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A cathepsin L-like cysteine protease, v-cath, encoded
by the baculovirus has been shown to play a role in
host liquefaction. We have identified a v-cath gene in
the silkworm virus, Bombyx mori nuclear polyhedrosis
virus (BmNPV) K1 strain. The 969 bp v-cath has an
open reading frame of 323 amino acids. A putative
cleavage site and catalytic sites were conserved in
BmNPV-K1 v-cath. The predicted three-dimensional
structure of BmNPV-K1 v-cath revealed that the over-
all fold of BmNPV-K1 v-cath is similar to that of other
proteases of the papain family. The deduced amino
acid sequence of BmNPV-K1 v-cath showed 98% and
97% protein sequence identity to BmNPV T3 strain
and to Autographa californica nuclear polyhedrosis
virus, respectively. The BmNPV-K1 v-cath differed at 4
amino acid pesitions from BmNPV T3. The v-cath
gene in BmNPV-K1 genome is located on the EcoRYV 6
kb and Xhol 9 kb fragments. Northern hybridization
analysis of BmNPV K1 v-cath gene revealed that it is
expressed late in infection.
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Introduction

Baculoviruses possess a large circular DNA genome that
replicates in the nuclei of infected cells. During infection,
baculovirus genes are expressed in a highly regulated cas-
cade in which early gene expression and viral replication
are essential for late and very late gene expression. The
baculovirus-infected cells begin to produce budded virus
and then, in the late and very late phases of infection,
make occlusion-derived virions and polyhedra.

The dispersal of polyhedra and the horizontal transmis-
sion of baculovirus infection are facilitated by the lique-
faction of the host tissues (Volkman and Keddie, 1990).
The host liquefaction depends on the presence of two viral
gene products: a chitinase, chiA (Hawtin et al., 1997) and
a cathepsin L-like cysteine protease, v-cath. A previous
report revealed the absence of liquefication in host tissues
infected with chiA-deficient mutants, indicating that v-
cath is not processed properly in the absence of chiA
(Hom and Volkman, 2000). The v-cath is synthesized as
an inactive proenzyme and is activated by proteolytic
removal of the inhibitory propeptide yielding the mature
protease during infected cell death (Hom ez al., 2002).

The v-cath encoded by the baculovirus has been shown
to play an essential role in the liquefaction of host tissues
during a viral infection (Slack et al., 1995; Lanier ef al.,
1996; Hawtin et al., 1997; Hom and Volkman, 2000; Hom
et al., 2002). The v-cath has been implicated in the lig-
uefaction process in Bombyx mori nuclear polyhedrosis
virus (BmNPV)-infected insect larvac (Ohkawa et al.,
1994) and a closely related v-cath gene in Autographa cal-
ifornica nuclear polyhedrosis virus (AcMNPV), with the
same function in virus-infected Trichoplusia ni, has also
been identified (Rawlings et al., 1992; Slack et al., 1995).
In addition, the v-cath genes from baculovirus also have
been identified in Choristoneura fumiferana NPV (Hill et
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al., 1995) and Orgyia pseudotsugata NPV (Ahrens et al.,
1997). Insects infected with virus mutants lacking either
the chiA or v-cath gene remained intact several days after
death (Hawtin et al., 1997).

AcNPV and BmNPV are extensively studied members
of baculovirus. These NPVs have been utilized in the
studies of virus genetic structure, gene expression, devel-
opment of baculoviruses as expression vectors of foreign
genes, and genetically modified virus insecticides (King
and Possee, 1992; O’Reilly er al., 1992; Ayres et al.,
1994; Gomi et al., 1999). In BmNPV, T3 strain has been
. studied extensively (Gomi et al., 1999; Maeda, 1984;
Maeda et al., 1985), but Korean strain K1, which is
slightly different from the BmNPV T3 in viral genome, is
not well understood. The polyhedrin (Woo ez al., 1995),
p10 (Kang ez al., 1997), vif-1 (Park et al., 2000), iel (Park
et al., 2001a), egr (Park et al., 2001b), and p35 (Lee et al.,
2001) genes from BmNPV-K1 were identified and devel-
oped into polyhedrin gene- and p/0 gene-based expres-
sion vectors (Woo et al., 1995; Kang et al., 1997).

