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TECHNI CAL FI ELD OF THE | NVENTI ON The present invention
rel ates to nethods and conpositions for i nproved bi ol ogi ca
control of insect pests. Mre particularly, the 5 pr esent

invention relates to the efficient expression of insect-
specific toxins coding sequences in bacul oviruses for use as bi ol ogi cal

i nsect control agents. BACKGROUND OF THE
| NVENTI ON 10 . Interest in the biological control of insect
pests has arisen as - a result of disadvantages of conventiona
chem cal pesticides. Chem cal pesticides generally affect
beneficial as well as nonbenefi ci al species, and insect
pests tend to acquire resistance to 15 such chem cal s.

Furthernore, chem cal residues pose environnental hazar ds and

possi bl e health concerns. Biological control presents an

al t er nat i PIOLOBIGAL INFECH CONTRQIAGENTS FRIREFSING ANSEEHSRRCIe MEFFJROXOE GBYES, METHODS AND

chem cal §8¥?9§p8§§. 20 Bacul oviruses are a |large group
of evolutionarily related ' viruses which infect only arthropods
[MIler, L.K (1981) in Genetic Engi neering in the Plant

Sci ences, N. Panopoul ous, (ed.), Praeger Publ ., New York, pp.
203-224; Carstens, (1980) Trends in Bi ochem cal Sci ence

52:107-110; Harrap and Payne (1979) in Advances in Virus 25
Research, Vol. 25, Lawfer et al. (eds.), Academ c Press, New York, pp.
273-355, Granados, R R and Federici, B. A eds. (1986) The Bi ol ogy of
Bacul oviruses, Vol. 1, Biol ogi acatmfroapertaresormmde Mtvestiaw Bi ol ogy, CRC
Press Inc., Boca Raton, FL). Some bacul oviruses only infect insects
The present invention relates to methods and compositions for
improved biological control of insect pests. .More particularly, the
- 5 present invention relates to the efficient expression of insect-
specific toxins coding sequences in baculoviruses for use as biological
insect control agents.

BACKGROUND OF THE INVENTION
10 .
Interest in the biological control of insect pests has arisen as
a result of disadvantages of conventional chemical pesticides.
Chemical pesticides -generally affect beneficial as well as
nonbeneficial species, and insect pests tend to acquire resistance to
15 such chemicals. Furthermore, chemical residues pose environmental
hazards and possible health concerns. Biological control presents an
alternative means of pest control which can reduce dependence on
chemical pesticides.

20 Baculoviruses are a large group of evolutionarily related
viruses which infect only arthropods [Miller, L.K. (1981) in Genetic
Engineering in the Plant Sciences, N. Panopoulous, (ed.), Praeger
Publ., New York, pp. 203-224; Carstens, (1980) Trends in Biochemical
Science 52:107-110; Harrap and Payne {(1979) in Advances in Virus
25 Research, Vol. 25, Lawfer et al. {(eds.), Academic Press, New York, pp.
273-355, Granados, R. R. and Federici, B. A. eds. (1986) The Biology of
Baculoviruses, Vol. 1, Biological Properties and Molecular Biology, CRC
Press Inc., Boca Raton, FL). Some baculoviruses only infect insects
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whi ch are pests of commercially inportant agricultural and forestry

crops. O hetodsaastsovi ruses are known which specifically i nf grngidiAgor7
I nsect pests, e.g., nosquitoes and fl eas. Such bacul oviruses are

potentially V%}H@Pl Gre aﬁesl%BOLPgsj.l:cgrﬁ%rcﬁngrr grlsgqqg Sagricvtz uggi eanrgdt ai:Jorgst:ry

advant age of bacul oviruses as I ca I cldes 1 s their hos
specificity. Because 4"% F\S/lfaﬁﬁé?v’tﬁ‘fgf (ﬁffrﬁ%”?t Vké’l‘ii‘ssﬂes‘ii'ﬁf‘ﬁ/ué'ni‘?fe"t other
i nfect one or iPSEEl BpEhS e$ 6f/ | HREELCes A 59251 | tTud Spcwbrviryges care
man or the envketenhiaily avaduskie bas ubtelogitdloutorsdedr agentsaf f edt ipvgential
benesi ci al | nseBian8ipCi &S.bakllloviruses as biologicdlAGdseVéides SHD@hEPShost
i nclude nucl eagpeREYERY. 0S| FockhidISEHRivAAM] baculovirus SBHASE usually only
nucl eopol yhedr gigloisgn ChRVely BACAARE! Q8L8c ! LHEP S0l AWCEA L20 riak to
granul ovi ruses.. (! e | LHe o chuded forme of bach oviTises r ThEek
virions . (envel BFed n it cBAPIEESF - o7 é:ﬁﬁeg%e‘tfefinwht Py stdeFPaty RESeerirals
matri x. Thi s Raefitinle infedterpeaiefo as an occl usion body, is the form
fouk® extraorganismally in nature, and it is generally responsible for
spreadi ng t he i nf eckadanobiuse eibgrBepE tihiclddie nGHBIa2ChENYnS i de ik MisRs0f now
the NPVs is thad1188MacYéddddPRedio®iAHREAARYs] An8RTdn @i ¥ CR O WY oy catlea
which is relatixelyolsdiges (WAL O SiMELOURLALRN «Shel U %@igfﬁessosf 2.
SNPVs (single hug eopol¥ edrg& S_ViTuses). are snalTer and cont ain-a’ )
single virion “WoPR (SHIFIGEF SUChtrIBEtHYs TR oo 1n a crystgliine pgotein
nuct®opol yedr d&Ei%; r T8&8 SERREVER- EaferFefl £F pisean ROcRwimpshetly  pts the form
virion and nul fausBeextireprgrripesllyc it mestwre bat) it Gagenowilly \Hespioesible for
(GVs) have a ssmgheing £he infédrioncodtvebeGnapsisl o cROGIkEsiRAchbadturdr
The crystal | i ngnepi@ei s NBlaki %aldf Fikoe Gl S bRfeddREl &5 &fcn! BESH 18 Boay,
is primarily gsed r%&a@iv%?.?gia%ggS( 0335 kipa, m%ltFPse)Rt ! %%clm%.gh Hodies of
kno as pol yh n,or_ qgranulin. G [ferr]ner et al. 'in e B oﬂ‘-,ogy o?
Bacil ovi ruses, “Vor. (TP FpPACtSRRPEMEFECT I 3P PSR e 87Dy "Pet &F iitde contain a
herein, in Chap'ngde TEBFHR 2 vifH. 7"Bio\Alaes nuptacerrtidisyve sapht of MRltDgle
hosts and GV hepslgopolyedrosis viruses (MNPVR) nhave emultibtet horldosapsidsi apead
when an i nsectvinigessisd fnaddiple virions pef OsdcAdbid @dd t lerRaclds3e KilSuses
particles, typiaah! Navel al Bnd1Qr 93 n with one nucleBE&pdidi P& RRLES i chNBoay.
OCCh_gISI on bOdI e gwél:%cib.ﬂg pPB&an I;ngt?ri@cl g@'éhgeoéﬁusion bodies” 3F dtl:l'}elscem§ zon]\cs
t he i nsect m dgut i‘rnaell.ﬁamgugpt § ‘#“ ons szchtt en . mvad%.
epithelial celfsHithgYt RERGIET B & SR IRsi%0n Bothi &8 AU YRPRide which is
i nfective (WO ¥PYB8237Po SR EheRF IFePUAR: WPEPRSY £thadt +e|The \Bielogy of
bacul ovi rus ni Bgesizuses heVeluc| bussuarer e whigh | tat inperpegedsdplbac ereference
Initially, speeideis, vin ghapr o eTalslear 2 pid0dusRdrides hinn ektemst #é entsedof Qrov
cel Bovia the thautsCaidivorbsasd transl ation of so-called "early genes.”
Anong ot her functions, these proteins are required for the replication:
of the viral DNA, | ch,begins_4 to 6. hours.after the virus enters th
cell. Viral DNA r\(,a\ﬁ+ %f:azﬁl f%’n %’rf 58eeds *Hp o 13%%‘&“?2 Four§postrgests food
i nfection (pi)SoEPBMAE8UIE" t BRDARHUIFs BEFEL918F ec FRECBLHY st storms of
"l ate genes" RACIMFIAN bpdias.s. The orplusdon|hpdigelclisgorisbmnondsr tie aflkaline
2 35 condfx D8ys1 487/ 8he insect midgut, releasing the virions . which then
PCT/ US97/ 1807 7invade epithelialNd€l1R0LAfitigdeidigab. e set1dsidie vyiiad aPlA1so
during the forimecoivef(wo 97/08297, plIQEREY Vel PAHiLLG] €5 nBLOdUEL | Q3 e0f
progeny virus %&b&:{rﬂ% Q@gf&%s to the nucleus where replication takes place.
Initially, specific viral proteins are produced within the infected
40 cell via the transcription and translation of so-called "early genes."
Among other functions, these proteins are required for the replication
of the viral DNA, which begins 4 to 6 hours after the virus enters the
cell. Viral DNA replication proceeds up to about 24 hours post-
infection (pi). From about 8 to 24 hours pi, infected cells express
45 "late genes" at high levels. These include components of the
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around 12 hours pi. Initially, progeny virus mgrate to the cell

menbr ane where they acquire an envel ope as they bud out fromthe 5
surface of WOSBA4A78. The nonoccl uded virus particles can thROTAUSHLE077
other cells wthin the insect. Pol yhedrin synthesis begins
approxi mat el y I8chauapsid tvirich nbectonnd el virel epsRsdurdny etle hfgimation of
|l evel s by 24 t @rdgerROvifusPhartAbla@NOUbrodctich §f prbf@iyeviusapLaa2as degins

in the rate of agquu%sqrylgius RLQEUG| &Onpr@aqymﬁuspmga%bve M i$elQers

particles are thgtr’l | ed N occl usion 1SS e ng th
formation contimnues untlfet DY PP Es 38r TV %) ?’acm oV u§§§m e

infe® virtual BpTERRS §F t‘ib§sﬁ%“1 n T’I‘?enﬁ’b%‘FlFﬁ"F‘s"e(Yf‘r%P?ﬁ%it‘ﬂaf Fa7e theRY igfect
the infection ptheessellfe within e thasetnsecs. | | qiclvhefirine| sythagis begins
extrenel y | ar gapprodieaselyf 1BCobusd cafteedirteathbn hawh nirchexsesp revadrei-ite high
infection to otiRes1d BHEsd S0 4d ReMiLYWRd it dhutBepR8YpOf tBard!liQVLristsase

Vol . I and I'l, ;@& gpadogeaps E{ %@F iu‘&'ed(x?ﬂ%s) ) pr 9‘3@1:?& £53na ﬁfo%@egéﬁer% ll\:/llﬁﬁ‘f

1986 r 3’ rLva

and 3 e usef ul PREtisges are enex g‘g"r‘gn"’be%ctc V‘%“Wa 2dheien dBSTSheR PRIY
U S. Patent Nofostatdgngeptinues until the (qgli|gies o%dyeer Sefermtperuiovireses) ;
Rankin et al. (12668 vitwalY¥P e¥9xy tissue in the hold ixfhrcteto ghat (20889 ehd ol .
Bi ol . 210: 721- %36, ihbedioangrdddsker the entire insedtlIDd) 1{Riaeild, 817e1%5.91ng

Particularly Stex@ngneh @t Bard80nitBe¥s |2t BcMBIBY ®bdies which can thenGhAAR EhE
nodi :Ig ed p0| thgké&lgﬁwgﬁ[erl‘l%le tst hFReQYLE‘B éj xg?[B/ R ogogof Bacul%v rses,

pronoter and t c erel s

bacul ovi ruses mﬁﬁtfy{nﬁlé‘ﬁgg |G%§Ié%$°§ &) %%‘?fé’écf \ggéfﬂg %%cr Press i ﬁ‘?"r‘ﬁ’r FL.
art bacul ovirud€8ko that crop danmage is nininized.

Bacul oviruses with i nproved insecticidal properties have been 30

descri bed. For examakelovAeddddVwhirhMare Rerbeatages (cECHyaPread BeaSydeful as

transd erase) geRgrdiatoRofdbtbPaldviabech RYSHEDHRALM I®l:. csmki a Of, 244,805
feedi ng and ear%&ff ed, aig/s%%dd@eq,ttg sgﬁpﬁrﬂgﬂ gzg @gg 1'“ Gy,é No.3s-

w | d-type AcM\P eg, e )
i ssued Oct ober ; ? %5 ( 985) %OS. Biol. Ill F aﬁ‘?e M:Lller

straw-itch mt 22?9 Sﬁ’ée L8Pt e%‘I‘F':l%ﬁBWFJ'Y strong 1a‘=e %ﬁé@r@sla&P PeEeTH

t he genus Pyendmekudeg|the gfodiffieh rolyghednidapramptandlSXIV, the hybrighiGap/Polh

POSSEES Venons peawnstieargant khe tsgnebdtie n@romokerC S{ny. | BowedegLithere is a need for

I nsects. The patildviietses WAL ca@é@ﬁh@&tsc% cebge f@éiﬂr@egaril@ﬁrot ry\?rf@r
0

mor phol ogi cal  gLeURSIBFGRal SO Gid Bhod kR 1 PRRLER met hods
di spersal and toxicity to their target prey, and 1 n the effects of

their toxins on insects and man. = The scol yti and ventricosus groups

are summarized in TABFRLOViTusgsswithimaroved insectinidpl RROBErHieuhaNgy keen
ext rghel y i nsedesepibied. veframexamie ., nReMIBVe fio high vt eappéendysond eglp§osyl
specific for partngfigrase) npaet Bas sherpe ihhetivet@itcanbes t @¢ilGet Ocessaitilén of

3 fee&ﬁ@&h&%’i‘é&mr larvae death as compared to larvae infected with
PCT/ US97/ 18077 314-type acvmev Vigkk €1 g0f . BSGLLeA10RE. %ngsi](l@tﬂogﬁnﬁQ?Cé €31.,

However, the P..trid icGloper 4, 1994]. toxins do not appear e toxic to
ma S. I'nSect -specific toxins in the venom of P.
tritici, have been 5 purified and characterized [ Tonal ski et al.
(1988) Toxicon 26: 1Fyenates tritici, the stpgipitghi mike gfs one198Fhirteen kpewn
27:1151-1167] . specildseef nitxs g tlm genus Pyemotes, apk oxfusleith ard emade-aryt @si
and inj ected i nibch NBELHespl @¥ndis CERHIUMBONENhELOto extreme toxilcAEyV@AOMarget
resulting in pamgbis.s Ofrnbh@nRE€den WHOWR pbo¥S 1864 f680IdRGided into two
40 morphological groups which also differ in host preference, methods of
dispersal and toxicity to their target prey, and in the effects of
their toxins on insects and man. The scolyti and ventricosus groups
are summarized in Table 1. Most members of the ventricosus group have
extremely insect-toxic venoms. The mite venoms 4o not appear to be

45 specific for particular insects, since the venoms are toxic to a wide
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female mte to becone fully gravid, thus ensuring adequate nutrients 10
for reproduction. The toxin designated TxP-1 has been purified to

apparent hoyoegaggy; it has an apparent nol ecul ar wei ght of @Fmﬁ%so‘?rs
determ ned by SDS-pol yacryl am de gel el ectrophoresis.

conmponents wer h C I 0Q0 a .
29, 000; these Eﬁ%&}? xgglé\r%aggt%%rt% E:.?H%Ls‘% Hi;%f;e‘é’e glpn°W%§% |c?feémgapptfrﬁgli']5
and i munobl ot T EXpEF i TFEntRES2T \f/ag‘”ufo'h%lmﬁ'a S:that the protein
conponents of TxP-1 and TxP-11 are i soproteins [Tomal ski et al. (1989)
supra] . DNA sequencéssegtcededidif. toxingi ¢ thexivenpnooei Ps thdtéchedmve been
i sol & ed and clparitiedrdrdecharapteriept croralska & MNPV(198eE ToRion 261 137-132;
Patent No. 5, 2@6maikki \dRi GA . |5(1b§‘§)orﬁ9fzagﬁd2‘b}ﬁlﬁgiﬁ6@ﬁ]ce hﬁ‘fe%lent‘oﬂnlxg Sagé)

entiret Y. 4 4 C | ur, ot O I ns _have al so en
found in the v é:ro uce f:.n female 1411']:%@ Jndtf&ﬁcec{: o d.nse ?redz as coB\B?n Q:

linited to, scogﬁﬂ’&ﬁg‘“' Fegpsing dn paralysis ° tgf)lp(fé?’s 2?(?9‘9(8‘!‘? the ]?@83}“% n
Conpr ehensi ve felpzﬁlsee@f.te M?F?ﬂ“@g?“l% gravid, thuqaeg.gﬁ@ﬁagsgqimﬁg nutrients
Phar¥Pacol ogy, [Eor Kesdrgtiuchignl . | The Gidxlyerdesigpaisad) TxP-I has been Rang#ied to
Press, Oxford, appdéenttipmod@eib¢hlit IBavat abpdmetiﬁo-ls_aeﬁrf W¥&ight of 27,000, as

toxi s (ang fordeeéﬁaﬁéa nﬁycess%1§ §J10m1%99£c&lh39§s:&nd Ob§" other
i nsect predator, e

(publ i shed Sep gw%‘;gj‘ﬁ ‘%%%9% %w‘*‘ o %? mpgditag weiBnes oz, 00g,ana
Virol ogy 184: 7 &ﬁw(?h%?ﬁ“ 'H%é CqPEYIY TEP T Te BRfGE (S’Qypqé‘%ﬂﬁ mgpping
Stevia¥t et al. 2pdodrpunghlgke exBerigEniy) . lwerwaymemmw@t that ( £BeO)protein
J. Gen. Virol ogymrnedsl L 154 IrapoitedItde tenmbreiis dTomflskhct! avi r(usss)
cont ai ni ng t he sBgcd]l.| UBNA hediguaiedn @hSodEHESP. deliSé A kioxHD grdtdBhd dhave been
endot oxi n expr stmeh%dcem{&keﬁfzehh%daoéyﬁl%%é&‘ iR RORE9T - sie,

BRI EF DESCRI PTIP%Q:NJ H'é géegtigg which ]g.s incorporated b F l{'regce A-e!rE resent S
nucl otlde and g]]én aci d sequehces o 3| §h gnal” "seguence Petted

W|th the itch M 8%i n codi ng sequences. The 40 si gnal sequences
shown correspond to tox34 (Fig. |A; nucleotides 12-56 of SEQ I D
NG 1), sarcotoxin | AngratespéciSic pepeefiokpas hive aldBbeSE@ohf in the venoms of
NO 10), the cubthére ageimepols Onchedigogasd ebt (Hrited Go, SEIIM) kAkps and
tox21A from P. spiddrisCi [GEbtkinlD;(1888) eQhi defmdldiead8yOf SEQ-ED MY Hoiogy
and g modi 11 ed sy gt L0 Ancd HHISRL S 5,&9 L5 ceakit ! QBNOLM) a%lﬁgéﬁem (13, 45

Z‘CI d sequence (Bf eac éna o:Pf%QE' hl gq %46?(1 gevera insect-specific

PCT/ US97/ 18077’5°xms ‘and COrreRRoRRing §°€’6¥9r ESPHRGRRY ToB| eernpdens cpde atlker
The mature N-térpRfuPrefiators have also pe8d HAesqribedal®=®.bye.the BFi Bes azin
resi dues in an (pgerisheX . sephetlied 23, 1992, CayldSetOhl e Maad£odddin l(degone
sigml (Fig. 1BYrercgl\iekae:7-98bdMecREen et al. (1991) iBbyAAEEfhdNd BakDEs2
mature end of Lexdde et Half (ﬁfs’iPV"%\ratDPé %gjé Esst E] M r:::yweat:her.J %Eaé]! O’h%‘oc{
direction of PGR pri m@lr&gseq sgepierate & g v th Lhe 1

t ox21A si gnal % ﬁzf(?e 5? ﬁ?ntsﬁzéucﬁﬂlﬁ? &6t Pfptovirus
sequence of A 53%,%111{;% Tltfca’féicd 1ug thurdngieasint SRPPTAAR Setkie A7 hhfekra
was mut at ed at SPERFOFAR expreFsefatic GoBiroanch she rpadivhedrip grompEex. 10

Fi gu¥® 2A-2C presents schematic di agrans showi ng the pol yhedrin

gene regi on of bacul ovirus recerrFEEstsIEdpRaasirag frewRds Wi th al ternate
si gnal sequences (Fig. 2A); under control of different pronoters (Fig

2B); and with a mdbim qatw z};\géﬁé %@9@%@3%& nibb! e a%e ences of

name of each vifus.is Fnant Vi
signal sequences test w:l.t the itch mite tox:l.n coding sequences The

40 signal sequences shown correspond to tox34 (Fig. 1A; nucleotides 12-56
of SEQ ID NO:1), sarcotoxin IA gene of S. peregrina (Fig. 1B; SEQ ID
NO:10), the cuticle gene of D. melanogaster (Fig. 1C; SEQ ID NO:12),
tox21A from P. tritici (Fig. 1D; nucleotides 119-208 of SEQ ID NO:3)
and a modified tox34 signal sequence (Fig 1E; SEQ ID NO:14). The amino
45 acid sequence of each signal peptide is highlighted by a shaded box
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15 contain the toxin gene inserted into the AcMNPV genone upstream
of and In the opposite orientation to the polyhedrin gene

(pol h) and WO98/14578 pronoter (PP). The signal sequen®PeT{Usatvesosd
above) and pronoter used to drive toxin expression (I|abeled

bel ow wi t h arr dealowriessitowasfadingaicleotide sequence.eCTHEIn@BUYe N2 erminus of
Figure 3 ill ustdorbesst heaiRhted byothdiahied @Bia i R3eGtess 18N open box. 1In the

sequences on exRkESsH PHe AAFSELLAT 10 @ef}i AS-E%% ('F@g SFl_g 1 ??&Ll cilnf %Js%g\a? Jas

| ysates (| anes 1,10, 6) .01 supernatants a 7 1 0 21,
shibba b e (A pae B Jefrdy ofeiin oheqri (ogicate the
infection (p.itoFatitd #Pd PrefdPRCinErR REEPEFAMEGI P IERSTAREELRFRF With the

infected with the 1N ated VITuSes wie
vi sual i zed by iteeblAignel ngpauence (Fig. 1D). A shadedubes #A-thH8 inkliettidiee
the effects of sdijhdmecot ApsimBtiieSldiation of a compleh@XCulryCMME 8&nAMcaNhich

secretion in Tha36Ritaebd ot €4 lbaby 348 Smdrkbd by*Ah Alerisk in Bif) 1E.
supernatants (Fig. 4B) from  TN-368 cells infected with the indicated

viruses were harvested at g‘h% i ndi cated tines pgst infection. Proteins

wer € separated by SDSTPAGE B SFTeH P Tt asermn A pridg et spphyhedrin
anti body di r ect3&8® G+ P PR ViTRs Igcenhinprts prrnaseieg topTowdd) albeynate
are indi cated cignde spiygpces 3Fig. 2A); under control BEQlirffebemr pyomteera (Fig.
conpari son of t2Bg; seer eied a eudisseafnata¥84tox34 signal seduefBe V{EAZ656X34-Thal
VHSP70t 0x34- i nfnaeé ede ShrcBl vOFusl NMe3@Bofme! dirS theF1édt. a1l recomigxlaﬁge§igusteg

10) r TN- 368 | re.ilnfected h

vDAZJ%t 0x34 or \(fl ¥ Slt %é%%gxégéelg% l(%’rg.ﬁ%\%gn %towe%%%%g# ‘_%a PR PPE e et and
i ndi cated tines?pPS PRSPSERI HEPRATIE SOpEPhabARtefTidtiIBhs Mot and its
concentrated, SEPERECePHy SHS PATRlafsMisse t Bdbohed akon®nond erondbsdised
was det ect ed uderdriam toxinlrxdyessieui flabeleask bglow #itwdaFox84are shown for each
Figs. 6A-6B il lrestutdhestt he effects of the conpl enentary TAAG 45

sequance in the native tox34 signal sequence on expression and
WD 98/ 14578 . . , PCT/ US97/ 18077
secretion of the Tox34 prfot eﬁllfu?lgf%?ees' N crCery PL s STERSTRRT o TR AT o7 -omal
supernatants (EFg <6E} ‘? SAFP TR 368 aéﬁ FEFSH-82 1 ¥ '1)\7/?1‘??1 1 FT%‘di‘:@é gg Cell
viruses at 18, 1¥aatgsdllapen htp 6)nef Fupetnataret! (hynesDI-1oALR, fremPStet resdls
ont o nmenbr anes infiectegr otk ®he hingditchtddxBirugns i bedsy . badrested at 48 h post
Figwse 7 is a dnéegtdanshipwi Ng dnde theappbtbineanster s¥@ia@es HHCHDS-PAGE and
to construct reesidiRadtvyHZmNRYbYddriags. Plasm d pHzEGT contains a

conpl ete egt gene while all others contain deletions and/or insertions

in the egt gene. Vifral sequences.were_insert at the EcoRl site of 10
pBl uescri pt KS on tﬁ’ég Gii g%ﬁl éﬁ% e aR eoﬁgg‘?"tfhgfr‘?’g‘ﬁfr‘?’ét REPIRTHF on

of a viral Sal [To%3% E*BERFSiPR 2D SE6FSAP8) i V368 cqidst r iCell diysatesedFig. 4A)
i ndliXat ed wi t h oFHsPerRatianpNAFiss 4Bt Fram@NSIEE ceE)s iBEer3@H YiBbujheahokicated
Sse8387| (Sse) virkyesnudrer SaxviespatD at DARGin@L citiedO} inkisCpStoVFdRY i SHATBEL R ns
dark boxes whi lweré Neephoitiag By JE5E PhESL 1oL A Rkot £ Xdbrate dnddpesSd with
by open boxes. ant:ibodﬁ directed against c3YE € 80,8104 4 PS LESWlds {})Q"];:Igc%%}' F23Y

of EGT activity Ln L , .culture supernatant's renove
infegted Hz cel fémnée%%edv\fe’?ethgif éir% mock infected or infected
W t A HzSNPV or AcNPV. UDP-glucose (dc) or 20 UDP- gal actose (@Gal)

were used as substr Fie4re 5 PFEigedRICOTPIHisPReof the secreted rkeyels ovis TesBe
separ at ed fr omfrbre vDaREHoxat € DrhyHSPROtPA3ayxifected SF-21 or TNH3GRBd1QEAP BYE-21
The position of(aded 1i[ ferrd)Horemesgoneransbsi rdf 80) | Sells were infected with
. VDA26tox34 or vHSP70tox34, and supernatants were collected at the
40 indicated times p.i. Proteins in the supernatant fractions were
concentrated, separated by SDS-PAGE and blotted onto a membrane. Tox34

wag detected using an antibody specific for purified Tox34.
Figs. 6A-6B illustrates the effects of the complementaxy TAAG
45 _ sequence in the native tox34 signal sequence on expression and

5



indicated (E) on the right as are the positions of the ecdysone-gl ucose

(E-d@c) or ecdysone-gal actose (E-Gl) products. 25 Fi gure
9A is a di agoagngzhgt he Hindl 11 restriction map of HzSNPV S97/18077
i ndicating the position of the IE-1 and pol h genes [Cowan et (U Hg

J. Gen. Virol seJr'it§2riL%f3o§Je8l-ox34 ddtdif. 9§r<3¥e9.¥é %5 &0} or
sequence of the epd of éx%lz% 3sggcmig J.nfectedéfi.%thég::ggz?%ﬁq 0B

contai ns the BSU é'

provi de the nu?ﬂ%’&??c?é‘ S qaér?é‘é ﬁ?fhl-&'SNP\?régﬁeParated by SDS-B3ERe tapusferred
deduced ami no eRtdmsERFIEAte andprobeddiith et rPoxgk aaritdhody . start
and §t op codons and a potential polyadenylation site are in bold 35

type. ~ The Sal T sitesgudet Niik &hBaEln GQQM‘)’% Eﬁ‘&%@ﬂ&ﬁ% BFhsle B vk B8s Risea
doubl e underlipl Nnsea68 2LSQmoad P %m "{"drBHz(fGT contains a

Figure 11Ais a o netlc e quwrus S

gl 3cosy| trans‘f’e“%gées 69 %ﬁl‘%ﬂﬁ eaéﬁ an@BF??’fﬁﬁ é/tﬁg“%l\?&fi{'%i‘bl"é‘se‘l?f@nﬂo
singl e nost patRiTEnPELIeP? ee ViFth sFEH‘RjI“I%SO‘YeIESB"Bse&'ﬁﬁd @Btcbhs i BERoBAcyite of
i ndé? of 0. 8lrHaescvirtt Keiconectheudefitgwhile Breujohctbiod Bowvhe x3ght cilz progriam
of Paup 3.1 [ Sebfd ovitalDsalI (s1883dndPhpeogeniri hahaditel S H8dtidction sites
par si nony. Ver shfiRaBed wiCRMEHY G54 QathafALlrss raxféufssﬂ: boé)t hﬁsdas&' ReL.S
Natural Hi st Or e?é%‘i?%gsg‘a”ﬂ% A nl gl@?klumgé Sr GO\é? are %hown Flf.?l gﬂ

t he nunber of g es be en | rus, e unge
6 :é / the oreign gene insert (GUS or tox34 are indicated

PCTAP)S97/ 180770Y open boxes.  nnhers bel ow the |ines indicate the frequency
of that cluster after . boot strap analysis with 100 replicates.
Figure 11B present sFRjurgn@ckhows the resultd#diOanCidbagesll @R CsctAf ibRACIH QuUkr US
ecdysteroi d UDB.Gh6 @%pbrnatants removedtfz%{ﬂ%fn?é@éa%sl{z EQﬁJEGEeEQQ%%e&

anal yzed i ncl uge,d Q%&tgt &f e\étéd with mzenev [ 2 KoY mitg glyegs géléi\)l(‘ﬁ?at

J. o irol. 64; gl %:os ressarl

ot 2. (1007) Ao vy swectabet S Si R L
[ Genbank Acces‘é‘?atﬁ’ilf{ﬁ? I!‘I?SiBOﬂePaE?\Eﬂdl sEsfleyrtye substrates fpyni teimnaladpy,
Cf.MNPV and i t sckeesatdgrephly def &bei pesitiipns of CitBEF [*H] ecdysone §Bmtrets éb
al. (1995) J. Geticatkd k) oRbch24dighP4bbhie kYEmBELtidndi EPelie $6dysone-glucobfV,
LAM\PV [ Ri egel (©ic1a) .o 488Abnd-gabhttos¥i (@Ga1)7§>r8319c|§38] Marrest r a

braggi cae NPV, MoMNPV [C arke et al. (1996) Gen. Vi roI 77 2865-
2871]; Orgyia pseudgtsu a.NPyV, I\/NPV [Ahr ns. et al, (1997) Virolo
229: 381- 399; Genbank’d cggés%llgna 32 é‘“"IIFftrc?F5¥’r°§1Rﬁ\7‘aPsPﬁ/|\’fﬁ%¥‘w

[Faktor et al.‘R¥E§35InaFhq,Bovier °f1‘=*kﬁ71"32‘1 angh goih gapesilEoBReradda (@99415
LoGV [ Genbank Acceasi OfARB- 18)g2013218] . Figure 9B provides the nucleotide
SUMVARY OF THEs¢d\¢ReE |dBNthe 5’ end of a 2.1 kB CléI ifraghemdbpechimfirt e yiesent

i nvention to pesitades haeubsAwbT WSee (sH) 10 no:22). Whi ch have been genetically
engi neered to contain and express insect- specific toxin genes

under the control o; [.onoi er i ch. ressi on of
the toxin coding se nge %‘ﬁ‘c%o FECt eertglel rsmés:lﬁaffl%e SRuence ol fzsieY egr

expression of ¥HE & X tr"l‘ gﬁ?}’éﬁﬁea“&fm 2B RSP er TPRPrEhSHIR FrRYslation

prior art viruS®¥t #d ﬁt‘fm€°ﬁ“€’§u?’td Breateprtadcrelyafamidetion sbpe fredingols

and38i e soonertydsan Thiet fall pitest viomib\ther EQ coding sequenessare indscated by
specifically edenpkidddedlidihg. t Gxé migonss exNo8s S amb e24t. hose from

i nsect-parasitic mtes such as those of the genus Pyenvotes,

Figure 11A is a phylogenetic tree of baculovirus ecdysteroid

glycosyl transferases for which sequence information is available. The

40 single most parsimonious tree with length of 1538 and a consistency

index of 0.81 was constructed using the Branch and Bound Search program

of Paup 3.1 [Swofford, D.L. (1993) Phylogenetic analysis using

parsimony. Vexsiom 3.1, computer program distributed by the Illinois

Natural History Survey, Champaign, IL}. Numbers above the lines are

45 the number of changes between the node and virus, while the underlined
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particularly those fromventricosus group of the Pyenotes. In a

speci fic enbodi nent the insect-specific paralytic neurotoxin coding 30
sequence i SWO9R4578eri ved from Pyenotes tritici; this codi ng PEIAIRS#I77
is provided in SEQ ID NO 1; a second specific enbodi mrent of an insect

par al yti ¢ neurotwprrs keddwnthes dduendedicateethe Creau@icy hérhar €BE@erDafter
NG 3; am no achdbtsethieRaa1ysSEQuitdh Nobdeplakaced.r oridiendi®e oriebbhitLialigned
It will be undglgkoodeid tsQ&uéchst had %esiomﬁ@ctecwseéxfaﬁ PabRl WiheoRA
neur ot oxi n codj ing . §e&%ggce§.P rgéq. rr]gé(glse{l ygg agﬁr Iu?gd d ggt LE! eduwpy

by nucl eoti de S uence rm ne
expetiments [ SEERRMY e ‘9oiHs (198 )‘r‘?&um GAiRar e ;  Busura

Hybri di zat i on, suppRESSTHaNEY, BAENRY gRAT al DAL BnHioy Rep- $2tfleAthy Bombyx
i nformation prmmdeumher SmNPV | [Gewsinks paiessiorpaNal yiu3e18elii n Chodi stpndlra
sequences fropamifesad -NEvedaAEMIMS add t £ Wddoblatdda\Rfedtivel 6ATLS, 70RDEF
nucl eoti de Seqm@t@@@wgm@sﬁ h;e &aﬂl wréﬁqve%quihs%EQ 1Rabir s Wpar
whi g9 encode L Dol SilBs] A0 48! THash M, Hen! 0197 ALY | hamesera

[ nsects are w f €sen

7 bra‘ﬁelg%q f!gg78MbMNPV [Clarke et al (1996) J Gen. Virol. 77:2865-
PCT/ US97/ 1807728711 ; Orgyia pseudotsugaia YpP¥c|OpMERy Hakxsng et Bd . r 98/hi Waplogy
HzSNPV i n whi cied:Re143s0h Genbank Accessivint Not awsasdodisn(lisequeliGENPE, S1MNPV
expressed undetrdxaer rRgsl At(@6ys)CONtuDceds 11:47-52] and idtanbdEM\BYefa 2K gv,

progpter or a heat ek P{IDL & Ngreifoggg,{_?l_y from an I nsect
heat shock gene or gene famly such as hsp70, hsp83, hsp22 or 5

hsp23. A preferred heat shock pronoter is the Droso o%hl | a mel anogast er
hsp70 pronoter. The bacul ovi r usesSTRARKI Th TR PVEREY Nspeci fic toxin

gene is expressed under the control of a pronoter such as the D.

nel anogast er hsp70 pt dssirepbixctt b the iPserd dveptdomiterprogida bBAR®viruses
propoter) are Wi ShONOEE B¥eM Jehé®icaldli &agEhbdrédr £S5 @onesin BHEE xpeost rikedt)

agents. Theseggeqembi Nanl SerdPVnger ivvat J:Xr?é:o‘ia%epﬂolﬂé@éxfs Rﬁiéﬂ ¥ih8w the

and death soongl, {hgn. ! nese, COnsty uchsd D aileh 4,00 LE.f axlhl godl

I
sequence S exprpesse hé con very a e pl’ ono SUC
the pol yhedri ne’ﬁ?rﬁﬁﬁ’f%’r o the toxin sequence atc%n%‘f‘ﬁecaﬂ”;}eéntj’f‘%e‘?"é‘aled by
bacul ovi r uses P¥¥or| pseviresas r vithotherresult that infegprth ippectsx ehpR ifepding
AcMRPV and HzSad/ b beonmrodtlmed withnginfhetion by prior taachvingsesf tlrs
present Specif bgatie0fatlFk @RenfiliBisdathes coRid deR@¥Netfressed are thoskherai t.
Toxi ns ot her tmchﬁéﬁsggf@dﬁ\qt@y thent 0x34 caBge t ¥E218ne genus IE}remQQgé ng

sequences can pe |, @agélgbltgog eddie JSIALALY LA ' Ol DRV 1n o

shock pronoter, EF onot e

pr omot er pr omofRS "§é° dF o RRt ﬁ‘é‘?e?‘ﬁs G-pRTHaie RYHY FOperPtiags coding
wheR%conpar ed #pFIsRBaCA 89FTudesived frmt FyerrEepoiditiedidithdys agiad iesuence
are inserted ubslarovhied égSER TP \WCONtF Glecold |speeifir sbodihegiteof an insect
pronbters. 25 paralytic neurotoxin ddtEngNyéftlend @ SermdiCroshs &efﬁ}DﬂbE@aﬁi
DNA nol ecul e cRETY;i ahfih acid sequence,@sEQ@HDGoSHAUGRES Bl APemotes tritici.

i nsect - SpeCI fi Et Q@Lﬁ.i‘l]yé H;ﬁd%%ga% @hm%e{:l&t other :Lasect §3écg.f§£'c;9‘g£q§tlc

|ns§$t specific neur ot oxi n

the
Fegafat ory contPHCCaF, SALS SREGERP HSLIe B, S Aot PR F I dfpneitfea
ani mal , nore pP¥f dpskraFife oﬁF&‘FF’icﬁséH“°1%9§bec?%l F?Fetrﬂénﬂ o&®phwpridigpiirn
prom)ter or t hexpeeimeess, 9%eer ot er . HamgsDARR pHigadner @&A5hl ducheic Acid
used. | n parti gubmidizédienhSpILL prexeeser washihgduny epp) esagdoiing Nssxgiience
cells froma Wigorwatidt protideReReRSn. THikect 0fRtELAlaY¥aBRANE8%R coding
bacypoviruses gXAlRES NG LRASGRLPSRECHLLE hoXdd MRART HRE rRIVIAIR Vros

nucleotide sequence homology to the coding sequence in SEQ ID NO:1 and

icient
as

which encode toxins with substantially similar biology activity in
insects are within the scope of the present invention.



35 control of this pronoter are sufprisingly I nproved in the timé

at which paral ysis occurs and in terns of the insect species
i n which swédogi4s7s genetical | y engi neered bacul ovipeifuse /18077
effective as an insect control agent . Particularly preferred

embodi ment s of SUCh Qfsgﬁg gtfll e¥e1n, the recon\]:.u.:qg:fﬁI hﬁ%\pqgubﬂ élf q;%eag.@ch
L?gzg Cﬁﬁg/glgv 3{:}:&“ Hggsx:. {nlg}/sa‘é[ I \e/:gcsze f.sle(%cpr%‘ssedéllgndef tkie reg&ﬁagory control of
conposi tions afge rﬁSW%‘élss PBrP”é’B‘H‘f‘T"bI“o? heRE ethoch OBOtRY N BrSERTEPL Y From an
any exanpl e of imsessnbeat wihodk raepkeer gsot Viardly stushops d1sRA d#P§3vihaw32 ox
derigative, thassi.l| |JEd:raféﬂx&ammdﬂim:apﬂmahmnbCl:hEOD.Stts'ophilaawelanogaster
anal ogous occl ugesh piebmsted. t MMl phbel X patse 18T wiikdUsn BrRest BRaE D icORoxAD

8 geneY\Q.sg 84:&:4@;@&1 under the congrol of a p ter sucﬁoas the D.

