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Studies on Activities of Some Enzymes and
Pathology of the Silkworm, Bombyx mor/ Infected
with Chinese and Egyptian Flacherie
Li Wenchu' Liao Fupin' Kulkarni Sarita’ Huang Yadong’ Zheng

Qing’ Huang Zhijun'

I. Department ot Sertculture, College of Animal Science, South China Agricultural University.
2. Brij BugTrap Consultancy Pry. Lid., Melbourne. Victoria, Australia,
3. Biotechnological Center of Medicine. Jinan University.

510642, Guangzhou, PR.China.

Abstract The toxicity of Chinese species of {lacherie is stronger than that of Egyptian flacheric.
The phenol oxidase (PO} activity increased when silkworms were infected with Egyptian flacherie
but no significant change was detected with Chinese flacherie. The activities of PO and
carboxylesterase CAL in the midgut of infected silkworm gradually increased in the 4" instar
(after 3" day) while it branches away in the 5" instar. The activity of the CAL peaked at the
same time when the antibacterial peptide peak which was synihesized by the induction of E.coli
Ki:Dat in Antherea pernyi and Bombyx mori.  Alkaline phosphatase (ALKP) was actively
presents on the inner and outer membrane of silk gland of diseased silkworms. Ihaminobenzidine
{DAB) method performed on the outer membrane of silk gland from diseased silkworms showed
that no cytochrome C and hydrogen peroxide was found on the inner membrane. The NBT/BCIP
and DAB method mixed treated fat body showed both reactions could be detected.

Keywords flacherie; Bombyx mori; enzymes; silk gland: pathology; insect immunity

INTRODUCTION

Flacherie is the most common silkworm disease that inflicts maximum damage to sericulture
industry. The cause of this silkworm disease is mainly due to the pathogen of Streprococcus
bombysis, which is always confused with other pathogens.  Earlier studies suggested that
flacherie disease could aiso be caused by cytoplasmic poiyhedrosis (CPV), or by pebrine or by
flacherie virus (FV). In view of these points bacterial disease formerly called flacherie is more
complex and is now classified into four different diseases: Bacterial Flacherie, Septicemia and
Sotto (Yao Nan, 1956; Ganga er al., 1991). The outbreak of the epidemic flacherie usually
happens when the temperature and the humidity in the rearing room is high and the ventilation is
poor (Jameson, 1984), or sometimes if the density of rearing silkworms is high. The low quality of
mulberry leaves and low larval physiology causes flacherie easily. The nature of the
haemolymph and digestive fluid changes when the larvae are infected with flacherie. When
compared with the healthy silkworms the haemolymph of diseased silkworm contains a high
percentage of adipohaemocytes and low content of proteins. calcium, magnesiurm. chloride and the
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amount of free amino acids and the refractive index also decrcased. The acidity of the hemolymph
decreases and the pH reaches 7.0 (Aruga, 1994). In China, flacherie septicacmia is usually caused
by Bacillus spp. and Serratia marcescens. The prevention and cure measurements of NPV and
flacheire were studied and carried out earlier in the 1960s with antibiotics. When silkworms
were reared with mixed infection of FV and bacteria (Li yonggi ef al. 1981) the discased silkworm
increased significantly. The pathogens of flacherie were isolated from infected silkworms of
Egypt, which included tetrapolyhedron and hexapolyhedron virus and Bacillus spp. (Li Wenchu.
2002).

Once the mucroorganisms invades the silkworms, the prophenoloxidase (proPQ, monophenol,
L-dopa:O, oxidoreductase; E.C.1.14.18.1) activating system switches on immediately to respond
for melanin production and immunorecognition (Leonard ef al. 1985). PO activities in the
haemolymph directly reflect the immunoreactions in the beginning of infected silkwormms.

Carboxylesterase (E.C.3.1.1.2.CAL) takes a part in the metabolism of latty acid and proteins.
It has a close relationship with the synthesis of antibacterial peptides in fat body and haemocytes.