In this study, we report the characterization of the cathe-
psin L-like cystein protease, v-cath gene from BmNPV-
K1. The sequence of BmNPV-K1 v-cath presented here
was aligned to that of AcNPV (Rawlings et al., 1992,
Slack et al., 1995) and BmNPV T3 (Ohkawa et al., 1994).
We also examined the v-cath mRNA expression in
BmNPV-K1-infected B. mori cells and the localization of
v-cath gene in BmNPV-K1 genome.

Materials and Methods

Cells and virus

The Bombyx mori 5 (Bm5) (Grace, 1962) cells were
grown at 27°C in TC-100 medium (GIBCO BRL LIFE
Technologies) supplemented with 10% fetal bovine serum
(FBS; GIBCO BRL LIFE Technologies) (O’Reilly et al.,
1992). Wild-type Bombyx mori nuclear polyhedrosis virus
K1 (BmNPV-K1) (Woo er al., 1995; Kang et al., 1997,
Park et al., 2000) was propagated in Bm5 cells. The titer
was expressed as plaque forming units (PFU) per ml
(O’Reilly er al., 1992).

Viral genome isolation and PCR

Polyhedra and viral DNA were obtained from Bm35 cells
by standard methods (O’Reilly ef al., 1992). Viral DNAs
were used as templates. The v-cath gene was amplified
from viral DNAs using the primers 5-GGAAACGGC-
GACCACCAACCACAA-3 and 5-TTAATAAATGACT-
GCAGTAGACGC-3, annealing to the translation start
region and translation termination region, respectively
(Rawlings et al., 1992; Ohkawa et al., 1994; Slack et al.,

1995). After 35-cycle amplification (94°C for 1 min; 55°C
for 1 min; 72°C for 1 min), PCR product was analyzed by
1% agarose gel electrophoresis.

DNA sequencing and data analysis

The PCR product was purified with PCR purification kit
(QIAGEN) following manufacturers instruction and then
cloned into pGem-T vector (Promega, Madison, WI). The
deletion mutants of v-cath gene were constructed using an
Exo Mung Bean Deletion Kit (Stratagene, La jolla, CA).
DNA sequencing was performed using an automatic
sequencer (model 310 Genetic Analyzer; Perkin-Elmer
Applied Biosystems, Foster City, CA). The sequences
were compared using the DNASIS and BLAST programs
provided by the NCBI, GenBank, EMBL and SwissProt
databases were searched for sequence homology using a
BLAST algorithm program (www.ncbi.nlm.nih.gov/
BLAST). MacVector (ver. 6.5, Oxford Molecular Ltd) was
used to align the amino acid sequences of v-cath genes.

Protein structure modeling

To generate structural models, amino acid sequences of
BmNPV-K1 v-cath cDNA were submitted to Swiss-
Model (Schwede ez al., 2003) using the First Approach
Method set at default parameters. Homology models were
generated using the known structure of the Homo sapiens
cathepsin F (Protein Data Bank code No. 1m6d), H. sapi-
ens cathepsin K (Protein Data Bank code No. 7pck), and
H. sapiens cathepsin K (Protein Data Bank code
No.1by8). Swiss-Pdb viewer version 3.7 was used to gen-
erate a three-dimensional image.

Southern blot analysis

Viral DNAs digested with EcoRV and Xhol were elec-
trophoresed through a 1.0% agarose gel as described pre-
viously (O’Reilly et al., 1992). The DNA from the gel was
transferred onto a nylon blotting membrane (Schleicher &
Schuell, Dassel, Germany) and hybridized at 42°C with a
probe in a hybridization buffer containing 5 x SSC, 5 X
Denhardts solution, 0.5% SDS, and 100 pg/ml denatured
salmon sperm DNA. The 969 bp BmNPV vy-cath gene was
labeled with [0-**P] dCTP (Amersham, Arlington Heights,
IL) uvsing the Prime-It II Random Primer Labeling Kit
(Stratagene, La Jolla, CA) for use as a probe for hybrid-
ization. After hybridization, the membrane filter was
washed three times for 30 min each in 0.1% SDS and 0.2
X SSC (1 x SSC is 0.15 M NaCl and 0.015 M sodium cit-
rate) at 65°C and exposed to autoradiography film.

