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.S, - ISKAEL CDE PROGRAM
DENSOVIKUS AS INSECTICIDE
THAL GROUP

INTRODUCTIOHN

Species  of Heliothis and Spodoptera  complex are
wadolr  pests Lhat actack at least 30 different important food and
b cropes in Thailland., The extensive and indiscriminate use aof
pesticides Poro controlling thess Lao o insect upecies has oreated
WLy serious problems npoetting the  enviromwment  and  huwan
Wee l P e tnwseot, vivruses due Lo their gspecitficity and efficiency
Sle receiving? o considerable attention  to o develop as wicrobial
tnsecticides, benmonucleosis virus (DHVY 1s a unique group among
the FParveoviridae Lawily.  This group of viruses includes at least
1 virus strains  that isoloted from different Insect species.
DRV s are cebremely  stable bto the environment and  exhibit
4 naRrrow  gpecies cpeciticity  allowing a  selective, Largeted
welion ogalnst Cerlbain insects without harwing others.
Besides causing  disease in insect lavvae, densoviruses offer an
cxeellenlt potentinl vector Lo trensducs foreipgn genes into insect
et b, They arve single-stranded DNA, swall and structurally
simple  virdses which make them amenable to genetbtic manipulations
el Lhe study ol thedtr pgene expression and regulation relatively
eitsiier Lhan that  of larger  viruses. They are structurally
similar  to  theilr Fawmily wewbers from the mammalian parvoviruses
suggdesting that  they way be Found capable of integrating their
DNA into  their host  genome. All these properties make DNV an

cxeel lent candidate as biolofgical contrel agents.
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ORJECTIVES

The present  stady  is aiming  at evaluating the
potential  of densovivases  (DNVY as microbial insecticide. The

overall objectives inclode (8 The use of Gulleria mellonella

densovicus  (GubDHY) DHA as a wodel system Yor the construction of
aninsoect vector, and using it to transport and express foreign
feres in Insect larvae; (b isolation of DHVs which can cause,

/ A

dirvense  in the agricultural dmportant pests, Spodoptera and {(or)

Heebbobhile; (oo stady the genowe organization and gene expressian
of vhesie s DHVe o om0 preliminary step toward utilizing thew as

inseclt vecbors.

This report covered the research work done by the
Thai  eroup duving the period of Novewber 1987 to July 1988. The
specitic obiectives during  this report period include (a)
tmprovemnent  of  the purification procedure in order to obtained
the  highly puritied GubHV suspension for serology and
pathosenecity  tesbs; (b)) antisera production and the development
off Lhe  wserological technigues rfor the detection and study of the
viral proteins  synthesis in inscet cells; (eo) deterwination the
insecticidal activity of  the GmDNV  in  laboratory Galleria
melionella  colture;  (d) host-range mutant study of the GuDNV in

Heliothls armigera.
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MATERTALS AND METHODS

Untortunately the cdensovirus field strains of
Heliothis  or  Spodoptera have not  been found in Thailand. We

roceed  odr  work using the Galleria mellonellsa

P

decide Lo

densovivas (GubNV)  to  develop the  technigues and clarify the
vppothieste we proposed. GubHV  host-range mutants capable of
witecting heliothis  ov Spodoptera  are being raised with the
Pirposes To outibiyze thew as Che biologleal agents for the control

b Lhese Lwo noxioas insect species.

1. Production and purification aof GubRY

GubBY  was propagated on  the greater wax mobh,

Gallevias  mellonella which were reaved successtully on artificial

diet in the lubovatory as presented in the Progress Report HNo.l.
rowetlunella larvae  were fed with GuDNV suspended in phosphate-

Lt lered  saline. Alter 1ncubaltion at room temperature for 6-8

duy=, diseased larvie vere collected and kept frozen until use.