PCT/ US97/ 18077 t |
anong sone genB8lyiogaster hsp70 pﬁ?’“?'f%ﬁ et © g‘f%@ll’ gks Prt%ﬁgtesrkl(l"lreggxus

artisan will aPE¥¥AFsHLrateadBPRyRA over prior art BaF‘H'é’éfFF“’ﬂ‘Tea? oBERch septrol
fused to an appgenhsi.at Ehegeostenbinant FizSNRY derivatives cageecinsechfpanajusis
bacul ovi ruses rfd sddiithasodiaie sbanithake | @natiw@ts. in Svhich a mite toxin coding
Accordingly, the éa;\éenié QRpidisbdd8Red tRACKHRYLL kT WhChathaprbi®RRrs such as

genetically m)d.iu s ﬁ(i%n Aldedpd express a gene encoding an insect-
speci fic toxin, paral ytic neur ot oxin, under the regul atory

control of a prormter V\/mch al l ows strong ne expression at a tinme 10

rel @6i vel y early af C8RetiRALY | NFineeyssc Part V&?%nﬁ&Fe&F‘%"icﬁ{“ﬁiﬂl other
pronot ers suchthsnttike efemphifipd| PoWERY rande#@SNPV can be produced usipg the
specifically exeaminkseast thd présunensperhfidatGopriaketi@iti what is well known to
bacul ovirus whicgh has, beﬁﬂlgsn@éneealchyn Nkt | Bgbdaea CoOPt BeN tRRGl: S Bfk21D

di
a cgqlengef] 3gue%8&£goge&&nc@§ fah- %thgd m&@é ¥hé L G gﬁﬂt%w@oatpél afrg h€at

tes, specif e_specl e enpt
triti%i. A sp@gf’ R EEXe ’f‘? F%%lyt ot;nlen hcsgdl nﬁmmﬁereng’é agxpg B2
nucl eoti de seqREPARFeEs Pﬁ?‘\‘%ﬁrl fs sHgteFOReE o kCaRTRIEr it "gnBEoRAF ties
at . about nucl eohnecomPared with ypcuil preireges died whichasbat torie| exstingesgr@ncey
An al t er nat i ve agediingerquamder f @he amegulaesty Spatirbl C ofie(ladé 0xkn veky anate
i nsect - predaci Qusmdfelr8.i s that as shown in SEQ ID NO 3, from an
aspajg ate encoded at about nucl eotide 120 to a cysteine encoded at

about nucl eotide 87%"}1 :anen :Lon a SO 1nclu8.0£ & rot.afcot nan{:%?lg )ﬁollegi{fengo r:.féng
are mte toxin coding sequences east out nuc

sequence i dent i% §oTEG ARTWERER DTS F’éd“’gSBY' r?é’e‘é’efdﬁeﬁ?:’égéy’é%c BB &Y™ rerein

SEQ ID NO 1 and;agEQachdN@ insect-specific paralytic n@goé@@@ﬁppﬁf@wes?% under

bacul ovi rus derheategdatsryarcohPhblbacubokéatushock promoter, psgfecablycdron, amn

ACMYRV deri vat iavemsl, adrdipodNR¥abBy iE¥ah b} @nsdék, especially the Drosophi®k P70

ObJ ect of the 'ﬁ}xméro %r' Eh@rhdpﬁﬁ@cé §KO &n&ggpos;g tﬁz@@ promoter can also be

conprising an i nSSCt Ikg?ﬁal.r%:.cx@unttt%ilhgzla SE om%\é l%.% h%&%té{?@ Q’ed :Ln insect
!

engi neered to express
| evel that resmﬂe&s i 7R PoXi?® SPFERYY O °&F§et e'lc‘f“ﬁsns%?ﬂet“é%&y ﬁn%lsneered

agriculturally H?F“%ﬂ"ﬁé‘k‘ﬁ\ﬁ% SXRYRASLBH ﬁén%r%ﬂeF\j'%Ebﬁ%E?’élnc‘é‘F"reirthe regiirtory
conp¥si ti ons caenbeclenpltiniedbrionetyr atesnimnisbiglyl tmproved dm theseime at which
pests. Preferrpagdabyyils obcwr@eahd #f ek IF whée Cinsexpraeeies) innsbidk such a

specific paral gehetmuﬁptaaglaegféaebammv@fhg NgeeireRaiASiasi Gn MidsRct ahtrol
particularly thosg, mtegs of.hHag Pepls. eeaménﬁ,%auih gs Y %Lsﬁrgd ggn@élqi%%y

e el e e

oce uded preoccluded viruses are ' also useful :Ln :Lnsect toxic
compositions and methods for control of insect pests using same. For
any example of a nomnoccluded nuclear polyhedrosis or granulosis virus
derivative, the skilled artisan understands how to construct an
analogous occluded virus without the expense of undue experimentation.
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AcMPV derivative or an HzSNPV derivative, and the recomnbi nant

bacul ovi rus expresses an insect-specific toxin at an insect-toxic or

i nsect - par WOBMHPTBevel at a time sooner than that enabl ed bRCPUSMWI8ATT 45
Vi ruses. _ 9

VWO 98/ 14578 Since there is significant homology amongP(JdndSOFdnk307d¢
It is a furtheaipijreat Wicul SEiruBYSNEhONEKI14Y Q¥EMAnAwiBLl BOLL flderstand how

the biol ogi cal tgofdeol e %Bxi:{‘%%ﬁé Q&%&d %”Hﬁ'a}!pfig éﬂ\%e é:eo‘?nog{ar, into the
appl yl ng an I néeﬁ metsoéf Cvﬁ?]lorrpbos iov:.ruses h im I nSO e %Eéo ti

amount of a balulovirus WAIch has DEEn gaReT AT Eﬁsgs ﬁ&ﬁ’ £3 ’§ns
expréss an i nsect-selective toxin gene such as an insect-specific

paral yti c neur ot oxi Acgerfdinglonths ibventden gaclvdesi 8 haichkoviguawhithaets been
amount at a ti genedichlky mbatfiednabbattaiy fd atprbs d/ gbhls @fcodughai insect -
i nsect-toxi ¢ coppesititkihs preflrasty hrbairE@Ye&cCﬁéurwoﬁ& Auldat A8eCregu gulatory
i nsect, an | nsgsatmbbka; Honbfe? UnBaf A b VBl YAALT SIROL DL o3

to q% pr otecte er ?.SGCE Sal acu

deri‘'vative in sa| 8ot Y of te%d"?%e"tf‘%?/'elesB?c Vegil%"r‘}‘%fe%df’&h other
t oxi n codi ng s@ﬁﬂ@?&ést*ﬁ’é’hbaa%lﬂ“?b?/ﬂfugheapells%?éﬁw I¥g#Pesai d conposition
produces a toxic effect in a targeted insect, resulting in a reduction
or, more preferabl yasa spesifilchbly OéxcmpEiliieg, theefiataftdoRacuboVvprspidkd a
derl vatives i nghadvAGNRY:EEhhy Heby n@@i@aﬁ NBH:LQ@&' t\./@-tcbﬂ%:n and Q&press

occlygded for s oéoﬂﬁgestet;ﬁéueyf@ Le'sg L&gj 1P YRR R ELlReSe 3 B

most useful in_ k‘%epreese |n¥ent| eagl san un rélt?i Fmite
that the genetically® al tered v?sr'u%pe&’( X néé°?‘hae“‘f"hes8£t eﬁlﬁﬁypyemtes
itsel f be capalfF&tiF - occh u%ﬂeﬁhf’cﬁalillﬁaﬁx%‘t?&llﬁsﬁdoﬁm Btedzargmseq@wqyy ®e =
ot her neans, enycledsyde Gieghensei an given iansSEXL FPUNDG :ANLpws iahi aspaytits encoded
Useful pronot ers dbont troxilsotcidei 1o sequemlﬁaréhes&d)atlaiwhtldﬁcw@cﬂa%a‘évs

shocly pronot er an NretdkkYedabas %e&ﬁ%tﬂﬁ‘ 319'1%12&!05 fdrBtoxin of an
preferably from,an... B?@u&tcno@qnﬂ‘és' alg},x f£é)r@.ﬁobw‘i %pég Q§p§§13 NSp2s .

and hsp23 gene famtIaLes asfer r Ono

Particularly prererre ?rbcr"dg%eatl n tﬁge%"bﬁfg de flz?ng%cat -“FsEeHTS c?nFS%’éh at
gene expr essi oﬁ POl PEAOE AR 873 s hALRC prishin dhe sfPehofhtde rriegeny ginyention
strongly const Brathife| yorinp redisgdseqisnese havina abeasyf absut 78hoviclectide
promdt er sequeseg@enae cideunititk townha rotedpldift ad| @dliny tdequéddes as provided in
Preferably, theepnesd:i axd seQoth #@:5equence i s expressed under the 30
regul atory control of the Drosophi la el anogaster hsp70 pronoter or the

ACM\PV 6. 9K promoter,  Th vgntthgga?&c udes _a nethod,for the control

of insect pests conprig n% ‘tfﬁe 'ste SEpTY AT YRTE YR &8 A28 RASHSHTus
of the insecti EPTHFEHHFos?? PSR dfﬁé’aﬁi‘%%eﬁt an HzEYRY 8Arivdtaverabi t at

of $8id insect pests, for exanple, to plants. 35

Simlarly, it is anmda}lect objecpr of itthe DasculOon risses idMseeb-ti@c composition
genetical ly al tefg@dsing XAr Qa6edt? tbRiTe CAmcuRECidEl Ca pﬁaalmbiﬁ@e%éie%b&hy
codi ng Sequenc@ngﬂ‘lbf&i £ é?:i)i‘@é‘s"- e 1ﬂg§éﬂl§ﬁeéf}§gc£angﬁ%§c %e'&%t%ﬁ%n t a
those which at 5-@\94&. @I’ ?eélﬁ(:gfﬁl 4%09:L.gnt§fect orf aatarggge& ngsﬂ:mﬂ%ﬂ an

i ncqgporated 1nto OXiC, .inse

I NS
conpdsi tions afSHFHFEHR 91 ﬁv‘?rr SRS | ?%t"d1lé,f Eca‘iePF%‘?]se garrier. such
under st ood in FPEPCELEiong, Fapake heRISE fPra rretefdorocEoptangls Erowmr dpegect
i nsect pest suBeyR.-i bPreferredecquireld (ﬂgleats areukixser wbidhExpyesth ahOhinsect-
exanpl e, ther especithagiravytics aéudoroxih bons FR6h fanC ahdactipiacicoaahicef £
mosqui t oes - andpé}Qatiar19eenoddCRithsChbs dhe §ehAB8IPyehorlslVert e BLE ALY  that
10 40 the baculovirus particles are present in the occluded or preocculuded
form. As specifically exemplified, the baculovirus derivative is an
AcMNPV derivative or an HzSNPV derivative, and the recombinant
baculovirus expresses an insect-specific toxin at an insect-toxic or
insect-paralyzing level at a time sooner than that enabled by prior art
45 viruses.



VO 98/ 14578 | PCT/ US97/ 18077
54:128-131 and Federici (1980) Virology 100:1-9. The target insect

gui des thewgydhiagygy skilled artisan in the selection of the ppaitdosiedds
bacul ovirus nodified to express par al ytic toxin. 5

Especially preferrgd, 1o, LS gon;f:) ant acul OVI rusg hod £
i nsecti ci dal corrposllq:t NS And e (f ?‘ﬁ e HEBEET P RASE RO Jpkhod for

t hose bacul OV|'ihl?sé’§'°?‘?F’\ﬁﬁ}cﬁ°‘érﬁ°}n§’§ctans d‘é‘é?‘f‘i CP‘?Fé‘ur‘i?E“B’ﬂsH‘“god’lhﬁg step of
sequence i s eX@PPE¥ingd aandnsestnkexle gameqedpierevdiigh Upmtgiipe oxry|insect-toxic
transferase gemweuhtasobeenbaclovimet othiciOhas been genetically engineered to
DETAS LED DESCRI:dBTe4dN £F iHgbct MEEBOUiON toxin gene such as anAiRi&dtQ8h&dlssc
' nseCE Cont rolpRg el ée@glta;saalrgne;gi fz%g{) %%’?n%&ttgﬁrasilth% mite in &PQ%EQ&&L
i nsect pests.

bacul ovi r uses ﬁl cﬁ Haye mgeﬁaﬂénetg%aé'l A axle 86?:’( FFiP5 %rt P’éﬁ‘ésegn Such an
i nsect - speci f i ®5EBXIS*X pr SFRPEDY P art®i ﬁg%’c,’tedsﬂ'éc the cvﬁn&FVt pE a targeted

neur ot oxi n, i ringegky aphinsect pdbitat frces sat AR, oblintedr rapvikrpwewot that is
par&® ysi s or itwsbetpmicattedatran thaeinsecnest haThprameunardf batd lavhlowEess

due to the useaieRfividiQBDLLI Saiahicehpdyieidy adai gher1dwriuebs @ipzte@asiéh AN eadl
expression anc{:o@:&n aCCIdIJ.HE fe@[xl:eﬁ(?e" thg%chL{kx\t&Eeé&é) LQ%.L:M g’% CQQ @ cjzomﬂos:nft:\.on

bacul ovi ruses. Co an re
f eedi ng behavi®reaFes 3 T F Sfgect in 2 FakGer e’y fnseﬁ fn’;se&‘f}t’ﬁ@sf’n AATBIHIER cal

i nsect cont r ol “ag®Ate (?Fet"?f'é‘bﬂﬁes%rﬁe’525“°n of feedifgentfrsierspd Hyculovirus
i nstTt -t oxi ¢ edefrdvativhgt incdugde tAGMYEY addnivativesagnd | JgSNPV derivativesart The
t he expressi orrcofiuded EqSwcdE gpeetifcally @l téredonhidlgas qalghedrosE viruses are
i nsect -t oxi ¢ aids@Clseel anend pradihraduRbeol fRE s 13at Bd85E nkBSQGhas
and is observq@,!ae e p@ern@uém agfgé}EdklrlzldsnngLestsllﬁ% éﬁlé%ts 8 B8l pay

change in norngl avi or _.qf as_in

behagl or, ri gh’t |seg p’eespo%ab eo? o?‘ﬁ TerBot Vi °c5e‘l‘"|s"\?| orsY beTﬁlé 6:3?1 ol

ef 8%t occurs YBE 1B | § Tnd P¥f ‘F‘?’Eﬁféﬁ‘imé‘x H&&sﬂ"oﬁ%%“%ﬁ&hp%?l%&? rvirus.
codi ng Sequené@_eful promoters for toxin cq@;gggequ%emsmq egch,tc}gl thodeat
m.tes which f esdchnprossers, Sbeferably thddenyfrofn sieh amitals kinddn, Voo
into the insegirefofdbyyOoficotat inkB&Y, and desirably £f&€@ne KApOb, \RPEH) GRRbai NS
i nsect - speCI f '&zdpafsﬁbyté&en%ﬁg?i% N$.59, a b. melanogagég@wpbse r&mﬁerhost

I nsgg ts. P%%t:.g\ﬁgr? Splrg rregst% Gl Sep eglffhleccontrol of insect® spﬁcr;%in.lﬁgqogfoél

genes i ncl ude ose

entrlcosu
anobii, P. bed&Fi ex‘F;esé’rFE’r ﬁfﬁaf d’i’\ﬂglfcﬁ’f"é'ﬁé?ﬁ's wpichpre relatively
t uber cul at Us, SSTORgi% jcopstiputinedyr Fmﬁse‘bnd Howeyeibelaf appber of heat shock
An i nsect - specnrbmetqiarﬁqyem@snea.neotvmmn knewma pud ypepllatite Wb Clthe art.
causes paral ysirefefabdysetlal tindéct RoRO4 doding d¥quaskd tis BMprdddedNéhder the

si gse fi cant t%gawéof&céone&lowe;ﬁmqmaayﬁﬁa me1L08gRRELRINS %'75 p%&@é‘etr @léhé5
initiall y be %ﬁy%dsﬁ%rgﬂot%trf ec.[theo:[hxggplon E.Xcﬂldegt h%ethcgg? / %71
VO 98/14578 of insect pests comprising the step of applying an insect-toxic amount
of the insecticidal composition of the present invention to a habitat
of said insect pests, for example, to zﬁla.nts.
35
Similarly, it is an object to provide baculoviruses which are
genetically altered to express an insect-specific paralytic neurotoxin
coding sequence, which are effective against insect pests other than
those which attack or are harmful to plants. Such an agent can be
40 incorporated into insect-toxic, insect-paralytic, or insecticidal
compositions along with environmentally acceptable carriers as
understood in the art, and can be used in a method to control a target
insect pest susceptible to the particular baculovirus employed. For
example, there are baculoviruses known to specifically infect each of
45 mosquitoes and fleas. See, Beard et al. (1989) J. Invertebrate Path.
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the insect, including feeding behavior. Insect-specific neurotoxins

are those which adversely affect insects, and have negligi ble effects

on hi gher awopsri478 especially manmal s. The insect-specific RCHUSIVIS077
neurotoxin of this invention is specifically exenplified by Tox34 and 5
Tox2l a, and/org 198733 lan@npbabx e | (18661 V13516419406l Ny Rhet taddedl insect

The deduced a{%&‘fh 8% SEaueny dperd Li‘\&sraﬁpi:?%ﬁé“s%&%&%&n”é@‘%ﬁue%;@:hfax

paral ytic pro are € i

toxin that is P YU 'i“?ff%d \F§I ?fﬁre% ‘Eaf’fe ety 6P6%1'ns of this
invention effects a simlar nuscle contractile paral ysis in insects as 10
is caused by Tox34 asmkciekBi a.prefexyest weln Kkehewn ¥erombimapko| dgcuidvigusss.
that certai n amhssrtdcidhls ebfgdsitidnm@nandaneti®>drnde the prGisent SwGuedosSare
wi thout af fect ppg.e hﬁcﬁw\a&u&x Ofn LiBcRN QhelilsedeRBERILiY, neRASEENAL idbling

am no acid substl teg%l?ce)gtgl ol le té}?td ons Qi ”ij;a%cé’g}’gt@?of&' ggp_agrlg,cos 1

tol erated without. n rotein yuncti imlar "am no acids can
be those that _&F@‘?Fﬁﬁeape‘?%géfﬁeﬁnWF %ﬁfige properties, for
exaipPl e, aspartate and gl utamate and isol eucine and valine are both
pairs of simlar am no aci dPETSILHD BEFARIPHEANNOR TTEETENENTEPE pairs has
been assessed in the art in a nunber of ways. For exanple, Dayhoff et

al. (1978) in Atlasz@&ﬁf f&lin %&Qees&x%ﬂdaﬁﬁtquuaﬁ, ¥1Qi efFecSRPlin 2Re
3, GChapter 22 ,g@g%? instor Ny ée%%s EH%%L?H' ste é\z}%%eagegg euihude

provi des frequenc t Cess an
t -8 %%

enpl®Byed as a KBS ér‘tﬁesar’f’}‘hﬁh aE‘i“’c? ;WI z?Ff‘?E/ma ba%%’f
frequency tabl é8segtesPREEHC orEVERParPRERERIY afPnoiBRIY - RAFHEAE esPIGYEIC
pr ot ei ns havi ngetireosime inurcwapnthatorheady ard et yeagsabiay \ffi dradingy 2Bsect
di fferent sour @agalysis or insect death at a Adflé lsobiied thameri@natt eauhlm}mtsss of

I nsect - speci fi (augafoa-ltﬁé'\ﬁe of promoters WHhOS: MBS Mendehienets REr ebkid Gehelde
pol ypeptides w th ortlons of

c eHH:I-QQ
substanti al |de?1‘?r S0 Tox3% of 'f :'Elalz)lrlgglo%}ﬁu{il WEer? %g%%qmdgs c\fﬁlbec%
t hensel ves are &c'b]cﬂ”PF‘bﬁ?sof a full Iength TXP- | protein or
whi ch have the am no acid sequence of a Tox34 or Tox2l a protein
i nto which an i nser tConrrdlasarbeefernew d imitiat iomiof hfqeding pehipior or to killing
bi ol ogi cal actioti &y,insact [pese. exaPPbRFiceDinsact idoatmis agentpartaklsipresed8d

| nsegf - speci fi qnpaﬂabxtﬁa; BE UQboxitRx 98 NESefMnhe id atiuBable at least in
| nsect - predaci g;%;- J;;!L%Lyﬂ.#ﬁgf ts Qb Ldgat g L&ltnheécﬁnbl ééq%@nbé‘ An
Table 1, parti ar 0

e ventri.cosus

i nsect par asi t 887" éf’ F%’F%‘“‘ re]@éﬁ%s hBROPOYTUE ?gtretc S gxt?ﬁfge%ag insect
t ox2l a genes ofanghis PPESEIRPLE e REFDIYSHE2EOT deitiry &F FRehiipgschreugs 2
ot her sources bhangrelisi pommildbeldyipdi dfatthentaxgesed insees siadclgsén fepding
t he 3o esent i-nueRhhvidi, fighyigy s&pohea ki abhedfsteoxdtypho bebaviasswi tthis toxic

antibody speci fde@ebOlockifs ¥l B Qfr1{Ngndle@s Edllent N¥L eSO oED UMY toxin
ot her means knowR;f teg\?en%t’ i ncl udi ng the use of PCR technol ogy
carried out using olig nucl eot i des correspondlng to conserved or 45

unanbi guous regi ons of the toxin gene exenplif.ied erelp
12 V\én§87"ti ggg%ac:.ou mit are those mites which feed on 1nsects

PCT/ 3897/ 18077 Many of such mitgsi nﬁesFeYemy intr dde- APRASES Pestaor| yhieh they
neur ot oxi n genefe@dy bsuch venom containgendhsdqtedpesidithparadghic eygquretdds toa
bacul ovi rus VeCinﬂtEbll&zQ' OHeCahost insects. adides tyx;ﬁ:feséi}@[ ei(ﬂi’eeﬁzseﬂeclflc
protein can be :ﬁ:‘a 1)6 q:%;:?ﬁ r@&%@ adiude those witBid" i | Yenthhoffd | | &xdal
of such a ge“e“ 23l LBl VECTRLEAN DO endrginatus, ». ARGEIGEHSLLI AL N

t eachi ngs of t hé* pre 1on coibi
techﬁ? ques wel |t%6%f1laFBs't H’e (tﬁ'.zttz.c . P. ventr.lcosus and P. zwoelferi.

An insect-specific paralytic neurotoxin is a polypeptide which
causes paralysis of a sensitive insect larva or adult, but has no
significant toxic effect on other organisms. The paralytic effect wmay

45 initially be observed as an effect on mobility or other behaviors of
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O her known i nsect - speC| fic toxins include those from scorpions

and spiders [see, e.g., Bougis et al. (1988) in Proc. Wrld Congress on 10
Ani mal  Nat Ukad ogli%4g1S . pp 94-101; EP 417,906; and EP 507 897718077
Functional equivalents of publ i shed codlng sequences and reco I nant

baCUl OVI ruses C&& liﬁ I;I.g%l%q %% tlee 11'19’ Laqg:.o%rt Ifnsec préglél'[ecc I‘I].lre“{-l eOSXIHS
al

and i nformati on wel

t hat descri bed & & ‘r‘ﬁfoﬁekchf 8vense ¥nalf5e°fto>%f‘ﬁ¢s°t515and have negligible effgcts
reconbi nant DN/PThiiekss aningd sy sespepildymangabs. n&he dagert-specific paralytic
nature, and it nenwohexinhet thhasinyeariqur belspedifbicaby ekgmpidifiedi/by Tox34 and
processes usi NOrds2asN «HAYE&O theankb-di 46T tred- 1y phBEeing Proalded by deSkrfelici.
result or artififd adduibel R84S ad:id rseaaeaeés &oﬁ%a\&%gruémbﬁ;ee{@é&go &Qm

sources, Wwhic e || r
synt hesi zed rmIhp"’ulglﬁl%‘t'lc Engy\ﬁﬁg E; %%E e%t;g "g B eJ qsggrrh%aﬁ

|igation or ot ht'e‘?x Prez'ihg kh%\/\ﬁm’tcéil? 1¥r gquivalent %o the n “r°t°"(’§§ﬁel°ifcé:|hP'§
nmodi fi ed to contiieRtignd etigste s saptlagsrerle septygceids paralysis in dreectgene,
suchies an i nsebt cepsgi by Copid ahyiTog2lreurix dxiwelldmewn iBarts biological arts
that nucl eoti detiROUENGES MARO Gichd aBSHL tat Piral Bhd) baNkhadi {18 ¢kbWin ESquences
synthesis are ipihedtieeeedtihg the DRHHE N E4$nISROME R ogtenéztaﬁpe Jsﬁgéﬂa%qve

bacul ovi ruses c;mng A Sublllea L0 U I Bl o MonlERd BN ID o

the art may be use 0, | nser ressi bl'e neur ot oxXI n ene into

particul ar bacufUFFRERE without attectity protein [fynetton,  Sipj ﬁ‘%ﬂ'ﬂ Agids can
prondEer and/ orbi)r@?ﬁﬁﬁeﬁha%saﬁ agiglar in size a’@éa{leﬁh@:ﬁedmremrfg-eﬁe for
expression, i.eexampdel raspattaresend @lubamaxpdand isoleucine sudinslahé careofbodh
nucl eoti de sequ@m@ SNCORHIAG @inbleaak: SBeRilakrCty B¥tweedDamine acid phikrd REs
infected target bééﬁsgﬁessg@-rﬁﬂ £ad 2t ¥nPk ehfbdLde Wa?got 862 é!aﬁple, Dayhoff et

heat . shock pro ch 0s m.the hsp70 S apd
|es % eCaAstIl%Q tePI' ein eiﬁuncp dw %ure,p\g%w)g, Suppl.

hspﬁg?gene fam osop a el anogas

pro and >t hgﬁ? P2/ ( 9?ﬁ h%‘fs 3Bac uFBRAFPIEAtSd6 K EEHTIGE | herein,
Al ternatively apweé?%\ﬁr@a%ermzea%nﬁ%raﬁea‘h 3rddy gukptiggtions which can be
It will be undermdtlowed tdmta trzesgralod ehimp Sicifll ethidatityan Walyhoff et al.’s
determ ne the choiq@endf tpBldsi Gtd dasé® Pl SduPhyifngUEH GASnARGL&sequences for

promoters. For exaAEphe, nabihy GACWaRYI fxuﬁzt%rp@loﬂr@végle@&ggf|§%ﬁlu§:.&{arllg

expreggsion are 5%% so’glt@g an especially strong pronoter, expressed 4
at a very early tine ter'infection and in a w de variety of insect

13 ) 98/ 14578

PCT/ US97/ 18077 Additional: £ppetiopal AeivRdenEt f FRERCY-SPeRiiirsParivkieh
the goal of |inteuxegoxins as defined fherpipdinrgudd redypertddes |vwthapootidne of
short est possi baminol aeid Geqichces with substagtdila@nikddnltetye fioe Cbxase oB0BbxT12NgE
of the insect VpslypeptideB which themselves ¥2 aNBMrtiBaCHE O¥i £i3 1eSAIBS-1

from Aut ograp hﬁﬁ'\:ﬁt@%' ép rvﬁ)ﬁﬁﬁ‘ have the am:.ﬁo éc!:\.%.p Egcﬂ%gé Aot |\§)Clt°§5£i g) C’l[‘ox21r e

specifically ACMNPV, is .exe Itied 10t s
The terms AcMNPV And- ALV fz’;}r)é'L s?n’()rhsfﬁ%ﬁ)sn hag heen made, aha 5 Sh’f’ f ERTH

nmost NPVs is re‘ﬁ’o‘?lf’gh"acloaﬁ"ei."rlég‘t ArcthRaget ?i‘aﬁ’E?ﬁfer §oRfrapite muscle paralysis.
genus, famly or order of the original host. ACMNPV bacul ovi ruses 10

repl Béate in sever al Ifserklspesibic Lpsriadptpice rmeurbtaxihhgenes nhagt by ttpund in
reported to bénsdetrpdeddcidud mitedl imld@ing but’nofExiRfifed TRCERIJeCBidted in
exenpl i fied bacedid { UpaRPahhhetl eBodd oV tﬁmrﬁxéﬂc%m GR6¥p 2%ralh other
i nsecticide, i Sﬂié%@@(ué@'lh&é‘ g@%zjeﬁgéo%tsed Eer?erg %ofc%t ! gntg Oi él\Dgol’QB4 and
: tox2la genes of the present invention may be identified in mites or

40 other sources by nucleic acid hybridization to sequences disclosed in

the present invention or by cross-reaction of toxin molecules with

antibody specific for the toxins of the present invention or by any

other means known to the art, including the use of PCR technology

carried out using oligonucleotides corresponding to conserved or

45 unambiguous regions of the toxin gene(s) exemplified herein. In
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Hel i cov'erpa zea. HzSNPV infects and kills nost species of Helicoverpa 15
(Heliothis). In the md 1970s, HzSNPV was regi stered and commercial ly
produced ayawwﬂs cide (E car[err]) by Sandoz Corp. to cont PEI/USI7/18077

i nfestations of the cotton bollwrm][lgnoffo, CM (1981) Living

M crobi al i nseptincipls. amy Esseptssperifppl ipadalytdeohienrotyxinedfenel . ddy be
Norris and M Hiadrtehiamndna 0RO odhé R%pfesH@aSin NV c¥DEKiruBPvectosl] lelhig%Zﬂ
product, howey@lﬁm.tf“ de Rab %ﬁa& §U€£%SSJ &l A :r‘.‘)f‘.atdtil tBO\];eLﬂlFL

ntroduced oy L pisk i e oo Gl dery ool AL D

was in VI T US
pest corrpar ed ‘ﬁ?eéﬁﬁ? diﬁmghgi’ﬁ EERCREGE BF de:; P’E?F@“&el‘%‘?“ﬁé%véé‘n cofpipgtion
appli cati on anthtimieehnigues weddrknows e tha axtgni fi-cant crop damage 25
[reviewed by MIler, L.K (1995) J. Invertebr. Pathol. 65:211-216].

The art under st andSohfé&n‘ kﬁoﬁﬂ&ﬁé&ctﬁgp@&lﬁ.esﬁdﬁhg :gﬂﬂﬁdé rﬁl’ﬁs@ from scorpions

viral genome aanaas?ié&swﬂg&h does fRlyik deeLf engs )tbnwoé' 'c%ﬁ{,#’s% on

funcgions Y, IIed arfis n ec ro er W
des?tr’ed streng%"'lf'f'ma% Nak enpor al expt e88i o%gtlf)édrﬁz\?e % és%{; r%%dsllffn o17-3871 -
i nsect - speci fi E“I’tct‘}k?’?‘F]g&‘iE"ﬁJre&tﬂéﬁ PuRirked| WWSS%@PSFS ape regemRipant
i nsect di ct at eRrqReviAYsgs A betgeneratied hé&hpakilted artifanugsing bechniques
engi neer ed wi | andgjundermndrdos kwdlleknewnt itdathd rarthee sel,eGhi HMmadhefNsimilar to

appropri ate preiHt aéscrdbed here:.nabove for the AiBEBHANEf Ppronoters have been
usegsto control the expre55|on het er ol ogous codi ng sequences

i n reconbi nant bacul ovir t t hree, cl asses of vijral
promoters for vi I’USJéS SUC 1%%&%%”1'5?%1%&3!5 used herein, does| ngt, aggyr iR y

| ate pronot er s"{S¥E: &Y. 1t \bFr PR afRiH (RS bE&‘9925°d31°eﬁoelther by ngtpepl
66: 7397- 7405] . PIRSERSes MY &pevit metbhalls abd diTecyedoppimen twf produce a desired
ACMNPV, whi ch hesilbeen adedcicizadly i produGed RBabenpadde. dérided, Bdof hkberddB3bus
proeoter and tédurkEd, MuicRngal&N ﬂ&ﬁamﬂeerﬁat[ugafﬁ}l b¥c@trial - c(xlggtggml‘lally

Gen. Virol. 71 %gsﬁz(gé? ’mo;@élﬁgg eénf‘lwhegf:ér:g'? lého‘;e XAEQ @é gé'é'x %%}.ni% by

Kovacs et al. 21 VLol . _Late AcNNP pr onot
I ncl ude 6. 9K, qu%e %:rzla °r e(()’: mﬁ?)'}s p’f“())wrﬁ)t'a'er'g'l BF¥1-Perkins and Possee
14 WO 98/ 14578

PCT/ US97/ 18077 Genetically medifjedjto optain ragd, efdred?lan 7dseThisnucafit
M | R&r (1989) toxiyigegle, such as an insectt3p2CU.cbB]lytid/aeyrdtakin GEAED meKits
i ncl ude the pothdteditTedtide asequences encodingyBhbRld GorRtei®tfla hikeariRgt S8
No. 5, 244, 805, s;l'nth%ié Qf:-e inSS&ted 398 a baculov:Lrus el gcb%hgp thlu%%:.f:red

| yhed Lo (1 Morec. . B
FZ)iOy?glr '726pr %i ? gy\%g)% EQ‘ (: x% kf 1élrproecelﬁed Aﬁ%g?ﬂans kncwg to

Very |ate bacul®vi Fﬁsmaﬁ'r Sfopess o ’s“s(?k"én‘i}ﬁ PRRAESSAPIR MSPECLIX R SRS dRke 2
pol yhedrin andpiffecﬁfad'nﬁf“é‘f]é"’f-ﬂéﬁ |y and Lescott (1981) M crobi ol ogi ca
4:35-57; Mller, L.K (1988) Ann. Rev. Mcrobiol. 42:172-199; Bonning
et al. (1994) J. fentheMpzes&itolinvdhtibhslplditkr aSEeralpsonotir-esradadd
Mller (1990) f@Rendds 8drrttf gbnd ULiIRE S CUSSI ON Qe At Q:rQHQCQiSEYOn and
| ate gene eXpréﬁaﬂsQ&:Loﬁegf al ﬁ@cl@@@l&agéﬁ&\fﬂcg L&%gdlr?éj \af :J.h[s C%'\ggﬁc L£1C - Loxin

Pl eggm Press, V¥t mf d g t. rJ
with a signifitant| &98 SIS LBRTSRe fgrt"cularly P&E TFSd| BRemoGers pre
downstream opttafhock Hrﬁﬂ‘é‘ifrscﬁ‘dﬁ’bng‘s SBofifefcem the hsp70, hsps3, hsp22 and
exenplified by24p237@epe oforiliies, pepesdallyutlsy Draskphila mellancggaster hsp70
hsp70 pronot erpfcBeter.c. gnd Ther akMgpwd Ko Cbtiekd 803 culldeirushCi €l rRaSromoter.

8:3105- 3123] . alkhirfafivelPt L babatoviess tase hlbabrdN@af XY @84 On of
het g ol ogous codi ng sequences in reconbi nant bacul ovirus vectors with 20

Vary' ng degrees of fUCC?§S il\l{gﬁgz"s oogdtha.tI L g(o]é?gzgf Saug{cf]].l'ed artisan will

_determ:.ne the choice of particular regulatory sequences and/or
" promoters. For example, with baculovirus promoters, if high levels of
expression are required, then an especially strong promoter, expressed

45 at a very early time after infection and in a wide variety of insect
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For a general discussion of heat shock genes, their pronoters and *
het er ol ogous expression driven by them see, e.g., Nover, L. (1987)
Enzym M Cielbg hnol . 9:130-144; Amn et al. (1988) Mbl. ' 25
8:3761- 3760, ar% gir%ef erences cited in said references, all o?emsgﬁmg??e

i ncorporated hy,reference herein ip their enti | L& n ..
property of hscgji ° iR %rsoggﬁi%[ed a?]llal'ql %Sof%nesﬁlsé%}taﬁ?%%&te hi?aqt %grg:[‘fist hg
D relatively RRGHECIHES; oF 4R dnpesfollante FouFET ABIRT tn BORK T8 S, (oF to
hsp70 pronot erexaaed Fhenthfect ties Jeftnrenss ofubifc 4vs9qtoMislari ety of 30

i nsect, animal, plant and yeast sources are well known in the art.