RNA isolation and Northern blot analysis
Total cellular RNA was isolated from mock-infected or
wild-type BmNPV-infected Bm5 cells. A total of 1 x 10°
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cells per 35-mm-diameter dish was infected at a multi-
plicity of infection of 5 PFU per cell. Cells were collected
at 12, 24, 36, 48, 60, and 72 hrs postinfection (p.i.). Total
cellular RNA was isolated using Total RNA extraction kit
(Promega). Total cellular RNA (10 pg per lane) from the
infected cells was denatured by glyoxalation (McMaster
and Carmichael, 1977), transferred onto a nylon blotting
membrane (Schleicher & Schuell) and hybridized at 42°C
with a probe in a hybridization buffer. Hybridization con-
dition, fragment labeling, and filter washing were as
described for the Southern blot analysis.

Results and Discussion

Cloning, sequencing, and molecular modeling of
BmNPV-K1 v-cath

When the nucleotide sequences of the BmNPV T3 (Gomi
et al., 1999) and AcNPV genomes (Ayres et al., 1994)
were compared, ORFs were highly conserved (over 90%
identity). The average amino acid sequence identity
between homologous ORFs was about 93% (Gomi et al.,
1999). To identify v-cath gene in BmNPV-K1, therefore,
we have employed PCR by designing primer set based on
the conserved region of v-cath of AcCNPV and BmNPV T3
(Fig. 1A). The expected amplified PCR product was

5"-GGAAACGGCGAC
CACCAACCACAA-3

F-primer

v-cath

(A)

S-TTAATAAATGAC
TGCAGTAGACGC-3”

R-primer

i

Fig. 1. PCR of v-cath gene from BmNPV-K1. The PCR prim-
ers for identification of BmNPV-K1 v-cath were based on the
previously identified v-cath of AcNPV and BmNPV T3 (A).
The amplified PCR product was analyzed by 1% agarose gel
electrophoresis (B). Lane 1, molecular size marker; lane 2,
BmNPV-K1 v-cath. Arrow indicates the amplified v-cath from
BmNPV-K1.

amplified in BmNPV-K1 (Fig. 1B). As shown in Fig. 1,
the molecular size of the product in BmNPV-K1 was iden-
tical to that expected. The PCR product for sequencing
was cloned.

The nucleotide sequence of PCR product was analyzed
and its amino acid was deduced. As the result of the com-
plete nucleotide and deduced amino acid sequences (Gen-
Bank accession number; AY817140) in Fig. 2, the v-cath
of 969 bp has an open reading frame of 323 amino acids
with a predicted molecular weight of about 36 kDa.

The deduced amino acid sequence of BmNPV-K1 v-
cath was compared with those of baculoviruses including
AcNPV and BmNPV T3, respectively (Fig. 3). Based on
reported post-translational cleavage sites in propapain and
procathepsin L (Gal and Gottesman, 1988; Vernett et al.,
1990), a putative cleavage site was previously identified at
Pro' in AcMNPV v-cath (Slack et al., 1995) and C.
fumiferana MNPV (Hill et al., 1995). This residue is very
well conserved in BmNPV-K1 v-cath as well as in other
baculovirus v-cath aligned. The amino acids which con-