Infectious flacheire causes digestive disorder and the peristaltic movement in the intestine stops
which causes the mulberry leaves to ferment in the intestine. Alkaline phosphatase (AIKP,
E.C.3.1.3.1) in the intesting hydrolyses phosphomonoesters of alcoholate and phenol that mainly
localize in the midgut, muscles, nerve fibres, malpighian tube and silk glands of B. meri.  Further.
this enzyme relates to the physiological situation of the silkworms and reflects positive membranc
transportation of nutnients in the midgut (Eguchi er af. 1990). Bactevial infection with Baciflus
thuringiensis causes direct damage to the midgut tissue of the silkworm with a rapid decline in
ALKP activity (Miao, 2002}, Diaminobenzidine {DAB) method was mainiy performed o detect
the acuvities of Peroxidase (E.C.1.11.1.7). Cytochrome Oxidase (E.C..1.93.1) and Catalase
(F.C.1.11.1.6).  The methods of displaying of enzymes were described in Wen {2001).

This paper describes the activity of CAL, PO in the hemolymph and nudgut, and the ALKP
and DAB methods in the pathological tissue from infected silkworm with infectious Chinese
flacherie and Egyptian flacherie. It is anticipated to make clear of the biochemical changes in the
hemolymph, midgut and silk gland of infected silkworm with different species of flacherie in
different silkworm rearing countries. The Egyptian and Chinese flacherie referred to Baciflus sp. 18
only described in this paper.

MATERIALS AND METHODS

1. Silkworm Rearing and Infection

The newly hatched silkworm variety-932 was reared in small and labeled containers. Leaves
contaminated with Chinese flacherie and Egyptian flacherie of Bacillus spp. (10'~10° cells/mL)
were isclated and kept in Silkworm Discase of Biotechnology and Molecular Biclogy, Department
of Sericultural Science, College of Animal Science, South China Agricultural University. The
contaminated leaves were fed to newly molted 4% instar silkworms. Thereafter the silkworms
were reared with high quality mulberry leaves. The control silkworms were fed with distilled
water.
Collection of the Samples

Sample collection began on the 2™ day after the infectious mulberry leaves were given,

Haemolymph collection: Every alternate day the diseased silkworms were coliected and caudal
leg or caudal horn of three silkworms were cut down with shears, and the mixed haemolymph

collected in eppendorf tubes on ice bath, except during the molting stage. All samples of
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silkworms were sealed with wax and kept on rearing till the silkworms went to death, and instead
of another group of three silkworms. '
Midgut samples collecting: Midguts of several diseased silkworms were dissected together with
undigested mulberry leaves and haemolymph was collected as described above. The samples were
then dissolved and homogenized in 500uL of SSC buffer { 150mM NaCl and 15mM Sodium
Citrate) and centrifuge at 7000 rpm for 10min at 4°C. The supernatant of the samples were
examined as original materials.
2. Analysis of Enzymes Activities
2.1 The Extraction of Phenol oxidase (PO) in the Hemolymph Lysate

200 1 L of hemocytes were collected in equal volume of ice-cold AC-buffer (62mmol/L N aCl,
100mmol/L. Glucose, 10mmol/lL EDTA, 30mmol/L Trisodium citric dehydrates and Citric acid
monchydrate, pH 7.2 , autoclaved) and washed for several times, and the haemocytes were spun at
10,000rpm for 10min. at 4°C in a refrigerated centrifuge (Centrifuge 5810R, Germany). The
resultant cell pellet was resuspended in CAC-buffer (Smmol/L CaCl,;, 0.0Immol/L. Sodium
cacdylate (Sigma), pH7.0, autoclaved) homogenized and centrifuged as above. Or the pellet was
lysated and dissolved in 200 1 1. of exam solution (40mm NaOH; 145mmol/l. NaCl; [7mmaol/L
EDTA; 4Immol/L. Citric acid; 5% of sucrose; 10mmol/L Guanidine Hydrochloride, pH7.2,
autoclaved) .All eppendrof tubes were placed on ice bath, and then assayed for PO activity.
2.2 The Assay of PO Activities _

A spectrophotometer (Model-721, Shanghai) was used to assay the PO activities and the
methodology was referred to Michael (2001). 2001 L of exam solutions werz mixed with equal
volume of ice-cold substrate solution (1.0 Unit of trypsin (1:250, SABC); 7mmol/L L-dopa
(Sigma) in CAC-buffer and spun at 7000rpm for 10min at 4°C. The final volumes were adjusted to
2mL. The activity units of PO is defined at 1 1 L of haemocytes in exam solution (pH 7.0, 30°C)
causes 0.01 absorbance value change at 490nm in 1min as lunit of enzyme activity.

