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tECJOOCAL FIELD or TllE INVENTION 

The present invention is dm:cted to transgenio insect viruses com.prising insect . 
transcription factors. In :particular,, the invention is related to transaeoic imect viruses 

comprising insect transcription fact.ota involved in molting and metamorphosis. Such 

mmsgenic ~viruses are usetW as biopesticides. 

BACICGROtrNP OF THE JNVENTIO!Y 
Traditionally pest coctrol has been dominated by 1he use of chemical insecticides. 

Although they arc mtactin& these chemicals are sometimes environmemally una:uxactive. 

In addition. many cbenticals used in insect pest control are not species-specific and may 

a1fect non-target vertebrates and invertebrates as well 8$ the tttget pest. These chemieals 

or their by-pro~ can sometimes persist in the enviromnent for long periods of time. 

The development and use of pest biology. population dynamics, silvicultmal 

practice. natural control qems (i.e .• parasitoids. pathogem). and improved operational 

fmcst pest management practices arc new tools for foiest .management. Biological com.rot, 

the use ofliving orpuisms to control insect pests, bas become increasingly more acceptable 

as a means of suc:c:cssiUlly controlling pests. For example, tM bio-insecticide Bacillus 

thuringlensts (Bt), is used for co111rol of spruce budworm and gypsy moth larvae. However, 

some recent concerns over the specificity of Bt have resulted in the recommendation that 

it not be used in areas where-there are endanaered Lepidoptera. Ecological int.eresu bave 

resulted in a shift in emphasis to examine and develop other microbial products. including 

the insect viruses. 
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Insect viruses arc naturally occurrinc insect pathoeens that are consi~ to be host 

specific and environmcnmlly safe. They can persist from year to year to impact on several 

1enerations of insects. There are over 1200 insect viruses (nucleopolyhedroviruses. 

granulovirus, entom.opoxviruses, cypovirus and others) that have potential for insect 

control. 

One problem associated vvith several natural insect ~ is tha~ there is a time 

delay between the viral entiy. mtO the insect body and tbe lethai ui!ectiou. Inseet virUse$ 
must be ingested by larvae to allow infection. Occlusion bodies con1aining virus particles 

contaminating the foliage are eaten and dissolved by the insect•s midpjuices. releasing 

virus par1icles. These particles pass through the gut cells and infect tracheal and other body 

tis.us of the host larva. Over a typical period of 15 days. the~ replicates in susceptible 

tissues eventually causing death. lDfected larvae .still feed, during this time; however, and 

hence significant defolia1ion of plants still can occur in the time interval between ingestion 

of virus and insect death. This feeding damage is an inherem problem with using natural 

insect viruses. 

Another problem associated with natural insect viruses is lack of vi:rulence. For 

example, extensive field trials have shown that the spruce budwonn nucleopolyhedrovirus 

(Cf'MNPV) will infect populations of spruce budwonn, but bas not caused epi2Xlotics that 

result in huge scale mortality and population ?eduction (Cunningham. and House> 1984, 

ChoristaMWa famjferana (elem.ens), Sprw:e budwonn (Lepidopteta: Tortricidae); B. 

Viruses: Application and Assessment. In Biological Control Programmes against Insect and 

Weeds in Canada 1969-1980, Kelleher, J.S. and Hulme, M.A., cds.t Comm~th 

Agricultural Bureau, Slough. En&Jand). 

Many strategies have been adopted to decrease the feeding damage caused by 

infected insects. One strategy is the application of vints formulations containing ~ 

enhancers" to early instar larvae so that infection occun faster, preventing serious 

defoliation. Unfortunately. rhis strategy cannot be used if the imect is evasive or if large 

amounts of the insect vUu.s are unavailable. Such is~ case for the ~ontrol of the spruce 

budwoma, Choristoneura famtferana (Clem), with nuclcopolyhedravi.rus. 
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The development of biotechnology piovides tools to petically modify insect 

vilu4es to enhance dWr eff'ectivenas. Genes encodina toxins {Scorpion/mite t.oxin)t 

enzymes 6uvenile hormone (.JH) estewe). neuropeptides (prothoracicotropic hormone). 

and eclosion honnonc have been introduced into the viral genome by various research 

groups (Boming et al., Amm. ~v. Eatomol 85: 437446). Theae genes en.code secretary 

proteim or peptides which assert their fimctions outside of v~ infected cells. Inserting 

1he JH est:auc gene into the alfalfa looper micleopolyhedrovirus (Ac...\1NPV) results in the 

IC<%Ction of the enzyme JH estmse into the hemolymph and improves the vims as a control 

agent. Scorpion toxin and mite toxin have also been inserted into AcMNPV. These 

proteins are n.eurctoxins that are secreted into the hemolymph and ac;i on the nervous 

system. A major drawback of these mmsgcmc vituscs is that the foreign g~ encode 

secmory p:oducts which have to act ou1side of' infected cells, e.g., in the hemolytnph. 