1 ATGAACARAATTTTGTTTTATTTGTTTGTGTACGCC AAGAGCGCGGCCTACGAT
1 M N K I LF YL FV YAV VYV KSA AR MTYTD

61 CCTTTGARAGCGCCTAATTATTTTGAAGAATTTGTTCATCGATTCAACAAAAATTATAGT
21 P L KA PN Y FF EEF V HRTFNIKNTY S

121 AGCGAAGTTGAARAATTGCGAAGATTCAAAATTTTCCAACACAATTTAAATGAAATTATC
41 S8 E V E K L, R R F K I F Q H N L NE I I

181 AATAAAAACCAAAACGATTCGGCCARATATGAAATAAACAAATTCTCGGATTTGTCCAAA
61 N K N Q N D S A K Y E I NI KU F S5 D UL S K

241 GACGAAACTATCGCAAAATACACAGGTCTGTCTTTGCCTACTCAGACTCAAAATTTTTGC
81 p E T I A K Y T 6L 8 L P T Q T @ N F C

301 AAGGTCATACTCTTAGACCAGCCGCCGGGTAAAGGGCCCCTTGAATTTGACTGGCGTCGT
101 X v 1 L L. D Q P P G K G P L E F D W R R

361 CTCAACAARAGTCACTAGCGTAAARARATCAGGGCATGTIGTGGCGCCTGCTGGGCGTTTGCC
121 L. N K V T 8 V K N Q 6 M C 6 A C WATF A

421 ACTCTGGCTAGTTTGGAAAGTCAATTTGCAATCAAACATAACCAGTTGATTAATCTGTCG
141 T L A S L E 8 Q F A I K H N Q L I N L 8

481 GAGCAGCAAATGATCGATTGTGATTTTGTCGACGCTGGCTGTAACGGCGGCTTGTTGCAC
161 E Q Q M I D ¢ D F VvV DAGT CUNGTGTL L H

541 ACAGCGTTCGAAGCCATCATTAAAATGGGCGGCGTACAGCTGCAAAGCGACTATCCATAC
181 T A F E A I I K M G GV Q L BE § D Y P ¥

601 GAAGCAGACAATAACAATTGCCGTATGAACTCCAATAAGTTTCTAGTTCAAGTAAAAGAT
201 E A D NDNNTGCRMNSNIKT FTILVYV Q V KD

661 TGTTATAGATACATTACCGTGTACGAGGAAARACTTAAAGATTTGTTACGCCTTGTCGGC
2281 €C Y R ¥ I T V Y E E KL KDULULURILV G

721 CCTATTCCTATGGCCATAGACGCTGCCGACATTGTTAACTATARACAGGGTATTATAAAA
241 P I P M A I DAAUDTIUVNTZYIKZQG6 I I K

781 TATTGTTTCGACAGCGGTCTAAACCATGCGGTTCTTTTAGTGGGTTATGGTGTTGAARAC
261 Y ¢ F D S G L NHAV L LV G Y G V EN

841 AACATTCCATATTGGACCTTTAAARACACTTGGGGCACGGATT GAGGACGGATTT
281 N I P Y W T P KNTWGTUDW G ED G F

901 TTCAGGGTACAACAARACATAAACGCCTGTGGTATGAGAAACGAACTTGCGTCTACTGCA
301 F RV @ ¢ NI N A CGMUPRDNIETLM ASTRA

961 GTCATTTATTAA
321 v 1 Y *

Fig. 2. The nucleotide and deduced amino acid sequences of
the BmNPV-K1 v-cath gene. The start codon of ATG is boxed
and the termination codon is shown by asterisk. The BmNPV-
K1 v-cath sequence has been deposited in GenBank under
accession number AY817140.



220 Kwang Sik Lee er al.
30 60
ACNPV MNKILFYLEV YGVVNSAAYD LLKAPNYFEE FVHRFNKDYG SEVEKLRRFK IFQHNLNEII
BmNPV T3  ..o.non.... ALK Pt NeS  oeeiieie e
BmMNPV-K1 < eeeenn.. AL K..... - 2 N.S ttiiiiins e
CINPV VL..L A.QC Ve ouan. D .L.K...S.S ..S...... Q ..R...E.
ApNPV VL..L ATLG. ... ..... S. LK. .N.S .S .. E..
EpNPV S.F.L.W L.Cul. Tovino... ..RQY..Q.D ..Y..... Y. ... D.
HcNPV VLC.L. FC.AH..... ..... S...D .L.K...H.S Sevun.. Q ... E.
OpNPV MLC.L. C...HA.T.. ...uun... D .L.K...N.S S...H... ..., E...
90 b 12
AcNPV NKNQND-SAK YEINKFSDLS KDETIAKYTG LSLPIQTQNF CKVIVLDQPP GKGPLEFDWR
BmNPVT3 ...... e et ettt et e e Tl R
BmNPV-Kl - -.... e e T S A
CINPV H..8T.Q ...... Bo.. ... s. L., LE.W...R.. Duvurnenn...
ApNPV . ..... R S S. ..L.K E.V...R.. Duuuun....
EpNPV S R, L VN ....LH E.Ve'uoReu oo,
HcNPV T..... TToQ  eeeeeeneee e S. A L..... E.V..NR.. D..ouonnn.
OpNPV  ...... ST.Q evinnnn.. E.A.S JH.. ... E.VI..R.. DR........
® 150 ° e 180
AcNPV RLNKVTSVKN QOGMJGACWAF ATLASLESQF AIKHNQLINL SEQQOMIDCDF VDAGCNGGLL
BmNPVT3  ...oovennn o)t I Eoe oot e
BmNPV-KL - --veenne. oo .
CINPV e B F. I P D.
ApNPY oo L Gt .D..... L., V..D.
EpNPV F..T..... I 1Y A.DR. ... uuiun... s V..E.
HcNPV ... ... R | 0 O L.co.Y iieiiennnn
OpNPV QF e, 2 [ IR G ... Y.R. F....R .N...D
210 240
AcNPV HTAFEAIIKM GGVQLESDYP YEADNNNCRM NSNKFLVQVK DCYRYITVYE EKLKDLLRLV
BN PV T3 ot ittt it i e e et et e e e et e et e e e e i T..e v P.
531t T s 2 <
CINPV ... VMN. ..I.A..... N.GD..A .AAR..V.K.. K..u.... Fovaann s.
ApNPV Y..VMN. ..I.A.N. .N.GP..V .BA..V.R.. K....V.LF. ........ T.
EpNPV ..., s. I.N. S8..Y DPT..V.G.. Q.N....I.. ..... V...A
HcNPV Y..VMQ LALN. GSDG...V DVA..V.K.. K..... AF. ........ 1.
OpNPV  ..... SAME M., TA.GQ..I .P.R.V.G.R S.R...VMF. ........ A.
270 300
AcNPV GPIPMAIDAA DIVNYKQGII KYCFNSGLNH AVLLVGYGVE NNIPYWTFKN TWGTDWGEDG
BmNPV T3  oiiieeiee o o .
BmNPV-K1 ... .t ittt tn e D Lt
CINPV Voo .S o, R..M -V - U B A. GV.F.IL .A....Q.
ApNPV V....s G..R. R..E.H..I| .......... G..F.TL. .A....0.
EpNPV V....S8 L..E.. .U NPT % I V... IL.. S....... Q.
HcNPV V....5 ..., RR..M R..S.Y.FJJ .......... .V...IL. E .0.
OpNPV VeolS ... RR..M RQ.A.H. J ....... A, ... IL.. ...
Y 324
AcNPV FFRVQONINA CGMRNELAST AVIY 323
BmMNPV T3 oetieiees eeieeea .. 323
BIMNPVKLT o vovoeee e e ce.. 323
CINPV N IQ...P.S .E.. 324
ApNPV T IK...P.S .E.. 324
EpNPV ..KI...V IK...... .E.N 323
HcNPV Yooiae .. I .IAS .E.. 324
OpNPV Yeoinnnnn. I .V.3 .E.. 324

