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I.S.- IS:RAEL CDR PROG;RAM 

DE SI VI RLIS A- INSECTICIDE'
 

H'IHAGROUP
 

INTRHODUCT ION 

Species of Heliothis and Spodoptera complex are. 

mao. pets that atctttck at least 30 diff.erent imnportant food and 

Ci'l.,,i* r'roprs,; Thai.lanid. atnd riminate ofin 'T," extensive lndi-c use 

p:,s:rju,.id-.N for controll ing; thann,: lwo ins-,ent s pecie~s has cret'ate~d 

HA: rubluma iI.,V . infi.'bI l I j'rl..j the ,!Il/ iYOIIIIII:lI t tn~d humIIani 

,. i'ar' . ;,_,L vir.uses due Lo their speciticity and efficiency 

:r r, -ivig .:,nsidera,le aLtenLion t:, deve Lop as microbial 

i:emicidds;. L-q:o;ao mc:oL virus is Lr ique amongL sis (D[V) a group 

L.hr* P"rvvirvidan F.'amily. T his group of viruses includes at least 

10 virus; st rai ns that isolaled fri:.omi dif ferent insect species. 

LIt'V ": are ,:tr.mul y stable to the envJronme'n t and exhibit 

a ns row. specins:. 5p,,C i ici ty allowing a selective, targeted 

a, :i.,:,n :Clins t cur Lain insects without harming others. 

b,s ides a.sin; ,disease in insect larvae, densoviruses offer at: 

,xelienI p Loten ;li al veccto . Lotra rinsdun Fcoreign genes into insect 

ea 1.. They are single-stranded DNA, saall and structurally 

s; impl:'le viri. iss whiclh Imaa e them amenable to genetic manipulations 

unrd tIhr: study or their gone expre.sion and regulation relatively 

r ;., i hari that o 1" .ter ViPru Ss. They are structurally 

similar to tiIir family liembers from the mammalian parvoviruses 

s .gIgVs t'I n that .hey way be f'ou nd capable of in Legrating their 

DNA i n to their host penome. AlIl these properties make DNV an 

,e .I.ent. <.aid idut as biological. control agents. 
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0 P)J1; (111TI VL 

'I. en t s L1.11cy i1; ai n g a I; evaln -t ilig tlie 

I7t, iUI o f 1.1en.,vi ' .;o (i ) as mi 'crobialj.lsc-c.ticide. . The.uV 


ove.CtI I ,,1 V c (a) us:e GJ.],I ri a 1o u
1.i t-,'[_.1, s in,-! [u, Tllue of G mlic. in ]aa 

dC,:ovV VU1VIIl (0 :JIi\') A as a mod el systc.m fol' the construetion of 
["i in IV s L vc tr and US iu'. i to trIallsport and express oeign 

i1. !nflg-W V t- (b) i.-olII i cf which can caIuseius:ci I.a on DNVs 

U :j. 'l 1t. ;- 1t ,:II.L1ILU i j INu I taritIStI :,.Ls, dop era arid (or) 

I .,.ti ( c :'.LCy tI I .'l0111j2 u IIi 

,,''l,-:.:, • ifV.'s l'i ]-itinarty ::teil: towar'J iZing t thet as 

) t • O 01ti1' 1a1d 'eue expres-s3icln 
:,.s ;t j' util 


Ul V L0{I"S 1. 1Y t: J 1 a i I
 

TIh.; poeOrlt coIvered the research work done by the 

Tla i lrioU CIE NovelIhIz.' 1907 to 39.88. Thedt'n, tite oi' July 

: ,,CUi .s1d tu j S Pepoper.iod (a),,,bj ±v1 g this -t include 

JI'p L-V, l,-it n.he cit p.rlr ifIottion proceidure in order to obtained 

the h iglly -,1If:l G(DLIV for and1 led sus pens;ion serology 

p) ;h en eci ty t1,sl:s; 1b) antisera product ion and the developmen t 

ci: lhe s lrci.,_gie:t 1 teuhniPucs for the detection and study of the 

virl: p.'oteins synthesis in insect cells; (c) determination the 
i-usec.:L. Id L activity of the GmDNV in lboratory Galleria 

Iml LII e. 1. I L I.tLulL; (cI) host-rangIve mu taut study uf the GmDNV in 
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NAT'EI(1IA.... AND H HItODS 

Un for tunat 'Y the cIencs ovirus field strains of 

1,-L. hi1 ," :SpodCp tera hr.oa not been found in Thailand. We 

C:i de to proce ed or work using the Galleria mellonella 

drII: Cl ViiVtis (GIuDflV.) to deve lop tile techlniques and Clarify the 

l v"l :,,Ll- i w. ropo.c.;:&d. GmDiHV host-range mutants capable of 

il i, :017,ri hi .t oa'e 3pod op Lera 	 raised theH, Aii , r being with 


,Iu i, i :,e .h , as bioaogicl agents for the
ihe control 

Ll,-;,- two ,oliciiciuE iiseEt species. 

I. pF'o, uction and pu'itLi cation oL" GmDU V 

W p I.opa t ed on the greaLer wax m1loth, 

ji ir I I-a we re successfu 1 ly a rtificialI;r te LI on whiich reared on 

i the l;thcrittu I.y s p resentecl in the Progress Report No. 1. 

( i. I ulne I -i I rvae were fed with GitiDNV suspended in phosphate­

'tI,-:j x Il A 1,ft-r iric LjaLiori at 'oom temperature for 6-8 

,. ciy c~Li:,.id v;.t. w or,,l ic:Led and ktpt froZ-..ell until use. 