These gene products nm the risk ofbeing degraded or eliminated by the insect's detoxifying 

system. 

There is still a need to develOp new transgenic virmes as biopesticides. Especially 

there is a DCCd to construet mmsgcnic viruses by introducing: new typeS of foreign genes 

into tbc viral acoome. 
SUMMARY or nm JNYENTION 

This llrvention provides a tnmsgenic insect virm usem1 as a biopesticide. 

The invention. also provides a tnmsgeillc: insect vhus that is fast acting and bas an 
enhanced virulc:nce as com.pated to an umnodified vinls. 

The invendon produces a trans1cmic virus wbic:h encodes a protein :fiJctor 

fimctionina inside instead of outside the infected cells. 

Finally, the invention pl'Ovides ad. insecticide composition containing the transgenic 

insect virus of the invention. which can be used to control insect populations. 

These and other objects of the invention are provided by one or more of the 

embodiments descn"bed below. 
In Gnc embodiment of the invention a trcuJsgmic insect virus is provided which 

contains foreip DNA encoding a developmentally regulated insect traascription fdctor 

which is opcrably linked to a tr.mscription regular.ory reJion. In a prefetred embodiment, 
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the devclopmmtally regulated insect tz'ans(:nption factor is associated with insect molting 

and metamorphosis. Still other embodiments of the invention contemplate insecticides 

cont:ainina such transgenic insect viruses and their use to control insect populations. 
These and 01b.er embodiments of the invention provide new types of transgenic 

viruses. The transgenic viruses provided by the piesent invention are able to make protein 

products :t'Unc1ionina in.side the virus infect.ed cells and thereby bypci.,s the problems 

associated wi1h the scorctory ptOCeins of other transgcoic viruses. nus oharacterlstic also 

enables 1he ttansgeaic viruses to work quickly and effici~y u biopesticides. 

BRJl!F PESCRtn'JON or THE DRAWINGS 

Figure 1 shows the const:uction of C1MNPV tcmsfcr vector. 

Figure 2 demonstrates that the CHR3 DNA is inserted. at the expected region of 

CfMNPV. 

FiaW'e 3 shows the time course of. CHR3 expression in cells infected with 

x=ombinant viruses. 

Figure 4 shows the effect of AcMHR3 in bioassays. AcMNPV (•) denotes the 
unmodllied virus, AcOFP (.A.) denotes a ACMNPV recombinant expressing green 

fluorescence prate.in, and AcMHR.3 {II) denotes a AcMNPV recombiDant expressing: the 

transeription factor MHRJ. 

DETAJLEDDESQUPTIONO!TRgINyl'N"OON 
The present invention is directed to insect viruses conutining developmemally 

regulated imect tramcription factors and the cont:ol of insects therewith. In one preferred 
em.bodimeat, the prC:sent invention. relates to insect vi:nlscs containing foreign DNA 

encoding insect transcription iactors involved in inseet molting and metamorphosis. 

A broad ranp of lepidopteran imec1S can be controlled acCOlding to this invention. 

Specific examples hlclude the following: 

Virus &ypc Name Tarpt lasee't Comm.oaaame 

Nuclcopolyhedro1is virus Anticarsia pmmamlis Anticmia 1emmat.alis velvetbean 
MNPV catapiltar .... " luno;rapha c:alimndca Au&oppha califarnica alfalfa looper 
MNPV 

"""" Choristoneura bniferam Choristoneura spruce budworm 
MNPV . ftuni!erima . . 
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Hclicovcrpa annlaera Helic.overpa 1nnigera americ:al\ bollw0tn1 
NPV 

"'"'" Helicovcrpa :ma SNPV Hellcovapa zea comearwarm ....... Lymanlriadispar MN'PV Lynwatria dispar gyp;ymodl. ·-.. MamCS'lr.I br:miccae Mam.estra bnssic:ae cabbage math 
MNPV 

•••n (qyia pseudatsugata Orygia ps~sati UISSOCk molh 
SNPV ...... S~exiaua MNPV Spodootera exiaUa: bei:c ar.mywonn ........ Spodoptara iugiperda Spodoptera !Ngip«da fall armywmm 
MNPV ........ Trichcpluia ni MNPV Tric:boplasi.a ai l:abbage looper 