Fig. 3. Alignment of the amino acid sequence of BmNPV-K1 v-cath with known baculovirus v-cath. Residues are numbered
according to the aligned baculovirus v-cath sequences, and invariant residues are dotted. Gap (-) is introduced to improve alignment.
The proline (P) residue at the predicted preproenzyme cleavage site is indicated by an arrow and the two conserved residues (C and
H) which are included in the catalytic site of other members of the papain family are boxed. The eight conserved cysteine residues
are circled. Two potential N-liked glycosylation sites are crossed. The abbreviation and GenBank accession number for the v-cath
sequences aligned are: BmNPV-K1, Bombyx mori NPV K1 strain (AY817140; this study); BmNPV T3, B. mori NPV T3 strain
(L33180); AcNPV, Autographa californica NPV (M67451); CIMPYV, Choristoneura fumiferana NPV (M97906); ApNPYV, Anthe-
taea pernyi NPV (ABQ72731); EpNPYV, Epiphyas postvittana NPV (AY043265); HcNPV, Hyphantria cunea NPV (AF120926);
OpNPYV, Orgyia pseudotsugata NPV (U75930).

stitute the catalytic sites of other members of the papain
family are Cys and His, and these are also conserved in

the baculovirus v-cath amino acid sequences (Hill et al.,
1995). In addition, eight cysteine residues and two poten-
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Percent similarity

Species GenBank No. | 2 3 4 5 6 7 8
1. BmNPV-K1  AY8!7140 98 97 89 88 87 89 87
2.BmNPVT3  L33180 89 96 89 88 86 88 87
3. ACNPV M67451 97 96 90 89 88 89 88
4. CINPV M97906 78 78 79 95 87 91 91
5. ApNPV AB072731 78 78 79 90 89 92 88
6. EpNPV AY 043265 78 77 79 74 75 87 87
7. HcNPY AF120926 77 76 77 85 85 74 89
8. OpNPV U75930 75 75 76 82 80 72 81

Percent identity

Fig. 4. Pairwise identities and similarities of the deduced amino acid sequence of BmNPV-K1 v-cath among baculovirus v-cath
sequences. The abbreviation and GenBank accession number for the v-cath sequences aligned are described in Fig. 3 legend.

tial N-linked glycosylation sites are well conserved in the
baculovirus v-cath aligned. One of these cysteine residues
was involved in the active site cysteine residue (Hill et al.,
1995; Sivaraman et al., 2000).