Th pLiri t-tionl procedur-e wrs modif ied from that 

Sc',)dI'C1 by ' i.. n t es t.a] ( .9715). The diseased larvae were 

hi '-n i.eJi ii phosp Ia Le-b u f f er ed sal ine containing a few 

a of i-phenyl--- thiourea (ca. 0.02 gl per 100 larvae) 

o prev,::nt melani:".ation us.iirg an Ace homoginizer at 1,500 rpm
 

"o,* 5 Iill n. Larvae cI,-bris was removed by filtration through
 

Lwo 	 ityers oC:neee[ith The filtrate was then centrifuged at 

ljU l l i:ol" 113 min in JA--14 rotor in Beehiuan J-21 C centrifuge. 

1.,pJs Vt e1t r fom the supe 'n atan t by vigorous shakingWe [ td -- 

w.t :-ul ] v1:L1uiC umh1 	 l 1 ( 1 :1. )2-]iUl I of rofo tu-n-buta ixture and 

thi i.ha...: wre sep:reLed by ,ent : ifugation at: 10,O0(J rpm for 10 

Jn1 . T he a i I-. c plhas e was then cont: rifugecie for 1 hr at 16,000 
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The vi ILIS was pe let.ed from the supernatant by 

Oen C'if L-aLioCn for : hr at 35,000 rpm in RP 50 T-2-203 rotor in 

lIi. ta ohi tt P *-72ul r-' _etrifuge..The sediment was suspended in 

U.. o 111. lxf3SC (×I SSC 0. 15I 1. NaCl plus 0.015 1 Sodium 

..- uL';,e ) Unrs{uspei-ed nwteri jz i was removed by centrifugation for 5 

mill iL or,0CIrpl. The supern atant was then centrifuged for 2 hr 

LIt 4-, l1110 i. pellet was recovered as partially purified5GThe 

Vi r. .L i i . 1xS:!, butt,-r. 

The virus sr sspensi ion was further purified by 

ipI r, c nt;r i f,11a t ion in CsCl. CsCl of 6.3479 gm was 

.1i ) 1soV,t i ii 1I m of" .I-.SC ,::ontaining the virus preparation. 

' dL ;li L f this l t:?, WCtS I '111ir/ uniforlnly mixedc tv 1 . i01 1 .4f . The 

ILt.L-nU; W r ce, . u j i.n1 a [P 3' T-143 tixed angle rotor for 

40 i, st_5 00 rpm in Hitachi 75 -72 ultracentrifuge at 20 C. 

'i',:, fr t ijn :ontz-kini.n ; the virus was collected by the syringe 

,idi a lyv/eci aiinlt 2ever-] changes of .IxSSC at 4 C. 

TIh is purified virus suspension -as negatively 

st e 1it.h uranyl aoetate and examined on a JEOL-JEM-100 Sined IX 

I t. Micrsaope. UV ab:sorption spectrum of this purified,11on The 

V irL:': I. e:l j.i,, n Wil; (I,: Lk.r-IIIil d b y IIitaChi 1ode]. 20C-20 

.5:pt,:rophro toliieter lmoni tcred at 220-320 Jllm. 

"2 Seol]ogical Stucly 

Anti era were prepared in 2 of the New Zealand 

White feuale rabhi ts. Normal sera were obtained from rabbits by 

ble:ding from the marginal ea:r vein. Rabbits were immunized by 

in Lral[ILISCLI lar inj ection at two weeks in terval for 4 Limes. 

Eaeh Li.me Iml. of DH-V in I . IxSSC (cofnta ined 375 ug of virus 

ulIils i i(J with 1 lIt of Freund comp .lete adjvant) was applied to 

rsL.b L.he F"ilt iitis.imm1:ne se t were taken one week atteir the 

thIi rd ir~j ct ion . One w.Te :k aLter the fourth injeotion , the imminune 
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- ,]] eLed a. we,,.-.ky i I,t.:Ltl 7 vor bleed ingweeks by 


rO ill Va 1-. ser'ct s;At L'oo1
::i-,i-Ir y,1e The were aLI, temperature 

. itI-ait vL i.ht in Lhe r,. f rig r'at-Lc . T 1]he Lop cleur sera 

Wi r .1e2n e11 Iti , 0I' itl Ll ed&d at :'. ph . :Or l mIn . The supernatants 

4-L. l ted aid idded U.i 1Y so J:i.ui, a ide to preveIt bac ter ia .L 

,: o . -l-i-. rlshi, At:. era were kept oC)-on f r futher us,.Fs 

J. - . d I...le if:l ffu.sion tes was used t o deterIine 

Lh t" i I-, c te!, z- Lis4L ob La i ned . A urr -gels ons is ted of 0 . 75Z
w/ V, : \ , 1 ,
 

)I a.1d: r' 2 , W.tv . fla-.. Z U. t, scii iu a:z: ide ( H!a 13) we 

pr-:prt.:1,n i.n pL ist:c pLet id jshIs . Puritied suspension obLained 

e ]1,ml,-iti t.hy W xi mo Lh and normal sera of the rabbits were 

us-e 4:!I'h I . [In Lthe experiulelnt, zlntisera were di luted 1:2tr 

....... to ), .1. 24",I 
 t.ih 0 . 1 1H sal ine p-otassiuIn phosphate 

I., PB'S) pH 7.4 and the ant ip,!n (purified DNV ) was dil.uted 

] i ( c1,La.ed 1 .11- mg of1" virus) and I :UO (contained 0.574 mg 

c-. viruS with 0U. I:.IC . All pwlates ere incubated at a7 C and 

the ma' were observed] for five days.,-tcions 

.rf:ectivi Ly of Gm[)UIV 

'ine biological prop:-rties of the densovirus of the greater 

wax ii,: ,lb. Galleria mei llonella obtained from Israel were determined 

.nfect ivi ty Lests Wert conducted using five concentLrations of 

Lle p u rr CU( l U V fo I low 0 . 001 , 0. 01 , 0 . 1 , 1 and 10i. - as 

,rdUg ,:,Jeul in U.. 1Lu Jffer . The tested larva.e wetre the greater 

[I C.,i L) iIIOLIS IyWb ': o rl 0LI UI-d on a syn th et ic diet in the 

J. t,r;: L')ry . In order to detheriiiie t .he.uitable larval instar for 

Vi ra i -no:u1tion ,al istars of the larvae were used for this 

eY<per linen . Por each virus concentration, a total of 00 of each 
k:{eva :instLam forming" 3 replieates of 20 larvae were used for the 
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inoC:ulum, Un] P' was 