In the context of the meesepdcuappilrusat isdlacadr epoibi natdgrbpifs californica
mol ecul e i's Pr HE&DUR. NuBBA.iaBE BT \L80E QARa1 BN otntpvs O AxkipM4GLEOL URe
sequences whi ¢h L0 NaturLe are Nnof,.Coval.enling Qﬁé‘%‘iuﬁ ea%tésgﬁéeo%t Qi 35 mme

Chem cal synt rfe5| Sor. ihn VItro _enz Ae i gatl on.can e ol ni ng,

or reconbi nat i’HTeEETIHE FcRAFHHITENEY SRRBTE: F PP MFGt =156l Bethgrg of the

i nt roduced i ntagnussi fRFLEY ce¥ |o4dext Ak Fheb@ragdy BAsE pr SEMEPEPacudoridusgs
proxeny are anapl}iexteain sewerdl Eghnilied ®df Lepidoptera, but figeinsbufdveieity, ian
i nsect controlrepgetdd | 6o apreONAAStdd OBo Olchéh€ order. A sedtilll pekhfiicRdignt
of a conposl t '&gmﬁﬂﬂgdhﬁcﬁgv%\éeﬁsgiﬂfehe{% &Hhieve improved éf@§@£t.ty_ RESLS-
Feeding by 1 nsect sl ok eUlClall " SRDANISL [0t 0ea £rom the cortlEMBHL ALY
engi neer ed bacul QVITUSES of ﬁepﬁr esent rnventron as a . result
of the expresdSIiFB%ER2 267d JBIRY JPEETRe PRL&CTLS BPPORBSCIAT 9F Helicoverpa

i ns¥&t control (Hedéathisy - t Frsthenpih1PaPe pHePEValis regiskared sed tcopmersially
15 produlfd 9851457 Pesticide (Elcar™) by Sandoz Corp. to control
PCT/ US97/ 1807 7infestations of @88€tbEddn bR NGIMECIIGHoLMD, ©XNMESI1681) Living
het er Fl OgOUfS %%EOEMQQhé&tagides. In: .Essayé Qﬁ?ﬂpﬁ§9§%igi‘&ait095§ﬁ'(edls SQﬁﬁ' ](CZII c
CA o oo Wt BB Ok bl o ey o 4USL SR S, 2 D1 Mg

to, Tox34 and S 1ces ﬂéclosed
in ¥EQ | D NO PERRYCSEQPPYFREY 4, iPesiifct FUEEYe gyccepsfully with o Ehe ; nepliBn
scorpi on and skitgeduqespypethroid pesticides. The pooryFigid eprfor@anee pf Hypor™
possessed and wsprdesseich paregttogehe slpRerate that the viruss&ntiedoth&Ghsect
activity in suptnadmiairea ftcOBbmttch§ Qfdm@danpdstifiaes cdhe delay betweellzkiNK
(l:J%:D | sI was det efgyinesk i SR Yileke Q%MYQaHSJr%lL_['%rtiﬂnigmo'agoﬁn&uﬂage
5 gl ucose or D- : as su : - 8l,uc S

subggr at e, the[rgl?ga%ﬁ%gﬁ%lg%%b%'%d%%% ?rsidnr—t%klg%-'i n ‘é%tlédgc%ﬁ?énaﬂ'
converted ecdysone to a product of altered polarity which was _
previously identifiBf &Ftapnrgianife Grutdstnseshj Iy Ax@restiflegyeneryingo a
EGT activity wesrapoyenopsatyadsiite winichf dxsisegotHitNBifere Wwish vigdl ompl heptife
that HzSNPV i nelueedomn Efimidariw,i tie dkilldgl kptHehi cdn aaleqoaspsmetenvith
egt z@mgv V%fenaéﬁeé@egt?eﬁgmﬁaﬂmemdlaeﬁcp&emw fAeivd BRe Repréddioni 8/ an
in Ac -infe C . ; : ; - C

f&s%gtp ﬁcﬁﬁ% %Q’&*ig%?i 18R] SediQed FRBLAR LEHNSONG 9ahAC{ QS8

|

conj ugate, but, Hz re_unabl 0 use,  UDR-gal act ose
as Ja gubst rate R AT T RYS ag\%'leﬁ% 'er?f:lg %’Ihe ,tpr?é:tgcfﬂ}sa rX?"é“sZgw be
speci ficities TOPRE S NAY aﬁﬁdﬁ-lz%ﬁP\?k’EEﬁ"l [FEEEERN | XP dibeglseleqiiggopt an
| nsect Bi ochentPHVEPEEateppysimotap: 313- 320] . Restriction
di gésts of the Elcar isolate of HzSNPV were identi cal to those
| sol at es previ ousl yadambet bexd phymdtiaek | nrdbSanMmiBES Hol 88drol. tWd expression
Gen. Virol. GSIiMlébf&u@r%d@QWq@Ln&ls- ir( ;:ggo%idant%&ul\{'vims s;ée’x?hgll'trhe
three classes of viral promoters for viruses such as AcMNPV are early,
late and very late promoters [see, e.g., Morris and Miller (1992) J.
40 Virol. 66:7397-7405]. EBarly promoters include the ETL promoter of
AcMNPV, which has been described in U.S. Patent No. 5,266,317, the DA26
promoter and the IE0, IEl1 and IEN promoters [O’Reilly et al. (1920) J.
Gen. Virol. 71:1029-1037; Carson et al. ({1991) J. Virol. £5:945-951;
Kovacs et al. {1991) J. Virol. £5:5281-5288. Late ACMNDV promoterxrs

45 include 6.9K, the capsid (vp39) promoter ([Hill-Perkins and Possee
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3218. A set of overlapping cosmids representing the entire HzSNPV
genone was isol ated and characterized. The basic physical nmap of the

Hz SNPV genoW® 98A4578onfi rmed and further refined (Fig. 9A). TRETHISHTLE077
in the polyhedrin gene (polh) region, e.g. the IEl gene, are known to 30
be in reverse dréel) o Ghat WkolhgicoTn-ons; amdem Acdd\MViTep (1€ewANTetvirol.

al . (1994) supwa}zo0sUsory] .t hevehECMiRYe efton@@es afncAuld bendli galyneBr 3 0BG &
on_Sout hern bl gyﬁgfae%mt& 8.8 §é€e91@9nch>’ﬁ‘ri4<1' g4, gn Na'lg&a' (OGS 1993)
cosm_d pl asni dagﬁ ngs&?ér@?eeigéﬁém Tt ngm% ons&?Y;E?EPr? "i‘]He %qgah %eﬁ‘é’lg%
wer e >scr eened 12tg7 HdgBritr g‘i“?“&l ¥ofutd4e8P% d&- ‘llﬁ‘EFs igsped 1993 .

wer e const ruct éfﬂrbéééﬁ ’Rﬁ‘ﬁu&)ﬁwsﬂsm%t@qlemﬁesxméMMnyemm edgnohsieofhe
t he egt gene. PCR/mdipin ceidi p? psonmgeasn (HaSNP\4naossdcdtthi10B1 S paRREHI0l0gica
Hindl 11-J throughs-s2;fmageentisxkantiodsplasli few| a1@-cpost aighi e -4 be,; Bonn:Lng
Hndlll-C fragrggn;l as1bbeppl At %gngqﬂg;.%;foq 3, 5GRBs PIRAfF! Yool inrelﬂeem and

expggted for t 9856 cenN§ %I %o ng‘;{:é%gdu%{sc %%cho Pt N0a very

sequenced and oun to contain 'a'por
sequences generateFSREr FRFSEH I p'?‘%epé‘ll§°oq'qegé?ﬂ-blloeb’f’iseé- d-meksKwifidher,
al l owed t he se&berst Ryesst ¥ewe York. A89HzSNPV egt gene. The egt gene was

| ocated entirely within the EcCoRI Q fragnent (Fig. 9A) and is 45 .

transcribed fromthe sede subéiaponscern@ifilah s £k Ene080ES: onggng%utlve

16 35 reldi 98/ 14578 downst
PCT/ US97/ 18077 o - 2 ence. of H°z"§ﬁ§3}" pinked ) coding c§eTIEICey

e

10A- 10B; see alsox é?% by HEBA Frono 23 Bﬁﬁ'gfﬂia":l’hé:gﬁeroceﬁ? %’E’@ﬁéﬁ%’e

i dentity and sPAPTAREPYRRSE ([Dep@ 9., Toerek andpRprgly ((h9gfhakckndigidEGRes ar e
presented in T&KPES57314Hd Fifpis]promoter has beqy awedt Som phy| ogeresian tafce
based on am noheatemblegonse rodingosgaren8@ Inbrecombinant BfculevEfal vOéREdHs0Wi 1Al
egt 2genes. varying degrees of sidvaskZ lNEYigananmiives {Hevsd gr-dpve no
Sse83871 sites and a single Bsu36l site which was | ocated

wi thin the H|nd|||- ra g sequence
suirounding t I’gelfét , rferal dlsc‘%5810n of lﬁe@t shocg geneﬁe,[ gF:h;f Hé-amcttﬁra arg]B)
The regi on con ﬁf‘ﬁ"é’a%%"‘ o FERE 4R rﬁlT’?%m%’s them, see, e.g.,OREYT.oft-5018¥Hons
or nore and ex[EPB-cYiexebhotaskeel 24 339-dt4reAmisnewrnl. (1988) Mol. Qeklal Bgehes
by @8nputer an&kyHls376thi sndirefenmaces|cineddhethifir tafeklitoes, all of whicki4néS
genone by rest ihedripoRatia)bp tre@arenice | héragn ith thQr3edtR-60NRSI VR is a general

ends, and reli gatpedRy JBshid,Ceh i dboEY, Iﬁﬁq ¥id Uk eeer ggnfsn{se‘%gi%'ﬁgré

virus | acking Ehge 3§iy§-l Eﬁ Ajgl" g“%eve.l) o gvas am %:ﬁ}’
neasuring the s_dn Srvel yOmR TR, g5 R e B egELon-
Duplicate LC err srg t egr °§ﬁ’d‘ °§’r?5\ﬁﬁds?‘¥’|’§f‘°?'°nefr€f“l /i Yariehy off
t he 38su36l si' ténﬂ%ﬁf I?’t’t‘ﬂa cﬁlaﬂ'b apff yRastofrurRes iarkevalilvkegmofintihe art.
virus, and duplicate ET[err] assays (Tables 8 and 9) showed that the 20
virul ence of the npdhf tiedl asnkewst WES thkSpraetenip@libyrisnal heresbmbitse pNa
BSu36l' Virus wabedul8NsUsedubd vidGubS) ShidiGhhOfin)famdl It éy:béaqqy%lfomde
virus construckbaicsl n&ﬁc‘nh@n altPAt!u'rEya%é)a ncﬁs%\tr?l%?ngg aﬂnoQBQ?thG d3doiatea.

genqge by diregf Io in esrs nlg

consfructing vira recd'%l Haft ¥ LB Ao saare 3@‘9‘ FaPc PEESAE HRe Agdning
22: 2855- 2856; °FureIRI " HiPR efan (bf9965’°“‘FBF~6‘P‘?é’c WHFE]?Je%he APPeR- BRluenger] are
i nsertion of BiWgEuesk iZsea3vPElsicett ipnthy ldkoratiryr @yl predittedicesulting
Bsu36l"' virus pregenyfames adakyeed spidoparigiedit o this region.

The. next step in genetically engineering HZzSNPV was to insert a 30

mar lggr gene, the E Agcuéed%egﬁn%’n B Q. 88 :.%fal_go% g;/lta'n(lji r the
screen for vi I’gg cPI’O UCP ue, col or, j rese ?I

ive J.ngre lent of a compos:LtJ.on whic a verse affect on

insect pests. Feeding by insects is reduced in response to the

genetically engineered baculoviruses of the present invention as a
result o: the expressed toxin, and death of the insect follows. A&an
45 insect control agent of this invention preferably is an insect virus
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QUS indicator, X-G uc (see Exanple 4). This virus was then used as a 1
parental virus to construct additional HzSNPV reconbi nants using the

presence ofwolyghgs7pl aques as a screen for doubl e-crossover rﬁé?mbﬂ?ﬁ% 35

in allelic replacenment. An egt deletion virus ree
t 0x34- expr essi ertgg NARE ndd 4SS gL deletiagn virus
contai ni ng Bsug c@ns 2568 %n Slat es ex{!jé T he:gpgl.ogou% %ene e"l°8§usgv\%nre
constructed by’ asﬁ eI| SGEPT aE%??ngnt Uy fchee’iﬁ‘l‘p es of su HrLreins

transfer pl asifgdde, Rugarerpat lipited t°' Tox34apf ToyR1at pat the amino acid
t 0x34- expr essi AtAueeeesisiaainsedcimtSEONTR NP :di ik SEAt IPNPBL erespebeii@ly, as
mel asogast er hs¢@ll0 aprionwhescorblvn @ad | 3pidedMBYikA26 ( ORF 16) viral

pronoter or the |ate ACM\PV p6.9 gene (CRF 100) prom)ter The
infectivities and vif W LR68 gf %%fm; vgsegses were 45 e
corrpar ed to HZSNPV Hzg?\l E)g %ijvs. super tants rom u.n:l.nfected(egznd :.n(iglc ed

PCT/ us97/ 18077H2UNDK cells was dgferpingd by enzpiatie AeseEs Ysing| B8 gcdygone Fve
L &Pr]s were PRRmydueqpeper UDP- galactose gisyslbbstrabés noUsineribPeglycoker asld
the viruses testetratedll |thei sup&Satants from ACMGHAL kA ﬁgsﬁm?zﬂfé&dd cells
significantly ‘Lewekesd [ GE&ﬂs%nel Q@' cat bpgadRatol Literea polarlt \I;}ljifc,@x was

pronoters used Ml‘éuéw‘&‘& gj g.sl_én éce, slogg\/% ca.ged ctopxat a ?‘I}ﬁbl B)int This
olei

gene EXpFESSIogﬁ ed ce e err stan
he

expr.essi ng t ox r8li’ 5?'9' e Vit 5%&6“ ﬁD‘Eeélllsexm%"FEtPg
a | dver ET[err ]:hﬁ%ﬁﬁsqﬁ’{elﬁ‘%ﬁbﬁméﬁ? FFAVEMN |dﬁﬁlﬁmén€%9ng@¥$epe$mseclm
control of theeg¥ gsesphi Thenh¥RFF@alraiont avasi ypedhis aspaeiceste, Thiee AchNRYivity
p6.9 pronpter & soMIBAShEéREldelpaidesdRiviebbis tbimtditebRb0e Ifh1lactose
pronot er and Wa&u%gaté abut GizsRb¥-1QEEA 20881 10 Yesd lquLiey thesse %Bisﬁgqla!@ase

than, the AcM\RY Q; ox3 rus decre se
ET[err] to |ess th 7 i gl? “&ngﬁalt(fel

4%" Tg)e VEian
vvas%ﬁot | ower f%emilf'%losléasfo 5@5&@'3& ‘ﬁd{ﬁﬁf‘gﬁﬂ? (SB§83%"‘I"1)1Y et 133' (1992)
The HzSNPV egt T8 P8R atRichetiebn 2832 12-32% 94.5 mu. of the
HzSNPV map and is predicted to encode a-515 am no acid pol ypeptide with
| ess than 50% sequeResridein digests RLOtHEER] dar0IMbIREE WEONAINDS WweGE Sidentical
Li ke ot her bacub@hbsslSisdPitdepeeibAsUf ldesl GrRaI Y ¥nbll dha £ha22) (1388fty.

Bi oggem Mol ecgeBi 9.'1.1‘01226;’:]4%534?5@ and coldn RECH Ct(?é:g t)thq’yeg avﬁlo?a\‘%bgfn-

Si gnal sequeng& at § m_noster.mn

t ransnenbrane doMei n’ fﬁe N BB A as °7"hl§ sﬁ%ﬁsﬁﬁwg §B?d§nW| c [f2SNEV
are found to°158e YisdPetatey 2o RBRFarEarizsfongheaPrsicERiesicghgnap of the
UDP- gl ycosyl t r BF3P¥r ganege ['\@sRepnfiymed apd fur3bsy refived (FBFo@AEm THsl genes
Bi ol . 25:541- 550]the Domlwhadiin péndE@Pslf)OrRpidr, ye (GLOSHY mHpG@le, ! AOMKRBIA 25
aci @0 resi duesbe Zmdrafekse bidert BE tHAG! of ANESEsMRLLidRYI RANEINREY [Blhn et
bacul ovi rus EGIs, I(mﬁmdg atlhe vsmNRY e Belavpy | 4 CONT Qét b 41*3&%% PNrobe

EGT (OReilly Lochem | ec.
t he HzSNPV EGT&?‘Sﬁkllth '}3;‘?%&‘% LGt SsET5PRI PY gy St FRien Higpali prader

f or UDP- sugar Bl‘?ﬁ?lh trlgn Péﬁ‘? ct%af’cﬁtﬁ’én%et ?ﬁ’H‘F°B‘6?T§Prf§aPPF"I‘9é:ﬁ‘ﬁ ‘FQU‘ gene30
t he EGT pol ypeptdmigsPiaemidiqleyes roysgspending to pegipns Hwmiking she tipdh gene
nost35sequence Ferentscrgened bhePdWh NPINEGRgEZO4teantigdrechestidesi primerkt yhich
to SI NPV (Tabl eer# comeratiza bdsgd chl fordsehs{d bo@aires i sikoinRRAperved regions of

Al t hough del et b egfc g&ee Acw\én@qica&ees aseﬂ,gcsd HA el Tolkall (e 3Banne
virus in tV\DHJ.rQHI u&tpecé e&aglngxég I hkY %ggsniu}'g lcllg{xe é?n%c}}x g :

Bi oTechnol ogy § simla reduct| ing the

mortality was no’% gser 8 ?né"r ap h‘ée“ﬁ}gf\ﬁ/g g?racf@fief‘l BTR MTPAWEE (9F fHhe zgige

expected for the egt gene. One of the PCR products was cloned and
sequenced and found to contain a portion of the egt gene The

allowed the sequencing of the ent:Lre HzSNPV egt gene. The egt gene was
located entirely within the EcoRI Q fragment (Fig. 9A) and is
45 transcribed from the same strand as the polh and IEl genes. The DNA
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neonat & | arvae. Because w |l d-type HzSNPV acts nore quickly than w | d-

type ACNPV in its respective host, the effect of egt (e.g. 15% 40
reducti on WODP814578 | ) appears too subtle to be observed in tRGHUSYE8IEs or
in this larval instar. Expression of egt is known to block the nolting

of the host i nsemen¢ddoReiidNPVaagt Nis| baysefdDlin Bigr aloAsinB;abse® giseverd SID
t he degener at i ggk:043 bhe 248! ThePedBerdtl BednRncd ideAgh dyhend BE@LIdra By WORSSEV

[95} Hggsg et al EG’I( ]vg.%ﬁ) ot].herv ]&Btm B&r o0 ﬁggnteé5 in Table ’Q§97/d1\8/%1ﬁ7'
Pr ompt er - deperRiSREREE FeRPL BRI ERL PR R 1 AT Efdlerisd ekl {oons

paraPysi s have %ééﬁerﬁlew‘ﬂﬁgﬁrarleﬁ%? ﬁ@ﬁe’? n ACMNPV [ Tomal ski and M| er
(1992) Bi oTechnol ogy 10:545-549; Lu et al. (1996) Bi oTechni ques 21: 63-

68] . Bot h the Drrsopizisiev hpnde wesd foundil to fave pPHOSBEEIBII whtes md a
consi der ably np{:@lef bagderv aitdamithewdid| IocREQBIR R NeHel GGHPE Ich &xEdhait ]

of ACM\PV in b T.opfyi  ang,S. &uﬂéﬂé@eégﬁouﬂ&ﬂagt hg, s e'Péslt\éscuon s:.te [uas
effeﬁt i veness the 6. (? ands’3 egrom)ter vas speci
320

e
(1996) “BE36"%t it % vd\g' baiies
was | ess ef f ecf‘?lifé’ i9f PBcﬁi’éPﬁ@ °Fh‘EPrETT’E’r Frhigritad I\‘»’fW‘F‘ﬂ%é’s‘éht ?B‘%p’é’&‘?"@s
10 t hadralhgenss| by cep@ubeyranadpdis.pFbimtsits. vasNelipipatedd frém the
effects of virus genoniel d¢i Peptirdat3bdnulipistite, crintimg-iaf th¥ o5 gphidoResfm’ 0,
ACMNPV DA26, Obnas, and religatAeNRMePSnfocREPIEf 8BRS Wirubidkd be ewt&&hl@ingt he

Hz SI}IE V genome 41:&1.1'5‘ 14 nﬁa the Bsu36I rgqgg at ﬁ?sN%O’gBézgléEd) ,t h? cfteﬂguned

t oxi n- expr essi nlg reco VI ruses ect| V

time to paral ySTEIDIt af'kfet cl;séﬁ 1Y E6 MreﬁEWEl{5 1n “H e THERBET=
ef fective viraPulieat é'Fsov\a%saKé MEblenss 288t Hodgrwed that @is glimination of
slightly nore b4 suBgl sitigahad hbitAe®/NRY/ 156 . Fipeonest erhe infeifdvity of the
nmel anogast er hsprifd, pasa@DaMliveise IR sahyd c&mbeéd c€t ande INddowkBEERat the
condptions thap;eihbhed dehendsRdden PARG REOMLE! SssenBOiT1yeRhikedBE, The
| ate ACMNPV prgopleer S ygfe WS%f bl ¥1§e ”fofrh%ngoé‘éﬁkuéﬁmhh f"Zﬁ\'P Quent

genone. Wthout W shin oun qr I s predicte at .

the equival ent Y HPSNERPSS ﬁ%’t°é‘?ss%‘r°8 téhe}/(?&’ ﬁ%r%tgf?% SSET v%e‘teﬁaﬁmf%e viral
ACM\PV pronpt efgiome by direct cloning gffersed s febidslf| ySoipt oMed e het
properties of FBYPNCHRIavRR1 recombinangssiBrpfteett At ouGR 2 itrcile AgigisnBes-i ng
t eckkaol ogy to pzesbslezdskhe friur sénd Miller (1996EC EibiactniighEENRY: 63A6BN adnd
ET[err] of |essnddi@iiodtofssuséheand’ DAG#Hs9%3dites into the &ACAUEBEHBANSE i nd he

fastest actingphagyl QM LUSs hEPFfe8dairQclaliBning into this rdHBRLI CAITY
engi neered HzSNPV derl vatives are also useful "as gene

expression vectors. The mature formof the Tox34
protein secreted f rB’Fﬁ PREEAteRett genetically enginegring H3SYRY [af ot iFEREHEA

ACVRPV expr essharferogsee [ FhaaF sldolandPSVigeney into the egt gengoif) HIGNBY eand
352: B2-85] is béoeghfod ibeseshehishnprddored asblinfiicolor in the prepergeuoedtiey
mtes. TxP-1 igusuaihetozed 81t (E6S EkaRF1ePEP] AhAs OfirdBlwald then used a#lld NO
acids; the firgl-38a2N¢iN08sa6d (3nd el MdARdbnCALSRRE rébéﬂlhazfxésomsmg the
e TRl e, SeObELRHROake ;RaBGf BELLGLO] ddtBo SEELELAL BLOKEL Dunes

that must |nte act I nsec
we i*fvesti gat eantar:i'é"'}’rﬁ Fﬁ%’rﬂ?&m%’? “di fferent si gnal peptides on
expression and secretion of Tox34. Secretion of some heterol ogous 40

protei ns from bacul awiegtisielatiznt €dus elthses ppeit-sxpresséng reewitddainy viheses
nature of the ah@nral esreqabsrtion| Jausi @ntainidly. 84312 1Ind>ares 2 11dik<b8%ithin

O Reilly et al tnd 1990) 148436 erBi Qgﬁﬁz@ucé@ P Ml1e12e’ 44prAlRLnt using the
Threg di fferen goggﬂtesqug g} s}"ﬁ fr%’]@et he;sar c.)qt oXi nE%éE;lS £  the

gene of Sarcop rina cut cfl ene
19 s:.ng re o nants onta:.ned a ferent promoter: the D.

melanogaster hsp70 promoter, the early AcMNPV DA26 (ORF 16) wviral
promoter or the late AcCMNPV p6.9 gene (ORF 100) promoter. The
infectivities and virulence of these toxin-expressing viruses were
45 compared to HzSNPV, HzSNPV (Bsu36I‘’) and egt deletion mutant (HzEGTdel)
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nel anogaster, and a honol og of tox34 (tox2l A) were substituted for the
native tox3dossmas sequence (see Figs. 1A-1E) and placed upgq) %9)1“7?_
of the nodified polyhedrin pronoter Plerr] in AcM\PV (Fig. 2A-2 he

| ovel s of TOX3gu.8upaasaedhnl SSOUD! DALY U5y | gl 60 SHi2L ge%'vf ang,5

secreted into the.tlLs vvere’&o Sare

West ern bl ot ane{ﬁ}sf's #gl ib%%tr%‘n ?mér?tlflb’bl?fy Mool |tﬁs‘f‘?53r T&kB4viruses
(Fig. 3). IntrSUueieng tox3d hadrmigrifigamilyddeesy A48 fndicptingriheg all
(Fig. 3, |anesthreg)promotery awed orexkr fimct 8pmaBSiygtx Féa praostse eohdl €8st toxin
intracel | ul ar gend rexpression EEdkted3 the OEPIS € strptast Ziand 3)rh\éhizleeorm§9rané0
DCt ox34 and vépegsddy chhlosied-wRl J:o%xtr@f Qé%@drﬁlaﬁ!‘ﬂz-\% FHIRYEL,S eleJ.blted

t [ 1 ul t
: Rt ; gggl I ﬂl g; ing\?glg r(ﬁ. ) th%r;:;hr.%ﬂ%éﬁo Broor x%"ZP gl) ﬁ?ecﬁoxaggggﬁn%gls’%‘?’re the
t

appr oxi mat el y £¥35P ﬁrnf%é?‘éﬁ wecies ( FTfe APMNPY
| anes 2 and 5)1’61‘30 PF??X‘S en)\o3l 5Pet FRELEE SRR PerfoyrRd AbINRY ithRacttbd D70
cel R8 (Fig. 3,P¥ameter pand whsesitBlavltd, raidheighoposafibintsl dgtalllyulars effddtive
i n vSp-tox2l A tingctied aceibvspazsl pidnsCed .0 MR vE@DRY6 £d%39 . vidus | @S efded the
probably refl egts tonafdsi eianio mecmn1£é§&m wil %%ﬂné\r by. ﬁJ‘ETTQ@%‘% HRRgTdel

anti body. Toxi i.ando tgd. £1.0 t ed |
A R S R

W thout wi shing to be bound by any particular theory, this is believed
to f8present differ BicE8ESNAY edfegsne dschocatdd bprmep . lcimhvage myov erfebe
by the alter naiz8N8V gwai| ase i onediscted te dhcode ri hixd asbguectepolypbyPide with
known [ Tonal skiesat thhn £d2OGRYuckaxi Gaehtd ey ldirh iR xnbhe Dhd8hMiNRl poTs.
sequence of rrameeomemmmmg% A3 alediC SR LY. dglo8s N g, 25
e het erogene ar

t ox &A/tox34 |%1 %‘f;iﬂ ﬂgg%lssg %‘eg%go%%ifvé:dls 53‘510“155? RfpskieayRhte
M | (1991 t T e - g8# a‘“FB?ra“r%m Sang*d M FF a (§oxpinal
Bi o/ Technol ogy WB%@%E@]“%H‘ -pr S BE Ve BFR dent theppexanw sni efidshahlch
mat ur e Tox34 p?xt eifieund Thieo r el 0 abfoXutrelyr esmsgovedt O atérgy NMBL1Ar € EeDSs N and
of Tox34 i ncr earseglyddshltiat®fqrases [[owgah sk pamnd (Mdsh ensed098) o R Ao ec.
i kely refl ectbing.tdashadsol h@BmiihﬁIﬁ%klEG&ssl%Gﬁ@fl y(l@@&h%¥r§le§9&§§.mzno

funggionally c r u he;la se ection [Jarvis
et al. (1993 5551& ?%Ejsiﬁgesd 5%41%55 '}§ b %7 %gecausé o REre afeo™g 3!

fol d higher |evel s oOf foxin érf(c rugén ZEXTY EOF &Bt‘é?ft\ﬁf‘ft'h t\5’8}5"“3 ACMNPV
t OX21A/ t 0x34 tﬂ% (i R V58 6&3419’3%%?%%116&' #edee Béekr @gePrArs20l,
product s suggeSissHFHEY Bfeis ypniple to ues PBsaaddctdsehagaesuliseyvates tTiansite
the | atter andfer lbhaugiheitdindlis premidied @RQUERE @it1EnNddmagh | HTCMd WV of

proeessed. BotHe 2GENFFlyReptEaBs | wdemyam@ﬁ;ug%ﬁzl ORz MpvUBRE 0585380 4D

forms of Tox34nddh ¥§R1e}19é(%.liélxé1%3€'o ltﬂgw d the most similarit Non
of the changes, na ence arity
i ncreased tge agrrt%lﬁfrq}%{?o?g%ecl?ete os>?|ﬂ #R( ﬁ"B S?enféﬁ%%éfr?él:‘r et ed

by vSp-tox34, vSp-DCtox34, -and vSp-tox2l/tox34 infected cells at 48 h 45
p.i. was simlar (PHFPossh paiftdon ofithe ANERhedtegae Beduged thedETw ctfabhis
20 35 virus in two different species [0_‘Re111y and Miller (1991)

BioTechnology 9:1086-1089], a similar reduction in the rate of
mortality was not observed for the HzSNPV egt deletion mutant in H. zea
neonate larvae. Because wild-type HzSNPV acts more quickly than wild-
type AcCNPV in its respective host, the effect of egt (e.g. 15%
40 reduction in LT,,) appears too subtle to be observed in this species or
in this larval instar. Expression of egt is known to block the molting
of the host insect [0’Reilly and Miller (1991) supral and also prevents
the degeneration of the malpighian tubules during the infection process

[Flipsen et al. (1995) J. Virol. 69:4529-4532]}.
45
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I n the supernatant fractions of vSp-BSi gtox34 and vSp-tox2l A infected
cells (Fi g.WQ9B/14578s O and 12). Again, and wi thout w shing t®draussouserr
by any particul ar theory, the apparent absence of Tox21A is believed to
be due to poor reacPratictyrydedpenddit TerSettantddodyx34lNexpRwsi&yelanaofiarval

secret ed t oXi NpdFQp¥SpmBSi a3 vi SEQG 86bdz8bd Sinl Sl ?ﬁé%qlgk&f ahﬁ Miller
(L anel actonal Wasashedeiabsl gl ik, AL S CE D bl S

toxi n transcr :\E{s appy e?{l

added to the NTerm mg se%uer?é'@s Re W?%ré"?oﬁﬁa]na 6‘o”e PEMIDSRES hwere
for This effectonsigerably more effective thap ideePolh promosey da yedusingfuiet BT,
per os wWith ocef uBE¥NEBM rimg both T. ni amdmSeadirugfoondb) nanl WheUSréXative
eval uate the eéffeetiednesbasTytidgpb ¥ and hsp70 promotfrgnals SREIEHICEHREALAX 3 ON
the L err] (cencant Eﬁds@nsﬁ:fl Og&adided 3bbS332). The DAz pEGMYEY LSkl

50% of the tes d the ET[err Lipe

par g{)yze or i E’%f 151 e1ve St -r%[slecl?;ls t{lef é"acg ré‘%g\gnﬂlnnﬁ =% EFpspecies
(Table 2). an NB* SR f?’i‘*&ﬁfe’aﬁ f f Bp ctRURared) thgeeffgcter P
or the differ cPRacing x4 ‘mder the congel afhPresamdtila hsp701t HEMIRYIRISSI, 0or Of
t ox34 does notASBWHrefividserdi@ters within gl lcbbyextoof mhé IERERPY QbARGHd @A H. zea

relative to W hebraype.andl founlil t12@SEEL tPRIn-expressing recomSinkhf 6akrl08s ¥haTs Ni

| arvae by tOX3ﬂed%1>éQEle§§£'e@gnyé tYmESed ‘i:%.&lgifsqs/ﬂortalulzy reéat:.vep 253y ShAnev.

vSp; §0x34 and 'Ekg%) Pg nfect eg Iarvge weree%@é ’%g 1tn

approxi matel y 500 T aster ?th RIPpe-re NPV g 6% ALKPGP FEpras only

t oXx21A/ t 0x34 a té%‘Vm?’éest%?feFﬁéYF \My'f’)"’tf‘ t Yhfe, AAREVy B8 BSPERwESE - abo'EHe 2B.

25% faster. THelGOPPRIYr BFPIASProwt®s wes| sousiwbae kepscefifsvtivetindsrethess| y

publ i shed resuterslifiowaltbke sitied] theehsp1992) DaRPrEAjomotrseveboth hearty| aid ]

of vSp-tox2l A igteapemon: NRicdbyerkd werkoBgscthbaniyhade V&ﬁtéﬁ:poéé adel Hzsnev

t hezsane Conséiéiﬁneby WHRRBALS K‘)lsﬁingalto ﬁé%%)ld-rlgxltﬁg gl.l?v\é%?dlct 30 that
ox34 t

i
correl a

The ET S
S Falert] Vethesds I'aleﬁg g%:?ﬁr agogﬁ'bgf ndtanf?d Of m°rﬁeece?53°ft‘é’ﬁl §E’an the

the | evel s of E%ng?n et ecte
however, the V]Pr(ﬂm‘@%rr? ‘t ox21A/ t 0x34 was | onger than vSp-tox34 and vSp-

DCt ox34 even though simlar levels of toxin were secreted. Thi s
suggests that not aWe lvet pacsessfoliyl Lprioved rdim \(Bpperti2bAEORIENBD as a
infested cel | spéssibidd @firen YertdtiicVénginbbi i1QUELHIO16HXitB Mas iBOUAL Iefyst
the super nat ani‘edcofnﬁméﬁ%pnmt OX@&4n! & et eslf aekk Sbhaﬂewax&‘g Ehenhz$ﬂ6¥§§34
i nfected per éMmF p-BSi Lg&eox§45t%xp QI p?r %'_-,_X‘?{S |.ndi cat ng gt
the threshold : glcol oxi_n regglre g_ SFST. T RP= Hhn ke e Sate-
is low or that some T r}é’eé*f‘gf‘i‘es? snﬁﬁl\g"vnﬁ’re 1%?"?1 E? eﬁfe | 755y gtGErhgamogene

active toxin f‘?’ﬁ’f’ﬁeﬂ‘ﬁ%‘ BT Puct . Fourth instar T. ni injected
hemd®oelically with 2.0 x 10[err] pfu of vSp-BSi gt ox34 exhibited paralysis
after 48 h. | n geTter ahtwiteh@otme W&l thd ToRXd HroeeiE k86 dtBROE Il LHESt cells
super nat ant Wagngfaesd Gty &-eRbminkHS M@Ye&ﬁfﬁ%ﬁy éU'ny-[-romalski and Miller

21 YOn284 4563 .
{1991
PCT/ US97/ 18077 =82~ 85] hﬁl e t"(?fnae SI he \same pEPTHr A q=Raf

det i ne Whet% oduf%d bPr mites. TXP-I 1s s fl%ﬁd ?% 8&’6@6%?1“ of 291
vSp? %Sl gt ox34 ?W«?cat"&&scé’thsf’\ﬁéE 3% apjpe amds are a SlgnF \ReRueice phyraer Fym on
or transl ati ontheAngagrehpeoneted GEBARGS -Hi Fidick| mature Tox34 is a dddektet pRerein
uni quel y end- | eis¢| mestaintelrecttieth $hiesecrBtorySpathvay BF infected insect cells,

we investigated the influence of different signal peptides on
expression and secretion of Tox34. Secretion of some heterologous
40 proteins from baculovirus-infected cells appears to be affected by the
nature of the signal sequence [Tessier et al. (1991) Gene 98:177-183;
O’Reilly et al. (1995) Insect Biochem. Mol. Biol. 25:475-48S5].

Three different signal sequences derived from the sarcotoxin IA
45 gene of Sarcophaga peregrina (flesh fly), the cuticle gene of D.
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5 nucl ease protection assays with total RNA isolated from ¢

vSp- BSi gt 0x34 or vSp-tox34 infected cells at 0, 6, 12, 24 and
36 h p.i. Ryvelwaiesd probe corresponding to trangeqiRbl s
initiation within the TAAG noti f: of the P[err]prg_rr%)tg%rl was

observed as eart] [ ., ont iL.nued to..lncrease
t hrough 36 h p.;"ie%/?%a% ﬁe{?l\&dp f eh%%gagfcjr'}o‘r%’?’%gt H:o\?c §f)‘§) ygre substituted é’fo'f(%"‘h-
and vSp-t ox34- PRFECT EFefie engfpdfte Bigsyr 28l aPdRiG5ed under control 44
each tine poi nPEVEE BPHTAER POAYRASKAD (HFOMPLRT Rk A3 AMNEY CELY n@ArR@Y. The
the | ow | evel Apvelsxph Tord egpxksispd iSprdsSmgtrax s 4ikné cigifedt g ¥ -2 1Masl 1304nd
due 50 reduced seepatear ifitd Ghe tifsue culture media abtNi€resti RAkY, copRLEE by
transcripti onalyegtdnt vibt Canil sﬂ@p@ﬁ%gtfolyclonal antib@dyT%g’c QU EAGE nQiks £ he

conpl enent ary nd., W t-hin ati.ve fox ) i gnal _sequence
o reat oty RGN Ul fS B X5t kouin proaucea at' H GprPYEREG

infected cells.'Fi8prine®i88t &n%i-on HPEPFLIo8 £EoM i YiRsESigher34 produced legsj g
addi ti onal st afptzaedlelnt Epponeearein (Fig- Beverpery AAGea: afd 3)(0while vSp-
Si mioar i nt er Pet@ride andr ordpdtipt3ax inRRéted-nellS] prvdhess esindldr pamé®its of
ext ensi on anal yatfadedsuhferodas Cirifeds [ Qumpared 1dhbs 6 {nk99)) Jin C@cﬂr_trast,
Virol. 72:527-33dvaded1 @l C¥COF tokP%h Véﬂ-%%/l&%:@%ﬁ?& - callsSwere
result had potential, rgélevgpﬁﬁdtgitmé?» exgr essl on s ncfte Ef gﬁma 1.on
of duplex RNA ngf%emg énd © tox%’fném AN ATt TS Tt T Afstat {5 25
t her eby decr eadPR FoRB% PlovelNg, Tox34 was detected in wildshype, AEMNPY figEerert of
neord&t e T. ni |ca}.30qie(1=‘q.go)§34lar@<m es§bg 15-fold reductignceff ipteacellular toxin
transcri pti onalincetsttok21A imfiectegbrelilsy eeyatlizbet@rvappteti4a (Fig. 3, lane 6)
Plerr]) result ggdobabipanalysits Ghekffoiant abesson4606nf a5t Sfoxbi@NpW kfle t ¥B814 30
potent &l |y catpy it o MEkEF peb@oRiA Sl oL IReEL 1Eh B QU el yop-
further decr eas%ekﬁoésé n%f‘r’%p%f:g?’f)%@ﬁgpee?ﬁpte"sg? r?%mr“écso T ﬁé\‘%f’sﬁr g%iﬂ Tox34.
rec@foi nant vi raERETe gi 509t 53e8a PdwRY BRffticetanftheqiy  Fhis is believed
mel anogast er HSPARPSEeARtt 8L IEyRISEROI B pite Ior affitiensy MNPYLRAR6e (porNerBi -
pronot er (vDA28vOx®®43lterhatd aignalcidRvnéeOK IDR/AVtentinad Piksacd ofeTHP-I is
pronoter (vp6. khowB4jromarskit ke ¥EJ y(uoadr Fix@Edd 20% OTIL €161\ SRnb OX I kmivR{1e
constructed ( S @Rqlidrde gf%n@ﬂfi‘et PRSP OR k3 e VL I-rfo‘i:qg%gétatp:ﬂx@cmlic Qet]fé}ﬁ\ﬁned.

ro

P. tgsitici Tox34 toxin coding sequence is expressed under the cont

of the early ETL pr ter [Tomal ski and M1 ler (1992) Bi o/ Technol ogy 40
10: 545-549] was not Qrgg 3’5&%&5}1@% The A58, é’tfofé‘&rﬁ%e¥ﬁéa’w% oRB4VEP-

as an i nsect c&REPUY/ tagiinfected cells has been obsenyrd psesioysly | [Remalsiisanst of
t 0x34 expressi ¥aller TNI368) celdtmre 352:82-85; | Thealskd wahé t#ilderf ourss2)
viruses and W |Bdef5gaendtddiPyo idslsusisabad gxebakly represents pHedhiscdsl ¥ el
and doi M ng of AKSA EXRILSELQIN. N FHIESH 16CbE She EILBESY to the mature forms

22 £ 7o 9BLMRL& with ¢y ; ; ;
PCT/ US97/ 18077 ° * yieh tame p.d. (Tomalskl apd Jiller(1292).sugral,

: , t fne S usin

det ect ed Tox34 iheph&stiecting 8’? Q%‘Ejtpé:?‘ﬁ‘éttg’ﬁtg \§ PHCEPTY RFEHYs Pgpomes
virus-infected f&aftl.:.gna}l)o ’cow_?rorz’sed during the laver phasem of ok e_ct{.qu} dgg.rvis
4A-4B). No Tox3% ks (38P¥ctledBiql -wiChep.t gpR:16754-16762]. PeddNPY- therechee 3-
cel 133 t hr oughofbl4 hizighiere levaliss @fokokf exbrasseiinigi tdllls Snfected with hesgeel |
| ysat e or SupeItBﬁiml:oi?.’ﬁQ:hEﬂrﬁtﬁ&&b-t&fsﬁndhél%rekm ot tikse heterogenousd®) -
Surprisingly, Fexddrwasudbef adad ik fftaﬁméryagtﬁa)rzggéa \AHSE’JQ?JEQX% 1s than
infected cell s yand 't%r"‘@fd fLrst oggeer vggui n,! super nat an %t gf ; 1
p.i., with increased Teveldfotnd by 4505, |9n%F| SEI B B PRRed o ARy
10). This | ack PEPeHEEAnuPRER GIPePAT 1RV ilred &P 17 ACCPBHsigh €5t WwrREesesSsg
Tox® is efficiferns PESTN3dt &rl VEPOIR*RR/ YoxBednEectad pellsThe | evel s of

None of the changes to the signal sequence of tox34 ultimately

increased the amount of secreted toxin. The amount of Tox34 secreted

by vSp-tox34, vSp-DCtox34, and vSp-tox21/tox34 infected cells at 48 h

45 p.i. was similar (Fig. 3, lanes 8, 10, 11) while Tox34 was undetectable
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Tox34 inh vDA26t ox34-infected cells were too lowto detect in either

i ntracellular or extracellular fractions (Figs. 4A and 4B, lanes 11 to
15). vp6. otweddaastBect ed cel | s showed t he hi ghest expressi onpafrisenisé7?

of all pronoters tested, and substantial |evels of Tox34 were detected 15
in both fracti opschat sbﬁx{i\a%namdaéﬁohs Rfl vst-BsgStoxds AWl v4B tdx8 0L Sink3cted
and 20). Expreggi@n (i q: T9X34nkd 9V£):§1 9§PX3ﬁgdlﬂf et okt Su\éfﬂfenga‘i:ohﬁéaﬁ&und

24 h earlier th g %;) g@%@rtﬁ/e% p% rg,}{tgb %%QtJfo&'éxz\lj{ eJ ey ,geveﬁdto

was not detecte aness

24, and | anes 99 d&’f‘?dt? oor ﬁ%@ti‘ Y] %’rﬁ]h&’f“’eé“é’f‘%é“s‘b’é%‘yes TRuAgYi Ieveds of
vp6 8t ox34- anae%&‘}ﬂ@oﬁ%ﬂ et t VB -BHlgtoxiss dnéectedp cebkmtismhelievefiodgy to
and its unprocesmedatiprradupsostetyanslational problems since theelewsizobsetiad
neonate S. frugbprl OtadsteDbts Ppeak tb bélisihAUAFAE The additional glybdhl Gefladd

i nfection by vi ) t I
different pr onggti%%:d & %ﬁif?f g%?%%;a% %ﬁﬁﬁgﬁg h\%\hmgtgggtt? %%an t% |§}‘r’ne}:’e resPonS%le

par al ysis was aft ec edE= he pronoter and whet her there were species-
spe&Pflc di ff erences. In both species the L{err]s of all four
reconbi nants were sipprate o ®hdartiervefre ofnfigickell tRgse cACKNMY occlivedhvijher
L err] val uesffor edchdrégpdidad\Pris 5 dmlgiteerta efmpeubs 28hngahg) tiod
relative to T. signdlceaqiecnse Nt &cRELHnPERY i1RYS [(Yordeatriibe dod CeeMdla Fhirus

