16SEP2003 -1 NOVEL PESTI Cl DAL PROTEI NS AND STRAINS The present invention is
a continuation-in-part application of U S. application serial nup‘gejEP 200
08/ 037,057 filed March 25, 1993, the disclosures of which are herein
incorporated by reference. FIELD | ON The present invention is drawmn to

met hods and conpositions for controlling plant and non-plant pests.
BACKGROUND QF- THE r NyENTI QN | nsect pe‘stls "fare a major factor in the |oss of
the world's commercially inportant agricultural crops. Broad spectrum
chem cal pesticides have been used extensively to control or eradicate
pests of agricultural inportance. There is, however, substantial interest
in devel oping effective alternative pesticides: Mcrobial pesticides have
pl ayed an inportant role as alternatives to chem cal pest control. The
nost extensively used m crobial product is based on the bacterium Ragillus
thuringiensis (Bt). Bt pOSI t| ve spore form ng Bacillus which
produces an insecticida g g1y oL ¥ ROTPINS 4 STRAGNSI ati on. Nuner ous
vari et| es of Bt are known that produce nor e than 25 different but related
ICP's.” The ICP's nade by Bt are toxic to |l arvae of certain insects in the
orders Lepi do"‘l‘ﬁ%ﬁr 1 6 SE.P 2003 - 2 Diptcr a and 1t a In general, when
the ICP is ingest BEHY “b@ﬁ%‘éﬁf?%?%@cﬁﬂtmhmmévs iapplisatiorhiekinzed and
t ransf or t ol he i.nsect pr ot eases., None of the

| CP' s a(r:TtR %B&tadg%é@r?é({%c@ eop Y?@r@ﬁglsﬁg’ °g%‘lr?ﬁ’?iﬁlt Féﬂ’é@%lﬂwfﬁ@dhv

ef fects ofeférbeegenus Di abroti ca particularly D abrotica virgifera
virgifera the western corn rootworm (WCRW or Diabrotica longiornis
barberi, the northern corn rootworm Bt is closely related to Bacillus
cereus (Bc). A major distinguishing characteristic is the lack of a
parasporal crystal in Bc. Bc |smmmm}_¢d bacteriumthat is
comonly found in soil and has been isolate roma variety of foods and
drugs. The organi sm has been inplicated in the spoilage of food. Al though
Bt has been v useful in controlling insect pests, there is a need to
expand the nu regsnt gyertion;indrawn 80 mgthods andonormpobitiensiot Sontrolling plant and

non-plant pests.

WMMH

Insect pests are a major factor in the loss of the world’s commercially important
agricultural crops. Broad spectrum chemical pesticides have been used extensively to control or
eradicate pests of agricultural importance. There is, however, substantia] interest in developing
effective altemative pesticides.

Microbial pesticides have played an important role as alternatives to chemical pest .
control. The most extensively used microbial product is based on the bacterium Bacillus
thuringiensis (Bt). Bt is a gram-positive spore forming Bacillus which produces an insecticidal
crystal protein (ICP) during sporulation.

Numerous varieties of Bt are known that produce more than 25 different but related

ICP's. The ICP's made by Bt are toxic to larvae of certain insects in the orders Lepidoptera,



SUMMARY COF THE | NVENTI ON The present invention is drawn to conpositions and
nmet hods for controlling plant and non-plant pests. Particularly, new
pesticidal proteins are disclosed which are isolatable fromthe'l ﬁéﬁﬁﬂﬁﬁive
grow h stage of Bacillus. Bacil strains, proteins, and genes encoding the
proteins are provided. The nmethods and conpositions of the invention may
be used in a variety of systens for -<déhtvolling plant and non-pl ant pests.
16 SEP 2003 3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Conpositions and

met hods for controlling plant pests are provided. In particular, novel
pesticidal proteins are provided which are produced during vegetative

h i [ I RS, b - ful i cidal :
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occurs before production of ICPs. Genes enc ng such prot
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pest nmanagement prograns. For purposes of the present invention, pestTs

i ncl ude longicomis bacher, theidoedlern@otr@esicem. f ungi,  bacteria, nematodes, nites,
ticks, protozoan pathogens, animal-parasitic |iver flukes, and the Iike.