IutI oimIy 1in th," surl'ac-e of 1/4- inoh U )r:s of the di et by mean of 

'hte v i.VI I U la.t rvav applied 

r. 1-1 p:-p II 1 j[l:;i i I p tt.t t: c T hee eat,:r wax 1ito th 1larviAe were 

ttI,:, a ic,.:'d t. uceed ,:,tthi. cI tmi-iate cl i et ild ivilual ly in 

. i ti: Co I. trol wert,, treated simil;hr'lyt:h- ;i I on rI I* -In larvae 

t--1zLp the I.l ISC bu'fe' as used as the source ofthat 

inl-,)u.L U,. A 1I expc-irimental units were kept ac room temperature 

wit We, ;I l'7 :cl --nd daily f .orlarvalv:Lrw Letwe.:n arid C, examinetC 

tV I .. Kt All t Wt]'r,. eterlinatt-d within 14 days of their 

iIIi i-aLion -in.e by tLis t iie most larvae had either pupated 

.1. Ut .s ,i.' 	 most--rangeCm DLIV 	 itutants 

Accord ing t o the proposed wo rk plan, a second 

-:., u1:t, lL to ob taiii He I io this and Spodoptera DNVs will be by 

Si1t -od',i GttDliV to larva.e. into1, - heterologous Hicroinjection 

- ,1r (if tIe larv e w:AS ust-ed aUs the mean for viruso..'. 


SC 	 I 1. in icio 0.8 . of virus was 

.:,,.l:,~it-ed in t~o ItiFv;:r-. Lur- Ui CiedCI[DIl V sU spension was prt;pa red 

,,:-1i i;it i n, u 	 suspension 

in to V-hree doses o U 1) 5, and 10 ul (in 0.8 ul) with 0.1xSSC 

Iu ff,Uei . The larva:e used in t-his experiment were obtained from a 

1;.bt a t o .y .; .. Hek iothis armigera wh ich had beenLo.s 

cIt n1.IotIly u-ulturt1-1 Un a synthet ic diet. Four hundreds larvae 

of the, Lour'th instar were used :or each virus concentration 

tIste. 'lhe control unit was injected with 0. 1xSSC buffer. After 

in., c: t. ItC:, the 1arvae -wre raised individually in the plastic cup 

'a0a:tLdnt.l ]/4 intch cube.s Of the diet and kept at 2: C. Larval 

mI:t:I I ty w as recod:red cai ly. Those individuals surviving the 

t. eI t V. Wie : I lowed to plta te and raise to the next 

etierat ion. Fourth insta r l1.vae of this g r'oup (second 
r:r,Inrt t 1) were in;ijected with the purif ied GtmtDNV in the same 

'i,:1edtLV as Clt'sc.'i e d a hcve. with this generation only 100 

iti V-:I. , -Ilr'! CiIS" e1c: h virrus dos . 1 n forltlat ion was 

ADOCU ME.
 



collected on the larvai mortality as w 1l as the effects of the 

GmiN)iV on the davelopmnt of Lhu sur.-v ivals. 

To conIfirm the rep lication ability of the densovirus 

of the wax moth in the hetero logous host, H. nrmigera, electron 

mic sr c o:i;, study as perfor.med. Dead :la:vae from the1 W 

ero"i.. ,in Lasts were ': ,lol.ectd and pieces of tissue were 

-isse,. I Li~ LIIlin sec:ions were prepared following the method 

deLscrib.ed in Progrss Nepoet NO.I1 ( Material and Method,section
 

4, Pachulg, thi GlmlV ). Observations were made with a JEOL­iof, 

JEll -]UiSitJe.Lwtro"i m i cuseope operated at 80 KV. 

RESJL'S AND DISCUSSION
 

1..Purification of GmDNV
 

Dif ferential cen trifugation provided partially
 

,urivied vi rus suspe-,Sion . Further purification by sedimentation 

,:i]lbrinm tn ritat ion in CsCL tremendously improved the 

p:,ri.if c-Lti: p ocedtur,. After tLhe. equil.ibrium cen tr ifugation, two 

white liid. werm observed in the cent rifug tubes at 2.1-2.B cmii 

ai 4-4.4 om be.loI the minli:sousa. These two bands were collected 

Em:,r w.:l.,aIy preparations stained with 1% uranyland negatively 


anect;ae worm. observed under the electroi microscope. The first 

bona-d no'; L to the,miniscus consisted of small, spherical complete 

,i.n- prtii ns abou t 23 nm in d iameter, empty virus particles 

WIrhl: ti in p,ntraL.w.duri lan ny small globlu ar structures (Fig. .a) 

lhI a-i_jority of the partic,les found in the second band were 

comple virus partic:les (Fig..lb). This result was similar to 

that observed by Kelly et a .. (1l-J80), and indicated that isopyonic 

cent 'Lngation in CSCL was effectively separated the complete 

virus Ipar'ti.ele 1fromn othu r componen ts. In the Progress Report No.1 
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Fig. 1 	 Purif ied de-isov iius of the greater wax moth, 

'Thilei'ia mellonellu aftev" isopyonic centrifugation 

in CSC I . 