(1994) J. M rOEquée&S%lk}ﬁ%h ok“thL pable i@sfe\ééss a{RGn %%’%3‘&18% %%.gi%d to
i

bes reduci ng L y 0% co ,
andtl\r/’pG ot ox 345 afqez?f%ér?qug %‘lﬁ) tox§f231l *;?sio%/“seﬂtg?rﬁﬁ §F°]ETT9(§I°F‘T1 ot
for vp6.9tox34 (F3pls hugl per da | arvae, but in this case VHSP70t ox34 35
performed as well, if not better. An addi tional species-specific
difference in ET[er Np svamificant @dffleradata6inxBd, Loshifeh shasdififeeent fvaehsae
in S. frugiper dard aspsagvidAnchls, Niche Ab¥HRsBYorA LU kB 4N dodhiesdt I ESitPrbRise

I ndigat e that Ebﬁﬁzyafcﬁlgiélae:éeﬂﬁgétfoﬂ idige i @z,lw\ﬁa%yp%ng&h 2191 cLd16se,
two "early” prgrsmt frs Ln 1.0

ct:. f} '.'['t gceCtb SQ: .Ja’ e egsing . viruy, lted 0
determne i f ag Loecit it Bt Yod a‘eté‘gfﬁﬂ i i TC8PF resulted inm
culture, time B ’iﬁ:'é’él%t u RSty 6&%4’387&9@&1‘ dt?fFﬁt%i%P’?ﬁeok’Sﬂe RAr@lyzed
vDA26t 0x34- i nf aEPRRKiBftely 5AH S99ESHStheel Wildwsype pRAMNEY NePR-FPXR125Rnd vSp-
Because | evel stox21ifgx3xB34s ebewet 6% ffaghew MERY Gtidi ypan dandDASHESH gdoxsar @bdhit
| owa20 undet ectablmastst gSThe4ﬁTs§U&od ¥EB) tof¥a0f{ £EAT1bBe tageeéﬂ&erﬂ%h%ﬁevn.ously
23 pub lls\lqgi %s&ﬂ@s QTomalsk:L and Miller (1992) st(ljpra] 7 however, the ET,,

/ /
PCT/ US97/ 18077 is ap g&'{:.(r)ngtg\fJ GsH q.on < %Ina t:ﬁlﬁL ‘ﬁ'ls r ;J?orttgl ngorby

trichl oroaceti¢ ampd 5)

SDS- PAGE and déf“écetalmﬁ 5&"%9&%%‘881 gt al- (1553 TexigfRI 3 PL2-38npar i son
of the relative levels of Tox34 secreted by each cell line
revédl ed that the HSR¥ETpy vabieer foarassmitgui4 rudvispybetordngerrelate well with
than the DA26 @R&El4vedEDSE toxln hiddacER] linl tRE Ssupbifhtahts CORAEEcde@NRS11s;
1-5 with Ianeshéaexﬂe'é taﬁdgisgessrsg é&zw&xba%§ gD knak v& Dmrshsaﬂﬁ vep-

of each promt grelifl, nbihl sihliaE S00UE 1hal et SELADI L EE S i
et

Tox34 from bot ters appear . at

earljer in SF-3Y¢ ?efféﬁ ef’?s T OFRFEPE X pSRiPeETTY iR EOHA B TR
det &Ct ed Tox341B5ectER| SplAs ¥ Birfogically. ?ctwﬁ tﬁgt%%‘ﬁér’maﬂ:aﬁf‘s wa$ found in
'VHSP70-t ox34- i thecupererany faon VIN-IFE8tendi4| infectal pells, vedopate TThes larvae
anal ysi s of thenfetel mitod witngsHBsigeexs4 @XRLRR%dParal{4isy HORE QL 023l that
and vDA26t 0x34the drhieskd¥d t&dl bi N@kidtreglerdd 84LiIpArhBMEL §017. €8P U Rates

vel | with the ggl 85} v thae ;&nepaaééae%%sgd;s Fpmoerebg?efagx:? £nT a&Jo%écéé

4 and 5). S1, nucl ease analysi s revea
transeri ptlonaﬁc Jtarttoxa.{xefrom t;.lhls const % Es urth instar T. n.1 1n3ected

hemocoelically with 2.0 x 10° pfu of vSp-BSigtox34 exhibited paralysis
after 48 h. In general, the level of toxin secreted into culture
supernatant was predictive of virus performance in vivo.
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was | ocated on the conplenentary strand within the native tox34 signal
sequence. Transcripts initiating fromthis site could potentially form 20
dupl ex RNA ¥ bgris8¥34 transcripts in infected cells to interf

<

the translation of tox34. A i gonucl eot i dei ésilipégjzflh?gct ed

mut agenesi s was perfQroed on pSp- . t ox34 and pSp-p6. 9t ox34 to
change the CT TAApm)tsﬂf " %’fegsf:'%f‘giysn’bst " s(%@é?’?%edxm_ etergﬁ&ggh?%ervf’[‘?]ilﬁw
the tox34 si gndltvebdPtihdroXdnuRiRdEcst o PR igtPRif tinfected cells wasyfitndhe
aci d sequence devehefstmnscririirpder tTapslationt: &f 64thibp e tacFe8l bp HindIII-
si gnal pepti de el prpkeequaimelpasnd-Aaberkdiitn@he egaahi didal Wad USsed in s1
g?prefsi( n% t.[]e ﬁ%&é&ﬂr&?&%ﬂozﬂ%ﬁ@ﬁé Q%é’&f“ﬂ:lta'ﬂ%ﬁ BaAeby F}.@oﬁtféisaﬁﬁl £Yx34
err] (vSp-to ; . sat es, an rnat ani.s_were
exani ned for Tox34 %%ro'%ggf%%e%%%rEss]iso(r%?fJr’,’or%xlg%'t,osz,ﬁggﬁ?r@#??.‘ngi %@%eﬁt‘fd
and 6B). In PoET SRSHTRERATISE ERRFRIPHRER! da b1 ien Wikbim g giac notis
detected in botd R ErioRroIPtYBWAS PhFeryed e £8FbY) a6f 12THxB4 -or ar¥o RGUANREd
fromthe 6.9K (Feorfpreeasgad-hybegiy \A6d ltp .18, h with . R¥hepreglaaed verdreVisdth vsp-
of ixracel | ul @SiFoxd4- ertevspPLs:Rl- iRteicyd ZellDs 3 10 dmdlir@hsy pidcsllbhSpr3Be
infected W th \4R6eddnoXidnpdiianad biniMBG 1AQES4 enb HeHo CAlARTs Qﬁ?ic!a%qg%ac'hat
of th,e reverse t];é‘ﬁ%wrm&}efl 6?@5}%.%S§:do&ggdlgt&5%qggl L{'!o?‘ca li%\feclzts Oc A not
protein. This (y fferenge \gaﬁ not bserved’ in-v p-%ox 385 ve'gp-? Vil
i nfected cel | s T YhEaT i AT FPBEbound by theory, it is believed
that the conplenentary TAAG notif acts as a late rather than a very 40
| at e*%pr onot er dur i ngntefestingly, anetbeonsmquertdtionfANAtart tdiaéiwg hamyd to
this pronoter priTABG idegueidecohsthe atmbidnenBafy WBrhAx 3k taxp &S edef¥0Mox34
tT heSI4ate 6. 9E RAgRDL ,Eéiqumcédimg%emﬁgz nbf bb@se@ét ri%C?Nhuligslétn.f‘e 'fi-lo f vsp-
0x34 were obseg Ween X v x34m i.nfected _ce
S5, i bl ttgﬁa%e%:l%é I%vg\grog d g‘f?iﬂéparng&&%% TR fﬁ’gneds that

Fig. 5B). It . L
\(/plfsgz%t ox?B4-i nf etclzllfL %dg%dz%ﬁgn%ass BV rTEl FREFTRECRS 50 toacFRITES PR virRFit-

24 Slml% gzgytfag%nce from duplex RNA in S1 nuclease and primer

PCT/ US97/ 18077 extension analysis) hahabesny dpsdriijphdr [dedvehd Mifller ecusosbro Taedd
produced in vp&i€bbx34ns27-534; Lu and Ca¥seesedieed) vidanog9tial.bectzobhe laysel
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of secreted ToX3éult had potential relevance’Pd. tdx9X %wpﬁ%ntchéénkwa%igﬁ SO

used in per o0s ' 0 e 5 end ofl t - s d dder s
| arvae to det e&%‘g\tz%?g@gt f ﬁ@(r::% rﬁ\ﬁig‘?ﬁ]’;‘\%%u?f I“%#&*’%ﬁ% Led trznsrabion,

L err] and ET[err ese T econbin No -
differences were observed in the L(ferr]s of -each virus in either species
relative to wild-typEPAeRRPViRfpgbien L. neqiateET] epf | lagivag pbtBiB3dx 34xprumsed

nmoder atel y | ongedex e vpEiseript34ny chnbren oS thehhybri8. vérypigiager foonwtdr 10

T. ni larvae, PgaRecidsvetss 1ARErIBTisUSE 1918l S6odthesd Elids PlasStandaide .
P10t f oot soonn poreol it aap ekt Bieral b eifhad, ok BERDOBE Hroens, for
time tO. par al y%igserBBaa%g%%e%exprigéion ot xgéj in infRE) e"éi 8?61 h%s a feans to

het erol ogous si-ghal- seTUERtEs Hisst Blroi REr &3¢ PREessing recombinappe| s fopr

secret ed Tox34*PFOTEPAR yVEGRses aPAPUESAINY mEPstAdunfier t cARted of the D.

paral ysis of Tmehindopften 8P phondtese(wHsPadtaxaebnivheaedrdy REMNPUt BA26 gene

choi¥e, howeveprothtersignzbtaanl | yereniLhteneenihes oknimg rAAdidevebrdfh gene

secreted toxi NpromdtRll (vpul $udi8s) ,aBkk SHE RELy 1R0L ¥, ColtAbPe P P8R BESs P Dere

dramatical ly i gravuedeidqsBL %ﬁftiaeﬁanthteh&éH d ).asvgmb-' ngft 48 Mich the
The maj or eff e(ibt letgrc]? ngg ttoxgn Sclo Qggl s?ae el'.Jnececgs V\éas 5 af’ %

. T xpressed under the control

’ of the early ETL promoter [Tomalski and Miller (1992) Bio/Technology

40 © 10:545-549] was not as desirable as the vp6.9tox34 or the vHSP70tox34

as an insect control agent.

Analyses of time courses of tox34 expression in TN-368 cells
infected with these four viruses and wild-type ACMNPV illustrated the
45 relative levels and timing of tox34 expression in these cells. Western
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the intracellular levels of Tox34. The |l evels of toxin in vSp-
tox21A/tox34 infected cells accunulated to a higher level than in vSp- 25
tox34 inf eSN@/A818 s at 48 h p.i., suggesting that the tox2PCTHIYRAB077
sequence was less efficient at directing the secretion of Tox34 than
the native toXiétsaganisisegiRC antibd@Bf Yada@nstanTakdis detedtad MMokBL e in the
flet ect fd in V%FB&a&kaxfdanhgiﬁ%gg 193&#&1 eyanrhbaimcséaﬁcleﬁig |aEV6|, S(Gg,Oflz,
oxin transcri u . «Bakgt 0 , - e |
cells. The szlt:l gf:{‘\ﬁle{ae ho? ':[I]’o (??].gé/. thl-%) \f f )ggf?e‘%&asx%réegéﬁféd ?' tﬁgéf .éige
change i n the ARy nbatkes o5 chiohoul DHELER SRy b pdechion I, pisher
pol ypepti de. EtPPhPellsilypafie SEARPSERAYIRS FashiontedFidc @RsaRd 4By fgnes 1 to
pronot e the sdor-etSuwprisfingty.i Yex3dr vashoetidioved Andihe lsahen Sron i VEGPT Pleox34-
bacul ovi rus exjpifessddRes)sSt and [i© Fes |fiysetokrved 189He supétlatandhe: 22 h
addi tion of arp Xt nathl MorBEdaetiwlis fRnlhg, AN L erFifus @8, RGes 9 and
mat ure Tox34 haﬁf‘&s qea%}eca%()la(.géﬁn%ggc{gein ttﬁ@%ei&??&é EZ&&iI?X&%gests that

Modi fication of the hatlLye Si gn sequence to renoye th

conp? ement ary FXAE ’(Fbt‘aifFl‘EﬁeBt%feFﬁ%"'gag’é°“l fr8e | FErest cgﬁh etTg’ﬁ TO%8# 26

in cell cultur®x34pin vPR26F347Pferiedasels iveEr e’ 1PHet? dlrttest oin either

I ntracel | ul ar iAsx8deldntlar g extezacrldolar fradtijogs s(FdgeskddandigB, Manke 11 to
removal of thers)AAGpEECaanE LinfBctaN 6Tl £ ¥RGRAStRNhIfheE0XaddbrifsidhCof Cldx34
processing antyd LaNsRehdterhrsdba !t RRa SREEEIREY1 RRAGEVR Y s Wasalk Nearde! HhiddREa

st ei’%' n obtai ”i:{‘gohi"‘frrg it 2 LQ&?'zLUL%{ BRIl eugls. A 8874 asf 4 43
the ET[err] of "'vSp-tox34mrelative to v *Pox34 in S. ’frugl Rer a larvaé was
o5 and % g%spfa%sf.gn of Tox34 in 6.9tox34-1nfected ¢ells was at least

PCT/ US97/ 1807724 h earlier thangimdf,hfersYRFgedion§reneier t¢RBtEChvayhebeerdxd4
vivo effect ofwas bey dagected until 48 hiphis (Fédges 3B dRAME notidareThawse resuofit s
suggest that iss,i smadaRkageoat® 25). The twol OmmbfGrddtkSvernghekies sdwgaalinf or
thogg prondt ergpe( 8edhsaHSRAYspMRbedt-dhfected cell lysat&XRESSSRM: GRlthi-8TAAY
continue to bean%@&@ﬁﬁ?go%e%&?,' Erééﬁr@%'%@mp“t g produce | ess

toxin than the thresho evel’ fequired Tor paralysis.

All of the toxin-expressing reconbinant viruses (regardl ess of )
pronoter) reduced tThe &psReBee \RF PEPRRtEOS pfrugiReFdR nFrbls i3 yoF T -a il virvge
wi | d-type AcMNFEgbla&he mosinfeffimot by erivis sixppesnionaef itpxIhanden thpecimtzol(
tesked was t heot afi€fé&renk pPPdhobexrklivag ptutietntdeleepiimeDivhsthet ARd/NEMe to
Tox34 under 6. 8K BLONDLES 288Ul b'eBe PLBhGRSChDAhIL IR dHeRE Yle LfaSies-

24 1) and at OLsahelc | QYfehdal { Okt MO ofeQOLL Olngl (8, 0V0N Doty gour
pronot er conpose bgt T at e, agd ver %ge o omgc%_%r el%gﬁgk;s he hi
[Tomal ski and TITFETPIEJHrS THIFAT: CSUBRT Lot T BFESYBR AENE G edPpyPigber
the 6. 9K prono¥er Waes efth 18 HEPE 18°MIPVp 3Py fedFFH9igerie plrBRBE e?%‘}/h%&ld)
beeRPpr evi ous| yelaspvs tedr -wii heprahge dtave doaeherreXprusdyi dnsunéntedy EQligmeet al.
hor none est er asmsandr.| eixdl-. g :assnaisdelbe LBannhigastaed| vpe. 288434 perfidimed
Virol. 75:1551pdgrQ6kequblify @3hbi €5 pakaiyesi Sy ARGus WORCEIPAred to¥34altype,
Yggb%?ﬁgﬁt ! CT&H 6fs .%'t::ibgéln ohlled ebEldaCed s cbiisy B?fgo@%g%ﬂg.%niﬁfart@%o Qs found
early DA26 pr o%r%tsé'? Eli/\%gx?%elﬁ gésfruglp erda lawaeéf%cf f’,vée]rl %nc%%{ﬁfng%égﬁc’exég a
resdPt al so foRFTONTh 3hoBhdr T RQF better. An 3ddipimal spesiof-gPedirpy
[ Tornal ski and f#4fifesenqe] 99 BTasupy £pund wigk vPh26tox34, whiphNast goreygfEegtdvehat
al t hough t ox34in . efepydseald Bavke ¢han 7.t it dervae by about 10del | Theset resalnet
initially expressiedeatthhbenths az8alidretrbs NReted reTative strengths P8I Hepse
larvae. The hsp/0 -REANRT ffordas-HEE RO ihoete sPeds@lat i Vel y
strQpg pronoter when conpared to early viral promoters [Mrris and
To determine if a promoter-specific effect was detectable in cell
culture, time course studies of tox34 expression in vHSP70tox34- and
vDA26tox34~-infected SF-21 and TN-368 cells were performed (Fig. 5).
Because levels of Tox34 secreted from vHSP70tox34 and vDA26tox34 were
45 low to undetectable (Figs. 4A and 4B), proteins in the supernatant
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MIller (1992) J. Virol. 66:7397-7405] and this promoter was found to 30
drive higher levels of tox34 expression than the DA26 pronoter in both

T. ni and Swd égaaisfger da. Surprisingly, tox34 expressed un "i‘
control of the hsp70 pronoter resulted in the shortest ET][ er?? ,iﬁﬁb@sow

frugi perda | ar ; . . f _Tox34 secre under
the hsp70 prorm\i?ger::%?%rte%%;& g%t%\éﬁ ?/’L *:%\%g?%% F%]g%o Si%iugxafrl 85@%8‘,) JhdeF %5
6. 9K promoter CORTTOT? “Phi RFI AT YL RAT AEX FPCERDTESPHHE PY oimynoblot
strong constit GPRFiSr oIfSMRATiESM ofj Fhegtrelative legpks CAsRax34precysted by each
ef f ective t han cekpridnsi xayehteinthattthe rRFP7Atmrondrer] wps GrighificantTnestronger
di f f er ences obsbawathef DA26EFEey prontleriem both ¢EBPIGhex 3diands,v AKX Bdndsn
the two speci eg-§ugdasisneshdl-16heal 186 ¥oneeasuPhafedabliHUl 8k dlparison

pronot er E ho%tf'?%ﬂ%gﬁlm:er in the two cell lines %hlog:?% q:!hg.g %%%g%a%g?\élgégre&ﬁieo&ﬁ

is a longfelt need 14t rt_for I cal pestic

are especi al | yq'g’é ®c ’ﬁ?\‘?‘eg?%f g GBS 4R HEE70 promoters appeaps atpleafto\d4 dses
are bei ng consi®@EHEF i® FFP1 thRP i AVPLE8perllfpstlonger exposureshof (Hhdei biates
requtd e from f gdegrectedf Goxideas dayly @8 Ki hid tizeitr pi.iseipt the supernatants of

26 VHSPMPDtO8d4l4hfdbted SF-21 and TN-368 cells, respectively. This

PCT{ us97/ t180f77 aaalysis chi the hasi SandaeﬂninH_r&WQ:foI_:M %%cﬁi}é&iw%iitﬂsﬁfép%toxu g
contl nue (0] e a‘!mz . L gni can anagjge (0] CIr ops an
FAAVELLEE 19 cne wwo cen1 LM o A procsiR ven ropobons

ot her vegetati o , nefi ¢ . di T, ]
genomes have ré’?gjr (2GR Thec EptatiKe time to paralypig g Beprate hicapsayA JFrbieses
as iTsect cont fof*h§énts by reducing the 5 time to nortality in
i nfected insects. . The expression of insect predaci ous mte
t oxi ns \_Nhi ch are speaifidlebss ah_ﬂBﬁﬁESréiﬂéaI;ﬂfQHbt:l RABianscriptional start site
bacul ovi ruses kas lRdtdd oh @HdCldr@Reftinchr At Athd briBhih Nl hECHRA L PSR G Sha
the present 'scﬁﬂﬁtclapnh: s%¥'i&%siniftliggfﬁ%rfrolm ri(?svsei ng ulldn ot%xqc:ha fo
bacu] pvi ruses. g f\g{ggﬁA ma.ﬁ? to3t he “si %% sequence o The i%secf- iy .m
specific toxin Grd not . i"HpPotfEt NE2PEVEP DA s SRISSEEY SRLLR Yoirterisng yith
fact, the speci™PfET@ReIRfdsn 1 M %i gnal sequence tested resulted in an
increase in the tine to paralysis of infected insects. Surprisingly,
however, pronpter clodigmuabsotddk ey thadirattdd mitgdeads ] whil Gekrif 6B on psp-
expressi on, i N&6RAS kAP psPepd .BVELE & chigeNely 8F @i motdR0:d QUGGAINIHI® dse
timead 0 paral y$ig, i1 a,iesh-4RPeRISNL: JRI&lain \geg} W SRR 10,08 the
bound by theor)émillm'g absq RLO e%scg_d 4 0at the lm)stt%f C |vefgrormter_e1‘ror
driving toxin expressron Fh 1ost: I Nsece hoBTRT§" ei't'Rct TRA~ REMIPY 81eced
promoter or a [FAEASREERIS SIPHERT , SSTEPSH t1acultaPted Htsipe o sepambinani pyirus
pronoter. 20 expressing the modifiefntax3¢ gehel d|toxiim) ogider cnSKs(Vpb adtax3fol or
appl i cati ons t @,platiusp-tax34m) promoter contmyll.r @kll NgeitiesPEMl Sue@APEASE WHTe
agrizmul tural |y ekahingl| foxC0éx3s6r aBH3Mexpression from 1BNSLEE £ BNE! ArigddeRh.
con protect pl anncSBRE KE S-coRIROSkM Mg Nexn tozsore peblL® BRI |
killing of sus%gg%ltgfieml %gec??&mns at/ad Bp.1. gExPre‘ﬁ%@gs ' ITPEYE &Ft ?%’5’?’/}“‘
knows how to cHEZR&En® i sBET LT ("REI OBSGEYRE at 18 h p.i. The,rglativgnleyedact
virus, which i°§ Wireepilalay JexifaeEd ippetximgtely 2 to 3 fold highey tipcedlds
i nset® pest. | tinfgdtedbethnoer Stoxde lihan bse vskiskbesh i indiket 3y that removadl t
that the insecbfpast sevansebmmaXxpaSEdiidebdd thé atr&@1itNr 260 s 8F Tox34
the present inyesidian [¥i6QN¥eildn00alasEINAR 8 iHURY b RHeThE Y2p-tox3am
' nha! atron or thé‘&tedcé)erﬁ@?t W {ho%@%;'sﬂ%_fk Ctgengcl; ld g Q:@xtebry i{: is g lieved
A prinary use %Laéq: gene |cgt%}5eﬂ§hneg ,egl acul ovituses df "The g
presgnt inventioh wifl BELSTRBMponent BO0F AGrT & futdh® CBMRfTSITPARIMR very
for Hppl yi ng t d3pt FKPROtey) Awring MALLEH fEnt 3d Forfeguentdye YA Anbaiating (from
this promoter primarily effects translation from tox34 expressed from
the late 6.9K promoter. No differences in the extracellular levels of
Tox34 were observed between vp6.9tox34 and vpé.9tox34m inféEE_e_é" cells
(Fig. 5B). It is possible that the level of Tox34 produced in

45 Vp6.9tox34-infected cells has overwhelmed the cell’s secretory pathway
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effect*the biological control of insect pests. It will also be
possible to use the insect control agents of the present invention in

t he contr oWwoxdgnasfeer i nsect pests with the appropriate choi cecatiséimsorO
particul ar organi smgenetically nodified to express an insect-specific

paral ytic neursgt oxdi ev&PmigkePPlefe1d RRT Sr&h@sHAGKOY i baBSedk 1AM E Bt ox3am
speci fical 1y iafetle®RE b MAAUELARS DRl P3N0 18RS g 1 des the
common Lepi dopt er ans. e target 1nsect guides the ski edartisan in
the selection of the insect control agent expressing the paral ytic 45
toxin, and the parPfcltar4RgEt VERNFSEI4N Here RRAEC SBedcit FAT UT iafpction of
27 5 neonatifDs9 g pS8rda and T. ni larvae to determine whether there were
PCT/ US97/ 1807 any differences iAPgHeODC],d4rRl BCQNDE @&heS€ (ReRBMLinant Miiyses. No
variations of QEePAH-EE wtelobserved in the 3@ ECAH lHER!didus Wl @BLReARPLO s

envi ronnent al | e b) 0 S f | ontrol are
known in the az?'é ¢ gg&%ttg wildeyBs S‘IAL:tMLIQ‘?'hga(t:’]d%cse)n't ra ?o%f”b,forktsﬁégg%ﬁé‘% f‘%a‘?’a@/
engi neer ed bad9rBTRT}Y longer than vp6. QER3ALY £05 FRGdtrdeli s Ec5rlatREdy an
ef fEtti ve conpgbshi ilenyae.f ppsnasEively, and was. jughpbsidsf ths Linkiscpf meopdard
depends on t heertrype ofsSporgeadius peafitkmed better thamerspetaxdianinusetth spedied.he
fornmul ation ofts iRt CHERES it Bd) greatBRCin 5. frugiperdal IHiRGk| @eddédding the
effective concgpbrad LaRaRfsikhsy iRsgct; gontrol agent 10 within the
conposition can readily be det'erm ned experinentally, as
understood by the skilled artisan. = For exanple, the insecticidally
ef f¥ttive concentrdl96n°bfthe PPFERCICEMN D E1PRAISETURSEEr FfTRed dBFIRgSed the
bi oassay t echrfiaygés oEnerareted (IRE34in celljgplture, and none imppgyed ghe Jrime to
conposi ti ons fmratysitsr of Df nindefdctpdsyirhoth@denntigal recombinants TUFroheter
suitabl e for agili6s) thdvatet|s@ianslichh sP@nsd) in¥l1héiedEne timing and level of
Si m larly, conpQsLidd Q:%xg.f? Midd *L%lﬁogﬁié?ire?’f arf %&pf{ﬁﬁgiy,pec%trﬁaﬂy%ropﬁters
envigonment al |4 aeeehl 80 fior COIP AL | rop EOMONGH 3o Of 1. L1C S UMBOSH A 901 e
must’ be non- pHYT Ot 6Xi ¢ And Thot detT i TeRtal fo the i ntegrity of Xhe ot
occluded virus. Foliar applications nmust. not damage or injure plant
| eaves. | n additi orTheo™appy GFERet ©Lsehingipg  thepsdopple Bemeasiop, Wis e @ffect
carriers, agrithe timtahceddnpasi tewwids wiy Tordd .udeTisd | bdviedg 2id tadiresivevsp-
agents, emul sitdoxzngy/ wixds iRifebtd 2GETE accliillater €6 NP BAGHELS 1ede1C Rhaetiar vsp-
i nsget feedi NOhqaleelbbd! ci¥BCId QRS bl MYufYesPi R cl8E 1 1RDIEx3 0 3dGnA0
component s whi LR.BLGL SEL 10 1BEEClnE Ol AleadeD! oL UL IRACH KAl
or conponents ch_serve as adjuyants to increase the pot ency ~and’ or
Virulence of aieREbREhaiHE eﬁ.l!"?iér SEATAl JERPOTY (BREATE, O FoNLR were
pest control rgFeaFEd ipAERTRBLEGSAt SORAFESY Sellfurvare therabe pinidayi Iryels o0
Revi ews descr itsixig wsnisodiptef wapplfovadi on vSp-3digkogi4 ahdi vSretbx34 infected
consg ol agent sceand. Metrhe dstadimi o rGE0 ThokiDnyape i affdatedl agppl +x@lt 08f the
are ava ! ?blpe-crﬁase ifnglrch@;@@ahf,segaggéioagokﬂegﬂoéézqdﬁ;l?&&m& Mfctlflﬁb'mai:lure

ntrol of Pe Pl an .5€e . : ,
pp. 621-634; %ﬁg%@eﬁ sh é’%h}ig I d ,eg%%g% r%%%‘%n. Q"%é?‘g%&%%gﬁlﬁ’ £o
Br ockwel | ( LOBTPPHE NEENBAT: F3PE EVA ATk 6 S PRERPBGEFO BORET | 1m0t HPaPe cFhe
(ed.) pp. 417-RASSIOBFUECA*PAFEITR | FYaSeB| &YiReALINI &t fen (EPSEt iHRTa]- The
Teckhol ogy foradiippere Af Ay iexbre sl Ccier ateaidundt¢Havld fripestgrmgpus 1656- the
114; and “Routgtiuey Tox298d)y haie dlestililizdd ratRsr thihetaBlllzegyToxok.
Bacul oviruses, Vol. Il, supra, and references cited in the above. 40
Wettabl e powder COMpOSictLONSL BE AHROLALIVAT DRLH QNI IUSESud e USCrdddve the
I nsect control attnrgede crli in EP Q9 ,1zo. (cAhrred, gupl | iheg Feb. %1

I‘B I;ue:Ye eG mothlgr eJI' 'no increase 'thl evel of secreted Tox34

. . cc% en
19963 | ncor por a y nce ] . . .
4 in cell” culture, but it did significantly increase the levels of
intracellular Tox34 and its precursors. This suggested that while

removal of the TAAG sequence increased expression of Tox34 in the cell,
processing and 'E;éﬁéport through the secretory pathway was the limiting
step in obhtaining increased extracellular toxin levelg. A decrease in
45 the ET,, of vSp-tox34m relative to vSp-tox34 in §. frugiperda larvae was

25



Monocl onal or pol yclonal antibodies, preferably nonoclonal, 45
specifically reacting with a toxin protein encoded by a particular

28 WO 98/14578\0 98/ 14578 o  PCT/US9TNS0TT
PCT/ US97/ 18077 codi ng sequence identified using the present

net hods may beoﬂ&g@ecpy suggesting thatngﬁmd§:as k&B?&Q” n J&e @Eéct ng er::.e g.,
Harl ow and L ‘It &8|d

8 Ant | bo or at or
Spring Har bor az'ﬁo:%e(;{cters‘)= TBPG Ietif. These resu gu?ﬂﬁ gif f‘ﬁ@gef’f§86)
Monocl onal Antfb¥ae e":?"sF‘??dﬁE’r?ﬂ glonatgfey those promosexsilecs. HEH"@d whigh ageni c
Press, New Yor®kpressed earlier and contirftesfelchel eemx;tfﬁrﬂequilaes&:taf bn igifentivgy bDAA
i sol&tion, anppickducatliess twxdn than the. threghuld flieval i veanifed 6N PARBIYis.
reactions involving DNA |igase, DNA pol ynmerase, restriction

endonucl eases and tfg lo'fkghe Q:'aglﬂ/ %Q:bp it recomb:.nant S@%rsgg ﬁrnﬁg%g%p nslsq?a

are those known a np Y.

art. A number %’?"mg rc?d d‘ cte nle(:fgégt"érrget’ﬂ'gsc"r PHE YRS/ mortality relab‘ﬁef:?' y
et al. (1992) BiSuFwRA Pa@%pﬁ‘eswah efetiive: viKal MFoPekssT § the two species
Mand&l , WH Presssdrivas\gbe MoEk 6 -¥; DiBahindiok mrotain geh® G&omhbér of ZeMNPV.
Cl oni ng, Secontb:&di drides, 6 .Gal pkoﬁptémgoirbdfdmﬁad_abﬁeatsed )boE’ﬁ%&&l:.é;é (at least
Pl ai nvi ew, NevgaYo)K;anBRiabiSatll Qével(sl%gﬂ B@Lﬁc%aér ARG %3 ybrid

Spring Har bor MQEQ:’; OgngJDoI;g&S ga% ig%%} rlzla (1?:%@2: %‘9 aﬁnts

Meth. E [ .
(eds.) ?ggg) tmﬁls?nfn?m {§ .ELf)O ) |gppER ofé‘ﬁﬁ’ﬁ‘°§n8"‘ﬁﬁfﬁh% medirced by

Vet B® Enzynol . S5 8- R PF%‘F°t€éo°")er(i=9=?27 gbeRtq ﬁ’éraoéwwrw.@@mmomzeers has
Genetics, Col cP%&r PrRgViiebo rrepaendawitly , re@pbet Jpor ithy ¢dprbesionNed Yovdaile
ad and Prinr Osembid 8dgtePase Gingl @sgaifacCena@abln (gidndhd 0st, Ui (L$S4)t Yr.Ofgen
Cal i forni a PregfiroiBerskebei-1s80N ere ageh Ve @Kesﬁ%g&?a Sg)él.ég;;tlbﬁ%f Tox34 in

Met hods in Nbl@sggulgggxaﬁ' Oir&QXtedG' SMSh ngl 5o nglf%%%%%&f ‘f\?ucf’ei &Sy

and,4 1, IRL Press (X i HamES an
Aci é Hybr| di zat1on, lTalf\*L ﬁess &¥drd, UK, and Set!low and Hol | aender
(1979) Genetic Engineering: Principles and Methods, Vols. 1-4, Plenum
Press, New York. AbBr&¢ dpdsshsopeiPlnofehits garie, DNﬁaIPe‘O‘eqMoyeﬁl, the gleast
deened st andarefEfieptivee in doth aspkcdesonl yesudedalse Hoohd S@ithnahotiid Nalrsy
such as those gicwetee(HEiLN. of EAMRVI ¢fM2BEL £id 11 t 1QoPy €58h) 30 The
appkscation i Srés'ilﬁeé P{ALack bahaeeﬁﬂrﬁﬂi}ﬁ bergi Bl Qxﬂrre§sgdqtéa=r§ dr in these
This invention éﬁ.sl lit ggrz?bttegn:g'x.aiig e]c Ollc'els%\émdn& % an%%x ghol !I.ev eede o
are not to be con in an xF AEPNS OR FhB %%&)8
thereof. It iﬁﬂﬁ g‘?ﬁ‘éacf t hiéie\/\g (5’r?r°6‘ﬁﬁe‘bé‘aﬁd‘lf€ntﬂ‘%r?°olﬂ§ pERLAtiysly
embodi nent s, ?ﬁfd’i"?l BERMOSAE , when| cerparefvEe eamly véxpl wapwefess d@fiornilse and
procedur es natM¥lilals(1p98) t&cViroue $EsTRIOF7405| hnyd dedsrpdoadterhivels, fafrdeko
readdng the dedcivepiigher laveid of MeoxIs g@esssicnctmal vas thos phordteskin bagh
in the art wthout; delards i Beudipepad.ne éiﬂ'b{'iélngiy,t e84 eé@é}%skéﬁl‘%ﬂ}d&” the
and/or the Sco%tggltg@ é&o%g'?ﬁ' Igzl'o%oggr re%ulted in the shortest ET;,, in S.
frugiperda larvae, even through overall levels of Tox34 secreted under
the hsp70 promoter were substantially lower than tox34 expressed under
35 6.9K promoter control. This indicates that tox34 expression from a
strong constitutive promoter can, in at least some cases, be more
effective than expression from a strong late viral promoter. The
differences observed for ET;, values for vHSP70tox34 and vDA26tox34 in
the two species suggests that the effectiveness of a . particular
40 promoter is host-dependent.

Ag discussed above, there is a longfelt need in the art for
biological pesticides which are especially selective for target insect
pests. Baculoviruses are being considered to £ill this need, but most

45 baculoviruses require from four to fourteen days to kill their insect
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29 , WD 98/ 14578 '
PCT/ US97/ 18077 THE EXAMPLES

Exanpl e 1. hpgogriaseg! | s and Viruses Al | AcNPEE/USITIBOTE
are originally derived from AcMNPV L-1 [Lee and MIler (1978)

JS : }jﬁrgl- 27% 75.44“5@391,,&'@%1»%41 geﬁggpu{.&ef ikgd Adces cl:o!:tinue toPEeRRGRicedrédt
podoptera frugj perda - SF- c s, ; ;
Spodopt er a frug?lp%‘rlééc‘i[. auéﬁ%agéat 3;1"?. §%A§%7) Qﬁ% \ﬁcct%eo 1?92353'?12?7']. or G‘?xl\lftz.'c
368 cel s (Tn) WrHEAEPTIREFa o CBFMCVEFSK ToRFE® (fi%“fo) RELTPE 2J6: £55T
467] in TC 100 #mmtoysr¢rtspaiDbaclovirassang] infesh TORIEPLsAASHER RhFedpsinghthe
10% f gt al bovi neimertom mirdali 36 %nt rippected Gneedtsat THeerexpeasiodeofr iibeelct 0
previously [ O Rgiddaribhs Mite (653983 WiacH| o spscibipr £&SiinBedMaC ber Secombinant
{_Q{DOI‘ a;or y. mnr%%llgﬁ%ﬁég | {lea gl?‘tééﬁx{?éét&onhé\ﬂ feeRAGYNRNYe i USEStUBI Bisects;
itered using - SE- cells a e.s ar e . .

described by O RYIIFFEf "y . * Vfgg’ﬁn sfrfggge%cl\/%ﬁ?):ﬁusé"r ég%yeg%ﬁ%ggm. such
wi | d-type virusPretlovomEeat i TRANIGPpBRER toyshe signal sequence of phe, JBERST
Vi ruges vSpt ox34pesidig HSRIOIEARNPLCHIRIAVA thRelqvek FF secreted mite toxdppgnd in
sequence expr esgeéek ,UnRespebifikathiangénty thensigphl cleghéreesyertiedt fqsulted in an
hybrid viral propotidsePleihd {WaNg QharalysiblOOiheépra ict3]l- Barpriwidgly,

the Drosophi | _ b 151 _ oy
(1992) Bi ol reaniByaad B tE§p‘-m’wéi?%e G 145! YadeFQTE Skior30thd! dlecte 120 of

. -549: M 199 LO. n .
5:267-278]. v 6% _%asf(’fg%stlf\rl’r L SEEH 5 PE ?(xﬁg é%ottgng ox&é%_lcmg the
di gesbed with EEHPE th@2rRfiveis (i Pe’f’%%{'s*ée%eftd&?%ztﬂf‘gaﬁmﬁ‘% R ViSng to be
Pat ent No. 5, 26B0@4d oyabbeqrivasH dsprRmrepd \Whatathy WoFt | af fafAtive pPrepoter for
(1992) J. Virol drf@ing30dxindeidrenkich ina®sti gestedonts HsEeidRer cavd ABJFEV 625K
to produce a veghghoterdgiBNhesANShatkCptonbotafTeAtpareitwiari schdi pEdsopRdla hsp70
The vect or frag%gg&o&%nt ains the D. nel anogaster hsp70 pronmpoter with
sequence from aBout -500 to +231 [see Toeroek and Karch (1980) Nucl.
Aci d$°Res. 8:3105-3123]. Insertion of the Tox34 coding sequence in #he
proper orientation wlESeeHFErMe JOPRPHELTYS E‘E’it&ﬁl"erﬂ%ﬁ&?ﬁé‘é A ORR A} BIAFO
(di gests with Xisehtrdldihsecsrreesss donbrisedayegriqy trradyAuispkiepgryier and an
The resulting triasséercoptasimagemas epprizasiacoédan ningeSHzidek|doypegition of
DNA of the VirusnySYimvknidh, canpAEP\b1datd Eadn IRsaanbaitsi g reaify ferding
pl ace,0f pohl. RecombilafingyiE UsGRMahee dgRLid.I ed by their white,
occul usi on-positive phenotype on Xgal plates, and their genotype was 35
confirmed by restriction endonucl ease_anal ysis. Reconbi nant viru v§p- e
tox21A expresses t he THxPHALED RRGETLEUICEOY XOnBIREPD J ot 1eF ?cg‘itﬁ agent,
codi ng sequence sabse RBoliaseet HYAENAVELShi HY FRURPES eABY e&ber PPROL of 2
i nsect - predaci oymrritw@syr insget xeke. r gubidfopsy uvodenstobd Gy thrse siFided]in the
Hz 10 UND- K celdrg €idtUbKlins&dtOpettlsycdnsbé aikpoedar oonthPLibskkEt t0dErol agent of
[Corsaro et al., .y o198 ent iMvblicNEbDPOESHvENnR8Ra2 92k endRr @nbl@itingednb¥stion,

Dr - Ml ool m FrasgeoiHters e 0f ol CRTR, Make DAtk Whlpand vere

mai nt ai ned at 27Terr I'n um suppl enmented wth 10%fetal bovine
serum and 0.26% tryptose broth, as previously described [O Re et

. > il 45
al . (1992) Bacul ovi r Uk PEXRRYSEFOAT e FTretigdlly isineersy R&‘f’l’&&?’?’x‘s\ﬁf of the
30 35 pre¥En® Siny4BAi®n will be as components of agricultural compositions

PCT/ US97/ 18077 for applying to plants, plant environments or distributed in baits to
effect the biological control of insect pests. It will also be
possible to use the insect control agents of the present invention in

the control of other insect pests with the appropriate choice of the
40 particular organism genetically modified to express an insect-specific
paralytic neurotoxin. For example, there are baculoviruses known to
specifically infect each of mosquitces, beetles and fleas, besides the
common Lepidopterans. The target insect guides the skilled artisan in
the selection of the insect control agent expressing the paralytic
45 toxin, and the particular agent constrains the selection of an
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Freeman, new York, NY]. A plaque-purified isolate of the Elcar[err] strains
of HzSNPV, provided by Dr. WIliam Ri ce (USDA- ARS Ri ce Research Center,
Crawl ey, LANgogifusyed as the parental wild type (w) virus a S97/18077
propagated in HzUNDK cells. HzSNPV viruses are readily available in 5

the art. Assa HzINDK cel |'s
(2 x 10[err] pppr r:.ate E%t\%é se ect ed V\A¥hv?lﬁ'aﬁ% f preparihg sug
(Zpnoler] P B e Tl e ML T e Y e corepicicne
post -i nf ecti orF%‘hé“‘ferﬁ’lteE‘E%%é}‘le ERvPuiR tigp¥that ant was col | ect ed and
transferase activity was assayed using 100 pl of supernatant with [3H]
ecdysone (Dupont, N ReseannhtPswduet She agehdddPapint adiganeeia WBRulovirus

gl ucose servi nﬂaqﬁ§réchet§ Upﬁ‘.tdﬁéé e:.née@t%idalliy ebrfeotivé 1%&'@031L{§&thor the

Bi ochem Ml ec, 2.31 ] epar at from15
ecdysone- sugar c?)n tgesaglgﬂ?%&n ?ayer(g%) rorra%\’/{EI s QQ% 23 °r%amsf“ and

Cap n srl
pl ates, and tHE ab&i® etBTt &6°B éh?’brg o‘d"?éapﬁi"‘ms tlon’ The
Exanpl e 3: |cPéWFFH<EéPib\h %FrfGC‘SétﬁJéﬁ?éF?Fg:réquqﬁ@fl—lﬂﬁPVnmt G@omsropagent
A ct&mid |ibrarirhih thee ddrSMRVige e readilyobet detctratiness iexperimentally, as
Super Cos ( St r ainfigesoodl ay Othed skCi)e@art anV ECFOF . ex30p OS] QtheCoBEddL1308k11y
plasm d cl onesesaBt e REcdidabPN0 R0 GildAUMNbS VLR 15CHEANGARDY using
pol ymer ase Chaﬁﬂ:a&?ﬁ?%k&ﬁm g‘gR)kng‘%][)cg)k;__Mg Sgegenerate prifers designe

fromtwo highly conserved regions o nown UDP- gl ucosyl transf ereases. 25
The sequence (where | is inosine, Yis Cor T, Sis Gor C, Kis Gor

T, Mis Aor C W iAgticu}tural [pqmpogitjong for qontmgol sofisigpect pesty of plants
G or Cor A am#tNhes sditabbur fomchagiculivsplofuseheandr | dispsrsalc| iledields.