The:  purification procedure wes modifis=d From that

reported by Tijssen et.al. (1876). The diseased larvae were
fomarden L eed 10 phosphate-bultfered saline containing a few

crystuls  of  l-phenvl-Z- thiourea (ca. 0.02 gm per 100 larvae)
to prevent welanizatlion using an Ace homogenizer at 1,500 rpn
for LU min.  Larvae debris was  removed by riltration through
Lwo  layers of cheesecloth,  The Filtrate was then centrifuged at
LU, ug rom for 10 wmin in JA-14 rotor in Beckwan J-21 C centrifuge.
Lipids  were extracted frow the supernatant by vigorous shaking
walln an equal o volum: of chloroform-n-butanol mixture (1:1) and
Lhe phagses were separabed by ecentrvifugation at 10,000 rpm for 10

M. The agnecns phase was then coentritfuged for 1 hr at 16,000
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The  wvirus was pelleted From the supernatant by
centrifugation  rfor 2 hr at 3%,000 rpm in RP 50 T-2-203 rotor in
Hitachl wd P-72 ulbracentrifuge. The sediment was suspended in
U.s oml orf 0.1x85C (1x35C = 0.1% M NaCl plus 0.015 M Sodium
citrate) Unsuspended wmaterial was removed by centrifugation for §
mine at L0000 rpw. The supernatant was then centrifuged for 2 hr
at 45, 0uUl rpm. The pellet was recovered as partially purified

vivos in U.1z2850 bulffer,

The virus suspension was further purified by
iaapvoenio centritfugation in CsCl. CsCl of 6.3479 gm was
dilosolved  in 10wl of 0.1x2535C containing the virus prepavation.

his solucion was 1.40 gm/ml.  The uniformly wmixed

cr

The: density of
Solution  were centritulfed in o KPP 93 T-143 tfixed angle rotor for

H P=-72 ultracentrifuge at 20 C.

[s4]

A b oatc S0,000 rpwm in Hitachi

'he  Yraction contailning the virus was collected by the syringe

9
andh diadveed afainge several changes of 0.128S8C at 4 C.

This purified virus suspension was negatively
stainsed with 12 aranyl acetate and exawined on a JEQL-JEM-100 S

electeon mieroscope.  The UV absorption spectrum of this purified

Vi SUSPENE LN WA deeternined by Hitachi MHodel 200-20
spectrophotometer monltored ab 220-320 nnm.
z Serological Study

Antisera were prepared in 2 of the New Zealand
White fewmale rabbits. Normal sera were cobtained from rabbits by
bleeding trom the marginal ear vein. Reabbits were immunized by
intramuscular injection at two weeks interval for 4 times.
Bach time lml  of DNV in 0.1xSSC (contained 375 uz of virus
e Ll fied with 1 wml of Freund complete adjvant) was applied to
Lie  rabbits., First  lwmeune  sers were taken one week after the

thire injection. Une week alfter the fourth injection, the immune
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Sera were eollected at weekly interval for 7 weeks by bleeding
Crow the wmarginal ear vein. The Sera were sat ot roowm temperature
For b ol wid overnlzsht in the rofrigerator.  The top clear sera
wers Lhen cenbrituged at 8,000 vpn for 20 min. The supernatants
wWeric rollected and added ULULZ sodium azide to prevent bacterial

soatamination.  These antisera were kept frozon for rfurther uses.

Agav-gel double diffusion tesc was used to deterwine
Che titer of the antisera obtained. Agur-gels consisted of 0.75Y%
ufarose (u/vy, Woonk o Hall  and  U.5% sodium o azide (Naﬂy Wele
Prepared i plastic petridishes.  Puorified suspension obtained
From e healthy  wax  woth and normal sera of the rabbits were
wied s e control. Lo the experimsnt, antisera were diluted 1:2
R | I o 1:10%4 with 0.1 M saline potassium phosphate
b ler (FBS) pH 7.4 and  the antigen (purified DNV) was diluted
101 Ceonteined 1,148 wg of virus) and 1:100 (contained 0.57<2 mg
of virus) with U, 1=55C. All plates were incubated at 37°C and