| nsect pests Btierloselyirelated tsBailhaatreds fBo).mAihajondisirgisiigehmiactesistidds gier a,
Hy menopt ﬁr a, . Lepidoptera, Mallophaga, Honoptera, Hemiptera, Othroptera,
Thysanopla&¥ of 2 pEsspar ervatal in Be Baeis a widely distbutediaptegnmphasiscorimonl douret a,
etc. Tables.,l ;.1 ive i st of pestis . associated with _major crop plants
and pest B8 %Wéﬂ’cgaﬁaf@téwaam ﬂg%%@%cﬂ‘%&%m&{@ bear| uded

W thin t . f.th resent invention. 16 SEP 2003 4 TABLE |

Lepi dopt eréﬁ%ﬁ%ﬁ??@ﬁaﬁg’#@t hs) Maize Ostrinia nubilali , European
corn borer 35A.I‘ﬁgzru8ﬁ'B§ hwﬂchg@ry lgl:t%f 51 C%H&g\l?urlp mscl_glplcsﬁg\{ﬁgrg & aznei\:%d tc? gxrprcjmg %{emr m

number of potential biological control agents.
SUMMARY OF THE INVENTION

The present invention is drawn to compositions and methods for controlling plant and
non-plant pests. Particularly, new pesticidal proteins are disclosed which are isolatable from the
vegetative growth stage of Bagillus. Bacillus st;ains, proteins, and genes encoding the proteins
are provided.

The methods and compositions of the invention may be used in a variety of systems for

controlling plant and non-plant pests.



Spodoptera frugi perda, fall arnmyworm D atracea grandi osella, southwestern
corn borer Elasnpal pus lignosellus, |esser cornstalk borer D atraea
saccharal i s, sugarcane borer Sorghum -COQ partellus, sorghum bofdrSEP 2003
Spodoptera frugi perda, fall armyworm Helicoverpa 3rd, corn earworm

El asnmopal pus lignosellus, |esser cornstalk borer Feltia subterrarie a,
granul ate cutworm 40 45 50 Wheat Pseudaletia nett , army worm ShMbgtera
Od fall armyworm 55 El asnopal pus |ignosellus, |esser cornstal k borer
Agrotis orthogonia, pale western cutworm El asnopal pus |ignosellus, |esser
cornstal k borer 60 Sunflower Suleima helianthana, sunflower bud noth

Honoeosona el ectel | um@w@?&@gﬁ@@ S virescens, cotton
boll worm Helicoverpa zea, cotton bol 'worm Spodopt era exi gua, beet
arnywor m Pecti nophora gossypiella, pink bollworm

Compositions and methods for controlling plant pests are provided. In particular, novel
pesticidal proteins are provided which are produced during vegetative growth of Bacillus strains.
The proteins are useful as pesticidal agents.

The present invention recognizes that pesticidal proteins are I;roduccd during vegetative
growth of Bacillus strains. For the purpose of the present invention vegetative growth is defined
as that period of time before the onset of sporulation. In the case of Bt, this vegetative growth
occurs before production of ICPs. Genes encoding such proteins can be isolated, cloned and
transformed into various delivery vehicles for use in pest management programs.

For purposes of the present invention, pests include but are not limited to insects, fungi,
bacteria, nematodes, mites, ticks, protozoan pathogens, animal-parasitic liver flukes, and the
like. Insect pests include insects selected Erom the orders Coleoptera, Diptera, Hymenoptera,
Lepidoptera, Mallophaga, Homoptcfa, Hemiptera, Ort]ucrpt;ra, Thysanoptera, Dermaptera,
Isoptera, Anoplura, Siphonaptera, Trichoptera, etc,

Tables 1 - 10 gives a list of pests associated with major crop plants and pests of human

and veterinary importance. Such pests are included within the scope of the present invention.