Granulcvirus Aztaieia rapac GV Anopia rapac imported 
cabb ........ Cydia pomoru:lla OV Cydia pomoncila codling moth 

........ Ramona mapaaima GV Romona magnanirn1 t•QVbc ·- Picris brasslcae GV Pieiis btasSicac curapc:an 
cabbapwar.m ·-.. Plodia imerpunctella GV Plodia interp1mcte1Ja Indian mcalmoth .... _ 

TridloDtusia nl GV Trichoplusia lli cabbage looper 

Entomopoxvilus A ADonsala cuprea EV Anoma1a CElpru no coaunaa name _ .. 
Aphodius tasmaaile EV Apbodlus uwnaalae no common name 

'C .. :._a Amsac&& mooni EV .Aamacra mconi nd hairy adlmillar 
Operoplnera 1mlaua EV Oacropbkn IX\1maaa winter moth 
ChoriJtaneum fiuniftnna Choristonovtll spnlCO bodwozm. 
EV tnnitlnaa 
Chcrisf.oneura biamilS EV Cborlsioneura bionnis spruce budwonD 

c,povirus Helicovcrpa armigeni: H•licav=pa mmigeta amaU:a bollwcnm 
CPVS ....... L.1--:_ disDar CPVl Lymamria dispar l>'PSY modl -·· Mmndra brasslcae CPV7 Mamarra 1xassicae cabbnomOlb -- Pectmapbor& aoaaypieDa Pectiftophara pink boUwarm 
CPV11 1omypiella _ ... 
Pieris rapae CPV2 Pieris rapac imported 

cabbageworm 
•W'MW Spodoptn IXempla S:podoptera cxcm.l'tl africal1 aimyworm 

CPVS 

.. l\ny imec;t which is suscz:ptible 1" viral infection can be a. target for the practice of 

the present invention. · 
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Imect viiusa are naturally accurring insect pafho1em. They may be DNA viruses 

or RNA Wuscs. May insect vizuses and their host ranac are lcno\Vll in the art. Any insect 

virus known in the art can be employed for 1he purpose of this invention.. Preferably the 

insect virus used is hast specific and cnvhomncmrally safe. More preferably the msect virus 

is a DNA virus which bas been traditionally used as a bioloaical control agent oc. imect 

pests, e.g .• baculavirus (nucleopolyhcdrovirus and granulovhus). and ~omopoxvirus. 

RNA virus= suit.able for use in the invention include, bat are not limited to cypovirus. 

Any of the developmentally rcgulatcd insect transcription factors are suitable for use 

in the present invention. Devclopm=itally reauJat.ed insect trmsc:rlption factors are a subset 

of insect 1ranscripdon factors. Such imcct trammption filctors are regulaf.017 proteins. 

They often have a built-in nuc:lar lcx:alization sip! that ditec;ts them to mcm: into the 

nucleus, whc=c they interact with DNA and exert their effects. They also have a specific 

DNA binding domain which binds to spccUic sequences in the regulatory regions of genes. 

Developmemalty regulated lnmsaiptlon factms usually are pro~d in small am.aunts and 

are tempmally and spatially regulated witbin an insect Transcription factor production is 

generally depeadent upon various hormones, e.g., they are exprased, activated, and/or 

inadi.vata:d by the action ofim=t~ e.i.. ecd~juvcillc hormone, and others. 

!bey arc also likely to have a S1rUCture that is similar to a hormone receptor or belon& to 

a receptor supedamily. Devc1opment.ally tecuJated insect tramcription factors uc lmow11· 

in 1he art. They include, but me net limited to Drosophila BR.-C, E74, E7S, Ultra.spiracle. 

E78, Scvenup, K:ai/ICm'J/egon. FTZ·Pl, DHR3!,. £93, Rclish .. antibact.erial transcription . . 
tac:tor, Col-head pastc:ming tramc:ription factor., Escaqot and snail mc.rlption filc:tms, 

e.g .• emlxyonic wina disc, Dorsal transcription factors, e.g., mrottampOSQn n:sponso to 

lN, DSX·M and DSX-F namcriptianiiactms. e.g., repression and activation of yolk protein 

iapectively~ Diftnmactivating cecropm1eae, Eye.less 1l'm;l.Scription f.a.ct.ots. Gap gene IaU 

ttamcription filcton. Kappa B lib imnwne 1enes activating ttanscription factor, 

tnmcription 6ictois encoded by Zygotic genes tbatreplate ~onic development of the 

anterior and post.erior tmnini. and DHR.71" DHR.96. ~fanduca MHRJ-ccdysone inducible 

tr.mscription tictor, Clroristonsura hormone receptor 2 (CHIU), Chori3toneura hormone 

receptor 3 (CHRJ). ChoriJtonnrafamiferana ec;dysone receptor (CtEcR), ~horistoneura 
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fomjferaNI ultraspiraclc protein (CfUSP), Spodoptera Viral ap64 activating transcription 

factor, and Egr-1 master switch gc:no. and Bombyx Mori Sllk: protein transcription iactor. 