Lhe reactions were observed for five days.
. Infectivity of GmDNV

1he biological properties of the densovirus of the greater

Wax wmaoth,Galleria wellonella obtained from Israel were determined

Inrectivity tests were conducted using five concentrations of
the  purified GubDHV  =we follow @0 0.001, 0.01, 0.1, 1 and 10
ug prepared o UL IxoSC buftfer. The tested larvae were the greater
Wud  mott continuously  cultuved on a synthetic diet in the
taboratory. 1o order to determine the suitable larval instar for
viral ineculation,all .instars of the larvae were used for this
expeliment, For each vicus concentration, a total of GO of each
larval dnstar forwing 3 replicates of 20 larvas were used for the

rnoassay,
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The viens  inoculum,  Suwnl  per  larva was applied
uniformly on the surlace of /d-inch cubes of the diet by mean of
Lhe lppetman wmicroplpette. The @Ereater wax moth larvas gere
Chen allowed  to feed on Lhls contaminated diet individually in
the plastic container. Control lurvae were treated similarly
evcept that  the 0.1285C buffer was used as  the sourse of
TIOCL Lu. All  experimental units were kept at room Lemperature
whtch varied between 27 and 3000, and examined daily for larval
mortalliny. All  test were terminated within 14 days ot their
initiation sinte by this  time wmost larvae had either pupated

NRZE! _l e,
4. Ruising GmbHNY host-range mutants

According to  the uvroposed work plan, a second
sgeptouch lo obtain Heliothis and  Spodoptera  DNVs will be by
introdueins  GuDHY into heterologous larvae. Microinjection into
clie proles  of  the larvae was used as the mean for virus
Jrteer la b ion ., Each  ingection, 0.5 ul  of virus suspension was
wlministered inbo larvae. Poritficed GuDHYV suspension was prepared

into  three doses ol 1, &, and 10 ul (in 0.8 ul) with 0.1xSSC

Ll 1Ter, The larvoee used in this experiment were obtained frow a
liuboratory stoclk ot Heliothis armigera which had been

continuously cultored on a  synithetic diet. TFour hundreds larvae

d for each virus concentration

3]

of the fourth instar were us
tested ., The contrel unit was injected with 0.1xSSC buffer. After
yection  the lavvae were raiged individually in the plastic cup
contained  1/4 inch  cubes of the diet and kept at ZB.C. Larval

movrktolity  was  recorded daily. Those individuals surviving the

tLreatment wete  wllowed to pupate and railse to the next
generatiorn. Fourth instar larvae of this I o (second
generatian) Were injdected with the purified GmDNVY in the same

proceduce aus  desceribed above., with this  generation only 100
Larvee  were  used  {or each  virus dose. Information was

+
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vollectad on the lovval wortality as well as the effects of the
GmlMY on the development of the survivals.

To confirm the replication ability of the densovirus
of the wox moth in the heterologous host, H. armigera, electron
microscopic  study  was performed.v Dead larvae from the

Sue Were

w

microinjection tests welre collected  and  pieces of ti
dissectad., Ultrathin sections vere prepared tollowing the method
described  in Progress Report HO.1 ( Material and Hethod, Section
4, Pachulogy of the GubDHY ). Observabions were made with a JEOL-

JEW-T0US electron microscope uperated at &0 KV.

RESUL'TS AND DISCUSSION
1.Puarificatiaon of GumbDRV

Differential cenkritfugation provided partially
puritfied virus sugpension.  Further purification by sedimentation
Aqilibrium centrifugation in CzCl tremendously improved the
purification procedure. AFter the egquilibriuwm centrifugation. two
white bands  were observed in the centrifuge tubes at 2.1-2.6 cn
arvl d-4.4 em belovw the winizous. These two bands were collected
separalely  and  prepurations  negatively stained with 1% uranyl
aCelale  wele observed under the electron microscope. The firs
Land next to the winiscus consisted of small, spheriecal complete
vivus  pavticles about 25 nwoin diameter, empty virus particles
wirth stoin penstrated and moany sweall flobular structures (Fig.la)
Thes  wadority  of  the pavticles Found in the second band were
complete vivus particles (Fig.lb). This result was similar to
that wbserved by Kelly et al. (1980), and indicated that isopyenic
cenbritfugation  in CsCl was effectively  separated  the conplete

viens particle frowm other components. In the Progress Report Ho.l
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Fig.l. Purified densovirus of the greater wax moth,

Galleria mellonella after isopyenic centrifugation

in

ay.