2.3 The Activities of Carboxylesterase (CAL) and PO of Midgut
The methodology used to assay of activities for CAL was according to Miao (2002) with few

madifications. The supematants of haemolymph and midgut were collected and used as original
samples. 100mL of incubation buffer (01.mmol/L Tris, pH8.8; 2301 L of 10% MgCl,, 2g NaCl:
100mg  a -naphtylacetic acid and 100mg fast blue R.R salt was dissolved in 10ml. of aceton, and
0.5g polyvinylpyrrolidon (Sigma) (absorbent) was dissolved in 20mL of ethanel and then mixed
together and left to standstill for 24hrs and the supernatant was used as incubation buffer. 100 u
L of sample was added to 900ul. of incubation buffer and incubated at room temperature for
25min. 204 L of EDTA was added to end the reactions. The absorbances at 410nm were
measured with a spectrophotometer (UV755B, Shanghai). The CAL activities are defined at 1 1
L. of original sample cause absorbance value change in 1min (pH 7.0, 25C) at 410nm as 1 unit
enzyme activity. The activities of PO were measured as described before,
2.4 The Histochemical Display of ALKP and DAB Method in the Tissues under Microscope

The ice-cold sections of fresh tissues preserved in ultra-low refrigerator {(-70°C) were incubated
with nitroblue tetrazolinmy/ 5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP) dying kit (SABC)
or/and diaminobenzidine dying kit (DAB, SABC) in 2 wet box. The work solution of NBT/BCIP
and DAB were diluted accordingly to the user's guidance. The sections were observed and photos
were taken under CX-41 phase contrast Microscope.

Results
1. The Activities of Phenol Oxidase (PQ)
The defense of silkworm consists of both humoral and cellular immunoreactions. Humoral

_3_



PEEFLEmEEAFRTRART

defense include antibacterial peptides and proteins, reactive intermediates of oxygen or nitrogen
and the complex enzymatic cascade. Haemocytes play a very important role in the defense
systemi of insects because haemocytes recognize non-self with molecules on the invading
organism or opsonize the surface of the invader such as interaction of lipopolysaccharides and B
-1, 3-glucan. There are signal pathways between intercellular and intracellular which then
coordinate effective responses (Lavine et al., 2002).

Once microorganisms invade the silkworm, haemocytes immediately react against the invaders.
The Pro-PO and PO cascade are the most important enzymes that actively mediate various
immunoreactions. Therefore, the activities of PO inflect the function of haemocytes in the
infected silkworm. When haemocyte activity is higher the bacterial activity is lower, this in rum

Fig.1 The PO Activities of the Haemocytes
Lysate from Bombyx mori Infected with
Flacherie. Series A indicates the control
sample, while B and C indicate the PO
activities of the haemocytes lysate infected

with the Egyptian flacherie and Chinese
flacherie, respectively.

I ] 3 4
Comparsion in Groups with Different

Feeding Duration after Infection

ElSeries A B Series B OSeries C

helps cure the silkworm from its disease and get healthy. On the contrary, if the bacterial activity
increases the silkworms’ disease accelerates eventuating in death.

The results of experiments (Fig.1) showed that the PO activity increased steadily when the
silkworms were infected with Egyptian flacherie (Series B) while the activity was irregular when
infected with Chinese flacherie (Series C). The above results suggest that the toxicity of the
Egyptian flacherie species is weaker than that of Chinese flacherie. After 18days of infection
there was more than 80% death in the silkworms, which were infected with Chinese flacherie;
while less than 20% died when infected with Egyptian flacherie. Thé toxicity is greatly due to
the lab purified and incubated Chinese flacherie, which contains chemical toxin component in the
bacterial wall. On the other hand, the silkworms that recovered from the infectious disease show
higher activities of PO than that of disinfected (series B).

2. Activities of PO and CAL in the midgut

Flacherie disease of silkworm mainly causes the biochemical changes in the midgut and affects
the nutrition transport into haemocoel. The activities of PO and CAL in the midgut of diseased
silkworms were investigated in this paper. PO activity in the midgut of infected silkworm
gradually increased in the 4™ instar for 3days; and then gradually decreased in the newly moulted
5" instar. A peak of PO level was present in the 5™ instar (Fig 2), but the concentration of PO
was much lower than that in 4" instar. The results suggested that bacteria activate the PO
cascade in the beginning of infection, which causes a high level of PO in the 4% instar, which then

decreases in the 5" instar,

PO activity of the haemolymph collected from the injured silkworms was higher than that of the
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silkworms that were not wounded.
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The activity of CAL in haemolymph of the infected silkworm gradually increased in the 4™
instar and the period after moulting but decreased on the 10" day in the 5" instar, Infected
silkworms showed a lower level of CAL activity than the control but the activities increased to a
small summit all together on the 8" day. The related changes of PO and CAL activity from 4"

Fig.2 PO Activities of the midgut from silkworm, Fig.3 CAL Activities of the midgut from

Bombyx mori infected with flacherie. silkworm, Bombyx mori Infected with Aacherie.