The most preferred developmentally regulated insect 1.taDScription meters arc those 

usociatcd with re&Ulation of moltins. rcproductiont metamorphosis, and development in 

insects. Dcvclopmema.Uy regulated 1mlscripticm factors may trigger the expression of a 

specific set of genes which in tum switch on and ofr~ genes involved in the physioloaical 

events of molting and mctammphosis. Many such uansc:riptiou iactors ~molting 

and metamorphosis arc known in the art, e.g., Choristoneura hormone receptor 2 (CHR.2), 

Chorlston1111Ta honncme receptor 3 (CHR.3), Choristoneurafumiferana ecdysonc receptor 

(CfEcll), Choriltonetll'a famiferQM. ultraspiracle protein (CfUSP}, Manduca hormone 

recept:or 3 (MHR3). and Drosophila hormone receptor 38 (DH\08). 

A 1ranqeaic or r=ombinant insect vims can be constructed by intqrating a 

tragment or a coc.tiguous foreign DNA c:ncoding a developmentally regulated insect 

transc:rlption fad.or into the virus genome. As known in the art,, the foreign DNA may be 

operably or covalently linked in a els cgnfiguration to a transcription regulatoi'y l'Cgian so 

that gene expression of the icsect transcription factor is driven by the regu1atmy region 

usually xesiding S' upstream of a gene. Altc:matively, the DNA ii'agment may encode a 

fusion protein comprisina a developmentally regulated insect 1raDSCription 13ctcr and an 

· assayablc product. R.eport=r pes encoding assayable produds are readily available in the 

art The assa.yable product may be a convenient assayable enzyme, such as 

chloramphmieol acetyltransferase, p-galact.osidase. green fluorescence pmt.ein. or 

luciferaie. 

'Ihc transcription regulatory region or a promoter may be early or late virus 

promoters or coo.stitntive promoters used in a cell. Such transcription regu.latmy regions 

are known and readily available in the art. !hey include but are not limited to late 

promoters. e.g .• polyhedrin promoter and plO promoter. early to late promoten. e.g.,ETL_ 
promoter, early promoters. tt.g.,immediate early eene 1 (IEl). ecdysteroid stucosyl 

transfcrasc (est) promoter, and p3S promoter, and constitutive promoters, e.g., actin 

promoter. The promoter may be linked with one or more copies of DNA encoding 1b.e 

transc:ription factors. Several copies of transcription factors linked with c:Uft'c:rent 



I 

promoters may be used. Alternatively different transcription factors linked with multiple 

promoters may also be used. These promoter and transcription factor combinations may 

be used to increase the expression of the transcription factor and the control <lf the modified 

viruses. 

In a preferred embodiment. the fmeign DNA is integrated into a virus genome site 

or a gene which is not associat.ed with the host specificity o~ ~ virus and the fbnction of .. 

which is dispemable to the virus. There are a number of such genes. e.g., ecdysteroid UDP· 

glucosyl traDSferase aene (est), pl Q gene, p48 gene,. and polyhedrin. gene. which arc isolated 

and "°' be used as an integration site for foreign DNA.s. 

Any expression level of the transcription factor which is sufficient to cause 

prcnature and incomplete molting or abnormal imeCt developm~t is contemplated in the 

present invention. The insect transcription fact.or should be expressed at a detectable level 

when the traugeriic insect virus :infec:ts an insect. Preferably the transcription :&ctcr is 

expressed or overexpressed at a level higher than 1he physiologically needed amount in the 

infcct.cd. ~ More preferably the tra:Dsaiption ~is expressed substantially m all of 

the insect tissues into which the transgenic viruses are inttoduced. 

