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INTRODUCTION

Nuclear polyhedrosis viruses (NPV) are
member of Baculoviridae [1]. NPVs are doub-
le-stranded DNA viruses which replicate in the
nucleus of a variety of arthropods, primarily in-
sects of the orders Lepidoptera, Hymenoptera,
and Diptera[2). Baculoviruses are studied ex-
tensively both for their potential as insecticidal
agents [2] and as expression vectors [3,4].
NPV genes are expressed in a temporally re-
gulated program consisting of at least three
phases of gene expression; (i) an early phase
prior to DNA replication, (ii) a late phase viral
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DNA replication and the formation of budded
extracellular virus, and (iii) a very late phase
dominated by high level expression of pl0
and polyhedrin genes [5].

At 48 h post-infection these two po-
lypeptieds constitute about half of the protein
mass in insect cells [6]. Polyhedrin is the ma-
jor constituent of the viral occlusion bodies
that are found exclusively in the nuclei of ba-
culovirus infected insect cells [7]. The p10 pro-
tein is associated with large fibrillar structures
in both nuclei and cytoplasm of baculovirus in-
fected insect cells [8]. This plO protein has
been sugested to be involved in the release of
polyhedra from infected cells [9].

Hyphantria cunea nuclear polyhedrosis virus
(HcNPV) was isolated from dead larvae of
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Fall Webworm, H. cunea by Lee [10]. Genetic
analysis of H. cunea NPV was reported by
Lee and Lee [10], and the polyhedrin gene of
H. cunea NPV was cloned and sequenced [11].
The pl0 gene of H. cunea NPV was cloned
and expressed in Escherichia coli{12]. The
DNA sequence of the pl0 genes of six dif-
ferent NPVs has been reported [12-16,18].
However the nucleotide sequence of the pl0
gene of the H. cunea NPV is not reported yet.

In this article, we report the cloning and
sequencing of H. cunea NPV pl0 gene, and
also deduced amino acid sequences of the
gene.

MATERIALS AND METHODS
Plasmid vector and host cell

For cloning genes, pBluescript SK (+) and
pBP10 [12] were used and the plasmids were
propagated in E. coli XL-1.

Plasmid DNA elements were isolated by
Maniatis et al. [19], and Lee et al. [20].

Subcloning of p10 gene of H. cunea NPV

For the sequencing, the pBP10 plasmid [12]
was subcloned. The pBP10 plasmid was dig-
ested with HindlIl and electrophoresed in 0.8%
Seakem GTG agarose gel. The Hindlll-dig-

ested fragment was recovered from the -

agarose gel by the electroelution method, ex-
tracted with phenol, precipitated with ethanol,
and suspended in distilled water at lmg/mi.
The fragment was inserted into the HindIlI-dig-
ested and CIP-treated pBluescript SK (+) vec-
tor by T4 DNA ligase in 10X ligation buffer
containing 10mM ATP and the reaction was
incubated at 18°C for 4 h and then transform-
ed in E. coli XL1 [11]. In addition, HindIIl-
digested pBP10 vector was treated with 0.01
unit of calf intestinal alkaline phosphatase for
15 min at 37T, extracted with phenol, pre-
cipitated with ethanol, and suspended in dis-
tilled water at 1lmg/ml. The Hindlll-digested
and CIP-treated pBP10 vector was self-ligated

and transformed E.coli XL-1 Blue by des-
cribed previously. And then, the clones were
isolated and identified. The strategy of sub-
cloing is illustrated in Fig. 1.

DNA sequencing

DNA fragments to be sequenced were clon-
ed into pBluescript plasmid (Stratagene). Se-
quence determinations were made by the di-
deoxy chain termination method {21] with
pBluescript T3, T7 and M13 reverse primers,
using Sequenase version 2.0 system kit
(United States Biochemical).

Deducing amino acid sequence and
Hydrophilicity plot

After the p10 gene sequencing, the amino
acid sequences of p10 protein of HcNPV were
duduced from the data. Hydrophilicity plot of
the amino acid sequence of the pl0 protein of
HcNPV was constructed using the algorithms
of Kyte & Doolittle [22], calculated with the
Peptide structure program of the GCG se-
quence analysis software package, and plotted
with the Lotus and Freelance programs (Lotus
Development Corporation). The computer pro-
gram plots the sum of hydrophilicity values
for seven contiguous amino acids over the po-
sition of the middle amino acid in each sector.
Above the zero line the plot indicates sectors
with an overall hydrophilic character, whereas
below the zero line it indicates sectors with an
overall hydrophobic character (Fig. 4).