5 termnal BestilarlyhCodipositneesfethe Vnyiob of GiHeRAidddet Abdatal usiVVie
TW NTK GOM GGnyiréraleReh DNk cép@abi&or 663D NGoloraHEN LS, £§F¢QanDsi\Qon30

17) |nthe Ac n vV VHC ACC

GG 3 (SEQ I Dl\gi\f 5 i Iffg’ s ig %ﬂslnogc 8%ml%$arlesp8 ¢ 5BV ‘?gé@e
D 19) in REAY PP 1cat:|.ons must not ama'geRog‘n:ﬁ} IuFFC%Jﬁn&n
usi ng an HzSNP\?"’E’S%m dgr Wﬁ%h% ﬁ‘&nﬁ%&FC’Pﬁ?t:?Smhd or, mopp RAeErrablvhr SiGHAE
fragment s, andearrpexssniegridudheradoneriasintpnsheay include stickidgnaild ediRsive
fragment as t ecigehaseemglarivabethnd WERipG odeats Obut o Sb@fonents which deter
expected for thmeegiredaitdy of hRySeGUENERcOiodshe TRGRWEOSHIBE &é&@&éﬁm@do add

thagsit was degdneflldsO{ficoHeshE \ﬁgggins%@@%nm’hg?&%tr 3pHE R MtePRon,

sequenced in bot |recglons

0
prinmers which provdeq surfrer er?trv(e)vaesr buvﬁgf%tgn RGPS PR é’nﬁ’é Yor
for confident ‘g‘lm PN PE 3h G EITRORBIRTSHS %ﬁb%ér?hfcﬁf“ﬁ%ﬂtﬁﬁns or insect
Nucl eot i de secﬁﬁ?ﬁcé@tépl kepowal ey iackudei aessite whictesiBankatsednsect feeding.

al i gned using the Pil eup and Boxshade prograns. (See Fig. 11B-11C) 45,
Am o aci d sequencesevilws REPHiIRG WMetHIAs! bt BRSidatibn AWML SgildEENShdcs
31 controi@g%géé-%é8methods and compos;.t;.ons agricu tural &) la.catn.on

PCT/ US97/ 18077azi§haYallg.bl? See, Eg)ugz?a{mpgé, L&Fa SIOE%IOB Bld :Ln c blf é

Madi son, Ons

sequence con%"éﬁ‘%gb £ %1‘?‘553 and Rifipt Disease 1970- 193?36]‘%‘?&5?%&4 Shapferi3g

11A 621-634; Corke and Rishbeth, ibid, chapter 39, pp. 717-732;
35 Brockwell (1980) in Methods for Evaluating Nitrogen Fixation, Bergersen

(ed.) pp. 417-488; Burton (1982) in Biological Nitrogen Fixation
Technology for Tropical Agriculture, Graham and Harris (eds.) pp. 105-
114; and Roughley (1982) ibid, pp. 115-127; The Biology of
Baculoviruses, Vol. II, supra, and references cited in the above.

40 Wettable powder compositions incorporating baculoviruses for use in
insect control are described in EP 697,170 (Ahmed, published Feb. 21,
1996) incorxporated by reference herein.

Monoclonal or polyclonal antibodies, preferably monoclonal,
45 specifically reacting with a toxin protein encoded by a particular
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5. " Exanpl e 4: Construction of HzSNPV Transfer Vectors and

Reconbi nant HzSNPV Vi r uses The
egt gene wawoesias78 0 be | ocated entirely within the ECORl Qpcrnsyri18077
fragment. This fragnent was cloned from HzSNPV into the EcoR site of 10

Bl uescript Il l%%amg Sgéqateaaeeriaxntm@dau@i@lg bﬂe Lét‘tEQrQazodJ nid nﬁé\tmade by

downst r eam of mveﬂlt grg F| gHa v p (1988)
digested with g%]i_l kﬁ anlnte Nt~ 0

ends filled in M é’ﬁ ‘£1‘%§ é i‘&/ﬁ’?%éﬁ‘q"? éﬁﬁaﬁt%’rx Press,
bl unt - ended fra%ﬁﬂ‘{let‘fon‘t‘%laﬁ? n§°f1ﬁé3 (19863 Monosl pnalofricibedftttafeinpindes @us) |

15 5 undexactiee,caftedsl Mfadehic Press| Neoasker hsp70 pronoter, and
Bsu36l and Sse8387| sites on either side of GQUS to form
PEGThspGUS. StandafflHbdHn2Badd ¥oit t:l&ﬁ%gl 'ﬂﬁtl%lgtgl.d% %@19{&@&?%&

p6. 9 pronot ed- n r HSP/Q -tox34
gene. The DA26 anaff‘%at °n' fof enz%atgg HHAE mv%lvm e romgﬂcﬁ/l\lP\]?Nf‘Lu

et al. (1995) BRVM™ rolresﬁr%"fe°%3ff’d°“2’ﬁleases and Athe alifed v@td yerious
del etfon in egtsapasatigiic teIRBAMSE X8| HhoseckinqyPz Y qefmenly employed by jghwseon
of the vector fskidhedtin tHhertesw humgprpbf srrudardEtddaliquasngre described in
used to generate® raiplyaei d1. pEEID) Heetlovirhd Bpl-asi oBS Uftorand SR8/ ory

sites within egh.Jay; d'vﬂ%St#MmLJI'e Nel.agsud PNASM%O%&ILL And (Lioat hgseahar

to an ol igonucl I ahesi v, %p 361

Sse83871 sites %}'J‘gj icon%a Ed& g on%&?eo waq%r%%?\stru%’faéc&rﬁ Press,
annedfing the IV BNy JPY mEs7 « YYUPRLT Soalt BER2bCfolssy! "Lr{If—'lRGG’g' Cold
TTA AGG CCT GCARZENG' HarBp) Haporgorz O refsad BlalmmC@eWGQrAGGV\CGdeA(W)
GCC CTG AGG 3' )M{tSEQ@HzpmdIO, 228,) Part3@; Wu (ed.) (1979) Melth SMRYmons 68 pomdet @l .

have a uni que Bgddi36] Qiob®) WhitEh BMEZSmINCAOEGnd 101; Grossmadnli Molda®e (eds.)
HndlII-Cf rag% '%ng lkb 6@ allelﬁéﬂméﬁ )Co(its%ﬂ' @!gpézt}.%ents .in Molecular

BSUSQ!) site WaSGé;Jegpgéj PJ’E% %l J{Arbgraf'a%or? o&ye%o(ig %ljrg.;xg li-parlo n:.g Eslew York;

site was sequenc

di gesting viral ORI ETHYISSG 361981} | BEPAPLER < F?F‘?(P‘%%H%e\”&é’érﬁw 85
reli gati ng the $NAformige BREE vaBe iR Ay o §e5edd @rdhWesisl Gg8Rh &nectical
transfected i nferholy UMDMolexmllks. Biology; Wilowseded OnHLE8T)g DNArClonibhera. I
transfecti ons weierp aguerress, foxeekd, a0 mhhedanddiigesiLdedn) (Iwsh OBscieic

of the Bsu36l sids: Hﬁﬁl.zﬁgkﬁg.oﬁ' 45 9rdACKbREL AN OmBS URE ! seti1bf WRY Fol Ieider

tested for thei ) ) e |nH ea 40
rested 1« f1978] Sgdie¥id &ng#% Shibd) ggmm)eagy @ﬁﬁi@ Yoid %“ P
al lelically rectif§fndlpw York re"?l\i“'tlﬁn EEfhapensla e re‘ﬁ’teée Pl%@fecﬁelaéfed |
virus that yiel tRegep|standard in the field gpdeemmorly usefyig\profesgipnal joynpals
t he presence suchf as Xhogaici4®d herein. EaBh hrafimperoec dived- 3ni ndo| ytesent
[errBeD- gl ucur odppdegation 1dsiiAgordodated Wi MtéEerence herein in its entirety.

Hz SNPV( Bsu36l ) - EGThspGUS or nore sinply HzEGThspGJS, the follow ng

32 W38/ Hﬂﬁ 111
PCT/ US97/ 18077 Y e §°§;1“elr”3t TEBreS AR

repl acenent [ O B8 195 t8Pe constried tn T wa("l@@?}“p%’éﬁ‘,‘ﬂl LFRRoER ?%59? girope
Vectors: A Lab O‘f}ﬁrﬁ?% Nél:ﬁ.u éf ur%erﬁ:ood that resort FRR el?ﬁa_ﬁnademvvar%qsk otheNY]
usi nas tr ansf egmbodmgg;m dgnod:.ﬁzcﬁg'qa alternatives aHAFGRDAP&lantr340f the
HZEGTpP6 . 9t ox 34proendutdsEEHcRIox3H t&ilgiqids spkeifnhangaicscribed which, after
reconbi nati on, Mdaidhg P d686rigchem heZ&h, WhdyNsBRd36 lenbedares tdodfisds@Cii iR ea
of viral and pl ﬁ§@hg %J.thom: r&&ag: eﬁﬁ‘r@i‘&@@hé yﬁ&f\: %%r%‘]%g?;é}{t ilnventlon

white, occlusion 05| e ve, R g a evtié’ I ruses weré turther
pl aqu& purifi ed AT tHhEn"S I PTieq. PP DI was anal yzed by
restfPction endonucl ease analysis to confirmallelic replacenent. 10
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Exanpl e 5: Insect Bioassays with HzSNPV and its Derivatives
The L err] and ET[err] (nmean tine to effectively paralyze 50% of test

| arvae) of wigdsaasgwer e determ ned using neonate H. zea. Bio 15
conducted as droplet feeding assays according to the ?%?@FM(S@?

devel oped by Hughes et al. (1986) J. i‘pﬁ%’ﬁﬁﬂ% Pat hol . 48:189-192.
Neonat es were ed l_glnown oncentrations of Vviral occlusion bodies (PlIBs)

suspended in 5 e #1 dye (Hilton Davis,
Cincinnati, OH by ﬁ%lac”f%?‘f VéFRSer ARe xdainallyfderiged niroml AGHEY betr iLe20
di sh and provi grdigMiliem it8T8)0.5 [Wrell 21:0ptkt sarcf driee pPhguespapLiliidoand
pi petsted on t herdyeibhesd near spbepedae (ii-u_chberah sfprs- sizaa"lvaé‘el'[ﬂéat (d¥0dce11s,

'nggsi regntS Pgr fbgfa ok R @r.%pg}&hs (Vi Eéetesin P88l rd k}gézro 309iﬂf or TN-
O Rei | | y et aI 5 { 8?9%5 ?EJ;‘, f ‘;’m%g‘?% i EEY ohé’ﬁ"c{'grg’s &E\ E)a F'éf%%%ﬁﬁ“
Manual , £F e ‘aﬁﬁ%ﬁﬂa&fied"e&'p‘ﬁﬂr&|Wé?‘93né9€r"9th
si x hour s F| vé°’</|§eG§1 &ﬁve%taeawm fi39% sormtasedirsthert @88@ asedescribed
t estl®d for eachreviously HP[Reidly encrk. dabed)mBaculdvyrid Expiatisdbn MebtproOgr am
[ Hughes, P.R (d80@YfoMr Manhal,Stiat.i Fibsih, PRGKa8ex [ @) | NABREY Whirasod Jiexe
bacul ovirus btoassay us@ﬁg} azpreBey68 cﬂi@émﬁﬁ’&‘ tl'xé‘sééafn%?d pl(%?xr erlﬁ a¥ ag-

Uni versity, err
[ Rober t son ang&% Jpef’er 189%%1 - I‘lg’ﬁi’es‘fprgl d mﬁ&ggsg raf? IS the
Art hr opods. ‘E°5‘ﬁarai§lf]"e purposes. Exarrpl e 6:
Condfructi on of reconbl nant viruses with alternate signal 35

sequences Recombinant viisesee§ytokiaindvvESPYOSoxbaI eotiiat Enet ad3hy
allelic repl acedsmm;b sequence expressé&hﬂ&rpflﬁé/k%ﬁh}foﬂﬁ&&{drgﬁcbfr@ﬁé'@%thetlc
[OReilly et ahybr(:.&9929als rRker P :v (Wan \? et ;E_I‘a §;§?1r) BLAS b 3‘&65.97] a]nd

t fected
?29rayssﬁgrg] L bogbe 19 'I" lsan uses re gr‘elsgecftlcye%}é (Fgmalsiki agd Millegn 4

re
whi te occl usi o 3% RY Teﬁ phEHSTYHE. MENEH e tbi ALFRS) viBigs Control
was verified usf Zﬁ?r opr F’ﬁ?%%@?ﬁr |‘t’:‘=‘tsl qerekrhsted | ebaxtifg gedth opEVPtox34
anal ysis. Al Atasstbd neith B¢oRIsend BIALA o treXSxbel Aseotid fupgpianeanzed U.s.

and in the oppestene Hor ex,266/B17D  flte Hflabyde b PEAL.ca4 (Morris and Miller
33 (1992Y Y 9841 245785 :7397-7405] which was d1 ested with EcoRI and BglII

PCT/2gS97/ 18077, a £ Ay i ox contal ni 1
tox34 fused in ?rparo uce a vector ragﬁggt and § cat OXI n\e% ge?]%blél néill 8hce

to the
fromthe flesh 11y* 5?%0%ﬁ3&e§‘t contains the" ef’&d?ﬁ’?ﬁi‘s o] I?é???ypré’fm‘é?r Withos)
supra] was con§?‘¥"t‘f&f’%ofr8§‘ R oURPO to +231 [see Tqwirpeds| augbKartheotlode) pruicter s,
t ox34up and t oRSUR$OBsE. BALU0ESIIGAHI nfnsertidn of the Tox3auwmkdénd isdgserie8id @hd 38
and conpl enent propelrcoriedketiionthess 862¢ilrfled 1, restriction enddnspeHel Hx@é%si@f
tox34 (SEQ I D h&g@kts hannl sddr, apgkiM e 64891) alNals¥ €ith Ecor and. 3 111

352 ﬁiﬁ alwrer@hysfeguitaggngg}lxw B;ffsrrg.gaw se%%g%t(egcf%)vtg &rﬁ"p Y e
151@ ggetrixe vn.ré.l u 09 %e SI d.vahlvgxf?ra:aé grtq r%gc 1%1‘ in

sequence. The rimer tox Ras

resi due to t hePR¥ePhi AUY - of ReFEDHRAT §1T‘1?>?34wv€nédb‘?'ﬁ(§b%‘i Ry dBefy rbita,
and 1B): N-t er fffraRsignyepsicive sthenetynecporiaad| plategbi 4ndz shelor @eboniast was
gené3product s f@sdkmed by glesttict{&D86JonSel emecarddyd k- ¥B6dmbikhgt REkus vsp-

anplified pg odtmtzlwas:cpidegeéé efle W21l BsHibl SdiflenFB| a( hEKAMBY bEOPLS| d RS 4 15
i ncor por at ed i Bé@nkNSedlchBE" S)so05h1iaRSE" g, |
[O Reilly et ak.nse@ 93 agﬁﬁlgg%@%é& f}iﬁqgié%%tgg gbitji %ﬁ%gd?ﬁ%ﬁg

tyanV

40 Hz 105/UND-K cells (HzUNDK), clonally isolated from IPLB-Hz 107S
[Corsaro et al., (1989) J. Virol Methods 5:283-292), were provided by
Dr. Malcolm Fraser (University of Notre Dame, Notre Dame, IN) and were
maintained at 27°C in TCIOO medium supplemented with 10% fetal bov:.ne
serum and 0.26% tryptose broth, as previously described [0’Reilly et
45 al. (1992) Baculovirus Expression Vectors: A. Laboratory Manual, W. H.
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.Mung Bean nucl ease, and the Hindlll site. The resulting construct,

pBSi gt ox34, contains tox34 fused wth the sarcotoxin | A signal

sequence. wows/i4svacti on between t he signal sequence and tox3c™eEsy7/18077
confirnmed by sequence analysis (Fig. 2B). 1In addition, the entire 20
tox34 PCR pr O%QEma&ﬁSnéE%ﬁ{\Cﬁﬁ] tmgmaqu@phbﬁleaqama@é beNheBl&axr™ strain
I ntroduced — dygl rov:.c%% by b@” Sihéﬁ?ﬁi (U?lﬂ}sﬁkg%Lgé %éarcﬁ"@énter,

constructed by estlng p e_end

Wth the | ar g FPEGHedt of *BRASD F@? Pty TS| [Bed B oo wes
di gestion wit lPrBQ?SFaItedA’-‘P r“&Bﬂ%‘ﬁtce& fit aiBFHRY B’SFBT%‘%(SE‘E\AEF?&Q%Y T:)WP‘FP%%! ipg,
and 5 nserted iteoaySp-t ox34 between a bl unt-ended EcoRl site. and the

Bgl Il site placing BSigtox34 under control of the P[err] promoter (Figure
2A, vSp-BSi gt @%3didie 2: EGT Assays Reconbi nant virus vSp-DCtox34 (Fig.

2A), contai ning 10 ﬁ@ﬂgﬁmsw Y d1al 18 %r%sxg,i% (g it hendii

si gnal sequence (Fi

29:1027- 1040] Sas™ ?’%ﬁgt F{Ectaed JSFla’Il ™ i t h‘éfeﬁlté%‘fn After 48 h
pBQ"G ox34SnalPoffFrirfsshien Shel isfertegneelin Sy R FUR PR 13RS vgPaFpllected and
ol i gonucl eot i deansfarage riqrdvitisp84 assaved BspM 108iplesf supeifimtanp| wisin d°H]

pBSi gt 0x34Snaleddgséned eipupait vV NERT RpRSIrgh ORBdiuRes) adrd NYPragwktosé t & atpmB5
the junction h\é@é‘é‘ b&erisgr aot @k N shfssiagaljoseauepcarand . t 0434z2) ThEsect

resultin Ia P EBLOX3A ta ni qu Li GLiO i
(Esp3l agdesp str%;em ofngEe %%%15\/\9%%5)(3(1 Ecd %%ceq%an qigca:&ég%f_d tHem
sartotoxin | A S ﬁ '§8ﬁ?fer‘f8@3“9?ﬁés Rigt d%‘ﬁﬁc]raé’&ﬁ §°9(fé‘§f’gn% sddica gel

that di gestiorPiftesr ESA3theantdiBIphel and darsserfidmt swHorrtIRgTRANGS t he 40
ends with Kl enow pol ynerase generates blunt ends into which any si gnal
sequence can lexampBent:edrddntei fiiaeion tahat dndihqgabf | MeEENDl G\éhé

| ate/ very | ate AUG cont ext OReilly et al (1992) sup rzaa%l

con®! enent ary ol i gdhuSIBEi & a(’%nf’ﬁl P gEFEV DEGRBh i "RE € 1=fef|ugtgql ghsing
sequence Wit h BReESyB|(SEratagora-clafridal ) W Fostvestor + hSENsIrd dnspad-angs
ended wi th Kl eplewpidindonas eednediningo He bpvEge8tmian d rBgyEilcs Swéxss sgfreened by
34 polymeMegsﬁa];Aﬁz&ctlon (PCR) using two degenerate primers designed
PCT/ US97/ 18077from two highly coﬁ)@t\rgﬁs‘fj&g@.{:ﬁ@ roft i@ﬁ‘ovﬁngﬁP %ﬁ@ogﬂllt!c&gsfege%é;'

K e%)w The {%SF%&\%eExge (where I is :.no%‘?. é,t rYUC% EBPOSOXQ% CO tqi I‘Jg éOX34

fused in-frame w ph| a cuticle.signal 'sequen ce

(Fig. 10 . The ¥t% &% uinbiivd or T, W is A or b Phebn B 1B T OFi T §i ghat

sequence and t$P34C\@F Ayl NetP Byl sktitengteotides) of theprimess sinclu

Dr osophi | a cutg‘ckermsinghsBamde ureBodRlt o3 regpeetivedyors’ GC GGA TCC ALY @m@tmq

was transferr ethyi ntio cpifpat X ISEPYDUNGESE) NMGopfRPChdMEAtoMsYLGe (SEQ ID NO:

Eanﬂ Il LT ?911)”11& hﬁmeeﬂ%PW Bér %&ﬁléﬁé!le?nﬂnidbgetﬁi GRS Mt @%ﬁghblmcmec AKN
ragnent con ng i.ge

i th ECORI, bF%d.lt-* eﬁ?,g‘dﬁ* “’Si%igs?%ﬁ&ﬁ?% e BPRebAligtad °BRLe  (omp,

under control Bt “Phe &P r“]an}SrFo PERTUPERY 2A vSp- DOt ox34)

Reconbi nant virus vSp-tox21A/tox34 (Fig. 2A) containing a hybrid

t oxi n gene conposedPF avipdifiragien tepidd gondzSNRedofhidy twhichokPamped the

si gt®l sequencrEifdionay skhrocaphak . ££ab888)s,sgmdap wassmidn s one t @shtashibgy lthe

the techni que Winagena: SRhimdnRyabYyrdmpatad RXEARSH0N PdOB8udd oFl the size

(1989) Gene 77e,&,L 68 foE' el e f 42k 0X2H0 SlaRALe %@qgﬂq§@Rv&%dﬁgpldoL'f§gned

With priners
pPBS-t 0X21A [To'?‘r‘a tsSt 9""? 51T “‘grh%e BF a3, ten

8% Hrzﬁ as?a ;ZCD
correspond to "ter?é‘e’f“i"%tm??thﬁﬂré ’r‘iﬂ’e”s P 2id ﬂ?’éﬁhﬁﬁh‘F °§é€ﬁf§ﬁ?&8°‘2’f)ie
and4@r e conpl errmesn? which previdedi skifigientoovaxdapfbetwas conkigyons jspahignces
The mat ure t ox34 gemtident RGNk dnde dnardiiggodsvsequeneer snfogmetion.

conplenmentary to primer "b" (Fig. 1A prinmer "c", SEQID NGO 7), and the
Nucleotide sequences of known egts available in GenBank were

aligned using the Pileup and Boxshade programs. {See Fig. 11B-110C)
45 Amino acid sequences were compared using the Bestfit analysis (Genetics
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second one conplenentary to nucleotides 862 to 876 [ Tonmal ski and M|l er
(1991) supra] at the 3' end of tox34 that was previously used to 25

anplify toxgdes/usysSp- BSi gt 0x34 (tox34down, see above). c’ﬁ
products fromthese two independent anplifi cat [ ons wer e conbi'ne

further anplifiggd ﬁ\_sérngrglg n%nngrs:mﬁh et QX3 con 1‘173( gﬂ\gg%sgc'h ;gsul tegl}'log'enet:.c

singl e fragrrent (i ni al the

(tox2l Al t ox34) Feiat J‘|°(5‘5? t PR \WeB dl':@‘@stéaq‘\?ﬁn("ﬁ E(?GFPa%i!ﬁentlaFF 3@hown
(recognition s@clé‘gr”}“ﬁeﬁ??éﬂlxt’édmﬂt GPrinmers "a" and tox34up) and
cloned into the corresponding sites in pSp-tox34 (see Fig. 2A).

Exans e 7: Coresaiwind uon @hstaeoibn No tzAPNN aui £#44S 88 cWhitd) dn@X 34 AL nt

control of different cel |H#SNPV ¥irdusdsr aI prom)ters 35

vp6. 9t 0x34 and vDA2 X F| 2 d using alle]i

repl acenent as escrqfh%eg94 evelggﬁssﬁ) akt% T’n“ﬁ%é FER Fa EcoRI Q
using the tran § H‘@gﬂ"r‘i‘ lS’éP’B‘W e 9‘?6"?3’41% tb%r?é’PR ctisg of

by ctbning a QﬁuﬁffrEEBRIHf #ﬁgnéﬁtra@ea@m)mamgl t2ox8W IR NSPSPECRII AE vaghentd 0
p6. 9hc bet ween d@ngﬂrlehmscpﬁ @gtntsardiprkd Jiot prdﬁuuatpmded(mgt h7)T4 P¥RGT was

pol yner ase. digeHed with aI1IlAHIRK! Sémovith agiTidteHRN! 8bdHRAE oE h@gt and_the
chl or anpheni COlenagef:M.IlE&%%grﬂ%%ogen%hgcﬁ&ogwglt E.Jq'ate & a

6. 9K core DNA 85](%tel n_gene. rnolm)rg

(199§ J. Vi roI l%ﬁ THER P8 = vERtof 8 b“ﬁ’é‘%f%)‘?%ﬁe (g8s),

was ‘Const r uct ed®f§* rﬁl 1°%) tRp B PRIMIIBRELT r RSP ProTSerp 6210 BeBAST
cont ai ni ng toxﬁi‘dun‘{'féﬁWIQKsﬁresnmnerE{WFsmdet of| .GUS198Y) £dxm VpE@IhspGUS.

35 AdditiOn98BIVI 4578s ligated to a DA26 promoted-, P6.9 promoted-, or a
PCT/ US97/ 18077 p. melanogaster us®Yd Grbm&ald) 692 ééﬂe | il pREP ah@%%4 9%:9)%§£&CL
w th EcoRl and vEQQ%érﬁ$@@ from AcMNEY (Lo Bt %, |13“).995) Biok Control. 7:320-332].

vD 0x34 was ;¢ u vvo oI| nucI

coer‘rZ%Lpondl ng tanucI essd-e P fg n%)’l' é'hgﬁ#gﬁ gefs&edzliaz@ﬁT by
1 of the AUG oft*fRe é’a? )}: A G e SRR - ofﬁﬁcmtﬁ-@ R&PF'F’;P ePE@Tdel, was
(1990) J. Gen. “r#dP. geperaeme. P.E@ﬁ‘?}d PECIR&NEY wirhP@Rape GHAuBET wad Sse8387I
digested with Edbs/warklirBgyt by (digesiyimgt tienphists MNACANROSAlICshd DigatiRg it
prinmers) and cleenes ddagseenebbineEGoRY ad Blesiveidms 2ha REARCATs B epal0
and 24 | | er (19%@)e8§dﬂb@r %Lté@p@hthd 79' asrg,d %9 d%'u@ié’jl at wQngéﬁ%?-Péte(g by

§

of the late ca VNPV I em_an

(1989) J. Vi ro}g% RE{QCB'SA 458%)’%,’1 & Ahels %??né‘ on R 6 CAGT SeC Ace
contains the Dﬂ% PGt et (?%F%éqg & %ﬁ?s?d'rﬁ?&FSl cg%cﬁ;ecc-r TAA GCT
pronoter. A 93%5¢ nt (EBRt® HPnd ox34 was rempved from pSp- 15

t ox34 by digestion with EcoRlI, blunt-ended with Kl enow, and cloned into
pDAZOCAT di gest ed wHkENRgwhé ﬁlﬁﬂd Knhawnd hiigabesbuskt bild MAL was located
pol yner ase. ThiwstEBNghé Ubilna?Bis cdbgRabad Wath 1529@1ai‘n£1:a§ c ﬁ-E'aFLnQng the

1.2 kb fragnentgg t upder Qmat gr_ con
i nserted into tBhg%??g%Q%ﬁd?ir@%d E%% Pégxglpé toxeBZfeF%%nul uF‘ﬁ%}“qdr‘rng H&*%20

transfer’ vector g%% ‘see %g u% as" elininatea Erem bl evipus by
Construction of &ﬁ%l"ﬁ'éﬁ’f D\‘)’f"r"{}'s'BsB thoutilding jardshTHiaaow polymerase and
sequence in t h&ehifating tthe3NA gfh¢ DNAqRM Ghen 2B gested with Bsu3el gais emd
vp6. 9t 0x34m andreSFerveB4intd FIKyUNDIC) cetld.h a Witwdeed emerging froml E¥dsee
TAAG sequence ithaidfactiinsVfeted} Sdnfeh-pitale 1 € IURPLEiLE Bha 1&3ted for the loss
wer e gener at edolYerdl 8ndkH¢kedsDIEARIENES i O  a i B Pl 5185 1198 R then

tested for their infectivity (LC,) and virulence {LTs,) in H.zea

"40 neonates. '

The Bsu36I" virus, HzSNPV(Bsu36I'), was allelically recombined
with pEGThspGUS to create an EGT deleted virus that yielded blue
plaques in HzUNDK cells in the presence of X-gluc

45 (5-bromo-4-chloro-3-indolyl g-D-glucuronide). Using this wvirus,
HzSNPV (Bsu361°) ~EGThspGUS or more simply HzEGThspGUS, the following
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p6. 9t ox34 and pSp-tox34 using the Transforner Kit (C ontech, Palo Alto,
California) according to the manufacturer's protocol. Two priners, a 30
sel ecti on wwooEI4578 - GGG TCG ACA CAG CTG CAG CTC- 3" (SEQ | D Nerfuswyirisoty
elimnates a Bglll site in both parent plasm ds, and a mnutagenic priner
5' - GCC ATT ATfecdmbidat Hedsbdveld -gnetDaseny RANERId SeplidehidtNgdi reIEy |2

Rlﬂ |9)er ?gggllsr@ﬁt q&igzt) &ﬁi&g&.&g ;95%159 veeBod ; koz;’b%ruafmmaﬁnﬁ H

I C I.m n LLeverse e
used with the Tr al&f er p‘§ ! Sf%xsf'ffn am 3 g'g' %‘?&de :
were sequencediFEFTORE 43¢ nHE ‘i’"ﬁ’é %%4C%H£E§%spﬂgeﬁfl$n heT? gnce
si gnal sequenceecombination, viral ENAwgbdigearfized wishrBu36T bebxd tesriestian
in insect cell&f4@iral and plasmid DNA. SRrizihs OrecbhibBfhteewkse (doxdened Ofat rd

cells per 35 NPhitledt GhcMBREBn positive, plakid eﬁﬁ&x@tﬂé h WfﬂSe@-tw&e further
mul tiplicity 0{,14@926%&&9&.3%“ 23 R!n%ﬂU%mE iﬁ‘e@g Viral DNA wWd0! taﬁalﬁrmdu)byper

Gl Lire nedi a GEEAEHR B eATE R t%é%*éftﬁrgrs%’&eﬂﬁc Ferigoenett

el edProphoresis sanpl e buffer [O Rer I I y et aI (1992) supr a] Pr ot ei ns
from cel | IysaEEméﬂcE:ex ggat] Bids '

36 LJ:.'455?1§d {mean t:r.m ffect: vely ara 0%, of test
PCT/ US97/ 18077 s a0d fifs 4 Vot S &Y PARRYES: 120 Gnfd
MIlipore I mmﬁ?‘f"&ﬁ) of viruses werepdcﬁ"'§ Fl‘iféﬁ% "%Pf‘?"iFofIr e Iﬁ?ﬁ??sm‘?%es
(M RFi pore, Bed¢wiugted as droplet fepdinghiseryss) acervdipg obed thiet pxptocols
pol ycl onal ant akedypepeny fughésoret ‘al. (1986) J. TowsAtevb NPathodt. A8:1801995)
supra; Tomal skiediatah wetd IR3)krfRlddhcentrations of viFAX3dcMASoN ivoddés 208Bs)

using the ECL Wesiehis b Otk Qgc&%&e&id QN a?,”rﬁl FD&C blue #1 d}éb‘rf?ﬂﬂ@fnngﬂp

cul ar

Arli ngt on Hei QER ne:.tnhlatl:%ggg g % acqgg%e&a:[n ghé'lsczlengezftjl of a 60 mm plastlcEggtrJ.l e

Dynam cs densi Lor

10: 2RNA i sol at FOFP &% BI°HRPEa “‘aﬁ'éf: s§-$ 4 droplets of the PIRy %‘Fsﬁﬁﬂﬂ“\’/ﬂas
i sol at ed from PEprEBSHgenhe &H"at%ﬁf—%x@& eAFe@fedhe dish. Larvaegithay had | s
at various tinmésgguted the Phes gughiniav wimd,sethdaeyaiedde by their blue colret,hod
[Chirgwin et akerd lréfprddiraahesi sdeshh dfetd2WesbABAY. adl sNULhGBSErda diet in
anal ysi s of t0¥3ghhignscrdiPt Y1bsk)V MeBRAERX Ezsé’z%l?x YRXA-ol: NheELBSatory

(g8 vas el G @ée{ngr b Yock 381 LA b QDb e

15 66 Hn unj

site. six hqyga. "ﬁyBH‘tﬂ f r%ﬁrm%ﬁ ¥ r?é’d HFe95=38%%5 °se wexre
f or mani de- 40 nfypsted fox each vigpgrer Bhpsdere Retreimipsd dvhEre YiFtamecl fxrdyam
(PIPES)-0.4 M Ne@hels, M{REDTA990) ViStat: Statdist8f{lepafi@geyéenitdet anfllysis of
nucl ease react paasloMeies C Hiloheshyoutdaas, dasgicebethompson Institutd) Sardrhenk

' 50 o-

et al. (1989) %HPJé%si%p Ithaca, NY] =242MR.8 llerel detalmilic@assn fIQ:rl -PC
'(A‘(F:):V:;ISP;/ \i‘g?eRS? Q%r? and Pr:.eler (1992) Polg) q:ch El? %el.sjrtfgcggc%s 5323‘3 e§r.1th
frugi perda |ar \gggl\'/ﬁpf’ ] SRg%fﬁf%r PPHIE 8P lfﬁ‘bded AcNNPV from

each of the reconbi nant vi ruses Pl Bs vvere |soI at ed as 25

previously des&xiiple 6£| §

The3|§qerr] (concentr at i &6f4ot '-’7 uded vrruses r equi rd to | | 50%of t he
test larvae) and thaiETHebhbirdaie i tuis8® WePe eddn@eiidt@l Yo AL BEIZE 81 ddehbntb 0%
of the test |afuag) ;ﬁfeviéligz %é%ﬂ%éhnﬁet\ﬁb&ys?ém%?ﬁlw ded-dhY pglwp\dpra]

were deter ned Yl gfasmr i dc{ﬁ% 2 n%%a ATl

previ ously descrr %
condnt rat i ons T, eSOajr né Vi %tweéﬁc”f?lx‘?f"r"c% based

L err] and ETPEBr¥ Fhiksa accrﬂeﬁeomﬁy*zlére Hpape pherotyral y §rdh FERRIRinRY) virus

(1970) was vehiftiede u2326g 4§fprbp¥iateantesviBitdabn 2 efidenvzllyases diddsghes

(1990) Vi St at analysis. 2all recombinant viruses contain tox34 inserted upstream of
and in the copposite direction to the polyhedrin gene.

45
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Statistical package for the analysis of bacul ovirus bioassay data, 35

Boyce Thonpson Institute, Cor nel | Uni versity, I t haca, NY] ,
respectivelyg o -ghi oassays were performed at |east twce a?@l‘hﬁ@ﬂl&!ﬂﬂ
results presente represent an average of the results.