When the BmNPV-K1 v-cath and BmNPV T3 v-cath
are aligned, the deduced amino acids sequence showed
98% identity to each other (Fig. 4). The deduced amino
acid residues of BmNPV-K1 v-cath differed at 4 positions
(144, 156, 227 and 238) from BmNPV T3. In addition, the
deduced amino acid sequence of the BmNPV-K1 v-cath
showed 97% protein sequence identity to that of AcNPV,
demonstrating a high identity among them (Rawlings et
al., 1992; Ohkawa et al., 1994; Slack et al., 1995).
BmNPV-K1 v-cath differed at 8§ amino acid positions
from AcNPV. While the deduced amino acid sequence of
BmNPV-KI1 v-cath showed 75%-78% protein sequence
identity to known baculovirus v-cath genes excluding
BmNPV T3 and AcNPV.

Fig. 5 shows the BmNPV-K1 v-cath model, which con-

Fig. 5. Predicted three-dimensional structure of BmNPV-K1 v-
cath. The active site Cys136 and His269 are colored yellow.
The four o-helices and ten B-strands are indicated. N-term, N-
terminus; C-term, C-terminus.

sists of a BRoPaoBPaPPPP structural motif. The active
site Cys and His are present in the substrate binding site.
The structure of catenpsin was intensively studied in
human cathepsins and has been solved as a globular pro-
tein (Sivaraman et al., 2000). The overall fold of the
BmNPV-K1 v-cath is similar to that of other proteases of
the papain family.

Localization of v-cath gene in BmNPV-K1 genome

The location of v-cath gene in the BmNPV-K1 genome
was confirmed by Southern blot analysis. BmNPV-K1
genome was digested with EcoRV and Xhol, and probed
with the PCR-amplified v-cath (Fig. 6). The v-cath in

(A) (B)

S A
FE S >
s o
(kb)
) 6 kh— <+ 9 kb
3—»
[ o

1 2

Fig. 6. Southern blot analysis of BmNPV-K1 genome. Viral
DNAs digested with EcoRV (lane 1) and Xhol (lane 2) were
electrophoresed through a 1.0% agarose gel (A) and hybridized
at 42°C with a labeled probe (B). The probe used to detect
DNA fragment containing v-cath was a 1.0 kb BmNPV-K1 v-
cath amplified by PCR in this study. Hybridized bands are indi-
cated by arrow with molecular size.
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0 12 24 36 48 60 72'hr p.i.
EtBr =(EX Il

Northern blot l:> 4 v-cath

Fig. 7. Northern blot analysis of v-carh transcripts from
BmNPV-K1-infected cells. Total RNA was collected from
BmS5 cells at various times p.i. as indicated at the top of each
lane. Total RNA was separated by 1.0% formaldehyde agarose
gel electrophoresis (upper panel), transferred on to a nylon
membrane, and hybridized with the appropriate radiolabelled
1.0 kb BmNPV-K1 v-cath probe (lower panel). Transcripts are
indicated by arrow on the right side of the panel.

BmNPV-K1 genome was located on the 6 kb EcoRV frag-
ment and 9 kb Xhol fragment.

Expression of v-cath gene in BmNPV-K1-infected B.
mori cells

To verify whether the v-cath transcripts were correlated
with virus replication, we examined the virus-infected
cells by Northern blot analysis with v-cath probe (Fig. 7).
Total cellular RNA purified from BmS5 cells 12, 24, 36, 48,
60 and 72 hrs p.i. with wild-type BmNPV-K1 was hybrid-
ized with an excess of probe. As shown in Fig. 6, v-cath
transcripts were clearly detected at 48 hrs p.i., and max-
imally observed from 60 hrs p.i. This result is similar to
the previous result that the AcNPV v-cath was first
detected in lysates of infected cells at 22 hrs p.i. and its
expression level was significantly increased from 48 hrs
pi. (Hom et al., 2002). In C. fumiferana MNPV, a single
transcript for v-cath, initiating at 26 nucleotides was
detected from 2 —7 days p.i. (Hill ef al., 1995).

In conclusion, we reported a novel v-cath gene from the
BmNPV-K1. Knowledge of the v-cath in this study will
provide the genetic information for establishing BmNPV-
K1 strain.
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