Series A and B indicate the PO and CAL activities of the midgut infected with Chinese flacherie and Egyptian
flacherie in Fig.2 and 3, respectively. While series C indicates the control. X-axis represents day’s interval

development of silkworm atter infection with flacherie from 4™ to 5™ instar.

instar and 5" insatr suggested that the biochemical changes in the midgut of infected silkworms
are consistent in defense system.

3. Histochemical Display of ALKP and DAB Method in the Diseased Silkworm Tissues

In order to study the enzyme activity in the tissues of the silk gland and fat body, the tissues
were anatomized with ice-cold dissection machine (Zhejiang, China). The tissue sections were
cut using a knife that was maintained at -2° C, while the table temperature was maintained at
-30°C to protect the enzyme activities. The inner and outer membrane of silk gland were dyed
with NBT/BCIP suggesting that the activity of ALKP was very high in the membrane of silk gland
from diseased silkworms (Fig 4-1).

e

B & I Fig.4 Histochemical Display of NBT/BCIP
: and DAB Method in Silk Gland and Fat

Body of Diseased and healthy Silkworm.

Fig 4-1{100 X'} showed silk gland from
diseased silkworm. Blue arrows indicate the
inner and outer membranes of silk gland were
dyed with NBT/BCIP ,while Fig 4-2(400 X )
{CK): just little dying under the same condition
(azury arrow indicated}; and Fig 4-3(100X
The outer membrane was dyed with DAB method bul the inner membrane keeps out of dying (blue and white
arrow indicaled, respectively). The window on the upper teft display enlarged outer membrane of silk gland ¢ 1000
X} Fig 4-4 (400X} showed NBT/BCIP and DAB mixed dying of healthy fat body. lce-cold dissection of
silkworm: the knife temperature:-02°C; The table temperature:-30°C.

The inner membrane of healthy silkworm was dyed with azure (light blue arrow indicated in
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Fig 4-2) under the above conditions.  The most interesting result was that the inner membrane of
silk gland hd not dye with DAB method but outer membrane was dyed (Fig. 4-3). In the fat body.
NBT/BCIP and DAB react with their own substrates and dye (Fig. 4-4). The question is what kind
of fat body cells can be dyed with NBT/BCIP and DAB respectively?  This leads to the obstacle
of the function of fat body in the against invasion of foreign organisms.

DISCUSSION

Infeclious diseases of silkworm cause a major economic loss in the industry especially n the
seed and cocoons preduction.  Fro 1980’s there are professional and comprehensive prevention
measures used to keep the silkworm free of the infectious diseases. The prevention measures
followed are follows: (1) Disinfect all tools and rearing rooms before and after silkworm rearig:
(2) Maintain suitable temperature and humidity in the rearing room; (3) Rear silkworms with high
quahty leaves; (4) Treat moulting silkworm with caution. (5) Separate slow growing and weak
silkworm (6) Gather under-grown larvae, (7) Reject diseased silkworm, that control proliferation
and transmission of pathogen; (8) improve the characters of diseases resistance by selection af
s11kw0rm and (9} Maintain suitable environments in the cocoon spinning stage, such as humidity
and air flow when mounting.

Since 1980°s research in the field of silkworm diseases has progressed vastly. However a few
literatures can be referred in aspect of biochemistry of silkworm flacherie discases. This paper 1s
the first to report on the enzymatic activities on the inner and outer membrane of silk gland from
diseased silkworm, especially the haemolymph and midgut of silkworms infected with flacherie.
This paper also reports on the technology of ice-cold sections for the study ot the diseased
silkworms.