Normally, a tee0m~ transfer vector is c:castructed :for making a transgenic 

vi?us. For example, a DNA fragment encodmg an insect tnm.scnption fKtor may be 

covalently linked 1o either a. viral promoter or a eoastitutive cell promoter, •.g., plO 

promoter, via methods known in the art, e.g.. restriction digestion, polymerase chain 

ledon (PCR), and ligation. Subsequently, the DNA fragment including the promoter and 

the tnmscription br inay be inserted into a viral geno locus, e.g., egt gene which is 

carried by a teadily available vector, e.g., pUC18. The recombinant 1r3DSfer vector may be 

co-tn.nsfeeted with an. insect virus into a cell line via methods used in the art. e.g...the 

lipofectin method. Recombinant insect viruses contaimnJ the promoter and the 

tramcdption factor cmicd by the recombinant transfer vector may be determined via 

detecting the assayable product. the insect tra:nscription factor,. the marker gene or the 

promoter. The detection may be by Southem blot. Northern blot. PCR, Western blo~ 

enzyme assay, reslriction digestion. or any other method available in the art. The 

construction and testing of the transgenic insect virus requires no more than ordinary skill 
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in the art. 

The tran51enic or recombinant viruses provided by the present invention are usdul 

as biopest:iddes. The host range of the transgenic virus is determined by the natural host 
ranae of the unmodified. wild type virus. The transgenic vtru.. are more virulent than the 

wild type virus. at least 5 tOld and usually 1 o f'Old more virulent. The virulence of an insect 

virus can be readily determined by methods known in the art. A transgenic virus works at 

its maximum effect in a host insect if the 1r.mscription factor inserted into the virus is 

isolated from the same host insect or is the same as :aaturally occw:s in the same host insect. 
Transcription Deters !'Om an insect in the same order as the host insect, or from an insect 

employing a similar tramcrlption factor. may be used. The usefulness of a transcription 

facta.r may readily be determined by one skilled in the art 

Transgenic lllS«t viruses of the present invention can be replicated and expressed 

inside a host insect once the virus infects the hast insect. Infecting an insect with the 

tramgenic insect viruses of the present invention can be achieved via conventional methods. 
iucludlng ingestion. inhalation. and direct contKt of the insect or insect larvae wi.tb. the 

transgenic insect ~iruses. In a preferred embodiment, the tmnsgenic insect viruses are 

administered by the oral route using occlusion bodies carrying the tramgeaic insect viruses. 

In general, the amount of occlusion bodies fed to insect 1arvu or insect corresponds to 

about 0.2 to about O.OOllD» of that species of the unmodified imcct virus and insect-host. 

The LD,,., varies with each species of insect Virus and the age of the larvae. and is readily 

dctmninable by one skilled in the art. 

Typi.c:ally ~ ihe amount of occlusion bodies used is relmrd to the amount of insects 

present in the area to be treated. Generally it will vary from about 103 to about l on 
occlusion bodies per am. Prdcrablyt 1hc amount is from about 1 O' to about 1 fl and most 

preferably fl:om about l Ol to about 106 occlusion bodies per acre. In cases in which 

occlusion body fonnation does not occur (such as when the polybedrin. gene has been used 

as the site for foreip gene insertion), c:o-in!ecrion of the insect with the budded virus forms 
of both transgenic and wild-type viruses provides occlusion bodies eootaining both 

recombicant and wild-type viruses and allows infection of insect larvae by the oral route. 

The insecticidal composition of the invention comprises an environmentally suitable 
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carrier and the tranagoaic insect vhwles. The composition should be suitible for 

agricultural use, farest use, or any other specific use coctcmplated. Generally, components 

of the composition must be non-toxic and not detrimental to the integrity of the occluded 

virus. Foliar applicatiocs should not damage or injure plant leaves. In addition to 

appropriate solid or. more preferably, liquid carriers, the composition may include 

dispersams, spreader-stic~ UV protectors, imect attractants, viral enhancers, sticking 

md adhesiw ~ emulsi:fics,. wetting agents. and agents which stimulate insect feeding. 

but not components which live non-desirable effecm, e.g.. deter insect feeding. Suitable 

carriers for insecticidal oompcsitions an: known and readily available in the art. e.g., 

dilucms such as water, clay, and the like. 

'Ihe following examples are pro~ided tbr cxcmplificatioQ,purposes only and are not 

inte.aded to limit the scope or the invention. 

Sxmmle 1. 