a). 	 Band I , top coluinpien t consists of Complete 

vi'us l par'tice es, emIpty vir.Is par'ticles 

(a rrow) and smail obular structures. 

b). 	 Band II, bottom Cou1pC1nnCL consists of 

cciiiil:,lete virus ,t ticls. 
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tim.-L ilai .t lohu 1.aY. str:uotuves identified a:s the capsomers from 

di UUl 1 . v irL1s particle ( Nakag a1, 1 arid K awase 11982 ) , the cin g­

l.tp-l.atj -, i. P :::lL. ItuU. tld the empty virus part it: le,'- were observed 

ni I I. t t .Ja Iy pu if ied vj 1ir us P::,ii on.S . All the structures 

vi .[.,:' ,-.] iHirl:: ud-'Ji. :ij Lilt- nIfl_? ly pii Lu'if ied v ius -;uspensioii was 

ohL;l.t.ii .I :1.I',:- ].iOlpy c Lr iti tion iii Ca.Ci1].:'i C<. 

AigTlt.t l'3l &L aIts1,.p t4ion spec trum of those two bands 

W,- L'. .",Wn in . Th eeS P 2 IU . .ha v;.-C:tee ist iC. of aI W 

lu,..,,i,,vor i, w i LI l : al,o: of a-bsoi-ba tce at 2b0J nm tu that at 

I I' i iti:i. I . ;. F k tL e I i 'st :nmd th_ second bands 

, ,,Iv,. ,-liy a 1I . (171 tI8 ) reportd the extinction 

Li1 I , L,-.I, I - , .,I- . .:-u1,.o, L (]- -t_:l Ij i11- 1 one ll -- wa s 

0. :5::." I-1- Ili aI >a-.li nut which was thi, same value of that 

is.::,:, I ' o trf t., b u J unon ia- oic1.. thisbuttefly, aFrom 

1,:t ,,t.i iu , Ic:' i c- 1t v a] ue It Was found that DIIV obtained froom 

i n i-6d i(:ou t pei: 500 wax m t hli -i.t i !'L--t pir o -d L1 e wksS. 1 mg 

:Y:e o e:XI, present ofI:, *v :t < r: & 1: si:. i ien t ) . The modification 

iI1 V it I pljt I.i -::lioln p 'octdur( provided satisfac tory results on 

i,:,Ll 	,,rusr i t~ I~ v:i.rus; yield. 

. u Lugo LLi<tL 1. s Ludy 

1i.t e.' and pui ity of the antisera produced in two New 

Zre. InLd Whi te if'eIa Ie r1bbits we re determined . These two 

I. 	 Ui . s .rvi tid an equ i qual].ity of the immune sera . Agar-gel 

:,I.: le i.1' U o-L LL'LI- Ll enm Ler ated that lhe immune sera with 

Il 	 , , ;i 1 .- t I-.,er wert L'hc j ei l d froli the marginLn al ea" vein in the 

vit t he ec t ion an etdiri, so hedu 1 e ( eight weeksweek in j b 

tl I aion . foiurthrtsli c! Ln and ctne we af1te' . the i ject ion) 
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) P ad 31. p ro non.
 

a) d1 II': ,i: t t.cr,c,i Io t.
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When 1:10 and 1:100 diluted virus suspension were tested aga.inst 

the antisera, the precipitin bands were formed with the antis'pra 

diluted up to 512 times. However reaction .Tas no Led when the 

immune ser. diluted lip to 34 times ware tested a -.inst the 

purified suspension obtained from the healthy wax moth. No 

reaction occurred when the virus was tested aga inst; the norm.al 

serum.
 

Based on the results obtained there are common antigen 

present in the purified virus suspension and the suslpension 

puri. i.ed from the non inrected lan'va:. This -"nl-r.,st that. 

iltrastructures frequent ].y observed in pur i " ci virus 

suspension may be the remn anL, of the Ihic'st. cell c.ompon ents. to 

clariFy the purity of the antisern produced, immun,-orhnts were 

per[formed. The antisera were absorbed with l;he silsen a ion f the 

noninfected cel.u lar ,a teria l.s and incul-,ated at :;7°C [Qor 1 hr. UK, 

ant.isera were then purified by centriflugation at flO rpm Fr' 

10 min. This absorbed antis'ra proved to be more spe : , U,.t 

their homologous virus antigens. Anlthough the pres,-nt ,. i.w;eri 

contained some nonspecific antibodies. the immuno... :,rbet -. ,can 

used to remove thosR ;ntibodies. Iowev,.-r th, r-ur ily ' th -: 

antibodies and their sp.w i F ice i ty are essential For rn'rth,.r 

serological studies. Ti.s en and Kur..::tak ( '190)rerted e;v'era.[ 

methods used 'or t;he Lon ," imiuno .obuilin. When iti:puriieat. ica 

ready For the immunoass;ays for .-:xample the ELi IA nnd th­

iinmuoperoxidase assays, the quility oF the presenL ant ser;. w.i.l.1 

be verified. 
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IfIIu 10 ii ase q .iue be 

j:,,d and t, to field dif 


LJ,.I '.7-A -1-i i oII]-	 t.e ri n cwills used as the 

.. ens I t iye eth,-i identify/ the stail 0 virUs 

o" lI. 1].oL hi. -IUteLa aiid o1 Spudoptera ei ue -if they exist. They 

w; .. I a i.c, used to d-t i n-u Ish the o rigial GmDNV and the host 

r die mu1; in (hiDU V. , Dapt,rs r'eport e d by Ku rst ak e t a 1 .(1977) 