RESULTS AND DISCUSSION

Nucleotide sequence analyses of p10 gene
and its promoter of H. cunea NPV

The EcoRI-Q fragment of H. cunea NPV
genome was cloned into the EcoRI site of
pUC8 plasmid by Lee et al. [23], and this
clone was named pHE-Q. EcoRI fragment was
recloned into the EcoRlI site of pBluescript KS
(+) and then transformed into E. coli XL-L
This clone was named pBP10 [4]. The clone
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Fig. 1. Scheme for the cloning and sequencing of H. cunea NPV p10 gene fragment. (A): Cloning of EcoRI-
Q fragment containing the H. cunea NPV pl0 gene into pBluescript KS(+), which was named pBP10. (B):
Hindlll fragment in the pBP10 was inserted into HindlIll site of pBluescript KS(+), which was named pBH1.42
and the rest of the Hindlll-digested pBP10 vector was self-ligated, which was named pBHS2. The two re-
combinants were sequenced by the direction.
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pBP10 was reisolated, then redigested with
EcoRI and rehybridized with the probe to the
EcoRI-Q fragments. The pBP10 plasmid
was digested with Hindlll and then the
resulting 1.42 kb fragment was ligated into
the Hindlll site of pBluescript SK (+) plasmid
vector and transformed into E. coli XL-1, and
the rest of the Hindlll-digested pBP10 clone
was self-ligated and transformed into E. coli
XL-1. These recombinant plasmids were nam-
ed pBH1.42 and pBHS2, respectively (Fig. 1).

Sequence determination of pBHS2 was
made with pBluescript T3 and T7 primers, and
that of pBH1.42 with pBluescript M13 and T7
primers by the dideoxy chain termination
method [21]. The plO0 gene sequence and
deduced amino acid sequence are shown Fig.
2. The putative H. cunea NPV pl0 gene ORF
(open reading frame) consisted of 285 bp, and
therefore pl0 protein consisted of 95 amino
acid in its sequence with a predicted molec-
ular weight of 10.26 kDa (Fig. 2). The pl0
gene sequences of A. californica NPV, Orgyia
pseudotsugata NPV, Spodoptera exigya NPV
and Bombyx mori NPV were reported by Kuz-
io et al., [13], Leisy et al, [14], Zuidema et
al., [18] and Hu et al., [26], respectively. We
found that the plO0 gene sequence of the
HcNPV with 285 bp was the same to that of
A. californica NPV. However the sequences of
other five pl0 genes were different in sizes;
276 bp in O. pseudotsugata NPV, 264 bp in S.
exigya NPV and 210bp in B. mori NPV. H.
cunea NPV was most distantly related to S. ex-
igya NPV [18] which was different with
respect to 81 amino acids.

The leader of p10 gene transcript was AT-
rich (85.7%) within -70 nucleotides (Fig. 2).
The 5'-noncoding leader sequence of pl0 gene
promoter contained the TATA box (Hogness
box) and the transcription start site TAAG
(Fig. 2). The putative TATA box (the start site
of gene transcribed by RNA polymerase II)
was located at sites -85 to -79 and the TAAG
sequence was located at positions -70 to -67

TTCGAGAGGCGTCCCAGCTE [‘CGGGACATATGAAGGTGCTGAACGGCGTCCGTG:IaTlé
AAAAATGGCGACCCAACATG [t CCGTCTACGGGACTGTGCAATTGCCGTACGATA-K.;:
TTAAACAGCATGCGCTCGAC TCGAGCAAGAAMTAAAACGCCAAACGCGTTGGA_G?TO(ZJ
TTGTCTGCTATTTTACAAAGATTCAGAAATACGCATCACT TACAACAAGGGGGA—(%;
TGAAATTATGCATTTGAGGA TGCCGGGACCTTTAATTCAACCCAACACAATATA'Eng

-23
TAGTTAAATAAGAATTATT/ TCAAATCATTTGTATATTAATTAAAATACTATACTGT
P10 =RNA 5°end

+1 24
AAATTACATTTTATTTACAAIC ATG TCA AAG CCT AAC GIT TIG ACG
M s K P N v L T

65

CAA ATT TTA GAC GCC GTT ACG GAA ACT AAC ACA AAG GTT GAC
Q 1 L D A v T E T N T K vV D
107

AGT GTT CAA ACT CAG TTA AAC GGG CTG GAA GAA TCA TIC CAG
s v o T a L N 6 L E E s F Q
: 150

CIT TTG GAC GGT TT6 CCC GCT CAA TTG ACC GAT CTT AAC ACT
L L D 6 L P A Q@ L T D L N T
192

AAG ATC TCA GAA ATT CAA TCC ATA TTG ACC 6G6C GAC AIT GIT
K 1 s E 1 @ s 1 L T € b 1 Vv
234

CCG GAT CTT CCA GAC TCA CTA AAG CCA AAG CTG AAA AGC CAA
P D L P D D L K P K L ¥ s @
276

GCT TTT CAA CTC GAT GCA GAC GCT CGT CGT GGT AAA CGC AGT
A F E L B 8 D A R R & ¥ R S

328
TCC AAG TAA ATGAATCG [TTTTAAAATAACCCCTCAATTGTTTTATAATATICG
S K * 384
TACGATTTCTTTGATTATGT AATAAAATGTGATCATTAGGAAGATTACGAARAATA
poly(A)signal 440
TAAAAAATATGAGTTCTGTG [GTATAACAAATGCGCTGTAAACGCCACARTTGTGTT