CsC] .

Band 1, top component consists of complete
virug particles, empty virns particles
{arrow) and small globular structures.

Band IT, bottom component consists of

complete virus particles.

BEST AVAILABLE DOCUMENT



(o

{ &
o

i
(@

¥

7 31 ::;i'..:%.:

BEST AVAILABLE DOCUMENT



10

the small globulor structures identified as the capsomers frow
disrupted  virus particle (Nakagalki and Kawase 1982), the long-
Fherad-1like structure and the empty virus particles were observed
i e ll pavtially puifiad virus suaspensions. 411 the structures
were ol iminsied and the  Lighly  purified vivus suspension was

bbained after isopyenic centrifugation in CeClL,

The nltraviolet abzsorption speetrum of those two bands
W mROWn in Fig.o o L. I'he spectrum  characteristic of a
nucleoprotein  with  Lhe rotio of absorbance at 260 nm to that at
Sl 1.060  and  1.62 for the first and the second bands
resie et v by duelly et al. (1980)  reported  the extinetion

ol Ui ient tur densovicus rcoluted from Galleria mellonella was

DoAY e UL ssme per o mboar 250 nm owhich was the same value ot that

s Lo Gl Irown the bucterfly, Junonia coenia. From this

el lion coeffice’ent value it was found that DHV obtained from
Ly purification  procedure  was  about 19 g per 500 wax moth
Parvee  faverane of six experimeut). The present modification of
e viens puriticabion procedure provided satislfactory results on

Lot virus purily and virus yield.
4. Serologleal study

Titer and pulity of the antisera produced in two New
Yealund White female rabbits were determined. These two
rubbits  provided an egoal guality of the immune sera. Agar-gel
double  diftusion  test  demonstrated that the immune sera with

Bhighest  biter were Lhose bled from the marginal ear vein in Lhe

%}

Sl week  of  the injection  and bleeding schedule (eight weel

after the tirst injection and one week after the fourth injection).
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When 1:10 and 1:100 diluted virus suspension were Lested against
the antisera, the precipitin bands were formed with the antisera
diluted up Lo 512 times. However veachtion was noted when the
immune sera diluted up to 64  times were tested against the
purified suspension obtained from the healthy wax moth.  No
reaction occurred when the virns was tested againsh Lhe normal

serum.

Pazed on the resnlts abtzined there are common anbigen

nsion  and the suspension

D

present in the purified wvirus susp
pnrified From the noninfected larvvae. Thiz mmggezl,  thal
nltrastractures frequently nhaerved in parifisd virus
suspension may  be  the remnan!l. of the host cell compenenbz. Lo
clarify the purity of the antiserva produced., immanosorbents weve

performed. The antisera were absorbed with the suspenzion of the

°
[y e

noninfected cellular materials and incubiated at 57 Cor 1 hyr. bthe

antizmera were Lthen purified by centrifugation al @000 rpm For
10 min. This absorbed anbisera proved to be more speaific ho
their homologous virug antigens.  Althousgh the present antizeras
contained some nonspecific antibodiss. the immunoscorbent coan b
veed to remove  Lhose anbibodies, Howaver  the purity of the
antibodies and Lheir specificity are essential  For  forther
serolongical studies. Tidssen and Knrshak (1374) repovted several
methods used for the porification of imeoneglobolin. Whien 16t 1o
ready for the dimmunoaszavs {or example Lhe ELISA  and the
immonoperoxicdase agssays, bthe quality ol bhe present antisera will

e verified.
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ELLISA and twmunoperox<idase technigues will be used as the
vap itd and sensitive wethoa to identify the Field stains densovirus

of Heliovhis wrmigera and of Spodoplera exigue if they exist. They

will also be uged to diztinguish the original GmDNV  and the host
rurgge  wmubtunc GubHY. Fapers  reported by Kurstak et al.{(1377);
Rose ond Bigazzi L9080); Kurstak  and Tidssen (1981) and Tijssen
2ol 0185Y) were studied and evaluated extensively. Moditication

procediar=ss From  thosze repolrted are being investigated and

deve loped.