(o:e and Kiga Li. KU Lt k and ':n and ssenL9aO0; Lu t al,: iSSi ( 193 1 T ii 

e;. :1,.I1,2) were studied and evaluated extensively. Hod ifioation 

ei reo Il tihose repol-ted are investigated and1::O being 

d eve Lo:,ed. 

i nfectivity of GmDlNV 

The densov ius used in all experiments at present is the 

dens()V rLS offreaterth wax moth, Gal leria mellonella (GimiDNV) 

, Ut;1ned 1 rum )Dr . Jarv Tal, the co-princ-:iple investigator from 

the Ken -Gui'ion 1.1rn iversi.ty r the Negev, Israel. Since large 
rIII(-)LkIi t WuD1V(f wa:-: nee-d,]ed for experimiental used, effective mass 

p ,:,:a ion of this virus i:. esse ntial . Information on an 

e- L',.: iv e lose of virus ilioeuilumn, tile suitable larval instar for 

v ra] app Iiat ion and tile Lpt ilia I condition for the viral 

1n-1.itation .-riod will facilitate the production procedure of 
this viius. Mloreover the biological properties for example the 

pat hoglen.i ty , hoE:t range etc. are also important. 

.n'fectivity tests demnonstrated that densovirus is highly 

p:,t.hoen~]I.: to G. muellonel.La. It can cause disease to all instar of 

th, larva,.,, (Table 1). However younger larvae are more susceptible 

than the olde- . arv;.ie.. Tle concentration of £he v.rus used 
tl induce disease caii be as low as 0.001 ug. Over 90% mortality 

was L:,s rv-d to all L;-arval instar when using the virus up to 10 
ug exoeei t the fLifth ir.;tat r larvae. Those fifth instar larvae who 

survirvel th r ea tIInet ejt he r cied in pupation or emerged into 

;,. Ir.sIa f- withVo1 imtation . The LLDbO (lethal dose), tile suitable 

,Cloe 	 anld the suit ale Iarval ins tar for inoculation are under 

I LIiyY:al e.l. experimenLts will be made toi:"sti ital Further 
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1A'ihLi 1i. [" r * rL IY .i , tthrh&PIIt wrLt: IIIm,oy cJ" kac-te mu .l onel laInt-i leriin 

fVCm ti.: w LLh ci f 'u.ei'C t, dose.: .m: I Ton ]. Lct der~uiru.-7. 

L,:.; 1 ,fh .c, . v:.* it .v." i fi :t~~ii i I.n 1IiL I arIV Irnst ar.VUp tJ : + :.. ILA . ' flu '.-:n ] ' ,.,:r HI,-,, 1o-)'. 1,10 , ,.ioor . 

+"" i.JI or 1' 11 6] S. M+ V e' s....11 
j. I . 1, 1 ) ,1 'l I] I ] " + 4. 1 G !; J 5ii ,4 i i 

.. .... E .... 64 71 3 9'U 

. , . - .. I . ' l I i .4i1 b 2 4 

V,r/ 1.744 11,1:. 1 ;, 73 4 9 81. ..5 1 7 . 82 13 17 5 L) 

int.; f l. , :I t-l',/. . j --.l '.'/ . FJ[ i 57 t3 .75 :35 s . IS 

1/" l& r, .ert moIcr . t,1.i 1, .. m±::,td by A 1)1L s 'ovu..a 

e . .. i/ '.' u rl.':,_e did et k.:011l "iCIUt.iii:7tt £ ., LI1 larva. 

.:+6 I'I l)[1- ' : .L. + .. tv ,- 05 I r, e r IL rV.. 

L of BE.Ts iOCUMEN 
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,1ic Itite CIGt-- 0 Lo11.tiu1 0,- dit 'I Lor tI I p,:'i: of Lit d:i j.ase
 

b.i.. v i"t .I en.r t s
:-ijj Lh, JflcUL:,,;tl CA t..iP )e c t1 kI-	 lIi.lt 0t1tio are 

tii-cd .:+.'.2'.L[tiVy ]'IVt" .i~ it- t t a-(A.r!-inriLg of tle d, n ovirus which 

Wi I ,'.nI L a Wl, uis ofC t.Ith i. _ s'.c p ti L cnII t 1"o. S Dr nn t pe 	 . 

.) LII it)IIV1 V:S m 1 'tt , e ml ta i LsPI 

1,.v: i. ,,.ortality wa.,+ observed after mioroin,jection the 

I I'I F i I l1 V i. IoI--.'D fou rt h inis tatr la rvae of Helicit hi s 

iU '- . , rr llt.)o t1.1 uy of 10 .75 was recorded in the first 

ir'-*. td {,.n+--Li,.,rl :-tI"Let Jce iv in g 10 u 1 of the pu ified GmDNV. 

." I*0 . ItcL.:t1hi ty I 11:1te1&s,-1d to 34.33, whe n the second 
+ ,f .t wc.rm_, 	 to the• . U: e t i o w. popu lition was subjected 

- 1, 1 3). the 

U ',*+ ,L. I.1 l ped Enough 

>;il+- ..-. t,1;,, (T-,J "1. Larv-ae that survived first 

t.un t. 1o - ,r:Iev I e in to adults. progeny 

W, ,.- t-Cv ii::d [C0L E .,-,r, trat ttnc;t. Although the percent 

Il.L]. Si.l ..,' .i1t ' -d t ; treattenLt , several larvaeLh. see: cn d 

.1 :n'.h +i '. pI i o pupa:(e I 1?ormedIvI.V,I, Jrl. C.,Oli ,t" t 1e w r--Ila 

i-vlu t.:-: th I. t:,x,..- ,I.I,: ., -ltor . pge, i' d ,- a. normtlal but the eggs 