Exanpl e 12: n I, r Gy n

PEV- Tox34  was CO%?[%’[&E% LB@%NEé/o 4, ucso g?%% &S}Eq f%%d 1n f ame to the
contai ni ng the al*(ﬁ’)?§3x’cfbd$phgge§§qlféﬁﬁael |7ﬁq(5’ D r°8‘utt?’5E\fﬁﬁﬂ3( V’Y whitipphaga

suppl i ed the pBeiagrira LIGXRAI¥oRBIHBr- éﬁ%?%eﬁﬁ%fr?deyaﬂm?:ﬁ@tteﬁeas follows:
pol yhedri n gen®wepfolAgiNReotiddApvimexs) dtaxpdep AoNRYxMudwpE\bokorSpbnddng to
cotransfected midleotigactieetd 2138S afle SimpDétbnitarM td @lcBdotdbes (86386b 4%,
supra, and a rE&éiﬁQH)@él Vdf 'ééxs\/ha&ﬂds% abesh 3nchARRE WRANRA 14V E9XB Hature

37
PCT/ US97/ 1807715'2' 8!08%8 ?? in a Fﬁolgl{\erase chat:.ﬁer%actlon (?Ckl)t St".o amplify a

occl usi on- nega?n/ebapgﬁer?&ﬁpgraaﬂ‘ﬁnt contalning toFPdoHt HYUF 6Fstﬁ%tlﬁfeoﬁé9nal
all elic repl acesdgnceyentre Pyipesttorgtypyas designed to gfidomncketese sdwainsi s
and1&out her n hyésiidde 7t Ebe N-tedjiinus of the mature toydressieqprodict Weed®@igd ene
i n VEV- Tox34- i adeabed N{teehinateflyeine residues reprtel®dlRAbaSi ZeOkb@Binany 21
cells were Sepgésd %lr}édﬁa:fse@ﬁ&qlmﬂif hatAQWNP\iSSG) Science 343%.\5,@] Jox3d fék

tes

described in Lg,ﬁciﬂﬁ#lgé Ipf:g&@c f% ’teg/lwn. E Hzn% ?ﬂun mSmaJE éazcogm.(:lon s

supra, and the ntro
AcM\PV and vEVlmﬁr?'?ﬁdebrfté’dtr&?ePpé“e\fé?’ é"néo’ﬂséﬁ'f’e"d inffrape 48°pplagpid gBsig

i nf &8t i on. LEP\Redlly efml wireofbtsyreal Peeveernele SAel] aitgerklungcnded with
i njected with Bung Geshi twetleade.quotistid HnlIIN eitéui dihe kasdcting acoteruct,
injected Wi th pisigtukialr ecéddatifls f roR3 4 Evadeax Sditnnf @6d esheabbBin\et® signal
]Plar aljyfzed Wi t Pb&&nHE;Ut Q%e/%c@@% Ejlt&wléelc.}?eﬁ% ls@?ﬂ@f éé&;@&éefdan\@ tedx34 was15
ui rom wi |.0f ec ce sho no_par icr spon e
d{f)é.gge %‘ a% il.ysd.aﬁﬁf \FA,@ LQ A?Aa¥ % g

over, an extended ti ne severa zed rvae

VI sd8i 1y i mobffE* 3f ﬂrﬁ?’:‘k"'é"d e SPAYHTHg =P e SHBHTSe t(‘?ﬁen%bi‘“l“ﬁtﬁmf‘% were

turn themsel veém'tﬁﬁ’FlP grrigg tAfRned Bt otltawéif?r dueeker. sip§eshsigaxiheywas
fail ed to spi negristkueeerq ibye didgrsiting pBsdgtox3d wieh otrdipi cEildlvayiior the ends
wax noth |arvagjth cHeOIMarge Esdgwant exhi tun ep‘bmaﬁwtx, (Kiendw)gd1ngwed by
response and Sliié‘e's%@bﬁl R4i08 ﬁg@f’ﬁV|IQ'fragm&§S<§>nE§ﬂi Gb;\@.‘ia!t@éjs Fgﬂpxﬁ'lfled

neungpar al yti Caﬁ@’&n@ei‘\@é& RBQQ'"{: ‘f:dt&&t:i?%@( '&d@ﬁt&don‘ie a?xgt the

not in cells 'H essSi on

Tox34 cDNA codi qu?eﬂ%%“ﬁﬁ(? t’ﬂé?e‘:"t”h efcﬁ?f‘ﬁr%ag%(é%ﬁ rpe*t"e‘dp’f‘fW53¥ g igure
extracel | ul ar ﬁ%'dl"ﬁ SigrR¥34lox34 gene product effects contractile 25

nmuscl e paralysis in the challenged insect |arvae. To
test the ability of Recddduimyy vitss @ap+Ddtbg34 Neid 034, gRmtaiming tox34 fused

conzool i nsect witd ak bRk bekah orgdhdr sitthal NEQRhad, (Fh@SQQ:t)S[é&ﬁfd%r et
Ihg];rgf; renc)i i Eh vV fgg% cBY1 8L EgHL mvogg&%sf e Oé&;aqgegg H°¥' Ul o0 twgﬂigmd
were injected &%%?@%I miart um m)ck 2, c ey 5Hﬁn %Oﬁ%a?ﬁf% pair
budded virus p8HIeCPELeTHi8f CaPTAITIPY ufER3S nf“é‘?:t éﬁp‘ﬁ t FtSSt her THE | c!’lasmld
type ACMNPV or PREEGEPEIEFMAL 48 a 19rdvRyivs of BBSitondhFoartiningfa WineLsigerat
| ar #8) .  Cont r bhe [janeaien betiwede dhehsrmmokarinata isipeal edqudnich and toxys.35The
medi um or W t hreddidihy pp1LAGBAP\LEBtbASECtHntAiRC IR Whidue/Ré=ToXctd o kres

paral yzed (i mpBidirzach apghd)aghRdelh GBI{HAONLRSRONSE)Y fudfieNin FAEEL of the
' nJ ection. sarcotoxin IA signal sequence. The oligonucleotide was designed so
that digestion with Esp3I and BspMI and subsequent filling in of the
40 ends with Klenow polymerase generates blunt ends into which any signal
sequence can be inserted in-frame with tox34 in an optimal baculovirus
late/very late AUG context [0O’Reilly et al. (1992) supral. Two
complementary oligonucleotides containing the Drosophila cuticle signal
sequence with an Esp3l site were annealed, digested with Esp3I, blunt-

45 ended with Klenow, and inserted into the Esp3I and BspMI sites of

34



I'n t he ‘above-described virus construction, the Tox34 coding 40
sequence i s expressed under the regulatory control of the very late

LSXI'V bacul wo gsuasygr onoter [see also U S. Patent No. 5,244, 8%@%}*}15&_},
| ssued Septenber 19, 1993] which is not expressed until about 1 rs pi

incells inf eCtp@Qté&Bﬁaam:&h | Eﬁcfg iv{é.E-Eyfﬁfleknti Cld 3 KQ.QRAW | ofhe J::- sulting
\éiSr uses/cell) %ron%c§8/2%éggpgx§4pl c;orxlltgne.rlxsl S tIOJrC] 4eth1e1(sjec?t i%-PrDa{meOf with the

PCT/ USQ7/ 18077 Prosophila cuticie signpl seauensy (Rigxpkdt-ed ThRaFoT4estparagtionc
effects of bac®eb¥eeusbe cuticle signal peguanes) a¥d 3 ¢ Mascveyifheddiye semience

obsersved unti| aabbyris36 Whe Priosophila cuticle signal sedueaiReptaangdhe phasohd
phc- ETL- Tox34 wastas!t waiC teshsfebfed RAtS psp-tox3s4 by @43ds€i0dl PEBrtRONENGA th

expr esseg undergahie, rf%ﬂ%‘i? % &éxtgoé}liés%il%g 8&9@0@%}10 igesting wit®'53TPEer Bl

23@5\7/3[ 2(73%,rI il%%g%drl&grg ech'Bfln e e‘r”é3n4((:ew. s;}lé?’h]‘f OMhe TURIBRUIPAL nfigpsted

EcoRl fragment 58 ﬁpcﬁgﬁ'r PEUY SR hBRkddapster ety BHHE- dims RiRdRg REEox34

deri®fed from pheder PREFAY AL theaPumy (HPBOYeTs (Bim] 2By VSpDetwixag) t he 10

pol yhedrin pronoter between the EcoRV site and the Bglll site with the

ETL pronoter sequeneesofdtngitivigus vhpBxa0a/tokeh Alriy e 2aP ddiaEling a nybria

translational iRkih 8ldn@Nchif3sBE dd iR Euxteo 3RDL Fg&hga?f&%é’a ﬁvglg%bgh% epx21a

upstream of the.ETL cading seguences. e transplracemnen )
WIP| d-type AcMN gnv\?clalr eseg"clﬁng"gn énc??sé&l gg® pp{'lggﬂ aﬁ“@rﬁ]ggﬁécgmufﬁed using

recoifi nants wePE FEORAERY A FeBRhaFRICCERS Ay Overlap extension [Horton et al.

(1989) Gene 77:61-68]. First, the tox21A signal sequence was amplified
with primers "a" (SEQ ID NO:5) and "b" (SEQ ID NO:6) (Fig. 1D) using
pBS~-tox21A [Tomalski et al. (1993) supra] as a template. These primers
correspond to the first 24 nucleotides of the tox21A signal sequence
20 and are complementary to nucleotides 94 to 120 of tox34, respectively.
The wmature tox34 gene was PCR amplified using two primers, omne
complementary to primer "b" (Fig. 1A, primer "c', SEQ ID NO:7), and the
second one complementary to nucleotides B62 to 876 [Tomalski and Miller
(1991) supral at the 3’ end of tox34 that was previously used to
25 amplify tox34 in vSp-BSigtox34 (tox34down, see above). The PCR
‘products from these two independent amplifications were combined and
further amplified using primer "a" and tox34down, which resulted in a
single fragment containing tox34 with:the tox21A signal sequence
(tox21A/tox34) . Tox21A/tox34 was digested with EcoRI and Bglll
30 (recognition sites incorporated into primers "a" and tox34up) and
cloned into the corresponding sites in pSp-tox34 (see Fig. 2a).

Example 7: Construction of recombinant AcMNPV viruses with tox34 under
Example 7 =QUSLIUCLION of recompinant ACMNEV viruses with tox34 under
control of different cellular and viral promoters :

38 Vp6.9tox34 and vDA26tox34 (Fig. 2B) were generated using allelic
replacement as described previously [O’Reilly et al. (1992) supra]
using the transfer plasmids described below. p6.9tox34 was constructed
by cloning a 933 bp EcoRI fragment containing tox34¢ from pSp-tox34 into

40 P6.9%hc between a Bglll site and a Kpnl site blunt-ended with T4 DNA

polymerase. p6.%he is a reporter plasmid containing the
chloramphenicol acetyltransferase gene (cat) under control of the late
6.9K core DNA binding protein gene promoter of ACMNPV [Todd et al.
(1996) J. Virol. 70:2307-2317]. The transfer vector, pSp-p6.9tox34,
45 was constructed by cloning a 1.1 kb EcoRI/EcoRV fragment from pP6.9tox34

containing tox34 under 6.9K promoter [Wilson et al. (1987) J. Virol.
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Table 1. Toxicity and a Partial List of Host Preferences for Species of

Mtes in thewoognssPyenot es _ TO)Q,%H’,;,MW

| NSECTS . HUMANS HOSTS ventricosus group anobi i

extreme 2), _ cul 1l qQni . .

Scol yt i dae -:% .(66)1.3766] control 1%{.]’0 Béﬂ %mﬁg@%lgested with EcoRI an% lﬁ)croégt ﬁfﬁe
Anobi i dae bétkerf’ extrene (?) Lycti dae
Scol yti dae emar-gi nat us mld - mld

Ceci donyi i dae ScHRRAGEPFHgeras conetaucte® using twni blligonucleotide Apobnétae
Bupr &st i dae cbrrespanding to nucleo€¥ddserdB3 to -264 QXd [RRPLementary tEUG t&lae

Curculionidae 1 of the AUG of the early DA26 gene mRNA of ACMNBV [0’Reilly et ald
Kal ot erm ti dae (I”K J. Vespl dae
)

t uber cul at us Gen. Virol. ;;}};'029-10-37] - THe 0BT PR PR PEREVS: 0SS
o

extremne d'ég&s 8 with EcoRV aRS 5 {recognition sites incorporated into the
Chal ci doi dea Pr¥#¥i38| f38f| cloned betwaep theyEcorRV and Bgl@lr sHiges of pCAPCAT [Thiem
Cecil@onyi i dae anddalier (990 psupralliveppptudsplasmid conpdiming cat under @6irol
Scol yti dae df e late capsid pr&tdiflk gene promoteROHE ACMNPV [Thiem Seel Miidae
gi ganti cus (19890 bl virol. 63:448908597]. The reség:qhé‘t é&@%ruet, pDA26CAT,
contains the DA26 gene promoter in place of capsid protein gene
promotexr. A 933 bp fragment containing tox34 was removed from pSp-
15 tox34 by digestion with EcoRI, blunt-ended with Klenow, and cloned into
PDA26CAT digested with BglII and KpnI and treated with T4 DNA
polymerase. This construct was digested with EcoRI and EcoRV, and a
1.2 kb fragment containing tox34 under DA26 promoter control was
inserted into the corresponding sites of pSp-p6.9tox34 resulting in the
20 transfer vector pSp-DA26tox34 (see Fig. 2B)

Example B: Construction of recombinant viruses without a reverse TAAG

sequence in the native tox34 signal sequence

25 Viruses vp6.9tox34m and vSp-tox34m (Fig. 2C), with a mutated
reverse TAAG sequence in the native tox34 signal sequence (Fig. 1E),
were generated b}} site-directed mutagenesis of transfer plasmids pSp-
P6.9tox34 and pSp-tox34 using the Transformer Kit (Clontech, Palo Alto,
California) according to the manufacturer’s protocol. Two primers, a

30 selection primer 5’-GGG TCG ACA CAG CTG CAG CTC-3 (SEQ ID NO:8) which
eliminates a BglII site in both parent plasmids, and a mutagenic primer
57-GCC ATT ATC AAT CAA GGA AAT AT-3’ (base change is underlined; SEQ ID
NO:9), complementary to nucleotides 104 to 126 of tox34 [Tomalski and
Miller (1991) supral, which eliminates the reverse TAAG seguence were

35 used with the kit. Transfer plasmids, pSp-p6.9tox34m and pSp-tox34m,
were sequenced to verify that the base change was present in the tox34
signal sequence.

Example 9: Time course of tox34 expression in insect cellsg

40 SF-21 or TN-368 cells (1.0 x 10° cells per 35 mm plate) were
infected with virus at a multiplicity of infection of 10 plaque forming
units (pfu) per cell. At various times post-infection (p.i.) the
tissue culture media were collected, and the cells._were lysed in 2X

45 electrophoresis sample buffer [0‘Reilly et al. (1992) supra]. Proteins

from cell lysates and extracellular fluids were analyzed by SDS-PAGE on

36
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par vi scol yti | mld none Scol yti dae scol yti

mld none Scol yti dae Modi fied from Cross and
Moser (1975WO48/1458nt onol . Soc. Am 68: 723-732 PCT/US97/18077
40 WD 98/ 14578

PCT/ US97/ 18077 10%abpelcriRbsyians egels, nearasblditeahoqiussi finlipbe i Ninfobi ik
by wt AcCMNPV 0rpo196oshiiBand mem&uaausaﬁmexprmk%st Oxmml LQ ald.Qepad, e

3'509/nf3-| dsqulenfﬁéssachusetts), and probedL éﬁie: [£5R18 Mdpecific for
I ducl
LT v Ve LR L4 g iy

1.8 % 10[err] él‘ozg4 p@s\;pvntwéazed using the JEQL )?‘efef@ rl}lott:.ng det@cridr)[leity |

1.6 x 10[err] 2(A3srsha®pyCexx-2| Arlington Height3s,5Ixlikdfier rgnd quahtlitatdDfuetind a
3.0 x 10[err] 24c38culaIPpPHindesxdhsitometer 300R KsuhQfGdle, calido®nia)lOf err]
0.8 x 10[err] 2.08 vSp-tox2| A/tox34 5.3 x 10[err] 6.5 x 10[err]
4.3 x 10[err] ]Ex% lé/§B %Aoéglllatlon and S1 2nu§:l¢)e<a 1%0Lna14 oﬁsé[ )e<r I:‘L?[ e:/:’ ]r Us
éTze:?Or ]1 Of gr re] ( h Total RNA was J.sg:‘.ad:ﬁg f:r\'&'n Wtox&l_ andvap tox34 infegted
1.% F)zl cells Eg_gari\?sf)_ times4p.i. by the guanidinium5isgthi@cPanate

13.2 vSp-tox2Imgthod [Chirgwin et al. (62790 Bigahemistdy 24:5294-5299]. Si nh8léhse
vSp- BSi gt 0Xx34 analysis of tox34/@réhsc2ifts in vSp-Bsigtox34 or vspPtéx34 infected
v Sp- t OX21A/ t 0X3411s was perform@@ 1&1113 ﬁ pg of total RNA and e:.the%‘ 648 bp or a
VSp mOX34 668 bp NdelI- HJ.ndIl.l[% %ragm]eng uniquely end-labeled at t;_lhe NdeI site.
DNA-RNA hybridization was performed with 80% formam1de—40 mM
piperazine-N,N’-bis (2-ethanesulfonic acid) (PIPES)-0.4 M NaCl-1 mM EDTA
at 30°C overnight. S1 nuclease reactions were carried out as described
in Sambrook et al. (1989) supra.
20
Example 11: Larval bioassaxs for AcMNPV and Recombinants
' Polyhedral inclusion bodies {(PIBs) were prepared by infecting
fifth instar Spodoptera frugiperda larvae with 2.0 x 10° pfu of budded
AcMNPV from each of the recombinant viruses. PIBs were isolated as
25 previously described [Eldridge et al. (1992) Biol. Control 2:104-110].
The LC;, (concentration of occluded viruses required to kill 50% of the
test larvae) and the ET;, (mean time to effectively paralyze or kill 50%
of the test larvae) of toxin-expressing viruses and wild-type AcCMNPV
were determined using neonate Trichoplusia ni or S. frugiperda as
30 previously described [Tomalski and Miller (1992) supra)l. Six virus
concentrations with 60 insects per dose were used to test each wvirus.
LCs, and ET,, data were analyzed by Probit analysis [Daum, R.J. (1970)
Nature 226:466—457] and ViStat 2.1 analysis [Hughes (1990) vViStat:
Statistical package for the analysis of baculovirus biocassay data,
35 Boyce Thompson Institute, Cornell University, Ithaca, NYl,
respectively. All bioassays were performed at least twice and the
.results presented represent an average of the results.

Example 12: Recombinant ACMNPV Virus Construction
40 PEV-Tox34 was constructed by inserting the EcoRI fragment

containing the Tox34 coding sequence into EcoRI-cut pEVmodXIV, which
supplied the powexful LSXIV promoter and sequences flanking the
“polyhedrin gene of ACMNPV. DNA of wild-type ACMNPV and pEV-Tox34 were
cotransfected into insect cells as described in Miller et al. (1986)
45 supra, and a recombinant virus was isolated and designated VEV-Tox34
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1 determ ned by probit analysis 2 determ ned by ViStat 2.1 anal ysis at a
L err] dose ' 41

)
98/ 14578  wo0 98/14578 _ PCT/ USO7hdBRéd71sdsP! €
3. Response of neonate Spodoptera frugiperda |arvae to oral intection by
o e ary, and eReart Bl SnCER S bdlla' 8F YLe! 00SYAONE0 cBle BLESIBE Sana
ronot ers. . . e
659% 11 duci al | PEFEg; fog the proper alie}is TEPLISEEP §vents’ fypepstriction
| oner wt AcMNepdonuclease analypisg and)§putheyn hybridigagion.i0[err] 1.0 x
10[err] 1.43 vHSP70t ox34 1.6 x 10[err] _ 1.8 x 106
1.0 » 10[err] 1.49 ExbAeiion Bt the Tox34 gend.ih ¥EM(Bx34-infectedd iXsddd €bils
0.8 x 106 142 w4p6:eRt0X 34 follows. s£21Cl1X whQLEY, ratelr itedtea JJQLI‘)?(E&% A

- . . 0. 0
8 3 i 18% g:H %;.lgst\y-ggx}P)égéldescrlbed in Lee eg . Q#ﬁ{é rsté%rpad ntélilzlerwetr-u 1.

5 . .

ET5S0 s.e. (h) g‘S) supra, and the §FHpé’u1WreAEm from control {(uninfected), 3
r
5

rrj

[err] 2.5 AcMNPV and VEV-Tpx34-ipfEgredt 6ol were collected after/4s 8hierof]
2 5 10 infectiong, 2 Lay®#2@ifoxB4 wax moth Galleria melBdndllmelvele 2edch
7.2 vp6. 9t 0Xx34njected with 5 microliteddaligubts Jofleiture fluids. Insect 1lirfhe
vSp-t ox34 injected with the *ua1éurk %1'Qid from vEV-Tox34-infected 7(':te5 szeerr]
det. er m ned by B&Qﬂ;}zaﬁ“@i&iﬁhsz minutes whereas the insect larvae injected with
fluid from wild-type AcMNPV-infected cells showed no paralytic response
15 over an extended time period (several days). Paralyzed larvae were
visually immobile, they lacked the righting response (the ability to
turn themselves upright after turned onto their dorsal sides) and they
failed to spin silk to line their burrows (a stereotypic behavior of
wax moth larvae). Control larvae exhibited movement, the righting
20 response and silk-spinning behavior. These results indicated that a
neuroparalytic toxin was produced in the VEV-Tox34-infected cells, but
not in cells infected with wild-type AcMNPV, via expression of the
Tox34 cDNA coding sequence and that this toxin was secreted into the
extracellular medium. The Tox34 gene product effects contractile
25 muscle paralysis in the challenged insect larvae.

To test the ability of a baculovirus carrying the Tox34 gene to
control insect larval feeding behavior during infection, insects were
infected with VEV-Tox34 by injecting purified budded virus into the

30 hemolymph of test larvae. T. ni larvae in about early fourth instar
were injected with TC-100 medium (mock-infected) or medium containing
budded virus particles from cell cultures infected with either wild-
type ACMNPV or vEV-Tox34 (4 x 10° plaque-forming units of virus per
larva). Control larvae included those larvae injected with culture

35 medium or with wild-type AcMNPV. Insects injected with VEV-Tox34 were
paralyzed (immobilized and lacked righting response) by 36 hr after
injection. '

In the above-described wvirus construction, the Tox34 coding

40 sequence is expressed under the regulatory control of the very late
LSXIV baculovirus promoter [see also U.S. Patent No. 5,244,805 (Miller)

issued September 19, 1993] which is not expressed until about 18 hrs pi

in cells infected at a high multiplicity of infection (moi; i.e. 10
viruses/cell) or until 24-30 hrs pi in cells infected at a moi of 1.
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2 determined by ViStat 2.1 analysis at L(Jerr] dose

42 WD 98/ 14578 .

PCT/ US97/ 180G 98114529 € 4. Response of neonate Trichopl usi a npctresymsoeto
oral infection by wt AcMNPV and reconbi nants expressing tox34 under control

of alternate p&‘ﬂﬁ@t €€ Swas not unexpected that the paralyt:l.c Epﬁ%tgwggéﬂd%ﬁﬂs—

lgg\%‘é];' duci al h%{a%edv*%gvexpresaon wérq §££ ]obg %‘F P%Q;l ak%ombt Qge%x[sef

3.5 x 10[err] 1.80 vHSP70t ox34 4. 5 x 10[err] 5 X 10Lerr]
1.0 X 10[err] 1.90 Typrerdpesosat plasmid phc-ETH- ?PXfe[@fl?]cmstB“@eﬂ YafFRr Fhe
5.3 % 10[err] 2Zoi® co@idglsesm@nce expressed unfexr) the k@fulatpry cogtgok of Ofter ETL
0.6 X 103 1. 58 pruimuftelr0¥B4AcMNPV [describdd 6irk ck@fesrd et al. 8(X9éli)[&1’r]v:.rol
0.5 X 10[err] }958773-2778, J.ncorporated by reference het&ifH . GHRORSAE - caﬂfaliﬁmg
E g 0[ err] s. %e:ol‘f| fragment ‘i? Qnse%ggﬁto\,\gﬁéa‘%wl site of phc-dEg‘3 %h er : f 0
1.0 derived f&'og pw GILRB et al. (1988} supra]7 1b;2 rip c

15. 99 vp6. 9t ox polyhedrin promoter betwgen the EgpRV site and the BglII site vg_:g:_h3the
vSp-t ox34 ETL promoter sef@:useferexferidibdg from -6 (relativel2td/ the ETL

translational initiation ATG at +1,+2,+3) to approximately 300 bp

T50

upstream of the ETL coding sequences. The transplacement plasmid and
wild-type AcCMNPV were cotransfected and appropriate nonoccluded
15 recombinants were isolated and characterized.
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[err] determined by probit analysis 2 determ ned by Vi Stat anal ysis at
L err] dose 43 MD

98/ 14578 PCT/ US97/ ¢adsorAgdr €
Response o?vneonate S. fruglperda | arvae to oral infection by w AcNNPV or

IrﬁC?HBI ?g%ﬁ IL ?]gf)&péﬁz?gﬁ:n &(Sé} Warglg.i W:Lt hOUtf q{osetv%re%%g%ncggq%ence

S the Genus Pyemotes

response| 95% fiducial limts
virus LJerr] (PIBs/m) TR TY | ower [err] wt
Ac MNPV 3.6 x 10[err] 4.7 x 10[err] 2.5 x 10[err]
1.45 vp6. 9t ox34 1lﬁsgc@§[err] uuMals?2 X |0[erghbsTs 0.9 X
10[err] 1.30 vp6.9tox34m .6 x 10[err] - 4.7 x T0[err]
2.6 x 10[eentricbdusvEpolipx34 2.8 x 10[err] 7.1 x 10[err]
1.5 x 10[err] 1.34 vSp-tox34m 2.5 x 10[err] 3.4 x 10[err]
1.7 x 10[ erghobid5 extreme (?) Tine respofserculiionddae
ET[err] s.e. (h) sl ope wt AcMNPV Scolytidmss. 0 +
2.1 11.5 vp6. 9t ox34 Bypyestidge
8.9 vp6. 9t ox34m 48.4 + 1.8 Anoblld&eg
vSp-t ox34 1.5
) beckeri t em (?) 1dae
vSp-t 0x34m ﬁ¥ Femg 1 quiytldae
emardginatus mild mild Cecidomyiidae
schwerdtfegeri extréme mild Ancbiidae
: Buprestidae
tritici extreme " extreme Cucujidae
' ' Curculionidae
Kalotermitidae
Vespidae
tuberculatus (?) (?) Anocbiidae
ventricosus extreme extreme Apoidea
' Chalcidoidea
zwoelferi extreme : extreme Cecidomyiidae

scolyti group

dimorphus mild none Scolytidae
dryvas | mild none Scolytidae
giganticﬁs mild none Scolytidae
parviscolyti mild none Scolytidae
scolyti mild none Scolytidae

Modified from Cross and Moser (1975) Ann. Entomol. Soc. Am.
£68:723-732
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[-err] determined by probit analysis [err] determned by ViStat 2.1 analysis
at L err] dose : 44 WO
98/ 14578 WO 98/14578 PCT/ US97/ ¥eafifsorigeyre 6.
Response of neonate T. ni larvae to oral infection by wt AcMNPV or

reconbi nanpayi & US, SRPEESTED ot Bdndtd NPl b 11084 2 3t ee@ffﬁf%ééﬁoﬁeﬂye%e

in the tox34nir@naly Se@MBAnant baculoviruses expressi 5§iPs _with
response[ edlfernate signal sequences.’ 95% fiducial 1imts
Vi rus Ld er r? (PI BS% ) upper | ower wt AcMNPV
9.2 x 10[ e+ 46104 14 %10l err] 137 vpB. Qtox34
3.6 x 10[err] 6.0 x 10[err] Dose kekpénbeferr] 1.64 vp6.9tox34m
1.1 x 10[err] 1.5 X 10[err] 7.7 x 103 1.40 vSp-tox34
6.5 x 10[err] 9.0 X 10[err] 4.1 x 99¥efiqu@igl liSptsox34m
6.3 x 10[ery] 8.1 X 10[err£ 4—4—~x—toterr+—246
Ti me respoffse®s virus LC; (PIBs/ml) ET{RPeY s.e. (h)lower spe
sl ope w AcCNNP T00, 5 [errT] 2.3 5
vp6. Ot ox34“¢t ACMNEY 43:3 *,1¢° 2.6'% 10 1g82x 10* 2.5
vp6. 9t 0x3 - 42. ZLe 4 1.5 . . 8
vSp-tox344:mSp tox34 S x4y 2.3 x 10 }87% 10° 2B
VSp-t 0X34N0ggp - tox21A $95 % t1d4 2 4.1 x 10 318 8§ 100 2
vSp-BSigtox34 1.6 x 10* 2.8 x 10* 0.8 x 10* 2.8
vSp-tox21A/tox34 - 5.3 x 10* 6.5 x 10* 4.3 x 10* 1%
vSp-DCtox34 2.6 x 10* 3.1 x 10* 2.2 x 10* 23
Time response?
virus ETs + s.e. (h) slope
wt AcMNPV 94.6 + 1.6 14.8
vSp-tox34 51.1 + 0.9 13.2
vSp-tox21A . 62.1 £ 0.9 18.8
vSp-BSigtox34 70.0 + 2.6 6.4
vSp-tox21A/tox34 60.8 + 2.0 8.1
vSp-DCtox34 49.9 + 1.0 12.5

! determined by probit analysis
? determined by ViStat 2.1 analysis at LC,, dose

41



[err] determined by probit analysis 2 determned by ViStat 2.1 analysis at :

L err] dose 45 WO
98/ 14578 WO 98/14578 PCT/ USO g0 bl e
7. Length, percent simlarity and identity of known EGT am né‘l am%’;’m—m

fSQUfDSES betZ?y?V e of ne V%éu%podqptLegg%gugiﬁgégg ié}%ae.to
entily oral infecti t AcMﬁgg and  re omz§n nts expressing tox34c

LdNPV 8

70. 8 undé¥Peontrol of difernarp promotdrs, 67.6

46. 2 Bm\PV 507 67.6 46. 2

Cf NPV 491 614 42 4 : Cf DEE 493
63.9 45. 2 - Opidée responti3 62. 2.

44. 1 LoGV 460 65.1 - 43. 4

* Partial sequence of 293 amino acids 9FabttdBeidbskimbtial ity
response of neonate Heliocoverpa zea | ar veae—+nfectet—per—os—w-th—w-ld-t ype
HzSNPV andV¥&RBous reconbbRantBIBB/Bassay #1.upMerus lower s

tero-

L err Uo7 Fiauct af LT 1 He

((P:I[B/ m]) WtI%ﬁ@P' V' upper 1.3 xgl®pe genkiTyx MNPV El kaf x 10° 14
1.1 x 10[ e 102 2.7 O] e 1.2 err] 0.3 0.6 HzSNPV
(Bsusel-g 4}{1&1:.79&_9,55& 10[ err] 'J)'(léLlJ‘X{(i%)[err]- 1[25.’ x1<1%[err] 1501x 30§ 1490

FéFSTdS!S vDAZ6tox34 2.2 x 1p[greliod-6 X 1Plerelyoé-4 x 190grel 1.6

vp6.9tox3a 0.6 x 10° 0.9 x 10° 0.3 x 10° 1

(o]

vSp-tox34 0.8 x 10¢ 1.0 x 10° 0.5 x 10° 13

Time response?

virus - ET,, £+ s.e. (h) slope
wt ACMNPV 101.3 & 2.5 9.9
VHSP70tox34 ' 41.8 & 2.5 8.2
vDA26tox34 61.8 + 2.0 7.2
vp6.9tox34 ' 44.7 + 1.7 7.4
vSp-tox34 55.4 & 2.0 7.0

: determined by probit analysis
determined by ViStat 2.1 analysis at LC,, dose
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HzEGTp6. 9t 0x34 ' 0.8 x 10[err] 0.2 x 10[err] 1.6 x 10[err] 1.1
[err] 0.2 0.6 HzEGThspt ox34 1.2 x 10[err] 0.4 x 10[err] 2.1 x
10[err] - 1w dsamsis 0.2 0.9 HzEGTDA26t ox34 0.7 x 10[mo¥Is9718077X

10[err] 1.3 x 10[err] 1.1 0.3 0.3

46 mgg/.llﬁzcgsaponse of neonate Trichoplusia ni larvae to oral

Ta |
PCT/ US97/ 118t 1 dRbLY @t AcMEDY- BRIE ld domy BERiS CeRbr8861AE € tBRI3Ig0emErpDa
zea | arvagont# 6Tt 66 QBteffiatb! Prmbeekpe HzSNPV and various reconbi nants.

Bi oassay #2. Virus L err] 95% Fi ducial Limt
Het er o- (PIB/M) | ower . upper
Sl ope geret

1.9 X 10[err] 2.2 0.5 0.04 HIRMRY xBSMIEde) 1.3 x 10[err]
0.6 x 10[err] 2.0 x 10[err] 1.3 [err] 0.4 0.9 HzEGTIdel

1.7 x 10[err] 0.8 x 10[err] 2.7 x 10[errP5% figucdad lgmits o 6
HzEGTp6. 9t px34 1.6 X_10[err] T. T X J.LJ):lEI’I’j Z. o X _10]err]

1.7 [err]VE*8S 0.6 HzECPhspt!EFB8/mL) UppeY, 10[err] L1OWEX yx 10[F]

5.0 x 10 9 0.3 I.72 HZEG Bt OX3 s 2.1 1
X 10?err]["%_ré?]§N 10[ err] 1?94[§r1?6§2). 3OX 415]? X 10rabl e 1§<;_FO:L 6{63| Lml
Ti ne- mrt@f{é#,%gf_8§ggnse of ne2p§t§ |i|%lgl ocovergpg ;ceq_olzarvae 1l rg %th&la e

os with 'w ype HzSNPV an various reconbi hant vi ruses. oassay #1.
LCS0 vDA26tox34 7.6CR51481US 5. 9 x 102 5 B30 167 r2aoF
Sl ope + SE ETS0 SE Slope SE HzSNPV Hl kar 64.2 2.8
8.9 [err]vps9otox34 63.4 1280 %220° 2.0 HzSNP¥ (BSU361-) 0.6 x 10%118s
2.7 10.3 [err] 2.4 64.0 [err] 1.3 16.0 2.8 HzEGTdel

72.4 [errySp-Rox3%.1 [err] 1.2.6 x 10* 62.4 2.8 6& 118. 2 2. 4 HAG B0Vt %34
43.9 1.2 19.1 [err] 5.1 40.5 [err] 1.0 13.3 2.2 HzEGThspt ox34
49.5 1.2—19—2terrt—49—A64—+ 0725546 ECTDA26toxS4——
39.3 1.5 11.5 [err] 2.5 36.8 [err] 0.7 18.2 3.2 Tabl e 11.

Time-nortal ity response of neonater10% | 5RBREPBY zea | arvae infected per
os with _wld-type HzSNPV and ¥ﬁ‘ri ous_recojhi nant viruses. Bi OfSSay #2.
. virus s0  S.e. siope

wt AcCMNPV ' 99.0 % 2.0 13.9
vHSP70tox34 53;8 £ 1.0 14.3
vDA26t0x34 . 71.2 + 1.1 15.9
vp6.9tox34 41.7 + 1.4 12.3
vSp-tox34  58.5 4 1.4 12.7

1 determined by probit analysis
? determined by ViStat analysis at LC, dose
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L err] LCO5 Virus ET50 [err] SE

Sl ope [err] SE ' ET50 SE Slope SE HzSNPV El kar 64. 3
2.8 65 4 [err] 2.2 12.0 2.0 HZSNPV (BS 18077
62 23 ‘31"?798”[‘%7Fr . 53.3 19 10016 b EaT Ry TSy

67.3 [err] .8 Response n%° t2 %3 3? 1.5 HZEGIp6. gtgé?’l}:ral
41.6 1.27T h
44 0 0. 9 i hg Yy wt ACMN 2 é AoﬁF fcgg tgn%nt%g k? Wét
39.1 1.5° fga reversefAIC s nee.
47 VO 98/ 14578

PCT/ US97/ 18077 SEQUENCE 11 STI NG (1)
GENERAL | NFORMATI ON: (1) APPbbg&NFespBh¥ersity of Ceorgia Resear ch
Foundati on, Inc. Aneri can Cyanam d Conpany

MIler, Lois K ' Lu, Al bertos% fiducial limits Di erks,
Pet er Bl ack, Bruce " 3

- HNVENF-ON—

Bi ol ogi calvimssct ControlLAgefPEBs/ml) BgEeessi ng | nseckowereci f i cdm
Toxin Genes—h’eﬁmds—and——-—eoﬂ'pcsrﬁ-ms——(ﬂ—i-ﬁ—l‘dUhBER—ﬁ——
SEQUENCES: W AcMNPY i vv)  CORRESFONDENGED *ADDRESS - 7 X 10"’ ( A)2 ADDRESSEELS

G eenl ee, Wnner and Sullivan, P.C STREET: 5370 Manhattan -
Grcle, SWR% Hepx34 (- A 0°Boul der2- Px 30 (D) &TAPE: €01 Hhdo

E) COUNTRY;: F I 80303 UTER ABLE. F
3 iRt a2 (0 odebiet Tar S LA
Rel ease AT B on #1.30 2% (5130 CURRENT APt 11T O DAY = 18 13

(A) APPLI G N RMABER: WO 5 1dB) FI LING DAHgs 01- OCTy 1'992 10° 145
(C) - CLASSI FI CATI ON: (vii) b3 Gk TAPPLI CATION DATA. (A
APPLI| CATI ON-NUMBER.—1US 08/ 720 606 (B) EILING DATE: 01-0OCT-1096

Time response?

virus_ - ETs + s.e. (h) | slope
wt AcCMNPV 103.0 + 2.1 11.5
vp6 . 9tox34 43.9 + 1.6 8.9
vp6.9tox34m 48.4 + 1.8 6.9
vSp-tox34 54.9 + 1.5 8.5
vSp-tox34m 47.9 £+ 1.1 11.3

! determined by probit analysis
? determined by ViStat 2.1 analysis at LC,; dose
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(viii) ATTORNEY/ AGENT | NFORMATI ON: (A) NAVE: Ferber, Donna M

(B) REG STRATI ON NUMBER: 33, 878 (C) REFERENCE/ DOCKET NUMBER:
28-96A WD WO 9s(iasd8 TELECOVMUNI CATI ON | NFORMATI ON: PORUSHFLGRONE:
(303) 499- 8080 (B) TELEFAX: (303) 499-8089  (2) | NFORMATI ON FOR

SEQ I D NOfable 6. (Rds NGE SEWRACTER! STt Glirvae ¢ r?i,% GlEh Be?
base pairswt AcMNPV of e&BﬁEﬁnQﬂ@'@iﬁuécéﬂpressing_tozgi th'\ '
doubl e a rever$d) TAARPh&GYenoat inetR¥akbx34 sifhh) MEuGEHEE . TYPE ¢BRA

to nRNA (iii) HYPOTHETI CAL: NO (i x) FEATURE: (A

NAMVE/ KEY: CDS (B) LOCATION: 12..887

48 WO-98+14578

PCT/ US97/ 18077 - (ix) FEATURE: Dose respqn®e'NAME/ KEY: mat peptide

(B) LOCATION: 129..884 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1:
CTTATTAATT A ATG AAA ATT TGT ACA TTT TTT ATT &8% fiduriglaAAmAte 50
Met Lys IIe.x(_,Xs Thr Phe P Il.e Pr% .LL$U Phe Lys et =39

-35 virus -30 FPEBFIPLITT TTA YRRCRTT ATT CCAlRWATATT THE
. GCA GIT 98 Asn_Legu_Phe, Phe Te e [TeTlTe Pro_T1nr _ite teu
Aa val LT EgNEY o o-5Ux 1§ "0 ¥ ENg 14% 118 XTH0° AT
TCT TTT AAJLéV TCC TTA AT GGC AAT, 146_Phe _Ar g
Ser Phe Asn %spgn-tﬁge-‘lSer Leu Ilg'g% Q@i Ay ﬁho%lclgpﬁ _10 -1 18 ]‘%
-5 vp6 . 9tox34ml 1.1 x 1§ TCT GIASAQA%ECA GTA T4 ﬁTI GAL AT
TGT GAT ATT AGA CAT CCA AAT 194 Ser Val Arg Ala Vval Vval ITe Xsp yr
Cys Asp | |esp¥goxis Pro Asn 6.5 x'10®° 10 9.0 x 102 41% x 10% 2a
20 AAT TTA TGT AAA AAA CAT TTT GAA ATC GAT TCA TAT TGG AAT GAT GAT

242 Asn LetSEytox34mlys His Phe.BHx 102 Asp SeriTyridtp Asn Asp ASpo® 24
25 30 35 '

Time response?

virus ' ET,, + s.e. (h) slope
wt AcMNPV_ 100.5 + 2.3 11.5
vp6.9tox34 41.5 + 1.6 8.2
vpé.9tox34m ' | 46.7 + 1.5 8.8
vSp-tox34 59.2 j_- 1.5 12.7

vSp-tox34m 55.9 + 1.2 ' 14.8

! determined by probit analysis
? determined by ViStat 2.1 analysis at LC,, dose
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ACG GAT TGTI TTT ACA AAT ATT GGA TGC AAA GTA TAT GGA GGA TTT GAT 29@

Thr Asp Cys Phe Thr Asn Ile Ay Cys Lys Val Tyr Ay Gy Phe Asp

45 50 ATT ATT GGT GGI' CAT ACC CCT AAA GITp, ATGT
T A0 s8/L4sTE . G@BﬁTﬁﬁEVal

AGA CT 338 Ilelle dy Ay H's Thr Pro Lys Val

Arg Leu 55

AR G é%%h B et %ﬁ—g;igﬁ et bisirgot o 5%,
Lys 4 n sTyr er Lys Ay Asn Cys Val

75 GAAAGA—CGATTTT AAA GAA AGT TTT
GGA ATA TCT ATA AARy; @'{1@ AAA %gth Sf_}@,{ilgﬁt@rg Asprddlifeiieyp G u Ser Phe
Ay Ile Ser Ile Lys Ile Lys d 90 95