J. Infectivity of GubHV
The densovirus used in all experiments at present is the

denzovirus ol the greater wax moth, Galleria mellonella (GmDNV)

abibained  vYrom  br. Jacov Tal, the co-principle investigator from

the  Ben-Guvion Uoiversity of the Negev, Israel. Since large
amount  of GublY was needed for experimental used, effective mass
propagation of  this  virus  1s essential. Information on an

eflective  dose of virus inoculum, the suitable larval instar for
viral application and the optimal condition for the viral
incabation  period will facilitate the production procedure of
this virus. MHoreover the biological properties for example the

pathopenecity, host range ete. are also important.

Infectivily tests demonstrated that densovirus is highly
pathogenle to G. mellonella. 1t can cause disease to all instar of
Lhe loarvae, (Table 1). However younger larvae are more susceptible
tlian Che older larvae., . The concentration of the virus used
to induce disease can be as low as 0.001 ug. Over 90% mortality
was  observed Lo all larval instar vwhen using the virus up to 10
wg except the Firth instar larvae. Those fifth instar larvae who
survived  the  treatment either died in pupation or emerged into
adutts with wallformation. ‘The LDbO (lethal dose), the suitable
ddose and the  suitable  larval instar for inoculation are under

astailstically  analyzed, Farther experiments will be made to
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TARLE 1. Percent mortality of the gremter wax moth , Galleriso mellonells

. . e P : . . 1
inteebed with difrevent doses of G.omellonella den5uv1rusf/

- 3/~ T TToTTmTmTmmmmme ST T oo T

bose/un.ulLurVuc [ustay 1 Instarll Inscarill InstarlVv Instary
L Caeessiend Wo, Zoor. Ho, Zeor. Mo, Zoor. Ho, Xoor. ¥
e, war, Tes. mory., reS. o movr.  res.  mor.

IRV} £ S hnoad oy an AddLon TS dtaEs o rds STL8G Y12 1111
i ] ] L]

.0 v K R SR AN EL. G he ;nv B e 345 Gk .64 E'? 38.89
. ' \ |

! il N B ek Env VARSI E‘nl Lyl E:BH 41.66 E:4 g.30
t ] 1 ]

! ki VA R Eh. AR E4u 51.65 ;13 7.82 }13 17.50
H ] ] 1

Tu G GO oo EHH o A B EUH [ 95 Eb? 93.75 E%ﬁ 55,13

L/ Percent movlbality courvected by Abbott s formula.
S surtaces diet contamination . 50 ul per larva.

S5 replications of “0 lavrvae each.
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deberming che optimumn condition Uor the progress of bhe disease

And the incubstion period of the virus.,  These informations are

proemsury Tor the  teblter understanding of the densovirus which

will bring whout a wise use of this virus For insect pest control.

J. huwlsing GubHY bhosh range matants.

Larval wortulity was observed atter microinjection the
purilied gubBHV inkto Lhe  fourth instar  larvae of Heliothis
Aalwlifera. Fercent  mortalicy of 18.75 was recorded in the fFirst
Creabed  Jeneratlion  after receiving 10 ul of the purified GmDNV.
However  percenc movtaliby  inereased  to 34,35 when the second
deferoticn af the swme Lolluorm population was subjected to the
Sake Leeabtnent Pable 2ound 3). Larvae that survived the first
Creabmwent, pupated ind  developed  into adults. Enough progeny
werre provided  for the  second Lreatment.  Althousgh the percent
wortality  dncressed in Lhe  second  treatment, several  larvae
Survived cuael Mucerpgo papation. Sowe of the pupae were maltforwed
adut e that vere abile Lo ewerge, laid eggs azx normal but the eggs
vl pever hotobed., Thilts result demonstrated the effect of GubDNY
o thee  developwent of the  hollworwm. Hence GmDHV post range
wubante capable  of  Srowing and introducing disease in bollworm
ol i poxmsible Lo oralse in Lhils laboratory.