496
TGTTGCAAATAAACCCATGA ITATTTGATTAAAATTGTTGTTTTCTTTGTTCATAGA
CAATAGC

Fig. 2. Nucleotide sequence and deduced amino
acid seqeunce of H. cunea NPV pl0 gene and its
promoter. TATA box and TAAG regions are in the
promoter region. AUG(translational starting codon)
and TAA(termination codon) are in ORF. Poly(A)
signal is located at 3'-downstream of the termination
codon. p10 gene ORF contained 285 bp long.

with respect to the translational start codon of
HcNPV p10 ORF (Fig. 2). Poly (A) signal se-
quence in the 3' noncoding region of the pu-
tative p10 gene was located at 66 to 73 nu-
cleotides downstream of the translation stop co-
don (Fig. 2). The H. cunea NPV pl0 gene
ORF was identical to that of the A. californica
p10 gene.

The H. cunea NPV pl0 gene transcript
without a poly(A) tail has a leader of 68 nu-
cleotides, a coding sequence of 285 nu-
cleotides and a 3' non-coding sequence of a-
bove 70 base-pair (Fig. 2). Transcription in-
itiation motif is conserved in all baculovirus
late. gene [24,25]. This heterogeneity
(AUAAG) at the 5-end of the pl0 gene
mRNA also exists in p10 transcript from other
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(A) TAAAT AAGAATTATTATCAAATCATITGTATATTAATTAAATACTATACTGTAATTACATTTTATTTACAATCA TG
(B) TAATAAGTATTITACTETTTTCOTAACAGTTTTGTAATAAAAAAACCTATAATA TG
Fig. 3. Comparison of the promoter sequences of pl0 gene (A) and polyhedrin gene (B) of H. cunea NPV.

The two genes are functional at the same time in the infection cycle. They have a substantially different nu-
cleotide sequences in their promoters. However both the transcription intiation sites of the two genes were a

common core sequence, TAAG.

NPVs as determined for A. californica NPV
{13] and B. mori NPV [26], for O. pseu-
dotsugata MNPV [14] by S1 nuclease analysis
and for S. exigya MNPV [18] by primer ex-
tension analysis. AATAAA sequence was at
the site 65 base upstream from 3' terminus
(Fig. 2). This sequence is normally found a
short distance upstream from the 3' terminus
of eukaryotic mRNAs and serves as part of a
signal for the processing of longer primary
transcript and for poly (A) addition.

The promoter of the pl0 gene, although
functional at the same time in the infection cy-
cle as the polyhedrin promoter, has a sub-
stantially different nucleotide sequence (Fig. 2
and 3). Also the two genes contained com-
mon transcriptional initiation sites, TAAG. Mu-
tation of this core sequence abolished the ac-
tivity of both the polyhedrin and the p10 pro-
moters [6,24,27,28], suggesting that the
TAAG motif plays an important role in the re-
gulation of the p10 gene and polyhedrin gene
expressions.

Deducing of amino acid sequence and
hydrophilicity

HcNPV pl0 protein consisted of 95 amino
acid in its sequence with a predicted molecular
weight of 10.26 kDa (Fig. 2). In the p10 pro-
tein sequence, a hydrophobic region was
present at the N-terminus of the protein, whe-
reas the C-terminus was highly hydrophilic
(Fig. 4). The p10 protein of H. cunea NPV
did not contain cysteine, histidine, tryptophan,
tyrosine, glutamine and asparagine residues.
The molecular weight of the purified p10 pro-
tein produced by the E. coli was different
from that of the pl0 protein produced by S.
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Fig. 4. Hydrophilicity plot assay of the p10 pro-
tein of H. cunea NPV. The plot was constructed us-
ing the algorithms of Kye & Doolittle (8) calculated
with the Peptide structure program of the GCG se-
quence analysis software package, and plotted with
the Lotus and Freelance programs (Lotus De-
velopment Corporation). The computer program
plots the sum of hydrophilicity values for seven con-
tiguous amino acids over the position of the middle
amino acid in each sector. Above the zero line the
plot indicates sectors with an overall hydrophilic
character, whereas below the zero line it indicates
sectors with an overall hydrophobic character. The
N-terminus of the protein appeared hydrophobic re-
gion, whereas the C-terminus was higly hydrophilic.

® R N WA »

Hydrophilicty value

frugiperda cell [12].
SUMMARY

The sequences of pl0 gene and its promoter
of Hyphantira cunea NPV were determined.
According to the sequence analysis, the pu-
tative pl0 gene ORF has 285 bp. The 5-non-
coding leader sequence of the pl0 gene pro-
moter contained the TATA box and the pu-
tative transcription initiation site TAAG motif.
Poly (A) tail signals, AATAAA sequence was
at site 65 base upstream from the 3' terminus.

The deduced amino acid sequence of pl0
protein was 95 with a predicted molecular
weight of 10.26 kDa. In the pl0 protein se-
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quence, a hydrophobic region was present at
the N-terminus of the protein, whereas the C-
terminus was highly hydrophilic. The p10 pro-
tein of H. cunea NPV did not contain cysteine,
histidine, tryptophan, tyrosine, glutamine and
asparagine residues.
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