Ctmmuc:tjon ofTranafer VecMr 
As shown in Figu= 1, a CfMNPV transfer vector was created by first cloning a 6 

kb fi:agmeDt of CfMNPV contdning egt senc into pUC18.. A cassette conti;ning AcMNPV 

po~ and plO promoter regions and the ~-plactosidase open reading frame under a 

plO p.romor.erwerc then inserted in the middle of the egt gene. CHR3 cDNA was amplified 

usiag die polymerase chain n:action (PCR.), with syntberic primers based on the nucleoti~ 

sequence at the N-tmninal and C-t=rminal ends of CHR3. The restriction enzyme BagllI 

sites were also included in the primer sequence. 'lb.e PCR product was checked on gel and 

found to .be of the cxpectc:d me. 1bm the PCR product was purified by passing it throllgh 

a Sepbadex column to remove tbe primers, nucleotides and other compoIJents of die PCR. 

mix. The DNA was then digested with BagllI and repurified on a Sepb.adex column to 

elimimte the digested BagIII lirlbrs. The digested and purified DNA was ligated to the 

Bam.HI digested CtMNPV tramfer vec:tor usll3g T4 DNA ligase for 16 hr at 16°C. The 
li1a.u:d DNA was digested with BamHl'. to eliminate the self·liaated vector. The ligated 

DNA was then transformed mto XU blue cells .. and the m;ombinant clones were screened 

using l2p labeled CHRJ probe {Feinbexg and Vogelste.in, 1914, Anal. Biochem. 137, 266-

267}. The DNA was isolated from positive clones and digested with BamHI. The DNA 
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from the recombinant clones that were not linearized with BamHI and the tw0 CHR3 

prlme::s were used in a PCR procedure to verify the size of the insert. The insert in the 

recombiDants was of the expected size. Then the DNA fiom the rccombinants Was 
sequenced using dideoxy termination method. The nucleotide sequence was identical to 

that of CHR3 on both the S' and 3' ends. One clone in each orientation was selected for 

transfer Dito CtMNPV. · 

JSx@m11Je2 

The CfMNPV DNA and the recombinant tram!er vect.or DNA (CHRJ in sense and 

antismsc orie.amtioas) wee c:o-1ramtected into CF-124T cells using the lipofecmn method. 

The medium was collected oae week after 1mtsfection and used !IS an inoculum for plaque 

purlfyina recombinant viruses. For plaque purification, various dilutioos of the 

recombinant budded viruses (BV) were plated on CF-203 cells. A \\"eek after infection the 

pistes were stained with X-gat. The meas of blue color observed at the.lowest dilution were: 

picked and replaqued. This procedure was ~pc:ated 4 times. Two viruses, expressing the 

CHR3 in the sense and anrisensc orientations, wac obtained. The plaque purified vizme:s 

were then amplified. in CF-203 cells. The DNA was isolated from the BV, digested with 

HindIII, and separated on an agarose pt The DNA 1fom the gel was transferred to 

Hybom-N membnDe and piobed with ~-1abclcd CHR3 probe. As sb.oVdlin Figme 2, one 

band that hybridi:mt to CHR3 probe was observed in the digests of the rccombimmt viral 

DNA but not in the wild-~ CfMNPVDNA. Comparisou of the HmdIII digestion patten 

oftbe recomhinants With that oflbc wild-~ C1MNPV DNA showed that the CHR3 DNA 

was inserted u the expected region of CfMNPV. The DNA isolated from the recombinant 

viruses and the CHR3 primers v.uc used i:n a PO. procedure to verify the si7.e of the CHR3 

insert in the rceombhta.m viruses. Both. viruses Wen found to contain an insert of the 

expected me. The PCR amplified DNA was then sequenced. the nucleotide sequence was 

identical to that of CHR3. 

Example 3 

lime Cmn;gfCHRJ !mmsion 

To study the time course of CHR.3 expression iu CF·203 cells infected with 
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:cecombinant vinJsc:s. CP-203 cells were inoculated with the recombinant virus expreSiina 

CHR3 in the sc:asc or am:iscmc orlcmatio.n. The ccll.s were collected at o. 6. 12, 24, 48, 72. 

and 96 hr aft=- inocula1ion. Total RNA was isolated and analyzed by Northem 

hybridimtion. using CHR3 cDNA as a probe. M shown in Figure J, CHR3 mRNA started 

accumulating in eells at 24 br after inoculatlon. with either of the two recombiDant viruses. 

1bc mRNA levels remained high until 96 hr after inoculation. 