I peneral sulonomous parvoviruses display narrow species
S iV ae i by Cotegi] ) LHGS ). A tong  w Lheste viruses  are
Cransthertod Vio Lhie tormal roube of infection, thiag mpecificity
i marintained. The speciesn gpecificity ol  the densoviruses
difrers Frow enech other. The hogt range of CGmDNY is restricted
bo G0 meliconedlu but Junonia DAY infects various Lepidopberan
Lervae  amd ool that or 4. wellooella (Longworth, 1378). To
cantiem the  specles  speciticity  of  the GuDHNV studied, the
pariried  GuDUHY  wes applied  vto Ghe ourth instar larvae of H.

armigers via both feeding and wicroinjection. Ubservation of the

———— e

BEST AVAILABLE DOCUMENT



TABLE Z. Ffrece aof dengovivus of Gall

17

eria wellonella on the first 1/

Lr=ated Jelteratbtlon of Awmeric

HoLoflarvaes C Ho.obflarva
et Ced responding

Hicroinjeoted Lreatment.
A4 Foveth tnstar larvae.
= uto o adolts

- ke wd
Loy Abbnbe s

ovmula.

SAE- N T

AU e i

Pttt ol denaviruss o0

Galleria

an bollworm , Heliothis armigera.

No.of corrected
pupation wortalicy

(4.
iv

[

Lay viable

SHES .

e LlonelTa un Lhe second

4

Leeabed feperabion ol Amlcivio

toLol Lurva
resputnding

OOl Rl Ve

U Liealed

1 LU

41
L Luy
1000 5
Lreathient .

Microinijeoned

1/

L/ Foarth insbtar lavvoes progeny
copulation.
S/ imerge into adolbts , wmate and

4/ Abbott o formula.

2y

hollworm , Heliothis arwmigera,

ull

ol “ corrected
mortality

20,27

W,
pupat Lon

s

)

oy

o'

ol the Iirst treated bollwornm

3s.

lay nonviable eg

BEST AVAILABLE DOCUMENT



18

intected tizgsues revealed the presence  of  the virus particles
arvaneed  in cluster or  paracrystalline array characteristic
ol Ll densovivus  in infected cells, In Lhomologous host,

. mellon=stla, this viras multiplied in alwost all of the insect

,-
o

Clsumites  winh  bhe  exception  of the midgut (Kawase, 14980)
and vhe  virus particles weve Fourd 1n both nuclei and
eylboplasn of the intected cells (Propress Report Ho.l ). It
it obuerved thot witochondria of infectaed cells of G. mellonella
underga Lhyp=rtrophy and lose thelr cristae characteristic. The
virun o parlticles Uregquently avranged in paracrystalline array in
close  aosociation with the altered mitochondria (Fig. 3). After
rerolad Ly infection GuwDNV  into the heterologous host, H.
Semdera,  the  vivus o owas Found to multiple in midgut and other
Lerssmueys oms well  (Fig d). This result ditfers frowm that
reported Ly RAavaze  (1935). In wid gut tissue, the virus was
Found  in globlet  cells and epithelial cells. The virions
arlunged ln lavge wasses and i pavracrystalline arvray (Fig.4).
Cytopathic elfects  observed in Fat c¢ells similar to those in
e bed iR e b lone ) ta, The witochondria had clearly swollen,
lose thelr cristue and contents. The virions appear=d in group
cliose  to whe  infected mitochondria. It wng suggested that the
vivions way tfinally ti1ll the empty mitochondria forming membrane-
bounded larEge mass of viras particles (Fig.4)., By microinjection,
Gulily  wns observed  in Fat cells., No virus-like particles was
found i the cclls of wid gut.  The infected nuclel ol fat cells
Were  obviously degraded. The arcas of virogenic stroma occcarred
ag patches  where iPlie virions were formed (Fig.5). An increase
i bthe  nuwber of {ree ribosomes and the Formation of microbody-
like strucrure in intected cells were also cobhserved. The virions

arrvanged in group as wasses.
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Fig. s, Blectron wicropraphs ol Gulleria mellonella

cells infected with densovirus of G, wellonella.