As described before, pathogens cause humoral and cellular immunity response in the beginning
of infection. Scientists around the world worked on innate immunity of insects in the recent years.
Humoral immunity includes lysozymes, antibacterial peptides (cecropins, proline and glysine rich
peptides), defensins, and antifungal peptides. In the fields of cellular immunily. vast amounts ol
literatures focus on the signal pathway of Drsophila melangaster. Lavine et al (2002) reviewed
the insect hemocytes and their tmportant role in insect immunity. Three kinds of PO (granular.
wound. and hemolymph) and a lactcase-type PO are present in insect. It was shown that the
zymogen of PO 1s activated through the action of a serine preotease cascade and oenocytoid
hemocytes of silkkworm, Bombyx mori, to be the major site of PO synthesis (Ashida et al. 1998).
Therefore, the level of PO activities directly inflicts the proliferation of venocytoid hemeocyies in
the cavity of infected silkworms. Serine protease enzyme stimulates the prophencloxdase
activating enzymes (PPAE) of Bombyx.mori. The report described the component of the
prophenoloxidase cascade are present in the plasma of the silkworm, B. mori, and that activation
of this enzyme is triggered by elicitors of bacterial cell walls (Ashida et al. 1980,1983). Current
knowledge on the proPO and phenol oxidase {PO) cascade is peptidoglycan recogniticn protein
(PGRP) and B -1,3 —glucan recognition protein { B — GRP) play a key role in non-gelf
recognition, and activate PPAE under assistant of Ca™ and upstream adjacent N- a
-benzoylarginine ethy! ester (BAEE) and proBAEE (Ashida er al. 1998).

The activity of CAL in the midgut was dependent on the stage of moulting, the state of feeding,
the qualities of mulberry leaves and temperature. The activity also changes in the different species
of silkworm and sex (Miao, 1988; 1989). In this experiment, silkworm teared under the same
conditions resulted only in minor sex difference. The activities of CAL peak was present at the
same ume which coincided with the time of the peak of antibacterial peptide synthesized which
was induced with E.coli K\sD3; in Antherea pernyi and Bombyx mori.

_6._
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ALKP catalyze every kind of alcohol and phenol and transfer phosphate that is localized on the
cell membrane for active transportation. This was consistent with the experiments conducted
here, where the active ALKP was present on the inner and outer membrane of silk glands of
diseased silkworms than that of healthy silkworms; suggesting that ALKP plays a key role in
disease resistance. The last enzyme is cytochrome oxidase in the electronic transfer system of
breath assembling on the inner mitochondrium membrane. DABR tself was oxidized in the
process of deoxidize cytochrome C and the later was oxidized again by cytochrome A. The
circulate reaction proceeded result in DAB continually be oxidized and the product of the reaction
precipitated on the reactive part of the tissue. The reaction was detected (Fig 4-4) in fat body.
The fig 4-3 demonstrated that the reaction only proceeded on the outer membrane of silk glands in
the diseased silkworms and no cytochrome C and hydrogen peroxide on the inner membrane.

SUMMARY

Flacherie disease is one of the main pathogen that causes large economic losses in cocoon
and egg production. In the experiment, both Chinese and Egyptian species of flacheries were
applied to the silkworm rearing and the results are as follows.
I. The haemolymph from diseased silkworms showed that the pheno!l oxidase (PO) activities
increased when silkworms were infected with Egyptian flacherie but no significant changes were
detected with Chinese flacherie. The results indicate toxicity of Chinese flacherie is stronger
than that of Egyptian flacherie,
2. PO activity in the midgut of infected silkworm gradually increased in the 4™ instar (3days)
and newly moulted silkworms in the 5% instar. PO levels were high initially and then gradually
decreased. Infectious disease causes the activities of carboxylesterase (CAL} to gradually
increase in the 4" instar and the period after moulting, but decrease on the 10™ day in the 5 instar.
Infected silkworms showed a lower level of CAL activities than the control but the activities
mereased to a small summit all together on the 8" day. The activities of CAL peak present at the
amazing time coincided with the time of the peak of the antibacterial peptides, which was
synthesized and induced with E.coli K;2Ds, in Antherea pernyi and Bombyx mori.,
3. Histochemical studies showed that the inner and outer membranes of silk glands were dyed
with NBT/BCIP. The results suggested that the very activity ot ALKP in (he membrane of silk
glands was from the diseased silkworms that were only in the cuter membrane that was dyed with
DAD method. It demonstrated the reaction only proceeded on the outer membrane of silk glands
m the diseased silkworms and no incidence of cytochrome C and hydrogen peroxide on the inmer
membrane. NBT/BCIP and DAB methods mixed and treated to the fat body showed that hoth
reactions could be detected.
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Transcriptional Activity of Drosophila hsp70 Promoter
Enhanced by the Homologous Region 3 from Bombyx
mori Nucleopolyhedrovirus in Insect Cells
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Abstract Drosophila melunogaster heat shock protein 70 gene promoter (Dhsp70p) is widely used in transgenic
insect to drive exogenous gene, and the homologous region 3 from Bombyx mori nucleopolyhedrovirug