100 ATT TCT AAT AAA GGA GAT C—AI GAA CCA GCA TGl CCA CAA TAT AAA AAT
482 Il e Ser Asn Lyspw Asp Ass2@ u .Pro A7 .Qys Pro A n 4Bys8 Lys Asn

105 LANEY 488 185 .9ACT TGG ATRAANT TAT GGG AAA
TGT AAT GAA CCT TABINFW TGT GGSIACA 7630 Thr Trp 4% 3Asn Tyr Gy Lys
Cys Asn Qu Pro Ty®cNRV Cys d \pOBhr 18y .6 46.2 125

130 AAT CAT GGA TBRNPVT TAT GBR7AAC AAA AGAGAA CTC GABRSA TTT CCC
578 Asn Hs Ay Le&ﬁﬂ?é’ Tyr A é-"Asn Lys A% 14s Leu Asp 4814 Phe Pro 135
140 PEﬂ ACA GAC GGH AAA TGT AAT

TCA AAT AAT ATA GT'?9PGI  Thr Asp 5y Lys Cys Asn
Ser Asn Asn Ile Pr &;E%r Al a Val%ég/s 65%6 155q§/ 4 160
165 TAT TTA GGA A TT GGA

674 Tyr Leu Gy Arg %éé*tﬂasl quu-g}fcegdf gB% %ffg’u &ofis G U Phe Gy

170 ATT GIT AAA AAT GIC GAA
ATC GTA ACT TTA TCA GAT GGA AAG AAC 722 Thr Ile Val Lys Asn Val Qu
Ile Val Thr Leu Ser Asp Ay Lys Asn 185 190

195 - 49 WD 98/ 14578

PCT/ US97/ 18077  AGI TCT AGA AGA GGA AAA CAT AAA AAT TTA CCT ACT TCT AAA
GTA TTT 770 Ser Ser Arg Arg Ay Lys His Lys Asn Leu Pro Thr Ser Lys
Val Phe 200 205 210 GAT AGI TAT AGT
ATA TAT GAT ATT GAT_CCT AAA AAT TGG AAA ATT GAA 818 Asp Ser Tyr Ser

Ile Tyr A8PY9 BaspDPFS- §‘t§§&t‘¥r Fespenas, qf nognate Heliocoverpa zen
205 ) Tdtvae 'id eofyg‘z e A Chr e S e B AR FEOTRN
TTA GAT &ERORRAnants As*blAsp Lys Asp Val .Thr Val His du Asn Thr

Leu Asp Pro—tys 240 - 245

Virus LCSO : 95% Fiducial Limit Hetero-

(PIB/ml) lower upper Slope geneity

HzSNPV Elkar 1.1 x 10° 0.6 x 102 2.7 x 10° 1.2 £ 0.3 0.6

HzSNPV (BSU361-) 1.7 x 10° 1.1 x 10° 2.5 x 10° 2.1 £+ 0.4 1.0

. HzEGTdel 2.2 x 10° 0.6 x 10° .4 x 10° 1.6 + 0.3 1.0

HzEGTpP6 . 9tox34 0.8 x 10° 0.2 x 103 1.6 x 10 1.1+ 0.2 0.6
HzEGThsptox34 1.2 x 10° 0.4 x 10*° 2.1 x 10° 1.2 + 0.2 0.9
HzEGTDA26tox34 0.7 x 10° 0.9 x 10° 1.3 x 10° 1.2 % 0.3 0.3
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AGT GAT TCA AGA CTG TGT TAA ATTTTTAAAA ATTTGATTTT

Ser
924

CHARACTERI STI CS:

Asp Ser Arg Leu Cys * 250 TGICAAT

(2) | wWedasisON -FOR SEQ | D NO 2:

TYPE: am nga@cd dg, Dose mort lﬁl A
TYPE. protBiPyae infdotdd

)
Thr Pheadhbih£nts 0 ngb%%ag % éﬁt%?l?%ﬂéil ai%t mégﬁg

Thr Ile Leu Ala Val Lys

Cys
-30
Pro
Phe
1
Leu
Lys
30
Tyr
55
60
Lys
85
95
Pro
120
125
Lys

150

-25 Phe Leu Phe Ile lle Pro

TTTAAATAAA 917

(i) SEQUENCE pcrmuss7iser?
(A) LENGTH: 292 ami no acids

A rﬁgr | As’{g- 3 y %n F%Cl@} uFlsa-;T- Val Ar Hetero- 5
Asn As e Ser Leu lle I%Z n

5 Aa Val VaI “Ql,&sp Ty eys Asp WPET Arg HY Fo_%%"r?l/ﬁ@n
Cys 1 25—tys
H s H%zsm Hlkar Asp Ser Ty’r AT pLOASn AYpxAN T h’r 9MEPLO®ys 2.2 + 0.5  0.04

HzSNPV (BSU3R5 ) 1.3 x 10° ol@ xPoe Thr.oAsmobl e ﬂ3yiQyS4 Lys.yal
Gy GueeBhdelAsp Ile Ile A7 x 10° 0.8 x &5 2.7 x 10° 502 0.6
Ay Hiebbbs BeGxddys Val Gy ¢TRrygval Ofs, Al Lepig ﬁslol;ys Y 9-&
. B Lys Phe g;y C,XsAsn er
q HzE hsp\?ar% .3 x 10375 .2 x 10 0 x .3 1.2 .
Phg L);?E lﬂf\2§§?xal5ne G y I |’gls’ér1°|’| e Lysx 3% L y*s9G‘yl°I’I e ‘Seer /83 901.1
100 105 1ys Gy Asp Asp Gu Pro Ala Cys

Adn Tyr Lys Asn Thr Trp lle

110

115

Asn Tyr Gy Lys Cys Asn Gu Pro Tyr Tyr Cys Ay Thr Asn Hs dy

nEBRaly’

l%opésoqu‘ 5. Arg

Table 10. l$Pme-mortal res éﬁg a zéa
Leu Asparhyde Phighfdceldr %p @3/, w:.tg wil 8t,ype HzSNPV andf arious

recombinant viruses. Bioassay #1.

LCs0 LCS5
Virus ET50 + SE Slope + SE ET50 + SE - Slope + SE
HzSNPV Elkar : 64.2 + 2.8 8.9 + 1.9 63.4 ¥ 1.8 12.0+4+2.0
HzSNPV (BSU361-) 62.1 + 2.7 10.3 ¢ 2.4 64.0 + 1.3 16.0+2.8
HzEGTdel 72.4 + 5.2 7.1 £ 1.9 62.4 + 1.6 13.2 4+ 2.4
HzZEGTp6 . 9tox34 43.9 + 1.2 19.1 # 5.1 40.5 + 1.0 13.3+2.2
HzEGThsptox34 49.5 £ 1.2 19.2 + 4.9 46.4 + 0.7 23.5+4.6
HzEGTDA26tox34 39.3 £ 1.5 11.5 + 2.5 36.8 + 0.7 18.2 + 3.2

Table 11. Time-mortality response of neonate Heliocoverpa zea
larvae infected per os with wild- type HzSNPV and wvarious

recombinant viruses. B:Loassay #2.

LC50 LCss
Virus ET50 1 SE Slope + SE ET50 + SE Slope + SE
HzSNPV Elkar 64.3 + 2.8 8.9 + 1.7 65.4 + 2.2 12.04+ 2.0
HzSNPV (BSU361-) 62.2 ¥ 2.3 11.6 + 2.5 58.3 + 1.9 10.0+ 1.6
HzEGTdel 67.3 + 3.8 9.6 £ 2.6 67.3 + 2.3 2.5+1.5
HzZEGTp6 .9tox34 41.6 £ 1.2 14.5 % 3.0 38.0 £+ 0.7 18.3 + 3.1
HzEGThsptox34 . 44.0 £ 0.9 20.0 % 3.9 44.1 £ 0.7 20.6 3.6
HzEGTDA26tox34 39.1 + 1.5 12.0 * 2.8 35.4 + 0.6 19.0 + 3.9
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WD 98/ 14578 PCT/ US97/ 18077

G u Lys Cys Asn Ser Asn Asn Ile Pro Tyr Ala Val Cys Tyr Leu Gy 155
160 WO 98/145 165 Arg Cys His Thr Thr Ay Ay Phe P ko7dshhe
Ay Thr Ile VaF, 1% 175 188‘9(:'I$B

185 Lys Asn Val GQu Ile Val Thr Le §E~:§r Lys Asn Ser Ser Arg
190 195 5= Egg‘ﬁs r%GGIy Lys H s Lys Asn Leu

Pro Thr Ser Lys Val Phe Asp Ser Tyr 205 210

215 Ser |(Lb GEFERMS ANFQRMATEGN:Pr o0 Lys Asn Trp Lys Ile A u Asp Asp Asp

220 (i) APPL%&QIT: University of Geor ioneLX&cﬁsPo&AﬁLtﬂH YL‘% Hs Gu

Asn Thr Leu Asp Pro Lys SefimeiSparS@fyanamidlSEmpany 240

245 Arg Leu Cys * 250 (ZzilllldFmMﬁIKJ\l FOR SEQ | D NO 3: (i) SEQUENCE

CHARACTERI STI CS: vl b?ngGTH: 1241 base pairs (B)

TYPE: nucleic acid Black CgrﬁéiﬁANDEDNESS: doubl e (D)

TOPOLOGY: not rel evant (i1) MOLECULE TYPE: cDNA to nRNA (i)

HYPOTHETI CAL: {(i§p TITLE QF %m@ioloinal Inge%%;}mms CDS

(B) LOCATI ON: 119. . §fpressing Ingegt-epeqifirTonig r HEEPeEHB NO 3:

GAATTCCAAC AACAGT CEBEGCC GCACTGGTCT TAACTTTTTT CTCTTTTTTA 60

GCAGCGGCCA TGATAATUMBER AFASAEIERARS T BACAAATTT TTTATTATTT TATTCAGA 118

ATG AAC TTG TAT, T T TCA ACT ATT TTA GCA GCT AAA 166
iv 0. H .

Vet Asn Leu THh ’P%&?%ﬁ%é%ﬁﬁ%%ﬂﬁ%éﬂmmr ahg 489188 Ala Lys 1

5 (B)19TREET: 5370 Manhattan bbrcleCTsdike 2dXI TCT TTT AAT AAA ACT

TCA TTA ATT GAT ) B YGTHOWAEx 214 Pro Phe Asn Ser Phe Asn Lys Thr
Ser Leu Ile Asp @ ;%% pado 20 25
30 AAC GAT GAC GAlr)Azip: 0 AAA AGA GCA GTA GIT ATT GAT TAT TGT
262 Asn Asp AsPAs Ile Val Ser Lys Arg Ala Val Vval I1le Asp Tyr Cys
35 v) COMPHEER READABLE FORM: 45 GAT ACT AGA CAT CCA AAT AAT TTA

TGT AAA AAA TAT TTib) Chteren ALy sorRY Q18810 Asp Thr Arg Hi's Pro Asn Asn Leu
Cys Lys Lys Tyr Phe)GheERATENGASYSTEM : p&bos/ms-nos 55
60

TCA TAT TGG AAP) GRAFTHARE \Cet e InTREL R #ACA, URFSATT #F0 TGC AAA
358 Ser Tyr TiR)ASthelRP 2ePrddYrofArkyS Phe Thr Asn Ile @y .Cys Lys 65

70 () XPPLICATION NUMBER: wo 80
(B) FILING DATE: 01-OCT-1997
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/720,606
(B) FILING DATE: 01-OCT-1996

{(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Ferber, Donna M.
(B) REGISTRATION NUMBER: 33,878
(C) REFERENCE/DOCKET NUMBER: 2B-96A WO

{ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (303) 499-8080
(B) TELEFAX: (303) 499-B8089

{(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 924 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: not relevant

{ii) MOLECULE TYPE: cDNA to mRNA

{iii) HYPOTHETICAL: NO

(ix) FEATURE:
(3) NAME/KEY: CDS
{B) LOCATION: 12..887
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51

' - WD 98/ 14578

PCT/ US97/ 18077 GTA TAT GGA GGA TTT GAT ATT ATT GGI' GGTT AAA GCT CCT AAA

ATT
Ile
ACT
Thr
100
AGA
Arg
125
550
130
TGG
Trp
155
GCA
Al a
175
694
180
TTA
Leu
205
790
210
GAT
Asp
235
AGT AA
Ser
255
934
260
- GGA GA
Ay
285

GEA - wooedidszs Val Tyr Ay Gy Phe Asp Ile Ile Ay Ay ersauSomsdd Lys
Ay 85 90 95
GTA TGT AGRy Gehréd AAA GGA AAA AAT AAA TTT GGA TAT TGI AAT 454
Val Cys Arg Lew)lysvi/xey Gmpt Lpyeptd8el Lys Phe Ay Tyr Cys Asn

(B) ]BOFATION: 129..884 110 TCA AAA GGA AAT TGC GIT GAA
GAT TTT ATT GAA AGT TTT GGA GTA 502 Ser Lys Ay Asn Cys Val Qu

Asp Phe |{:8) Gapudeée BREcKIPY IO sEq Ip wo:1: 115 120
TCTATAAAAATAAAAGG:AATTTCT CATAGAGGAGAT GAT GAA CCA CCA

Ser CTTRAXTRAHET |4 ATG F'F'é 'A TCEGT AL "Tsr Al a 50
o i 5{@@? T phe Phe rﬁ @&E@ﬁ’? tG(AA A,aAT ACT

-35
ATT AAT TAT GGA AAA TG AAT GAA 598 Cys Pro Leu Tyr A u Asn Thr

Ile AGHC'I?}ZIG GY TEY STy FTRMT@ATE CCAAFA ATT TTA GCA GTT AARSCCT 98
Su Phé P%dﬂe“ PREELSAT RO 87 Bl Yo AYSEXS TTA TTT TAT
AAC AA ARR 646 Pro Tyr His Oys @y Thr Asn Tyr Gy Leu Phe Tyr
AsSn LY$TMAGEH TCT TTT AAT RAT ATT TAGSTA ATT GAT AAT GGC AAT(BTC GAA 146
AARhETRTINRGY PAE FEATASC Tl ATeANER GOF A RAAA/CIFGESIMARLITE AAA TAT
Lys - “E&u Asn Tyr Phe PF Asp Asn Ay @d r}Lys Cys Asn Ser Lys Tyr
TCT GTA AGA GERSGTA aTT ATT GAT TAT TEP0caT ACA/nAATAnt AleanGRAT GTA T@EhaTAT
GGA CSex TGT BAT ABEA AR LIA A Tyr Cys7A@ T1€1Ard His Bro By Val Cys Tyr
Ay Arg Cys Hs &y Thr Ay Asn 25 195 200
TThat GraMdr Wl AAchl ort Tda\wlhc @M Fdal TirddCAaA GhrTddr AAA GAL >
Phe aSernedsay£duys Giys ¥Waé PReecSenlé&aspPher Gyy Thipr akh ensBhesg ys Asp
25 215 . 30 220 GIC ¥8AA ATT GTA ACT TTA TCA

GGA 8 I Thr Ser
Ay i G Feerhahaachy, S0s ves s oo ooy reg ||

40 240 AAA4€AT AAA AAT TTA AT GGI TCT AAA GTA TTT GAT
% A? GGT GGT8§\§[‘ AC!'_" yC%T ?E'? é%%nA!ﬂe %TK“ ’§GT ég Hz? val 3@% Asp
e e Gl His Thr Pro L 1 Thr val Cys A eu Lys
TATSE‘AT AT GA CCT &aA AA Aé'TGAAGAT GAT GAoAAA GAT

Tyr p Asp _Pro Lvs n Trp Lys IIe y Asp Lys Asp
A’g‘gs Gah Agﬁ ™ dd TATTGT #ﬁgﬁ:&cﬁfwws

Gly Glu X Phe Gl S
T oK AR A RAT RN AR Y B e 8098le IIe Thi Ve Bs G u Asn Ala

Asp Pro LXS Ser Asp Ser Ar% Ar ‘91 280
GAA AGA GAT TTT AAA GAA X GGA ATA TCT ATA AAA ATA AARAA GGA 434
Glu Arg Asp Phe Lys Glu Ser Phe Gly Ile Ser Ile Lys Ile Lys Gly

20 95 100
ATT TCT AAT AARA GGA GAT GAT GAA CCA GCA TGT CCA CAA TAT AAR AAT 482
Ile Sexr Asn Lys Gly Asp Asp Glu Pro Ala Cys Pro Gln Tyr Lys Asn :
105 110 - 115
ACT TGG ATT AAT TAT GGG AAA TGT AAT GAA CCT TAT TAT TGT GGA ACA 530
Thr Trp Ile Asn Tyr Gly Lys Cys Asn Glu Pro Tyr Tyr Cys Gly Thr
120 125 130
AAT CAT GGA TTA TTT TAT GCA AAC AAA AGA AMRA CTC GAT TAC TTT CCC 578
Asn His Gly Leu Phe Tyr Ala Asn Lys Arg Lys Leu Asp Tyr Phe Pro
135 140 145 150
ACA GAC GGT GAA AAA TGT AAT TCA AAT AAT ATA CCA TAT GCT GTT TGT 626
Thr Asp Gly Glu Lys Cys Asn Ser Asn Asn Ile Pro Tyr Ala Val Cys
155 160 165
TAT TTA GGA AGA TGT CAT ACA ACA GGT GGT TTT TTT AGT GAA TTT GGA 674
Tyr Leu Gly Arg Cys His Thr Thr Gly Gly Phe Phe Ser Glu Phe Gly
170 175 180
ACT ATT GTT AAA AAT GTC GAA ATC GTA ACT TTA TCA GAT GGA AAG AAC 722
Thr Ile Val Lys Asn Val Glu Ile Val Thr Leu Ser Asp Gly Lys Asn
185 150 195 :
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TGI TAA ATTTTTAAAT ATTTGATTTT TTTTAAATAA ATATAAATCT ATATATTTAA 1038
Cys * 290 TAATATAATT TCTTTTAATT TTTAAATTAG TAAAATTTCG ATAATTTTAC
TTAATTTTTT wo o8/2839s AAATTTACTA AATTGACTAA TTTTATTAAG AAGT % é§7118077
TAAAAAATTT GATTTTTTTI 1158 - AAAACAAATA ATTATAAATA TTTT

AAATAAT T ARLAEIA 60 TR R aan aho fen é‘% eTA T% 98 / 77873

1241 Ser Ser Arg Arg Gly Lys His Lys Asn Leu Pro Thr Lys Val Phe
PCT/ US97/ 1802%0 (2) | NFCRI\/ATI 8 FOR SEQ | D NO240 (1) SEQUENCE

CI—{ARACTER&A%TAQ T 2T ATA TAT Gt A?l‘T L%am no 55 0 aan (ii) 88
EN

(B) TYPE: Il Asp I1 1
VOLECULE BobesT piat o 1ie Tyr Aep Tle 2 MY D NO 4 Met

Asn Leu Tc\,{ Phe Leu Phe Phe Ile Ser Thr Ile Leu Ala Ala Lys 1
5 AT GAT GAT GAT GTT ACT GTT CAT GAPSARDAGAFFRR BAT CSérAzphe Asn 8B§s Thr

Ser Leu Iﬁ\sé:' Kg% A&pu g/avlal Thﬁc' Val His gi'g Asn Zhr Len Asp Pro Lys 25

30 Asn AJ;SGPr ésmp T%sAp II%c\;/aIG Ser Lys Arg Ala Vval Vval Ile Asp Tyr Cys

35 TG TGT TAA ATTTTTAAAN BTTPRAFTTNTTARAPTARE Pro AsnsAgzn Leu
os Lys I5¥ K% Sﬁﬁe“;ig bot 1= Ash 50 55

60 Ser Tyr Trp Asn Asp Asp Thr Asp Cys Phe Thr Asn Ile Ay Cys Lys 65

70 TGTCAAT 75 80 Val Tyr Ay Ay Phe Aspztle
lle Ay Ay Lys Ala Pro Lys Ile Qy 85 ' 90
95 Thr Vah @mﬁgxdﬁyoﬁﬁQLﬁN@y Lys Asn Lys Phe Ay Tyr Cys Asn

100 110 Ser Lys Gy Asn Cys Val Qu
Arg Asp Phe ||e<1c);ﬁE NCPW@A@;‘?TEWTICS 115 120

125 Ser Ile Lys IIe%ygygETﬁaJl %}ﬁtﬁ%ﬁ%‘dﬂrg Gy Asp Asp Gu Pro Ala

130 5TOPOLOGY: linear 140

{ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Lys Ile Cys Thr Phe Phe Ile Pro Leu Phe Lys Met Asn Leu Phe
-39 -35 -30 -25

Phe Leu Phe Ile Ile Pro Thr Ile Leu Ala Val Lys Pro Phe Arg Ser
-20 -15 -10

Phe Asn Asn Ile Ser Leu Ile Asp Asn Gly Asn Val Glu Ser Val Arg
-5 1 5 .

Ala Val Val Ile Asp Tyr Cys Asp Ile Arg His Pro Asn Asn Leu Cys
10 15 20 25

Lys Lys His Phe Glu Ile Asp Ser Tyr Trp Asn Asp Asp Thr Asp Cys
30 35 40

- Phe Thr Asn Ile Gly Cys Lys Val Tyr Gly Gly Phe Asp Ile Ile Gly
: 45 50 ’ 55

Gly His Tléug Pro Lys Val Gly Thr Val Cys Arg Leu Lys Lys Gly Glu
65 70

Asn L%(: Phe Gly Tyr Cys Asn Ser Lys Gly Asn Cys Val Glu Arg Asp
80 85

Phe Lys Glu Ser Phe Gly Ile Ser Ile Lys Ile Lys Gly Ile Ser Asn
90 95 100 105

Lys Gly Asp Asp Glu Pro Ala Cys Pro Gln Tyr Lys Asn Thr Trp Ile
. 110 115 120

Asn Tyr Gly Lys ‘Cys Asn Glu Pro Tyr Tyr Cys Gly Thr Asn His Gly
. - 125 _ 130 135

Leu Phe Tyr Ala Asn Lys Arg Lys Leu Asp Tyr Phe Pro Thr Asp Gly
140 145 150
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Cys Prd Leu Tyr Qu Asn Thr Trp Ile Asn Tyr Gy Lys Cys Asn G u 145

150 155 160 Pro Tyr H's Cys Ay Thr Asn

Tyr Ay LeuvwBhwendsm Al a Asn Lys Arg 165 PCT/US97/18077 170

175 Lys Leu Asn Tyr Phe Pro Asp Asn Gy G n Lys Cys Asn Ser Lys Tyr

180 Glu Lys Cys ZsDSer Asn Asn Ile Pro 'ﬂﬁom:ﬁv&l'éﬁ Tyr IguYGMal Cys Tyr

Leu Ay Arg O/'gaHls Gly Thr G360Asn 19565 200

205 Phe Ay Phe u Ph T s Asp

210 §“'9 &' u s %Sl‘tlhr 6&1" &y B Pge glap?“ Gl‘:"{}' Lr*“é ﬁr Leu Ser

Asp Ay Lys Asn Ser Ser Lys Arg Gy 225 230

235 Lys Asn Val Gm@le Vied HISLEwsSeAshsn_Gw Hiys Xy SGerSelry®8rag/al Phe Asp

Ser Asn Ay lle 245 250 200 255

Tyr Asp |lgA8 ﬁ—:)éSL ekl el ¥8o IThe §d4 1.HS RaASPhe \ABp Laks:

260 56ty y8 e o210 270 %e Thr VathHls.éﬁpAsn Ala Gy

95832 g,g ,ICySerSI{ZEg Ass%r If\r ql.sp Pc!ro I_;]zr: Asn 'Iz‘x?pSLys Ile ggg Asp %p A VO

98/ 14578 PCT/ US97/ 18077

(2) | NFORWE By FER BEQVAD HN®. @u Asn Thr(Lgu SEHUENCEYCHARAGPERST| CS:

(A) LENGTH: 2#3*base pairs 240 (B) TYPE: r’#él eic acid (O

STRANDEDNGSS: .84 RgLE * (D TOPOLOGY: |inear (1i) MOLECULE

TYPE: ot hexsonucl eic acid ' (A) DESCRI PTION: /desc =

"digonucl gotide mer " HYPOTHETI CAL: NO . (xi) SEQUENCE

DESCRI PTI 48 R?‘b“?\‘ﬁg"“sﬁ?dﬁ TEr ATTTTTTATT TTTI

24 (2) | NFCRIVA]SI GhhticE SEARh Briddsbics (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 27 baséAPa;?;gTH 1i41 base;-rg?)xra'YPE nucl eic acid (O
nucle .

STRANDEDNESS:  si ngl(g) srmmmsimfao FPOLOGY: i near

(D) TOPOLOGY: not relevant
(ii) MOLECULE TYPE: cDNA to mRNA
(iii) HYPOTHETICAL: NO
(ix) FEATURE:

(p) NAME/KEY: CDS
(B) LOCATION: 119..988

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GAATTCCAARC AACAGTGCCT TTGGGCGGCC GCACTGGTCT TAACTTTTTT CTCTTTITTA 60 -
GCAGCGGCCA TGATAATTTA ATAATCTTAT TTACAAATTT TTTATTATTT TATTCAGA 118
ATG AAC TTG TAT TTT TTA TTT TTT ATT TCA ACT ATT TTA GCA GCT ARA 166
Met Asn Leu Tyr Phe Leu Phe Phe Ile Ser Thr Ile Leu Ala Ala Lys

1 5 10 15
CCT TTC AAT TCT TTT AAT AAA ACT TCA TTA ATT GAT GAA GGA GTT GAC 214
Pro Phe Asn Ser Phe Asn Lys Thr Ser Leu Ile Asp Glu Gly Val Asp

. 20 2s 30
AAC GAT GAC GAT ATT GTC TCT AAA AGA GCA GTA GTT ATT GAT TAT TGT 262
Asn Asp Asp Asp Ile Val Ser Lys Arg Ala Val Val Ile Asp Tyr Cys

35 40 . 45
GAT ACT AGA CAT CCA AAT AAT TTA TGT AAA AAA TAT TTT GAA ATC GAT 310
Asp Thr Arg His Pro Asn Asn Leu Cys Lys Lys Tyr Phe Glu Ile Asp
50 . 55 60

TCA TAT TGG AAT GAT GAT ACG GAT TGT TTT ACA AAT ATT GGA TGC AAA 358
Ser Tyr Trp Asn Asp Asp Thr Asp Cys Phe Thr Asn Ile Gly Cys Lys

65 ‘ 70 75 80
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(ii1) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON: /desc

"digonucl eotide priner” (ii1) HYPOTHETI CAL: NO (xi) SEQUENCE
DESCRI PTlI ONyo 95/sdis78 NO 6. ATCAATTAAT GAAGITTTAT TAAAAGA ”
27 (2) | NFORMATION FOR SEQ I D NQ 7: (|) SEQUENCE CIJAR'A‘E’E’E&? é’f’P'Hs)
Aoty i Hhe PSP oBR 2% aa arp e o SO B aaBhfr con 4"
STRANDE % 8ly Phe asp IR@l o Lys IH gffyl\/D_ECUE
TYPE: ot her nucI e| c aC| ais PTI ON: esCos
"digonuc tl HYPOTHETI CAL: NO Xi ) SEQUENCE
G !I‘ 454
ol %3&'&@%@5&
27 (2) | NFCRMATI ON 105 ERI STI CS:
(A LENGTH  Z3alese alTrG% @ G WTYPE gfknucl eITCTT?rCIGSA GTA sézc)
TT
STRANDEDI\E%I@% /%gﬁ Cys Val Gl %A sSp e Ile e Ser Phe Gly Val
25
PCT/ US97/ 18077 (i) I\/[J_ECULE TYPE ot her nucI elc acid ] (dﬁl\)o
DESCRI PT| T®E Mﬂe@e‘- ATA GRA FATJAD AGHEIGA GAT GAT | GAA EIVIPGTRIETI CALSS
(xi) SEQJ‘E‘T%I%@E@CRR&II@RI G]S‘Eg%oeﬁd*%s ArgySiy ARETENEET C
21 (2) | NFORMVATI ON FOR SEQ | (1) QUENCE CHARACTERI STI CS:
(A) LENGTFET ZBADCRIeTHEIGAS AAT ACT TGG ATT AAT TAT GGA AAA TGT AAT GAA 598
Cys Pro Leu Tyr Glu Asn Thr Trp Ile Asn Tyr Gly Lys Cys Asn Glu
145 150 155 ' 160
CCT TAT CAT TGT GGA ACA AAT TAT GGG TTA TTT TAT GCA AAC AAA AGA 646
Pro Tyr His Cys Gly Thr Asn Tyr Gly Leu Phe Tyr Ala Asn Lys Arg
165 170 175
ARAR CTC AAT TAC TTT CCT GAT AAC GGT CAA AAA TGT AAT TCA AAA TAT 694
Lys Leu Asn Tyr Phe Pro Asp Asn Gly Gln Lys Cys Asn Ser Lys TYyr
180 185 190
GARA ATA TAC GGT GTA TGT TAT TTA GGA CGC TGT CAT GGA ACA GGA AAT 742
Glu Ile Tyr Gly Val Cys Tyr Leu Gly Arg Cys His Gly Thr Gly Asn
195 200 _ 205
TTT TCA AAT GGT GAA GTT TTT AGT GAA TTT GGA ACT ATT TTT AAA GAT 790
Phe Ser Asn Gly Glu Val Phe Ser Glu .Phe Gly Thr Ile Phe Lys Asp
210 215 220
GTC GAA ATT GTA ACT TTA TCA GAT GGA AAG AAC AGT TCT AAA AGA GGA 838
Val Glu Ile Val Thr Leu Ser Asp Gly Lys Asn Ser Ser Lys Arg Gly
225 230 235 240
AAA CAT AAA AAT TTA CAT GGT TCT AAA GTA TTT GAT AGT AAT GGT ATA 886
Lys His Lys Asn Leu His Gly Ser Lys Val Phe Asp Ser Asn Gly Ile
245 250 255
TAT GAT ATT GAT CCT AAA AAT TGG AAA ATT GAA GAT GAT GAT AAA GAT 934
Tyr Asp Ile Asp Pro Lys Asn Trp Lys Ile Glu Asp Asp Asp Lys Asp
260 . 265 270
ATT ACT GTT CAT GAA AAT GCT GGA GAT CCA AAA AGT GAT TCA AGA CGT 282
Ile Thr Val His Glu Asn Ala Gly Asp Pro Lys Ser Asp Ser Arg Arg
275 280 285
TGT TAA ATTTITTAAAT ATTTGATTTT TTTTAAATAA ATATAAATCT ATATATTTAA 1038
Cys *
290

TAATATAATT TCTTTTAATT TTTAARATTAG TAAAATTTCG ATAATTTTAC TTAATTTTTT 1098
AAATTTACTA AATTGACTAR TTTTATTAAG AAGTAACTTC TAAAARAATTT GATTTTTTTT 1158
AAARCAAATA ATTATARATA TTTTTTAATT AAATAAATTT AATAATTACA AGATAAAAAA 1218
— AAARARAAAA AAMABAGGAA TTC ) 1241

52



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: other nucleic acid (A
DESCRI PTI O\NwoO/9ga8s78= " O i gonucl eoti de primer" (1i1) HYPGREUSSMN8077NO
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: GCCATTATCA ATCAAGGAAA TAT

23 (2) | NEORWSOR@N JoRRrGERED RpNEb 10: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 81 base pairs B) TYPE. nucleic acid (O
STRANDEDNESS: ddabl QUENCgNg;‘gRAgg S QGY: not rel evant (ii)
MOLECULE TYPE: ot her (Bloiie gmino acids " (A) DESCRI PTION. /desc =
"Codi ng sequence of (DSaﬂnoLmumruid%ailgnal sequence and start of toxin
protein" (Li;) HYPOTHETI CAL: NO (i x) FEATURE: (A
NAVE/ KEY: CDS (i3) 'MOLECULE EYPH:opyetedR; 1. .81 (i X) FEATURE:

(A) NAVE/ KEY: Siixg) Ragbil®: pescripTioN: £ Ib%II: O\ 1..69 (Xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 10: ATG AAC TTC CAA AAC ATA TTC ATA TTC
GTG GOG TYATAYR ¥TGTREGRGTEeu Phe Phe Ikg SppiThksRLPReUG@IR AR Lvse Phe |le Phe
Val Ala Leu'lle Leu Ala Val 1 5 10

15 TTC @6 EReAr&N\SeT BheChAtn @y THECséA TeuME AXFaGlu Gly Val Asp

81 Phe Ala Gy Gn %r An Ala Ay Agp Asn Ay 20

25 MD 98/ 14578

pCT/ Us97/ 18077 F {38 FREGMATT SFAES &E™D ‘ﬁg Yal Ile Asp Ty¥ \CYSEQUENCE

CHARACTERI STI CS: (A) LENGTH: 27 am no aC|ds
Asp Tlsné‘ Arg His Pro Asn Asn Leu Cys Lys Lys Tyr Phe Glu Ile Asp
55

Ser Tyr Trp Asn Asp Asp Thr Asp Cys Phe Thr Asn Ile Gly Cys Lys
65 70 75 80

Val Tyr Gly Gly Phe Asp Ile Ile Gly Gly Lys Ala Pro Lys Ile Gly
85 20 85

Thr Val Cys Arg Leu Lys Lys Gly Lys Asn Lys Phe Gly Tyr Cys Asn
100 - 105 - 110

Ser Lys Gly Asn Cys Val Glu Arg Asp Phe Ile Glu Ser Phe Gly Val
115 120 125

Ser Ile Lys Ile Lys Gly Ile Ser His Arg Gly Asp Asp Glu Pro Ala
130 135 140

Cys Pro Leu Tyr Glu Asn Thr Trp Ile Asn Tyr Gly Lys Cys Asn Glu
145 150 155 160

Pro Tyr His Cys Gly Thr Asn Tyr Gly Leu Phe Tyr Ala Asn Lys Arg
165 170 175

Lys Leu Asn Tyr Phe Pro Asp Asn Gly Gln Lys Cys Asn Ser Lys Tyxr
180 185 190

Glu Ile Tyr Gly Val Cys Tyr Leu Gly Arg Cys His Gly Thr Gly Asn
195 200 205

Phe Ser Asn Gly Glu Val Phe Ser Glu Phe Gly Thr Ile Phe Lys Asp
210 215 220 .

Val Glu Ile Val Thr Leu Ser Asp Gly Lys Asn Ser Ser Lys Arg Gly
225 230 235 240

Lys His Lys Asn Leu His Gly Ser Lys Val Phe Asp Ser Asn Gly Ile
245 250 255

Tyr Asp Ile Asp Pro Lys Asn Trp Lys Ile Glu Asp Asp Asp Lys Asp
260 265 270

Ile Thr Val His Glu Asn Ala Gly Asp Pro Lys Ser Asp Ser Arg Arg
275 280 285

Cys *
290
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(B) TYPE: am no acid (D TOPOLOGY: |inear (i) MOLECULE

TYPE: protein (xi) SEQUENCE DESCRI PTION:. SEQID NOII: Mt Asn Phe
A n Asn || el Phe Val Ala Leu Ile Leu Ala Val 1

10 111.4»73 15 Phe Ala Gy Gn Ser An Ala Gy Asppﬁg/ﬁ’sg’vm-’s

20 @(32; | NFEQRMATI ON FOR SEQ | D NO. 12: (i)
SEQUENCE é%ﬁ&@?ﬁﬁ'fé?’r‘ R SEQ ID NO:5:( Ay | ENGTH. 57 base pairs (B)
TYPE: nucl ei ¢ @¢i gkouence cmdg-ﬁixsﬂ'E’ANDEDNESS doubl e (D)
TOPOLOGY: not rel elFANLENGTH: qqt¢s¢@hEEULE TYPE: other nucleic acid

(A) DESCRI PTI ON: RANDE s pence for signal sequence and

begi nni ng of EXOsog§ g;b '@f Tuticle protein" (i)

HYPOTHETI CAL: NO (ix) FEATURE (A) NAME/ KEY: CDS

(B) LOCATI ON: (it} @PECULE '&?? FEXTOREReic acid A) NAI\/E/ KEY: sig_ peptide
(B) LOCATI ON: 1..48) DESCRIPTION: sﬁ%ENCEOMFM%‘%e BEMerh NO 12: ATG TTC
AAG TTT GIC A_‘E@)%ﬁﬁ&-@ @bT TTG GGC CTG GCG GIG GCC 48 Met Phe
Lys Phe Val Met Ile Cys Ala Val Leu Ay Leu Ala Val A a 1 5
10 15 GAT AAT GCGC

57 Asp Asn Gy  (2) | NFORMATION FOR SEQ I D NO 13: (i) SEQUENCE
CHARACTERI STI Gib SEQUENCE DESCRIPTE®Y: bE]NG@DHio.6Q ami no acids (B)
TYPE: am no (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: pr otA'e"F’?PCTTGT ATTTYIIAIT SEEDENCE DESCRI PTION: SEQ I D NO 13: . Met Pfe Lys
Phe Val Mgk |i1sﬁ‘oﬁM$r16i:85'o\€abEd-QB ¥3:¥.Leu Ala Val Al a 1 5

10 15 Asp Asn Ay

56 (i) SEQUENCE CHARACTERISTICS:

{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single -
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = "Oligonucleotide primexr"

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
ATCAATTAAT GAAGTTTTAT TAAAAGA ' 27
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide primer®

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
TCTTTTAATA ATATTTCCTT AATTGAT ) 27
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS: e
(A) LENGTH: 21 base pairs
(B} TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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WO 98/ 14578 PCT/ US97/ 18077
(2) I NFORVATI ON FOR SEQ I D NO 14: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTHywé4gndage pairs (B) TYPE: nucleic aci dpcTnsez7/i8077 (C)
STRANDEDNESS: doubl e (D TOPOLOGY: not relevant . (i)

MOLECULE TYP t S ecBHE achd. (A) DESCRI PTION: /desc =

" - B 1 4

Codi ng sequgh 2 (H) DEéﬁﬁjpgicﬂ& @e&f‘ﬁ Esliccgﬁgtnaﬂquaueepmrstart of mature
Tox34 protein” . (il |l) HYPOTHETI CAL: NO (1 x) FEATURE:

(A) NAVE/ KEY{iigGhGHYPOTHETICAL: NQz) | OCATI ON: 1..126 (i X) FEATURE:

(A) NAME/ KEY: sigpeptide (B) LOCATION: 1..112 (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 14: ATG AAA ATT TGT ACA TTT TTT ATT CTT
TTA TTC AAA ATG AAC TTG TTT 48 Met_Lys Ile Cys Thr Phe Phe Ile Leu-
Leu Phe Lys Bt ASFRYENGE pRSCRIBETON: SEQ 15 wordg 10

15 TTT Thaetddachd Taddbdcider ACA ATT TTA GCA GI T AAA CCT TTT AGG TCT 22
96 Phe Leu Phe Ile Ile Pro Thr Ile Leu Ala Val Lys Pro Phe Arg Ser

20 (2) INFORMATEOY FOR SEQ ID NO:9: 30 TTT AAT AAT ATT TCC TTG ATT GAT
AAT GGC (i) §EQ UENCE CHARACTERISTICS: 1206 Phe Asn Asn Ile Ser Leu Ile Asp
Asn dy DA) LENGTH: 23 base pai48 (2) | NFORMATI ON FOR SEQ I D NO 15:
(i) SEQUENCE CHARACTERNSH| @8cleic acid (A) LENGTH 42 amino acids
(B) TYPE: amino amgi; vt &;‘EﬁleTCPG_OGY |i near (ii) MOLECULE
TYPE: protein CRPFuGE R  DESCRI PTION: SEQ I D NO 15:  Met Lys Ile
Cys Thr Phe Phei)l MerEmmEel erEPheHey soddleidsivilieu Phe 1 5
10 (A)] PESCRIPTLEN; F‘HESCFI "P}igoprgtephids PEiP Ala Val Lys Pro
Phe Arg Ser (is3) mveormeriédl: wo 25 30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GCCATTATCA ATCAAGGAAA TAT . 23

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 81 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: not relevant

(ii) MOLECULE TYPE: other nucleic acid ’
(A) DESCRIPTION: /desc = "Coding sequence of
Sarcotoxin IA signal sequence and start of toxin protein"

(iii) HYPOTHETICAL: NO
(ix) FEATURE:
(A) NAME/KEY: CDS
, (B) LOCATION: 1..81
{(ix) FEATURE:

(A) NAME/KEY: sig peptide
{B) LOCATION: 1..69

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

ATG AAC TTC CAA AAC ATA TTC ATA TTC GTG GCG TTA ATA TTG GCG GTG 48
Met Asn Phe Gln Asn Ile Phe Ile Phe Val Ala Leu Ile Leu Ala Val
1 5 10 15
TTC GCG GGA CAA TCT CAG GCG GGG GAT-AAT GGC 81
Phe Ala Gly Gln Ser Gln Ala Gly Asp Asn Gly
20 25
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Phe Asn Asn Ile Ser Leu Ile Asp Asn Ay 35 40
(2) 1 NFCRMATI O\I FOR SEQ | D NO 16: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: pairs (B) TYPE: nucleic acid O
S RANDE O S8 S ng e (D) TOPOLQGY: | i near PCT/USSTIL80TY

57

PCT/ US97/ i@oﬁm‘é I?IY FPR NEREEURR  ¥YPE: ot her nucl ei ¢ aci d ' (A
DESCRI PTI ON: / deSc sEgushicE GfHARAC BRI S TS (iii1) HYPOTHETI CAL: NO

(i x) FEATURE: (a) L Tnmlat@b agidef eat ur e (B) LOCATI ON:
1..28 (D) @ 3PN /note= "At position 10, Nis

I nosi ne; at position 21, |s A, &, II' or C." (xi) SEQUENCE

DESCRI PTI ON:  SEQ ) BobiQuis: TYe@CERAEERAN YGTGSWGTWY NTKGGMGG -

28 (2) | NFORMVAT].ON_E E D NO 17: SEQJENCE CHARACTERI STI CS:
(A) LENGTH 7 &t 8%"%8? BRsCRrBITon: SBR ’i"ﬂ(ﬁ&g ini no aci d (O
STRANDEDNESS ashi #1# €1n Asn Ile phd Ple HHROAICK1a ledetle Ten Alal V31 MOLECULE
TYPE: pepti?de (i1i1)SHYPOTHETI CAL: YF_QS (xi) SBEGUENCE

DESCRI PTI D R, Jyr Leu Gy Gy 1

5 (2) IN QEN ﬁﬁséﬁﬁﬁ“o“ﬁo%ié ASP as H’) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 25 base pairs (B) TYPE: nucleic acid (O
STRANDEDNEBS: IN§'PW@F‘§°N FOR SEQ ID MNOr1FOPOLOGY: |i near

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 57 base pairs
{(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: not relevant

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Coding sequence for signal
sequence and beginning of Drosophila melanogastexr cuticle
proteinn® .