h;tj I.:r . .- t':e. ]L ori-i the e f fect o GmD Vta,.t.o. '1 :; Iu d cstra te 

,id t10 ,, Jop,.llltel,j l. th boll .Ottll. Hence GinD11V toost range 

:,f>-, t of ; r, w i n nrd in ULr':ducCin g di sease in bo]llworm 

Iti ,.., !'te 'tl Lttl tLC'ijul- lL I:Lt t&iVbro ust: d isj: l:y w saptec ios 

::[" i AI:. L (:, i . I:] , I - ; ) . A:-; .1t.1 I -. , : v i 1*i1 ur.ts aras 

CitiIVILI:t-Li& \ tlt.: L,.I 1-, in f ,::,- ilLtn , Lti .- 5 C f,,i c ityli ll.itiLL.l 

h: S,t .1.. pe. iti oj. ty ,:,' the densoviruses 

Ei:'t:*;' i.*ct. &:u.' os.ltei.. Th, host r -ang*e cit ('mDHV is re tricted 

ii 	 . (. l. I,,1 [L it.) ,lttIi lni :-.t 1) V intect s v .:. ious LepidopterarI 

a.- %a inch nt' :, trlvtIlna It 1970). Tc)nI ( Lonwo Vth , 

i I 5,OCJ , Giil)NV thei ", tp,c S ., i ti y cofJt!St: he studied, 


L:,Ir r" (& wa.; t, fLoor t t ins tar rva.e of H
. HmDIIV ppi-. iL.c tch l 

,;It' I,+ V i I.o Z aniI l in:etio . (Jb S 'vrVacio of the:I i VIh ,, d liP i C.-1 
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"'Ai., 2'. I I c, Y den:c vi ru. of Gal leria meL1ntc 1] a on the f i rst 1/ 
t :L r.l g'rn.t: i,-,r of Amertica bolvici rm , elieliothis armiiera. 

S ,j 2/ ci o. Df rI.'I o L'V NO. iL a r.vri 3/ , corected4 / 

i.I. ,J I rVt lJ,o cl i), g PLIP LC 011 i t,ur tuai r-iy 

1 4 1-) / 1 : . 14 

uji1 G 1*7 . 6~410, 40 U- 2 .I 1 18 7 58" 
r I 41c1 2,5 155 1. "75 

, tLh- I>!,: ii 1:,', adu , Le zrd .lay vi able e p '­

' "., ',,I. ,1 , , .i'.11: ,, i.I I i- v i.a i-:L -, ,-II: a ur t he second 1/ 
,-.i,:i'1-±1. .1. L'.t I.t- .. r1 ,.,1 i tllt'l,_, hohor .. [ , , Hel iothi.; ari' ii tra. 

, ,,I .i.;2v,. 2./ . LL Lv ;-,: i ,, . 3~I/ eeLe d 4/,;rr 

LI C:', I..:i '. l.J,-l,.l ir'IF p0i1-) Lion 11 Ortaii ty 

. 3.u 0 43. '217 

lii 1,I.; ,5Lb 4,1 34.33 

I. il .
 
"/ l,',irt in: t r la ,ve 


1/ iI'l i ilJit-.L -:I Lr-,L tl: LeE 
, ,reny Of the first Lreated bollworm 

: .u.-r':e ,:JLIIL: mL a.nd non v i a b Le .i :,.lat Iay e, s 
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-nL 'cc cc t issus reveta .d l1',J pr :serce (.1 lVhe vir us pa.r ti 0 les 

i i[llln C- I: VtDaI.er (Ior paae'ysta.a1 n a y characteristic 

-If Llie rL; J.n:nvi.n rferrvJl cc] Is. Iii loilolo gous host, 
m. I oeel Inel.a,t i:: v iru Iul.Lpi ed in lmos t all of the insect 

t. issit-.: wi L the exL 1: )t:I o f L the Ilidut; (Kawase, 1980) 

: I i"h V i Im1; L:,A.I'r i s1ouoWIwe07: in both nuclei and 

cYLOj. .: i t h! ted (P cgr e ss No. I tc',I int[,, c el Is ' Repo rt 1 

.r-V,. fl 1-h i .nfecred s o r G. i el onella_l, t t-:: lii n u1-11r i t .,IeI 

itiiie1-1 ": 7yp.L.- i id the ir taeophy lose Cr is (h aracteristic. 'The 

ph LI'r, I ly c r ys ta II i ne inv i 1.1 , L 11Cle; ut arran ged in par array 

-i )Sc as.:,:i -at1:,nti t c alte red Ili i 1,oc hon d r i a ( Fi . 3). After 

i in G lNV los L,Ly -il un G,'( Il.l. in to tle hetero 1o. ou s 1. 

m,'i]l ; -: "Lh, t.ht. v I Liu:; Wa; founid to multipl,e in iidgut and other 

::w..Li ' .11 (k:i-. 4 ) . This result di f ers from that 

i-.. LL m-d by Kav ISe (i U;3 ). In liid put tissue, the virus was 

) linLiId I l bi tL 1.Is at:inid t hel i al cells. The virions 

r, n,-d Li: It v mzi;::e s aiI.] j II par'O rays tal .in e array (Fi g. 4) 

.y <,I::-a. c ei'Jc:I t*s oL', Ieved in fa t ctells similar to those il 

a i]'- t, d , . 1 .I 1 t iiele Ia. The mitochondria had clearly swollen, 

.r.-; t. heit C:- .5tde :. ndcontents. The virions appeared in group 

tf.) cite-.i]I.e mL itochond ri . w;as thatinct illd a I t suLggested the 

v i.il:.n nay ~i n;-vl..y t"ill he empty mitochonciria formningg membrane­
Iit'lldw,.i [;.t e l.s: of virus : artioles (Fig . 4). By ii(,roinje tion, 