Bwn,ple4 

Eyalpation ofRsmnhjpant Vjnw;s for Insec;ticidal Actbdtt 

In the first 1ria1, lxlO' occlusion bodies (OB) isolated from CF·203 cells inoculat.ed 

with recombinam virus expressing CHR3 either in the sense or antisense orientations were 

fed to 5th larval imrar Chorl.rtoneurafomifuana. Two to tbi= _days after the larvae were 

fed the iecombbumt virus expressing CHR3 in the sense orientation, 8 out of the 10 larvae 

showed head capsule slippage (HCS) and remained in a moribund sta~ and the other two 

died as Stb instar larva. The larvae that showed head capsule slippage bad an untanned 

head capsule. stopped feedfna, remained mon'bund, and eventually died. In some cases the 

bhld gut protruded out 1brough the anal end. 1hcsc symptoms are slmilar to the symptoms 

shown by larvae intoxicated with nonsteroidal ecdysone agouists such as tebufenozide. 

None of the larvae that fed on the recombinant virus expressing CHR3 in the antisense 

orientation showed these symptoms. The virus obtained from the ins=ts that sbo~d 

symptoms of partial. molting was isolated and used in the second and third biosssays as 

shown :in Tables 1 and 2. The larvae that fed an the recombinant virus at a dose as low as 

1000 OB exhibited.the typical symptoms of incomplete: molt. 

Tablet 

Dosage #insects 
(OB's/insect) tn:ared #deadnoHCS #dead.Hes #Healthy %Dead 

L5 L6 
1000 3 a 0 3 0 100 

sooo s 0 s 0 0 100 

10000 s 0 4 1 0 100 

20000 s 0 s 0 0 100 
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50000 I I 1 0 
• I :: 100000 2 0 0 

Iablc2 

Dosage #Insects #Dead #Healthy o/oMortality 
cos·~) treated 

0 19 1 18 S.3 

1000 20 16 4 80.0 

sooo 18 18 0 100.0 

10000 16 14 2 . 87.5 

20000 13 13 0 100 

soooo 18 11 0 100 

100000 g 8 0 100 

J>mdwiion of Autavqphq c4liforni'g llY'flgolyhedroyim:; CAs;MNPYl expressing 

Mtmdut:a honnQDG ma:ptor 3 (MHB3), 

We haw cOJ1Stt1Jcted a recombinant AcMNPV expressing ?vmR3. MHR3 cDNA {Pal1i 
etal., 1992 Dev. Biol.) was isolated viarcstrlctiouenzymc digesdon.. i.e., BcoRI andXhoI 
di~ md cloned int.a EcoRl and Xhol sites of ~"PV tranSfe:r vectorpFASTBACI 

(Life Technologies INC.). Tbe Ac.MNPV recombinant expressing MHR3 was then 
idenrl1l:d following the proc:edam:s supplied by the manufactuter (Life Technologies INC). 
The presence ofMHRJ DNA in the AcMHRJ recombinant was verified by Southem blot 

hybridization using MHR3 cDNA as a probe. The titre of the Wt1s was determined by 

plaque assay procedure. The inscc:t cell line, Spodcptera frugiperda 9 cells (ATCC CRL· 
1711) cultured in SF·900 mcdi~ were inoculated with AcMHR3 .recombinant multiplidt'f 

of infection (MOI} of one. The cells were harvested at 12, 24, 48. 72. and 96 br post 
inocuJaticn. RN As were isolated fiom one set of cell samples, resolved on a 1. 0% agarose 
formalcichydc &el. transferred to Hybond-N membrane? an.d probed with MHR3 cDNA 
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under Northem hybridi7.ation conditions. Proteins WCR isola.ied from another set of cell 

samples and aaa1)7JCd on Weit.cm blots using MHR3 antibodies. MHR3 RNA was detected 

in AcMHR.3 inoculated SF-9 cells be;inning at 12 hr pi and MHR3 protein was detected 

beginning at 24 hr pi. 1'be recombinant AcMHR3 was then. evaluated by a bioassay 

procedure on Trkhoplusitl ni larvae. Umnodified AcMNPV and AcMNPV ~combinant.s 

e:xpresSng green tl.uorescence pi'otein (GFP), constrUCted similarly to AcMHR.3. were used . . . 

to compare with AcMHR3 in the bioassay. Penultimate lns'tar i: m larvae were injected 

with 1µ1 of solution containing certain amount of virus (plaque forming umts). After 

injection, the larvae 1W:ZC 1raDsfem:d to diet cups and observed daily until they died or 

pupated. AJ shown in Figure 4. 1he Ac.~ killed the insects and worked 1 OOOX better 

than AcMNPV. AcGFP worked only lSX better than .AcMNPy. 

The prln.ciples, preferred embodim~ mi modes of operation of the present 

invention have been described in the foregoing specification. The invention which is 

intended to be protected herein,. however. is not to be consuued as limited to the particulur 

forms disclosed, since 1hcy are to be rcprded as illustrative rather 1ban :restrictive. 