(iii) HYPOTHETICAL: NO
(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..57
{ix) FEATURE:
{A) NAME/KEY: sig_peptide
{B) LOCATION: 1..48B
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
ATG TTC AAG TTT GTC ATG ATC TGC GCA GTT TTG GGC CTG GCG GTG GCC 48
- Met Phe Lys Phe Val Met Ile Cys Ala Val Leu Gly Leu Ala Val Ala
1 _ 10 15
GAT AAT GGC ’ _ 57
Asp Asn Gly
(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 19 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Met Phe Lys Phe Val Met Ile Cys Ala Val Leu Gly Leu Ala Val Ala
10 15

Asp Asn Gly
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¢ii) MOLECULE TYPE other nucleic acid (A) DESCRIPTION: /desc =

"digonucleotide.” (ii1) HYPOTHETI CAL: NO (i x) FEATURE:
(A) NAME/ KEwWO 9/1:4878 f eat ur e (B) LOCATION: 1..24 pqmsg7,1§@7
OTHER | NFORMATI ON: /note= "At position 23, Nis A T, G OE:A%C AKNGG
(Xi) SEQUENGErRRSGRNRA Gdk sHaQrb RoMgk18: GOGAATTCOGG MABVMH
25 (2) I NFORVATI ON FOR SEQ I'D NO: 19: (|) SEQUENCE CI—|ARACTE5R138TI Cs:
Q SCHARACTERISTICS:

(A) LENGTH 6 é:\‘h ﬁ§ @?GTH 126 base paJ.rs PC-I-/ USQ?/ 18077
WO 98/ 14578 (B) TYPE: nucleic ac .
(B) TYPE: am no aci(d) STRANDEDNEsZC)aoé‘ﬁRANDEDNES_S: single (D)
TOPOLOGY:. linear (D) TOPPROGVEL EGUIELSHRE: pept | de (iii1) HYPO;I'/H:ETIQICAL:-
NO (xq Sﬁ%%CRIPTIG\J SE ID Pro Met Va S

(11)
Leu Pro ) DESCRIPTIONT Q\LJ.: ﬁ?ol:[) NO. 20: (i)
SEQUENCE CIW &43@Ssignal sequenc Qo I'S (B)
TYPE: nucl e|‘9€°%§:5ind (O STRANDEDNESS single . (D)
TOPOLOGY: | i negy, HYPO dar VL ECULE TYPE: ot her nucleic acid (A
DESCRI PTI O\I ‘f)g{esc = | gonucl eoti de."' (iii) HYPOTHETI CAL: NO

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..126

{ix) FEATURE:
(A) NAME/KEY: sig peptide
(B) LOCATION: 1..112

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

ATG AAA ATT TGT ACA TTT TTT ATT CTT TTA TTC AAA ATG AAC TTG TTT 48
Met Lys Ile Cys Thr Phe Phe Ile Leu Leu Phe Lys Met Asn Leu Phe
1 5 10 15

TTT TTA TTT ATT ATT CCA ACA ATT TTA GCA GTT AAA CCT TTT AGE TCT 96
Phe Leu Phe Ile Ile Pro Thr Ile Leu Ala Val Lys Pro Phe Arg Ser
20 25 30

TTT AAT AAT ATT TCC TTG ATT GAT AAT GGC 126
Phe Asn Asn Ile Ser Leu Ile Asp Asn Gly
35 : 40

{2) INFORMAiION FOR SEQ ID NO:15:
(i)} SEQUENCE CHARACTERISTICS:
{3) LENGTH: 42 amino acids
{(B) TYPE: amino acid
{D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Met Lys Ile Cys Thr Phe Phe Ile Leu Leu Phe Lys Met Asn Leu Phe
1 ' 5 10 15

Phe Leu Phe Ile Ile Pro Thr Ile Leu Ala Val Lys Pro Phe Arg Ser
20 25 30

Phe Asn Asn Ile Ser Leu Ile Asp Asn Gly
35 40

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRI PTION: SEQ I D NG 20: TCGACCTCAG GGCAGCTTAA GGCCTGCAGG

30 (2) | NFORMATI ON FOR SEQ I D NO 21: (i) SEQUENCE CHARACTER! STI CS:
(A) LENGTHw@@sk pairs (B) TYPE: nucleic acid O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (i i SNV ELY

TYPE: ot her nucl ej id . é%l DESCRI PTI ON: /d_esc =

01 gonuch eot ik WeLrls myn: epmmmilaig ey | L (Y sequence

DESCRI PTI ON: SEQ I'D NO 21 TCGACCTGCA GACETTAAGC TGOOCTGAGG

30 (2) | NFCRVNTIHIROFEBTISED MO NO. 22: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 395 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: (; dp W 8uRE: (D) TOPOLOGY: not rel evant (i)
MOLECULE TYPE. DNAAf§ geaMBAKEY: misc_fehtuge HYPOTHETI CAL: NO

59 VO 98/ 14%% 8EOCATI§§!E‘ SohaT gEA EF?F mitégbllc MS

PCT/ US97/ 18077110 ot ol INEORRES f% | BFRRE p N&%22:  CGATAACAAC
TTTAAAGTAA %é%ﬁei‘ﬁ%cf CAACACTTGA COGEA CCCrAkATAGAATG 60 ACAAAGAATG
TTTTCATCGT TTCGTCGCCC ACACAATTCA AACATAACGT TATCTTTAAA 120 GATAACAAAT
GATGACATAT ATTANAPREINGECPERRAPATONKCARGAL AN LEACAACTTAC 180 GTCATCGTAA
CCTTGAAT TAcAAAESHARGA AT TEEGAATATCGTTAA TTCTAGGAAG 240 TTGGFCACAA
ACAACTTACG TCATCGTAAC CTTAGGTCAA ATCGTTAATT CTAGGAAGTT 300 GTGCACAAAC
AACTTACGT (2 ATHFRRMETTAN TFPRATRA TP INGABET GCAAT CGTCATCGGA 360 TCAAACGATT
TCGGTTAAAT TTQ! GT CTERTSTICS: 395 (2)

| NFORMATI ON Fgﬁb\s ) | LENWHZ 3 amino acids

(B} TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: YES

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Ser Val Gln Tyr Leu Gly Gly
1 5

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide."

(iii) HYPOTHETICAL: NO

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..24

{D) OTHER INFORMATION: /note= "aAt position 23, N is A, T,
G oxr C.v

- {xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
GCGAATTCGG MABVMHCACC AKNGG 25

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 2025 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: doubl e (D)
TOPOLOGY: nwWO 98a4srsant (1i) MOLECULE TYPE: DNA (genoni cpcTruso7/8077)
HYPOTHETI CAL: NO - (ix) FEATURE: - (A) NAVE/ KEY: CDS

(B) LOCATI ON: 320. (g8&%pE: amind %kia SEQUENCE DESCRI PTI ON: SEQ I D NGO 23:
TCGACAGAGT TATATTATA)T sArAnpEDERSE S{gIeT TGIT GCGTATGACA TCATAGGTAT 60
TAGTACTGIC ATTGCTAART TRFMOSEATIEARSAATAATTATC TTCGITGAGG TTATCACGAA 120
CACTAGTAGT CA ﬁé&%{ﬂ TACACA CATCAAAGTA AACATGITTA 180
CTTAAACAGT AA% AA TAQ% %C&%& ACGCACGC CACTATAAGA TGCAGCATCC 240
CGTCCGTITGG TCAMIITRYRGHRTIOMGCGET C TGACCCATAA ACGGACGTGC GCTAATTTTT 300
TTTTATTGCT AAATTCAAA ATG TAC AAA CAA ATA ATA ACT ATG TTA TTG TTG 352
Met Tyr Lys GAn lle Ile Thr Met Leu Leu Leu 1

5 10 GIG TTG TTT CTG TCG GIT CTG GAT GGA GCG CGT ATC CTG
TGC GIT TTT (xi) SEQURNCYPESCRIPTEAN: |S8Q BeMNOVEY: Leu Asp Ay Ala Arg Ile Leu
Cys Val Phe 20 25 CCT
GIT ccT TCG TAD alf™ A&t E%E?L&Kr&e TTC GAA GCT TAC ACC AAT 448 Pro
Val Pro Ser Tyr Ser His His Ala Val Phe Qu Ala Tyr Thr Asn 30

35 (2) INFORMATIQN FERPEQTIR MOXZOFCG CGT GGC CAT ACA ATA GTC AGA ATT ACA
CCG TTT CCC (i) spdS&ich! Gmkatretarreq, Arg Gy His Thr Ile Val Arg Ile Thr
Pro Phe Pro . 4%n) LENGTH: 30 base pai2f 55

60 WO 98/ 14538 TYPE: nucle:.c acid

PCT/ US97/ 18077 Al CQ@E C%’F‘S’FGA TCC AAC GTG ACA GAT GIC GAC GIT AGC
TTG 544 Thr 'L VS ASni RSP Ser Ser Asn Val Thr Asp Val Asp Val Ser
Leu 60 . {ii) MOLECULEGEYPE: other nucleic acidO 75 TCG
AAA GAT TAT TTT AAARAGESERIFTINNG (AESCEA"EToRGAETISTTC AAG 592 Ser

Lys Asp Tyr RBe;\l¥Soasfkeri&it.Vi@d Asp Arg Ser Arg Leu Phe Lys
80 85 ' 90

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:.
TCGACCTCAG GGCAGCTTAA GGCCTGCAGGE 30
{(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other. nucleic acid
(A) DESCRIPTION: /desc = "Oligonucleotide."

(iii) HYPOTHETICAL: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
TCGACCTGCA GGCCTTAAGC TGCCCTGAGGE 30
(2) INFORMATION FOR SEQ ID NO:22:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 395 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D} TOPOLOGY: not relevant
{ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO
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AAA CGA GGC GIT ATT TCG GAA ACG TCC AGC GIG ACC GCT CGC AAT TAC 640-
Lys Arg Ay Val Ile Ser Qu Thr Ser Ser Val Thr Ala Arg Asn Tyr

95 100 105 ATC AGT CTA GTA gHC ATT
T can T @G AcT ara 588 116 Ser Lou val ATREIRS

Asp G n Phe Ser Val du Ser Val 110 115

120 CGA CAA TTG ATC GAA TCC AAC AAT GIT TTC GAT TTG TTG GIG ACC GAA

736 Arg An Leu Ile Au Ser Asn Asn Val Phe Asp Leu Leu Val Thr Qu 125
130 (xi) SEQUEIRE DESORIHTIPNCTIEQGATF NOAP2CCT CTG GIG TTT TCG CAT TTG

TIT GGC ay 2B ’!%‘I 48TTAAAE’§AAA %Eﬁwfﬁﬁ&%gé?&rgxrc@cﬂ&&é %@Hﬁr&s‘er Hg Leu

Phe

155 CCT SAaAKxrcCRfrATcdCBrd@¥acCaT ACACAKSTTA TANCAGOROBARATONTTAAAT GAQL20
?gg Pro VaI l lCAAAT GATl%gA%%E A%'Ie‘ZKAA(IE"T T %G%G@IWA%%%@ﬂ%GCGU@AS%n j;’%he GAI&}@GQ
CAT CCC AddcabéérabAdcticAnten] addfeThihn ACAATTTC&SOAT'BITE:GWIA Srorabband/al Seqo Arg
Hs Pro lle 'I(';yr Tyr Pro Asn Leu Tﬁ& 180
185 CGC AIRECRARMATFARCAARIN FCHTORT %C@TW@@GKWTMTM&A% ATC00
928 Arg AéfPGdA)éﬁAﬂ‘ﬁA@ﬂcé?@ AERATRR A %ifém@ dbdalr8cAdrecdiiartbdn | | € 360
190 TAT ACA GAA CTG GIG CTG TAC
TTG GAA TWAWWRA@ET@@W GTGTG 976 Tyr Thr Qu Leu Val L2 Tyr

518 G&APK%%%&@?@M@&A ITC GoA OCA AAC ACG COC AGC GTG

1024 A n Thr UKys MUEIL@JC%CMS@W ‘Phe Gy Pro Asn Thr Pro Ser Val 220

225 () JLFNGTH: 2025 base pairsp35’ GAA GAA CTG CGA CAA CGC GIT
CAA TTA TTG TTT Gig SR &, 1072 Qu Qu Leu Arg A n Arg Val
A n Leu Leu Phe Va(ln) Asorolbay :Hhst Eié!l)evant 240 245
250 CTG TTT GAT AAT AAC AGA OCA CCG CCG AGT GTA CAA TAT TTG GGA

1120 Leu Phe ‘Adh "REFCEETHER; PR ‘V&’I‘“PF& Pro Ser Val Adn Tyr Leu Ay

255 (1ii) HYPORTICAL: NO 265 AGT CTA CAT CTT GAT CGA AAC
AAT GAT GIC GAC GAA CAG CAA ACG ATG 1168 Ser Leu H's Leu Asp Arg Asn
Asn Asp Val Ats)&% CEF% ) G n Thr Met 270 275

280 GAC TAT ART ( oA &0 TTA AAT AAT TCT ACA AAC GGT GIG GTG

1216 Asp Tyr Asn Ley ddearTidm E&ne..hemAsn Asn Ser Thr Asn Gy Val Val

285 290 . 295 TAC GIG AGC TTC GGTI ACG TCT
ATA CGA GIT TEA) GoutNGE Fke dgAASE m nok284 Tyr Val Ser Phe @y Thr Ser
Ile Arg Val S(Sf% Asp Met AspAs 300 305

310 . TCGACAGAGT TABHIFATTN RTCAXTCTET TGAACTICETAGVETATARWCTCATRGEIRG CAA UTA

COC TAT AL AR arrodilkés RiSekGigE o brRierhixdy ShanBlEnkys Qb Loy

Pro Tyr Asn 330
61 CACTAGTAGT CATCGTGACG ATAGATATCT GTAATACACA CATCAAAGTA AACATGTTTA 180
CTTARACAGT AACTGAATAA TAATTTCAAC ATACGCACGC CACTATAAGA TGCAGCATCC 240
CGTCCGTTGG TCATCTTTCG ATAAACGCTC TGACCCATAA ACGGACGTGC GCTAATTTTT 300
TTTTATTGCT AAATTCAAA ATG TAC AnA CAA ATA ATA ACT ATG TTA TIG TTG 352
Met Tyr Lys Gln Ile Ile Thr Met Leu Leu Leu
5 10
GTG TTG TTT CTG TCG GTT CTG GAT GGA GCG CGT ATC CTG TGC GTT TTT 400
Val Leu Phe Leu Ser Val Leu Asp Gly Ala Arg Ile Leu Cys Val Phe
15 20 25
CCT GTT CCT. TCG TAC AGT CAT CAT GCA GTG TTC GAA GCT TAC ACC AAT 448
Pro Val Pro Ser Tyr Ser His His Ala Val Phe Glu Ala Tyr Thr Asn
30 35 40
GCT CTA GCG TCG CGT GGC CAT ACA ATA GTC AGA ATT ACA CCG TTT CCC 496
Ala Leu Ala Ser Arg Gly His Thr Ile-Val Arg Ile Thr Pro Phe Pro
45 S0 55
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TTG TGG AAG ACC GAT GGA ATG CCC ATG GAA CAC GTA CTG CCT AAA AAT 1360
Leu Trp Lyswoogndsyp Gy Met Pro Met Gu His Val Leu Pro Lys @ggms 80
335 340 345 GIG TTG ACA CAA Al ‘?C% a'G

CCG CAA CAerGAE STA AREGAMEAARe ara AC]\4Q&§E RV eFPradd Brd N Trg eu

Pro G n HtarHys Ygd AlsAuAdp/SetiserS8én val Thr a 1 Asp Val Ser Leu 399
360 AAT GPA GIT GCT TTT GI%5 ACT CAA GGC GGATATG CAG TCA ACG TAC GAA

1456 Asn V@b M3l afth 3aRNPrrVdha T g'inegsygg ET%@ %ﬁ; 8 gTZSééA

365 Ser Lys Asp Ophe Lys Ser Leu val
CTAATCGGAATCCCGTTTS‘UTGCIBCGAC Ala Ile AspsAIa Cys Vval Pro

Leu Ile GA)AAIée Pro Phe Met

g RRRBREAENMIY,
e r

CTC GAT ?33 cgeﬁ‘cﬁ SXT SERXST ﬁf 68600
zﬁg hep PF” %fu 3:%0 % ? e Egg GAngG Acc\fﬁc:%%c AAC AAG

23 CRARACERT GTIT T RTH T GTRACYaGAMASN AsIT3BYS
éeG;.r g% ¥§9 %?ﬁg‘:}gﬁrge{ nhsp Val PEG;?% eg Leu Val Thr Glu 435 Y

440 TTG AAT TCC ACT AAT ‘?CGAACACGG > CCT ATG GAA AAG GCC
1696 Leu ASA TATgCBeGATITATASOT Tye ¢rq) TFhrrcar cal wee Pror bbd ciiructy/s Al a 7ss
445 Ala Phe Leu Agglyr Pro Leu Val Phe SexcHisnTeuTRHE G ARCAVGAA CAT GTA
ATT GAT AAFPGGT AAA AAT CCB*ATT TTA 17¥%® 11e Trp Tyr TH®Q u H s Val
Ile Asp Aser@me hys cAsmaTr ocd ITeclesr 4RO ceT TTG Goc GAA AAT 49® Gag
470 Pro Val Ile GAuSIilepSgr RE6 FAGHBTR1E0BWAT: Gl ASGFRATGIAGC AAA TAT
TAT ATG AGT GAT 172 Lys Thr Lys AI*%5Ala Asn Val Sel7®yr Ser Lys Tyr
Tyr Met Seica”Sie eea ecc 6Te ace caad&d ccc arr Tac TaT ceal8Rr Tr6 TG 85g 490
ATC ATC GFRrQEF G 228 VaACS:d REg THIE &Fd AECrACTYLAAkoTAén Gl TAG 1840
lle Ile Val Pro Val ¥Pe Thr Phe Leu ¥&® Met Thr His Lé%ﬁGly dn
495 cec aac aaa T@9%can aar TTA Anc erT THBOGA éﬂ A’;[E]I‘ TG GITg
ATT TAA TACT AT GAATERARAC Leu Asn val TrpSElL Aba TleeTdY¥ @1drfid eu Val®
I1e * 51@90 1%15 ATGIGITAAT ZGMAAAAGGCA TTACTAATAT
TTAGATTGT ad TTG %él? ol GCT. Agg%g:T AG
CTTTAAATAGyA Leu
2025 (2) 1 NFRGRVATI ON FOR SE@1bD NO 24: 21%i ) SEQUE
G*ARACTERIQIIA(& AAA.ATG CTT CGC CAQ"AQAA E@'(?T GGA gc]AGAgcr:n ALS 8 aCI ds 1024

Gln Thr Lys Met Leu Arg His Gln Phe Gly Pro Asn Thr Pro Ser Val

220 225 230 235

GAA GAA CTG CGA CAA CGC GTT CAA TTA TTG TTT GTG AAT ACG CAT CCG 1072

Glu Glu Leu Arg Gln Arg Val Gln Leu Leu Phe Val Asn Thr His Pro

240 245 250
CTG TTT GAT AAT AAC AGA CCA GTA CCG CCG AGT GTA CAA TAT TTG GGA 1120
Leu Phe Asp Asn Asn Arg Pro Val Pro Pro Ser Val Gln Tyr Leu Gly
255 260 265
AGT CTA CAT CTT GAT CGA AAC AAT GAT GTC GAC GAA CAG CAA ACG ATG 1168
Ser Leu His Leu Asp Axg Asn Asn Asp Val Asp Glu Gln Gln Thr Met
270 275 280
GAC TAT AAT TTG ATG CAA TTT TTA AAT AAT TCT ACA AAC GGT GTG GTC 1216
Asp Tyr Asn Leu Met Gln Phe Leu Asn Asn Ser Thr Asn Gly Val Val
285 ' 290 295

TAC GTG AGC TTC GGT ACG TCT ATA CGA GTT TCA GAC ATG GAC GAC GAA - 1264

Tyr Val Ser Phe Gly Thr Ser Ile Arg Val Ser Asp Met Asp Asp Glu

300 305 310 ——— 315

TTT CTG TTT GAA TTT ATA ACA GCT TTC AAG CAA TTA CCC TAT AAT ATA 1312

Phe Leu Phe Glu Phe Ile Thr Ala Phe Lys Gln Leu Pro Tyr Asn Ile

320 325 330
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(B) TYPE: am no acid (D TOPOLOGY: |inear (i)

MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION. SEQ | D NG 24:

62 Worak/ikd e’ 8 PCT/USY7/18077

PCT/ US97/ 18077 Met Tyr Lys GAn lle Ile Thr Met Leu Leu Leu Val Leu Phe Leu

Ser 1 s 1%5 aari®  Vaheleu
'r'rc TGG ccoe TG CTG_CCT AAA

ssp oy ATEVAEE 08 BO0D SEDACERREE AE0 O 5 RTS8

Ser Hs His Aha Val Phe Qu As4s Tyr Thr Asn Ala Leu

Al a Ser Ar gi% ﬁ‘ﬁ gg G;ilalés
Al CTG_CCG T G AAAR CAC A 4
Thr 11e VajoaALL; ke ﬁ&i&%ﬁiﬁ,ﬁﬁﬁ Said) G Muﬁﬁ;g His §
55 350 Ser” Ser 29551 Va Thr Asp \&lo Asp VaI Ser Leu Ser
Lys Asp T
T T8 ACT 1456
o0’ Uys S B G 96T GO 6 MR SRR B 3y 1o
85 365 370 elg-;?a u r Se er Val Thr Al a
Arg Asn Tyr Ile Ser Leu Val H's 100 105
110 Met L@F B’F‘é GAngQ'H HG'Plgé?l\ ?%@{W&FG& %lFAICI e d 3504
115 a P A3 Cys Val Fro Leu Ile Glyp tesgFe SiEhe Asp Leu
Leu Val Thr Qu Al a Phe Leu Asp Tyr 130 135
140 Pro LeAR 9gA TRACAPSEACHAST|ARA TR GEA\GAAS Q/&GAIM@ GGH CBCer2a@ N | | 5325
150 Gln Ala Tyr 1‘*1’55"r hsn Lys Tyr Glu Glysheu 8Ly gy C4Y XEiASTAl a Leu Al a
G u Asn Phe du Thr gfy Al a Val 40 165 170
175 Ser Aexy Bhe décoe-rpl acd\orcTyaa Bep cAsratrerrel Gpe Aray doo erysrfghe G nesoo
180 Leu Asp Pro Vg5 Thr Leu Thr Ser His IflgQLeya¥pl |Say %W&ILePr p GQulle
lle Thr Au lle Tyr ¥ Qu Leu val 4%2° 195 200
205 Leu Texr bed xccUcN@nAldcAlE hét cbtaradsiodSchr A AT AhiSedibt Leusass
210° Asp Val Thr WfI5Asn Asn Lys Sexr Arg Ty220hr Asp AdnsIlg dyPdady Pro Asn
Thr Pro Ser Val &8 Gu Leu Arg G'# 225 440 230
235 16 aAT ceT PO acP e VBl &0 b UodeChind8r il &% akBredd S Praebgu
Phe Asp AsrevAssSn Arg Ser Thr Asn Tyr Arg Thr Arg Lys Pro Met Glu Lys Ala
445 450 455
ATC TGG TAC ACA GAA CAT GTA ATT GAT AAT GGT AAA AAT CCC ATT TTA 1744
Ile Trp Tyr Thr Glu His Val Ile Asp Asn Gly Lys Asn Pro Ile Leu
460 465 _ 470 _ 475
AAA ACG AAG GCC GCC AAC GTA TCG TAT AGC ARA TAT TAT ATG AGT GAT 1792
Lys Thr Lys Ala Ala Asn Val Ser Tyr Ser Lys Tyr Tyr Met Ser Asp
480 _ 485 490
ATC ATC GTT CCT GTT ATA ACG TTT TTG GTA ATG ACT CAT TTG GGT CAG 1840
Ile Ile Val Pro Val Ile Thr Phe Leu Val Met Thr His Leu Gly Gln
495 500 505
GCT ATT CGG CGG TTG GTT GTT ATT TAA TACTGTATGA CAATGTACAC ' 1887
Ala Ile Arg Arg Leu Val Val Ile *
510 515

ATGTGTTAAT AAAAAAGGCA TTACTAATAT TTAGATTGTT TCAAATTATT TACGCATGAC 1947
TACCCGTCTC CTATTGCGCA GCTACGCTAG CTTTAAATAC AGCCGATGGC -GTAGTAAAGT 2007

TCATTTAAAT ATCTARAT 2025

{2) INFORMATION FOR SEQ ID NO:24:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 516 amino acids
(B} TYPE: amino acid
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
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245 , 250 255 Arg Pro Val Pro Pro Ser Val

A@n Tyr Leu Gy Ser Leu H's Leu Asp 260 265
270 Arg Awa)masﬁsp VaI Asp Au @n dn Thr Met Asp Tyr Asnpdgtisdfiiser7
275 285 dn Phe Leu Asn Asn Ser Thr
Asn P, 295
300 Thr\% y’?’ll Lyér \‘@lrﬂé e:"re %gz%tl'e,&spﬁgeud’al ﬁ PlflguLﬂ]e %lu Phe 305
310 320 Ile Thr Ala Phe Lys @ n Leu

" Pro Tyr Aed Pew Asp © ﬁ.lty%rgﬂq}e H Cys Val Phe Pro Val l§§ Sexr Tyr
330 5 dy Met Pro ¥t Qu Hs Val u Pro Lys Asn Val
Leu Thr @er #il¢ His Ala Val Phe3dfu Ala Tyr Thr Asn Ala34:5u Ala Ser Arg 350
63 WD 98/ B&578 :
PCT/ US97/_180Z7 p,Le r .. L.e n Val Val Ala
e ek § ThePrif Yal &ngi‘e '31%% HS @l o MBL% '13%5 81 anay
GIyIVthInSer Thr Asp GIuAIaIIeAs Al a Cys 370 375
380 Val ﬁ'rost’élf*spl %aJGTV‘-' I’Fﬁé’ Prb PPHeV%FeGEPuA‘s'?F &va %ﬁPaTYPSIrPhAsn Thr 385
390 395 400° Asn Lys Tyr d §°Qu Leu Gy
lle Gy Alys 861 deaUvdS AsProrgVsér By Leu Phe Lys Lys Argdfly val Ile 410

415 Leu Thr Ser Hi s ||l &Leu Val Ser Al as¥al Leu Asp VaI THhr Val Asn

420 43 S Tyr Thr Asp
Asn lle LY er gjl-u eul%%eﬂrVangll-}r .lar:ha Arg AanTYI'gife Isgr 5\ VaAf[ %is

105 110 440
445 Asn Tyr Arg Thr Arg Lys Pro Mett Qu Lys Ala Ile Trp Tyr Thr GQu
450 Met Leu Ile AgprGln Phe Ser Val Glu Sgg(ValHpxg ‘gap BeueIkes $lasn Ay Lys
Asn Pro Ile Leu¥ys Thr Lys Al a A2] 465 470
475 Ser Asn Asn Veﬂﬁ@hepﬁéb Yah 13QF valy Frndediul Xfa Pre oW adftryer Asp Ile
Ile Val Pro vap 135485 140 490 495

Il e Thr I:)prec Eg\lil \%&l P%%%elhﬁisHheu I'P%u 8)’ Asgrﬁ %rc%o lV%é J% éirgilgu

500 145 150 160 515

Ser Ser Gly His Ala Leu Ala Glu Asn Phe Glu Thr Met Gly Ala Val
165 170 175

Ser Arg His Pro Ile Tyr Tyr Pro Asn Leu Trp Arg Asn Lys Phe Gln
180 ’ 185 190 .

Asn Leu Asn Val Trp Glu Ile Ile Thr Glu Ile Tyr Thr Glu Leu Val
195 200 205

Leu Tyr Leu Glu Phe Ala Arg Leu Ala Asp Glu Gln Thr Lys Met Leu
210 215 220

Arg His Gln Phe Gly Pro Asn Thr Pro Ser Val Glu Glu Leu Arg Gln
225 230 235 ’ 240

- Arg Val Gln Leu Leu Phe Val Asn Thr His Pro Leu Phe Asp Asn Asn
' 245 : 250 255

Arg Pro Val Pro Pro Ser Val Gln Tyr Leu Gly Ser Leu His Leu Asp
260 265 270

Axg Asn Asn Asp Val Asp Glu Gln Gln Thr Met Asp Tyr Asn Leu Met
275 280 285

Gln Phe Leu Asn Asn Ser Thr Asn Gly Val Val Tyr Val Ser Phe Gly
290 295 300

Thr Ser Ile Arg Val Ser Asp Met Asp Asp Glu Phe Leu Phe Glu Phe
305 310 : 315 320

Ile Thr Ala Phe Lys Gln Leu Pro Tyr Asn Ile Leu Trp Lys Thr Asp
325 330 335

Gly Met Pro Met Glu His Val Leu Pro Lys Asn Val Leu Thr Gln Thr
340 345 350
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64 WD 98/ 14578 : o
PCT/ US97/ 18077 WE CLAIM 1. A reconbi nant DNA nol ecul e conprising a

pr onot er sq{,&g&,gfg,gromthe group consisting of a bacul R8T K
pronoter, a bacul ovirus DA26 pronoter and a heat shock gene pronoter,

and a coding_sequen or an insect-specj fi ' saj d codi ng
sequence Bﬁgﬁ‘ﬁucaﬁi@r §J§'f &Wilﬁﬁe}ﬁa‘]t §eo s ﬁh%ﬁ@éﬁf’e%%é%h% Q%%e regul atory
control of said pronoter. 2. The reconbi nant DNA nol ecul e of claim1
wher ei n s¥aX Tho@FimgChy GhEMet Gln Sercflyoden @n Alasdte Fspekial C¥s neur ot oxi n.

3.  The recddBinant DNA nol edlfe of claim2 Wi ein said coding sequence
encodes afal B$6ClensS PRE ichi C1IR2bAL hi CudteBIPIARK1 ol RO ML TRE the _
genus Pyessd es. 4, Thesgoeconbi nant ayel ecul e of cl ai wo@ wherein said
codi ng seguence is as given.in SEQ ID NQ |, nucleotides 120 to 873,
or a sequefitdy®s ™vr Ghy Frigat Shedle Cffﬁo%g fﬁ%rr‘m’cf*ﬁ%ﬁrﬂezgeaﬁﬁnce honol ogy

t hereto, and encoging a protein having insect-specific neurotoxin

acti vi ty. Leu Thr Ser His Ile Leu Val Ser Ala Val Leu Asp Val Thr Val Asn
420 425 430

Asn Lys Ser Arg Tyr Thr Asp Asn Ile Lys Ala Leu Asn Arg Ser Thr
435 440 445

Asn Tyr Arg Thr Arg Lys Pro Met Glu Lys 2Ala Ile Trp Tyr Thr Glu
450 455 460

His Val Ile Asp Asn'Gly Lys Asn Pro Ile Leu Lys Thr Lys Ala Ala
465 470 475 480

Asn Val Ser Tyr Ser Lys Tyr Tyr Met Ser Asp Ile Ile Val Pro Val
485 450 . 495 '

Ile Thr Phe Leu Val Met Thr His Leu Gly Gln Ala Ile Arg Arg Leu
500 505 510

Vval Val Ile ~*
518
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5. The reconbi nant DNA nol ecul e of claim4 wherein the encoded insect-
specific paralytic neurotoxin conprises an amno acid as shown in SEQ
I D NO 4. © wWoo9sn4s1g reconbi nant DNA nol ecul e of cl ai m4 whergerrossisercoded

I nsect - specific paralytic neurotoxin conprises an am no acid
sequence &g cramm: shown in SEQ ID NO 2, froman aspartate encoded at about
nucl eot i de 120 to a cystei ne encoded at about nucl eotide 873 in SEQ

ID NGO 1. 1.7 A RelRBYhd BHS rid@B&11IEC AbnpY1 S Qeﬁsm.dtép ses?s@@dnf@oxmﬁgot er

306 ! pr o BRS¢ RS Srilin il 80 o

for an | |Ji’§8‘8?te§p%’b°} £ BegtoRhef gg’i“’d"ﬁ%ﬂﬁtﬁﬁ ?é’d‘u%n‘ff’ P2 855t &85 AP
under the lnﬁeﬁxlsa?@rfycc'iﬂﬂlﬁolsaéfi eiing pregReRasr beingg oper ba§Eo%? r us
of claim7 wheredrexpaessegDundry Sheuegulnteony cgesreln of said prwterspeci fic
paralytic neurotoxin of a mte of the genus Pyenptes. 9. The

bacul ovirys of ﬁb%é@oﬁb%&%ﬁk hbfeck b 0l 1 SAEHRDE G2 &Ring sequghé!@n
in SEQ I D NO 1. I mggctl2 eZ[:P 87§é Qb ol sequence havi ng at | east
about 70' nucl €0 |dae Sequence "f ereto, and encoding a

protein having insect-specific neurotOX|n activity.

65 3D 9Ghe/rErgmbinant DNA molecule of claim 2 wherein said coding sequence
PCT/ US97/ 18077 entfdes aithinskacdpevifitspafaletixt metrotoeinifrotnhe mineosedhe

i nsect - speci fi Genus pyepafeadl.yticC neur otoxin conprises an am no acid sequence
as shown in SEQ | D NO 2. The bacul ovirus of claim 10 wherein
the encoded in t-s L aral ne r oxlLn cQ 36s an am no
acid sequence gglgsﬂeé%%mang A mdgc“ﬂf)#o Sam erelﬁ'hsalgzcu Ovi TUS or
clai m 7 wher ei i°saf FBER FRoFFR 0 FRi1a n“"le“‘r‘liﬁél B 6P yHedr o it fETence3,

The bacul ovi r udeging@y bfasg shans 70% sugleokids seauengedhomology thereto, and

nucl eopol yhedr cenicpdisngi 8 pdtein dphing dhséarr-apead £k clegastRdhydmadivesy s

Virus (AcMNPV)or Helicoverpa zea Nucl eopol yhedrosd Virus (HzSNPV). 14.

The bacul qyir Usthf réitfbHant! AtATholedde 132 W*ﬂﬁn?h%?e%@n N8R! e 5K insect-

promoter is a p%éop' hi | Qraq%l: n%qaétgtoxlgsé)omprpseg rm.’:.nc:o acid as shown in SEQ
' ID NO:4.
6. - The recombinant DNA molecule of claim 4 wherein the encoded insect-

specific paralytic neurotoxin comprises an amino acid sequence as
showvn in SEQ ID NO:2, from an aspartate encoded at about nucleotide
120 to a cysteine encoded at about nucleotide 873 in SEQ ID NO:1.

7. A baculovirus genetically engineered to contain a promoter selected
from the group consisting of baculovirus 6.9X, baculovirus DA26
promoter and a heat shock gene promoter and a coding sequence for an
insect-specific toxin, said coding sequence being expressed under the
regulatory control of said promoter.

8. The baculovirus of claim 7 wherein said coding sequence encodes an
insect-specific paralytic neurotoxin of a mite of the genus Pyemotes.

9. The baculovirus of claim B8 wherein the said coding sequence is as
given in SEQ ID NO:1, nucleotides 120 to 872, or a sequence having at
least about 70% nucleotide sequence homology thereto, and encoding a
protein having insect-specific neurotoxin activity.
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15. The bacul ovirus of claim 14 which is vHSP70t ox34. 16. The :
bacul ovirus of claim 13 which is v6.9-Tox34 or vDA26- Tox34. 17. The
bacul ovi r usygloggisag m 13 which is vHzDA26t 0x34, VvHSP70t 0x34, S97/180°77

vHz EGTHSP70t 0x34, vHz6. 9t ox34, and VvHzEGT6. 9t ox34, szHSP?Ot ox IX

szEGTDA2 ox3 e ul oyi rus of any of n whi ch
a gene en d| ng'h?irPaculc’v"rgEa‘i#)fg?’tﬂ BT JESSTH dfgns er'éssg?eﬁ Zlqoeen
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12. The baculovirus of claim 7 wherein said baculovirus is a
nucleopolyhedrovirus.

13. The baculovirus of any of claims 7 to 12 wherein said
nucleopolyhedrovirus is Autographa californica Nuclear Polyhedrosis
virus (AcMNPV)or Helicoverpa zea Nucleopolyhedrosd Virus (HzSNPV).

14. The baculovirus of any of claims 7 to 12 wherein said heat shock
promoter is a Drosophila melanogaster hsp70 promoter.

15. The baculovirus of claim 14 which.is VHSP70tox34.

16. The baculovirus of claim 13 which is v6.9-Tox34 or vDA26-Tox34.

17. The baculovirus of claim 13 which is vHzDA26tox34, vHSP70tox34,
VHZEGTHSP70tox34, vHz6.9tox34, and vHzZEGT6.9tox34, vHzHSP70tox34 and
vHzZEGTDA26tox34.

18. The baculovirus of any of claims 7 to 17 in which a gene encoding an

ecdysteroid UDP-glucosyl transferase has been inactivated.

19. An insect toxic composition comprising an amount of a baculovirus of
any of claims 7 to 18 effective for causing a toxic effect on a

target insect, and further comprising an agriculturally acceptable
carrier.

20. A method for the control of insect pests comprising the step of
applying the insect-toxic composition of c¢laim 19 to a habitat of
said insect pests. '
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