(,IINV w: i oh se v;d in fat cells. No virus-like particles was 

fllid il I.i ; c Ccl .l ct Ii, 1iut. The in fected iuclei l ' fat cells 

W-. i v I uAu -; Ly die:g ed. ]The areas of vi rogenic stroma occurred 

C, Iu!r.ciIwhe,re i: I viriions were formed (Fi. 5) . An increase 

ir th, nuit::r .it' tlre ribosumes and the formation of inicrobody­

l.i I. sL u I'C:' in in ected .is wer'e also observed. The virions 

cii .i.lBJET i gIoBp S mDss.E 

BEST AVAILABLE DOCUMENT
 



19 

g iIiop I'i I~iePj:rE;h of Gall Ieria mte locne].] a 

1Cc wi LIId& of G licInIel -:!c~ t '.. .-I cIIsc v i :11 T I Itt 

*Vci)~~ vc ~IiL'Vc~~len Uand :Igicled 

h:) iLL ~ ~ f':ti Li.ed i d d ced 

jiII t(Il-1n1.1etIII t'i in ull.)S _- WS;ZC'C: i Tt 1O 

Wi t h i V. ii~udI 

) Vvu~r-ti.U ~e~arrangedi in jpaXri.iys talline 

dr ta\'- LnI n riecL cl c-e. I. 
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""Iola', .% ' 

.,' ,- a:.,: ' /$No 

., .. .: 4 "."/-,' 

',' .. -. -* * I. . - , *&. 

•1 *,,*.... 4,, 
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5ig.5. 	Eiectroci microto'raphs of Heliothis arlliigera fat 
ce ils iriftoted with cersov ir us of Ga1 le ria 

iiI, i 1om0].i: by i 11iceoinLjection 

.). cEletLon dense are .t in infected nuclei where 

Ehe v iLLIt 'L trt i0 s are rep 1icate . 
b) . V 'L [) ,. tieies e cse,:t .ill lli erobody-like 

;tLL C:LtLI E , 

c) Group o-" virus particles in infected fat 
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. . MrIb< 'I . 
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'!'hi :. ~ t : i- ~ . LIil,L.: V . i 1-, in~ ~ it--oa(I m[ III LI Jm li td 

Ii~~~~~~~~~~~~~~~~~~~ 7V f_____ 1I~;~2ir~titait:ar ~irg;rie cle- by 
.-,i ;(I )HV\ f'ai '. -t]'t ig.era u dm', -l,jec:ted Int O H. a I .iera 

ctI] E!iC ':t.1d4 1,. d i e.'Mi-netdL its stability, tissue 

ly. IiIIiI tLlIJl ij 10rei IIit, t ecl Ii Iues described lby Sinha 

,i:-'.-;)L; I W -tL':ULl (L I t;i,) are being investigated to rapidly 

I ii: .1 r t ,: :esence Ci." (iuDUV in tissue smear of infected 
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110411 f'itat ion o the pu "if ieation r rocedure enable us to 

ouIta: n s1fil:ient amounr-t or dejsovirus cif Galle-ia mel]onella 

The purif ied 

s-r IiI I , i tfeti.v ty and lost-ran'pe Imutan ts studies. 

t1' -pD I dc ( t,d -.12 0 s s I'LlTy i 1i 1 ii t r was 

GuiDi V . i Vi tus fais c0folsidered in good clual ity for 

iter and 

dLi.to : t: Pot i i Z-:at:i O meithods to imiiprove the puri Ly.. 

o)3 11,1 A:,-cnt.,- rat her ;.Iu w at this s t but nally techniques 

iws; n ' I: jill I,.,, .-i i J bebo cre in 1this laboratory are 

1.1IAI-r t 'L IiI~:~ - c1' 12::;VI (.I :, 1A :1.n dI: -'LISA 
I I~il li12i'fl~ {~i.4 :',Ii i~l' :-- n liii lt.. i . i:t, eb ili; cl,:veloped for 

t-hl tudy oC ViruS ident ti'iation , viral synthesis and viral 

e, t ot.Iion tC . 

Re.ults fromn thl : study gave strong evidences that GmDNV 

Cxii, I' in i .amj.fe.~ Theril. presence of this virusl].ic:- t~ H, .1.J th s ' 

in iH. ain igtra cells and the cytopathic tffects observed in the 

e,I.Is s-.Cesit.e,: that host-range mutants can be raised 

si , : :;tf . y A 1- npit. t s have been ake to de terili in e the 

i i 1ity, .:pe i. L, i ty and pa thogernec i ty of the mu tan t iso lates 

lvent. )ugh the. pri.iuary cell culture of H. ar ilgera fail.ed 

to es tab. ish at the f i.'st effort, trials will be made again. We 

a so IniVesti' ae the possibility of obtaining cell line of this 
LISet f'Ohi e Isei en'e 1,o a omp 1 i sh the work plan as was 

p r po.sed 
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WJOIiKIAH FOI, TIII,' HiXT 1 FIUOD 

.1. kCti s :i.n+,- GI)IDN V hos L- I.at-ge IntUt;ir t coap-tb le of' 
i t:.rod jj2 rn. Ii seas- n [1 air i ,.,.+'a ll be onrtinued utants 

i.~::,i. rit'l wi ii be exat in :.d to cie term inc th:h~e ~-l ainls of their host 

(peI.:pizalie rIded host range or LIn a t7red one). T issu e 

-pec ii iciy MlcI Pto1genicity of the tutarnt viruses will also be 
d .- v'.e c"ml i i d 