Rice D atraea saccharalis,
arnyworm Helicoverpa zea.
soybean | ooper Antic is gemmtalis,

scabra, green cloverworm Ostrinia nubilalis,
bl ack cutworm Spodopt era exi gua, beet arnyworm Heliothis virescens,
cotton botl4wrmBarley Ostrinia nubilalis,
black cutworm1 6 S E P 2003 - 5

bol |
Eur opean corn borer

worm Helicoverpa zea,
Agrotis ipsilo n,

sugar cane borer Spodoptera frugi perda,
corn earwor m Soybean
vel vet bean

fall
Pseudopl usi a i ncl udens
caterpillar Pl atiHypehil
Agrotis,
cotton

Eur opean corn borer

TABLE 2 Col eoptera (Beetles) Maize Diabrotic vir "era virgifera, western

corn rootworm
ti ¢ undeci npunctata howardi,

wi rewor ms Cycl ocephal a bor eglyifyotdp® ie
S

Cvcl ocgphal a i mmacul ata, southern

j aponi ca, Japanese beetl e Chactocnerna. pulicaria,
mai ze bill bug Sorghum Ph~ga crinita, white grub

Sphenophor us nuai di s,
Maize
Ostrinia nubilalis, European com borer 35
Agrotis ipsilon, black cutworm
Helicoverpa zea, com earworm
Spodoptera frugiperda, fall armyworm
Diatraea grandiosella, southwestem com

borer 40

Elasmopalpus lignosellus, lesser cornstalk
borer

Diatraca saccharalis, sugarcane borer

" Sorghum 45
Chilo partellus, sorghum borer
Spodoptera frugiperda, fall ammyworm
Helicoverpa zea, com earworm
Elasmopalpus lignosellus, lesser comstatk
borer 50

Feltia subterranea, granulate cutworm

Wheat
Pseudaletia unipunctata, army worm
Spodoptera frugiperda, fall amyworm 55
Elasmopalpus lignosellus, lesser comstalk
borer
Agrotis orthogonia, pale western cutworm

Elasmopalpus lignosellus, lesser comstalk
borer 60

‘ar tic longicoms barberi,
sout hema®EER rootworm  Mel anotus =.,

northern corn rootworm Di abr

afer (white grub)
it ite grub) PQilli
corn flea beetle

Sunflower

Suleima helianthana, sunflower bud moth
Homoeosoma electellum, sunflower moth

Cotton
Heliothis virescens, cotton boll worm
Helicoverpa zea, cotton bollworm
Spodoptera exigua, beet armyworm
Pectinophora gossypiella, pink bollworm

Rice
Diatraea saccharalis, sugarcane borer
Spodoptera frugiperda, fall armyworm
Helicoverpa zea, com earworm

Soybean
Pscudoplusia includens, soybean looper
Anticarsia gemmatalis, velvetbean

caterpillar

Plathypena scabra, green cloverworm
QOstrinia nubilalis, European com borer
Agrotis ipsilon, black cutworm
Spodoptera exigua, beet armyworm
Heliothis virescens, cotton boll worm
Helicoverpa zea, cotton bollworm

Barley
Ostrinia nubilalis, European corn borer
Agrotis ipsilon, black cutworm . . -




El eodes , Conoderus, and Aeolus spp., wireworns Qulema nel anopus, cereal

| eaf beetle Chat pulicaria, corn flea beetle Sphenophorus nmaidis, mize

bi I | bug Wieat 9ul erna nel anopus, cereal |eaf beetle Hy2er punct hhaSEPcIBver
leaf weevil i- r ti a undecinpunctata howardi, southern corn rootworm

Sunf |l ower Zygogranmma excl amations, sunflower beetle Bothyrus gibbosus,
carrot beetle Cotton Anthononus grand‘lsr5 boll weevil Rice 1i t e, grape

colaspis i rho tna orvzoDIWIs, rice water weevil Sit ] oryza , rice weevil
Soybean it hna varivestis, I\/Exi can bean beetle 1 6 SEP 2003 _ 6 TABLE 3
Honoptera Whiteflies. Aphids etc..) Mize Rhopal osi phummidis ' , corn

| eaf aphid Anuraphis maidiradicis, corn rogt _aphid Sorghum Rhopal osi phum
mai dis, corn |eaf aphid Sipha ova, yellow gﬁ@lﬁc%{ne aphi d Wheat Russi an

wheat aphid Schi zaphis gram num greenb Macr @si phum avenae, Engli sh
grai n aphid &Qﬂl ntera?ﬁecﬂcg]

Majze
Diabrotica virgifera virgifera, western com rootworm
Diabrotica Jongicomis barberi, northern com rootworm
Diabrotica undecimpunctata howardi, southern com rootworm
Me¢lanotus spp., wireworms
Cyelocephala borealis, northern masked chafer (white grub)
Cyclocephala immaculata, southern masked chafer (white grub)
Popillia japonica, Japanese beetle
Chagtocnemna pulicaria, corn flea beetle
Sphenophorus maidis, maize billbug