~
.

).

N

HiLbochonde s swollen and degraded.

Vivas particles filled in degraded
mitochonaric wid arranpged in cluse agszocliatlion
with witochondrin.

Virusg poavidceles arranged in paracrystalline

arrvay o infected cell.
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o,

e

tn

Electroin micrographs of Heliothis armigera tat

cells infected with densovirus of Galleria

mellonelda by microinjection.

Llectron dense area in infected nuclei where

0o
g

the virug particles are veplicated.

by, Virus particles enclosed in microbody-like
Structure,

¢). Group of wvirus particles in infected fat

cell.
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This  siady demonztrated Lhat GmDNV can be multiplied in
tiganes  or H. srwigera. Host-vante mutants are being raised by
pralabion GubNY from M. armigera and  reinjected into H. armigera.
Hutant oo lated wWwill e deterwined its stability, tissue
ApeciPie iy, fmmunoilnorescent  techniques described by Sinha
CLAba ) o Magpureana (LU6b) are  being investigated to rapidly
eben BTy the  presence  of GmDHY  in tissue smear of infected

Hooarmiper:s.,
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CURCLUSTON

Hodification of the purification procedure enable us to

ahtain  sullficlient amount or densovirus of Galleria mellonella

CGuDHY . The puriried vivus was considered in geod quality for
serological, infectivity and host-range mutants studies.
Antisers were  produced  successiully  in high  titer and  was
sublected Lo some  puritication  wethods to improve the puricv.,
Work  nay been done rather slow =2t bhis stage but many techniques
Phat  hod neser beon established betfore in this laboratory are
e i lve Ly Tuvestigabed and deve loped., ELISA,
umvnaperoxidose and o lmmanotluorescent. are being developed for
the  study  of  virus  ddentification, viral synthesis and viral

replication ete.

Rezsults from th' s study gave strong evidences that GmDNV

con repllceate in Heliothis armigeca.  The presence of this virus

in H. wrmigers cells and the cytopathic effects observed in the
cells  sugvested that host-range mutants can be raised
suceeastolly. Abtempts have been make to determine the

stubiliny, specificity and pathogenecity of the mutant isolates.

Fventhough the primary cell culture of H. armigera failed
Lo establish at the firet effort, trials will be made again. We
also  investigate  the possibility of obtaining cell line of thisg
insect  rrowm  elsewheve to  accomplish the work plan as  was

proposed.
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HORKPLAN FOR MHE NEXT PERIOD

1. KRaising GuDNY  host-range nutants capable of
incroducing  disease  in H. arwigera will be continued. Mutants
inolated will be exawined bto determine the domains of their host
1ElTe Cexpanded host range  or  oan  altered one), Tissue
speclticity  and pathogenicity of the mutant viruses will also be

clevermined,

2. deplication ol GmbMV infectious clone {(construection
by the  LIsrasll group and send to Thailand) in Galleria larvae.
IR and  cytopathological  studies of  this clone will be
investigated in coaparison Lo the mutant isolate.

d. BLLISA and immunoenzywmatic assays will be developed
Lo determine the serological relationship between isolates. These
weLhiads will wliso bLe utilized as rapid tools for diagnostic of
Fletd stalns DHY ot 0. armigera which are still being explored

continuously .

4. Firgt sttempt to establish insect cell cultures was
unsuaccesstial, Traioning in Japan by one of our colleagues this
vear will make possible for the establishment of insect cell
cultiures in our  labolratory. Attempt will probably focus on
abtainimgg  cell  line irom  elsewhere instead of commence wilh
primary cell culture. At present studies on viral DNA synthesis
ancd viral  replication using  iwmunofluorescence techniques are

being developed oniy in in vivo system.

o, Culcuare of silkwornm, Bombyx  mori  are readily

cetablished  in our laboratory. The potential hazard of the DHYV
of G omellonella and GabHY host-range mutants to the silkworm will

b determine by both Feeding and wicroinjection experiments.
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