoxy terminator sequencing kit
(PE Applied Biosystems) with the following
oligonucleotide primers.

M13 forward, 5-CGTTGTAAAACGACGGCCAG-3
M13 reverse, 5-CAGGAAACAGCTATGACCAT-3
AP1, 5-AGTTATAGGAAATTTTACTACAAAG-3
AP2, 5-GCGCAAGAAGCATTTAGTCG-3’

AP3, 5 TGGCGAGGCTAATTCTGTAC-3

AP4, 5-GAGATTGTGGACCGCATCTA-3

AP7, 5-GTTTAGCAAGAGCGTTCAGA-3’

Homology search of predicted amino acid
sequence of the AnpeNPV polyhedrin were
carried out using the BLAST program supplied
in the GenomeNet BLAST Internet Server
(Institute for Chemical Research, Kyoto Univer-

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 (Software Development Co. Ltd.).

Results and Discussion

Identification 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. 1a). 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. 1b). The 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
AB062454), 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 95%) were found in those of Atfacus
ricini NPV, Epiphyas postvittana NPV, Choristo-
neura fumiferana NPV, C. rosaceana NPV,
Rachiplusia ou MNPV, Thysanoplusia orichal-
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Fig. 1 Physical map of the 6.6 kbp Pstl fragment of AnpeNPV genome (a) and nucleotide sequence of the
AnpeNPV polyhedrin gene (b). 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 (b).
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cea MNPV, Anticarcia gemmatalis MNPV and  sequence (Zannot ef al., 1993; Hyink et al., 1998).
Orgyia pseudotsugata MNPV (OpMNPV) (Fig. 2).  All of NPVs whose polyhedrin sequences

TFwo evolutionary distinct groups were  showed high homologies to the AnpeNPV
identified in lepidopteran NPVs (group I and  polyhedrin sequence belong to the group I
) based on the homology of the polyhedrin  Therefore, it is obvious that the AnpeNPV is a

Virus Name Accession  ldentity
Number Yo
Criptophiestia leucotreta GV X79569 57 ] ~
Cydia pomonetia GV Yoo478 s8 5
Harrisinia brilians GV AF142425 s8 <
=) 7 av us7e21 57 g
‘mchopusia ntGv POSS03 55 §
Xastza c-nigrum GV AF182221 55 %
(=Y AF270937 58 g
GV PO6502 57 (‘5
Agrotis segetum GV A40233 52 -
Buzura suppressaria SNPV Paa7az ss ] ]
Orgyia pseudotsugata SNPV Po7388 8s
Ecotropis obliqua SNPV U8S014 87’
Mamestra configurata NPV uUse461 se
Panolis fiammea MNPV P22115 87
Marnestra brassicae NPV P12423 87
Leucania separata NPV us0s02 86
Trichoplusia ni SNPV AF093405 87
Thysanopiusia orichalcea SNPV AFO19882 B8 ’_(1
Spodoptera exigua MNPV Q01586 85 :2,
Spodoptera frugiperda MNPV P14670 8s °
Spodoptera jitura NPV X94437 85
Maigcasoma disstria NPV Ue1732 85
Matacosoma neustria NPV AJ277555 85 ~
j ipera SNPV US7657 82 i
Helicoverpa rea SNPV P30786 83 2
Helicoverpa armigera SNPV (G4) AF271059 80 :;
is MNPV P24646 81 _ | g
B Choristoneura fumiterana NPV uzai194 °7 ] §
Epiphyas postvittana NPV AFO061578 98 k]
Choristoneura rosaceana NPV US1940 97 E
Orgyia pseudotsugata MNPV Po7488 96 —z‘
Archips cerasivaranus NPV u40Ba4 o5 Q
Rachiplusia ou MNPV 2522404F* 7 _8
Thysanopiusia orichalicea MNPV AF169480 7 8
Anticarsia gemmatalls MNPV P81472 97 _ z
Antherses pernyl NPV ABo62a54 100 g
. Attacus (~Samia cynthia) ricinl NPV s88462 o8 (%
Amsacta &lblstriga MNPV AF118850 94
Hyphantria cunea NPV (Japan) P32373 24
Bombyx mon NPV (K1) u76359 o3
Bombyx mon NPV (T3} T41754 93
Autographa californica MNPV PO4871 89
Hypnamwa cunea NPV (Korea) AF300872 88 _ |
NPV AFO16916 e2 T =
Agmus NPV P31036 83 5
Lymantria dispar NPV T30348 so _ | &

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 (%) to the polyhedrin
of the AnpeNPV (in bold) revealed by BLAST search are indicated. The division of baculoviruses,
granulovirus and nucleopolyhedrovirus (group I and II), is also indicated.



member of the group I NPV.

In addition, A. 7icini NPV was most closely
related to the AnpeNPV in the phylogenetic
tree. Because both A. pernyi and A. ricini
(=Samia cynthia ricini) belong to the family
Satruniidae, ArnpeNPV and ArNPV may be
evolutionary isolated when the two insect
species were diverged, or may still be variants
of the same virus.
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Construction of transfer vector pApCH1

A transfer vector for generating recombi-
nant AnpeNPVs expressing heterologous genes
under the control of the polyhedrin promoter
was-«constructed as follows (Fig. 3). The
pBluescriptll containing the 6.6 kbp Pstl
fragment (pApPst6.6) was digested with EcoRV
and selfligated. Using the resulting plasmid as
a tempelate, a 1.8 kbp fragment containing 5’
upstream region of the polyhedrin gene was

AnpeNPV Psti 6.6 kbp fragment

Pst Smal Smat EcoRY BamHI Spel Pt
[— e | d

Bluoscript I

EcoRV cut & Self-ligation
ool BamHl Spel Pst /

EcoRl  EcoRi

,,,,,,

M13 forward prime:
( AP1 primer ") PCR
TA Cloning

5'flanking of poih ORF
EcoR| EcoRV EcoRl

1.8 kbp

.

P,& ‘”"}"RF, .

Spel & Pstl cut

3' flanking of poih ORF

P ok

CGAGC! Smal
CAATTCOAGCTCRATACECORGOATCOTCTAGT
' Kpal GA Cl CTCT mj

tgcoRt Xbaispel =~

Fig. 3 Schematic diagram of procedure used for the construction of transfer vector pApCH1. The details are

described in Results and Discussion.
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amplified by PCR with M13 forward and AP1
primers and cloned into pCR2.1 by Original TA
Cloning Kit (Invitrogen). The 1.8 kbp-fragment
excised from pCR2.1 by EcoRI digestion was
subcloned into pUC19 (pApl.8). The pApl.8
was digested with Xbal and PstI and then
ligated with a 1.9 kbp Spel-Pstl fragment
containing the 3’ downstream region of the
polyhedrin gene. Finally, the transfer vector
pApCH1, which containing both 5 and 3’
flanking regions of the polyhedrin gene and
between them 3 unique restriction sites (Sacl,
Smal and BamHI) for insertion of heterolo-
gous genes just downstream of the polyhedrin
promoter, was obtained (Fig. 3).

We previously reported that the AnpeNPV
replication and plaque-purification had become
possible by using the A. pernyi cell line, NISES-
Anpe-428 (Wang et al., 2000). As described in
this paper, we have obtained the transfer vector
pApCH1, 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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