Variations and changes may be made by those skilled in the art without departing from the 

spirit of the invention. 
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CLAIMS 

1. A tramtenic Insect virus coma~ foreign DNA which encodes a 

developmmally regulated insect tran.scri.ption factor mi which is operably linked to a 

rranscription regulatory region. 

2. The rramgcDic imc:ct virus of claim 1 wherein the mseet transcription 

factor is associar.ed with insect molting and metamorphosis. 

3. The traas&enic insect vh:us of claim 1 wherein. the foreign DNA 

em:odes a tusicn protein comprism.1 a dcvelopme:itally regulated illsect traDSCription 

factor and an assayable prodact. 

4. The transgenic insect virus of claim l wherein. the imect tta:ascrlption 

:&ctor is selc=d !om 1he group ~misting of Dro.rophila BR.~i E74, E7S, IBtraspi:racl.c, 

E78, Sevemip, KnUKm:J/cgou, FTZ-Fl, DHR38, £93, Rdlsh-antibacterial transerlption. 

factor, Col-bead patterning 1rm1Scription Bu:tor. Escargot and scail transcription factors~ 

Dorsal tm1Seripdon factom, DSX-M and OSX-F mmeriptlon fa<:tots, ~ Eyeless 

tramcription factors, Gap pne kni transcrlption f.act.ots, Kappa: B like immune gc:u::s 

ac:ti:vatitlg transcription &ctor, transcription fact.o?S ecccded by Zygotic genes that regulate 

embryonic devdopmeat of the anterior and posterior termini, DHR.78, DHR96, Mandf.ll:a 

MHR3-dysone induciclotrmscdptiou fader, Clrorist°""11Ta hoanonereccptcr 2 (CHR2), 

Chori3tont1ura namto12e teceptcr 3 (CHR3), Chorinonl'Ul'ajiuniferawJ ecdysone rec~r 

(CfEcR). ~jirmlferrma ul1rasp~ protei4 (CfUSP), Spodopura Viral gp64 

activatD:tg tramcription factor, :S.gr-1 master switch gene. and B"rnbyx Mori Silk pIOtein 

tnnscription factor: 
S. The tr.msFUic insect virus of claim 2 wherein the inseetn.nscrlption factor is 

selected from the group combting of CharistoMUTa hormone receptor 2 (CHR2), 

CMristoneura honnonc =ept:Or 3 (CH'.RJ), Choristo1'lllwafamiferana ecdysone receptOr 

(C.fEcR.). Choristof't8"1'a famiferana ul1laSpirade protein (CfUSP), Manduca hormone 

receptor 3 (MBR.3). and Dfarophila hormone receptor 38 (DHR.:3 8). 

6. The transgenic insect virus of claim 1 wherein the transcription regulatory 

region i.s select.cd from the aroup comistlng of plO promoter. polybedrinp:romotcr., ETL 

promoter, CEt r;:romot.er. egt promoter, p3S promoter. arid actin promoter. 
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7. The transpnic insect virus of claim 1 wherein the virus is a DNA virus. 

8. The mmsgmic in.sect virus of claim 7 wherein the ONA virus is selected from 

the group comisting of baculovirus, entomopoxvirus A, and entomopoxvirus B. 
9. Thc1ramgeaic inscctvirusof'claim 1 wherein the foreignDNAresides within 

a vinl gene selected from the aroup comistina of polyhedrin gene, p 10 gene, p48 gene, and 
ecdysteroid glucosyl tnmsfmse gene. 

10. The tran.spmc insect virus of claim 1 wherein the insect transcription factor is 

ex.pressed in an insect infected with the transgenic insect virus of claim 1. 

11. An insecticidal composition compdsing" the transgenic insect virus of claim 1 
and an enviromnc:mally suitable cmicr. 

12. A method of treatina an insect pest comprising adtr?inistering the insecticidal 
composition of claim 11 t.o an area c:omaining the insect pest 

13. The method of claim 12 wherein the 1rans1enfo virus contains foreign DNA 
c:ncocling the developmmtaily regulated insect tramcription factor which :caturally occurs 

in said imect. 

14. A method af causing abnormal development of an insect comprising infecting . . 
an imlect with the im«:t transgenic virus of claim 1. 

15. The method of claim 14 wherein tbe 1ra0Sgeoic vinm contains foreign DNA 
eacodiDa the developmentally~ imcct uaascription f2.ctor which naturally ~ems 

iD saic1 ins:et. 