{(BmNPV#ar3) functions as an enhancer for several promoters. To test whether BmNPVAr? can enhance the
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Dhsp70p's  transcriptional  activity, the reporter plasmids, which contain  the Dhsp70p,  the
reporter, ;. -galactosidase gene with SV40 terminator and BmNPVAr3 fragment, are constructed and transfected
into the insect cell lines (Bm-N ceils and $£-21 cells) by lipofectin-mediated method. The results from the transient
expression assay show that BmNPVAr3 increases significantly Dhsp70p’s transcriptional activity both under the
normal condition and under the heat-shock treatment, although the effects are significanily different between in
Bm-N cells and in sf-21 cells. The enhancement way of BmNPVAr? on the Dhsp70p is in an
orientation-independent manner. Meanwhile, the effects of heat-shock treatment on Ditsp70p alone or
Dhsp70p/BmNPV A3 combination present no significant difterence, indicaling that BmNPVAr3 only enhances the
transcriptional activity of Dhsp70p. bul can't alter the characteristic of the response to the heal stress. The above
results suggest that the Dhsp70p/BmNPVAr? combination is more effective one to drive CXOgenouUs gene for

transgene or stable cell expression system in insects.

Key words Heat shock protein 70 gene, Promoter. Enhancer, Insect cell line, BmNPVAr3, Transient expression

Introduction

Heat shock protein-70 (Hsp70) belongs to the highly conserved protein class of chaperones
{Lindquist er al.. 1988; Feder er al., 1999). Heat shock proteins are involved in protecting cells
from hyperthermic stress by binding to denatured protein and assisting in exact refolding
(Beckmann ef al., 1990; Cotto et al., 1999; Feder et al., 1999). Under the normal condition. the
expression of hisp70 is kept at very low level, and increased sharply under the stress conditions,
such as heat-shock (Kimura ez al., 1999; Uhlirova et al., 2002 ), hypoxic (Ricchi er al., 2001),
chemicals (Hung er al..1998; Zhao er al., 1999}, hormone (Lacoste er al.. 2001) and electrical
stress (Yanagida er af., 2000) etc. Due to the characteristics of inducible ability and lack of
organism- and tissue-specificity, hsp70 promoter {(hsp70p) is widely used in the transgene and
gene therapy to drive exogenous gene (Uhlirova er al., 2002; Schmidt e7 «f.. 2004). In order 10
elevate its transcriptional acitivity for transgene and make it express specifically for gene therapy,
many trials had been carried out in vivo and in vitro (Huynh er al., 1999; Zhao er ai 1999,
Lacoste er al., 2001; Schmidt et al., 2004).

Baculovirus homologous regions (hrs) are repeated sequences interspersed in the genomes. Up
to date, Ars have been identified in almost all of baculovirus, including Bombyx mori
Nucleopalyhedrovirus (BmNPV). There are seven Ars in BmNEV T3 genome, that is krf. hr2L,
2R, he3, hrd L, hrd R and hr5 (Gomi et al.,1999). Almost all of Ars plays an important role in
viral DNA replication and functions as an enhancer for some viral and nonviral genes’
transcription (Lu et al., 1997; Lo et al., 2002; Viswanathan et al., 2003). We cloned the hr3
fragment from BmNPV ZJ8 genome (Genbank accession No U51328) and find that it can function
as an origin of viral DNA replication and increase the transcriptional activity of viral gene
promoter, such as hielicase, gpod, fe-], egt (Zhang er al., 1995; Xiao ef al., 2001: Zhou er af.. 2002,
2003; Shen et al., 2004).

The aim of the present study was to determine whether the BmNPVAr3 can also enhance the
Drosophila hsp70p’s transcriptional activity using transient expression system in arder to obtain a
clue as to its possible application in the transgenic insect or stable cell expression system to
increase the product of exogenous gene.