;:t on' :ej.:.p i C: :i -,r C)1 mDlIV 11lttrisuou c.lone ,aon st rueotiol 
by t:.h0 Isra Ii[ .r)c di s-,:e-d to iha i land ) in Gall er ia 1a rvae 

ij :: -nd :Yt -,a t h,-,,:,ii al . tucl is of this lone will be 

.0,vee. t. i :i ;:.,d iri oopa -iSO,:n to the Lu tan-Jt iso .ate 

'.;]: A and mlin~ir Oengym u ic assays will be developed 

Lu t-et'rlilie .kI ,,]&ioai realtionslip between isolates. These 
w.1hLI:.dS wil/ aLj.o be Lt:Ili:xed a; rapid tools for diagnostic of 

fi,-I d . L; -- -s DHV C1 If. ;-, i :rr;I whioh are still being explored 

4. 'ir-sl a tt:empt to establish insect cell cultulres was 
unsu,:c:es.ufu I. Tv ain ingp iii Japan by one of our colleagues this 

year will make possible for the establishment of insect cell 

L.1J. tueS in our iabo]':to . Attempt will probably focus on 

0 1 La i I I I - .i lie i':±II elsewhere inistead of commence with 

.'Ie LI C,'IJ. L . At presen t stud ies on vi La. DNA syn thesis 
ind vI ralI rep 1.iat 1, 1 Using1 il!IUnof].oresc:elce techn iques are 

belxiic: developedCOn j.y in in viv. system. 

F. Cu I Lur: of silworm P o mbyx mori are readily 
r-:.ai.:.shd in otr a-o ';: to~y. The potential haard of the D11V 

- - d 1.1 c GmII V l ost.-1'ar-ie mu tan ts tso the silkworim will_me I Ionr 

Lt' &ter.m ilne by l:ot'h a l'idmicro in.jection experilmelnts.Lb1Iinl 

http:w.1hLI:.dS
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iunc~er:yuie procure. In tethods in iuuunocdiagnosis. 

i, eds. ), 

Hed ical Pub icat ion John Wiley and Son . New York. 

(N.R. 	 Rose a.nd . E .Bi z .... pp. 161-902. A Wiley 

L was, 1I P at:.athIo-) oy soc i a Lee wi th d ens viruse.s . In Viral 

risct i ide, -ur biolog ical c.ontrol. (K. Haraitiorosch and 

... S. .97-231. Academ-ic Press. 

New York. 
i~~~l.H WyCY,.itoo. eo 4 F o , . 

.1 	 .y . ... r, H. F, Sp.lling C. R. jarwise , A. H and Walker 

[ .0. 1'J81 De:nsonuceoSiS ViruS struc cural proteins. J. 
V i .)I. *,;,1:; :) 224 -- 35 

Ku I'S LAk , ., i.iJ seri, P ., aid Kur sta.k, C. 1977. I itauunm ope roxid ase 

Lec-hn iqjU, in ,clignosis virology and research Prinoiple 

atr, aap I i Cation . I Cin eat diagnosis of viralep ive 

disease . (E . Kurstk and C. Eurstak , eds.) Vol. 2, 

prt B, pp. 403-1. Academic [re.ss. New York. 

nrsftak, ".. T ij P. 1981 Animala 11cl ssen , parvoviruses 

Comperative aspects and diagnosis. In Comperative 

d iagno si of viral ciseases. (E. Kurstalk and 
C. Kurstal,,eds.) Vol. 3, pp. 3-65 Academic Press. 

1ew Yor1,. 

LongworLh, J . F. 1976 . . isometric viruses of invertebrates. 

Aciv. Virus Res.23 : 103-157 

Uiag rr-unu, E., HusetLe.cu, ii . and Grobnicu N. 1:365. Histological 

ctuldy of VidenoCV irtls type ]4 developnen t in cell cultures. 

J . 1,'... C:\ ,Ii. -: - 104 . 

BEST AVAILABLE DOCUMENT
 

http:HusetLe.cu


29 

l.,. i, Ii . and K awa e, .,e. l'8:'.. Capsi struatu're of the 
(Wnisonu eos is vi rus of the silkworn, Boiibyx mvori. J . 5cri 

,.. Jpri. 51(5) : 421-424. 

S ie 1. 1 A. I98:3J. B io cgy an J pathogenec:.ity of autonomous 

pLt' Vo Vi run I Te Ptrvoviuses. (K.I. Berns. ed.) 
p , . 2'1''J- -J . [?lei-iiL-h E ':s. u' W Yc1'k. 

.:inha, 1 .C. ;:tlC Reddy,b.V.R. 1964. Improved fluorescent smear
 
t:.-Lchn:i cjue ann,: it applioa tion in 
 detecting virus antigens 
in , I ) L vecotor. Virc'ology 24 : t2-1334. 

.'.rIL, P. :Ubl Kd tL ,.1, E. 1:174. Basic teChniques in advanced 

iilun-,¢h,- ;t'ry tow-a_ rds the use of enzymatically active 

Fah Ypn v.- uLCt e ' . In Viral Imniunociiagnosis. (E. 
i"u-'s tt, a nd R. HCrji sset . eds.), pp. 125- 138 Acade ic 

1r,1 Hew Yocrk. 

Si.. :en , P., van Dell Hu l.:, J . and Kurstak, E, . 19713. Biocherical. 

bic.physical and biological properties of densonucleosis 
vi .us I. Structural proteins. J. Vircl. 17 (3) 

68C-;- 6 I . 

'[ijssen, P. and Kurstak, E. 1981. Biochemical, biophysical and 

Li o I Cogi l :1per L ies of densonuc .usis virus 
(i1-'vvf.1.s ) . Eli . Cotn se.:quene e of structural 

proteill. J . Vitou . ' : 17 -'23 . 

i s.sen , P., S ), .1 . and ui-stak , E . 1982 . Rapid and sensitive
 

y
he er.u -Oillo - i lilllilno assays f or dH-nsonucileosis virus 
(li:%tvov iida ). Archives of Virology 74, 277-291. 

BEST AVAILABLE DOCUMENT 