Sorghum
Phyllophaga crinijta, white grub
Elcodes, Conoderus, and Acolys spp., wireworms
Qulema melanopus, cereal leaf beetle
Chaetocnema pulicaria, corn flea beetle
Sphenophorus maidis, maize billbug

Wheat
Oulema melanopus, cereal leaf beetle
Hypera punctata, clover leaf weevil
iabrotica undecimpunctata howardi, southern corn rootworm
Sunflower
Zygogramma exclamationis, sunflower beetle
Bothyrus gibbosus, carrot beetle
Cotton
Anthonomus grandis, boll weevil
Rice
Colaspis brunneg, grape colaspis
Lissorhoptrus Qmpl_-um; rice water weevil
Sitophilys orvzae, rice weevil
Soybean

tlachna varivestis, Mexican bean beetle



Cotton Aphis gay, cotton aphid FsCudAtonoscelis seriatus, cotton

fl eahopper Trial eurodes abutil onea, bandedw nged whitefly Ri ce NephotettiXx
ni gropictus, rice |eafhopper Soybean M persicae, green peach aphid?l 6 SEP 2003
Enpoasca nac, potato | eaf hopper Barley SchizapWs gram nur , greenbug Ol
Seed Rape Brevicorrnme hnsica , cabbage aphid 1 6 SEP 2003 - 7 TABLE 4

Hem ptera (Bugs) Maize Blissus | opterus 4 eucopterus, chinch bug Sorghum

Bl i ssus | eucopterus | SNggptgru , chinch bug Cotton Lygus |ineolaris,

tarni shed plant bug R ce Blissus |eucopterus |cuoptaus, chinch bug A
"sternum hilare, green stink bug Soybean Acrosternumire, green stink bug

Barley lei, |eucopterus |eucopterus, chinch bug Acrosternum=, green stink
bug Euschistu5 sMW brown stink bug 1 6 S E P 2003
TABLE 3

H ter iteflies, Aphi

Maize
Rhopalosiphum maidis, com leaf aphid
Anuraphis maidiradicis, corn root aphid

Sorghum
Rhopalosiphum maidis, comn leaf aphid
Sipha flava, yellow sugarcane aphid

Wheat
Russian wheat apl'ud

Schizaphis graminum, greenbug
Macrosiphum avenae, English grain aphid

Cotton
Aphis gossypii, cotton aphid
Pseudatomoscelis seriatus, cotton fleahopper
Traleurodes abutilonea, bandedwinged whitefly

Rice
Nephotettix nigropictus, rice leathopper
Soybean

Myzus persicag, green peach aphid
Empoasca fabae, potato leathopper

Barley
Schizaphis graminum, greenbug

01l Seed Rape
Brevicoryne brassicae, cabbage aphid



- s TABLE 5 Othoptera rash r Crickets, and Cggkroaches) M ze Ml anopl us
femurrubrum redl egged grasshopper Mel anopl us sangui ni pes, m grawrﬁ
grasshopper \Weat ]e anoplus femurrubrum redl egged grasshopper I rﬁo?ﬁﬂlus
differentialis, differential grasshopper Melanoplus ni . , mgratory
grasshopper Cotton Mel anoplus frmm brm redl egged grasshopper Ml ~l us
differentialis, differential grasshoppet Soybean Mel anopl us fenurrubrurn,
redl egged grasshopper el 1 differentialis, differential grasshopper
Structural / Househol d Periplaneta ameri cana, American cockroach Blattella
germani ca. German cockroach Blatta orientalis, oriental cockroach 1 5 SEP
2003 - 9 TABLE 6 i t ali s anMosquitoes) Miize Hylenya I p atura, seedcorn
maggot Agromnyza parvicornis, corn blotch | eaf mi ner Sorghum Contarinia c 1
, sorghum m dge Wheat Maveti ol a destructor, Heﬁlﬁ‘rtgly i 1 i MgMJ M wheat
m dge Meronyza anmericans, wheat stem maggot

Hemiptera (Bugs)

Maize -
Blissus leucopterus leucopterus, chinch bug

Sorghum
Blissus leucopterus leucopterus, chinch bug

Cotton
Lygus lineolaris, tamished plant bug

Rice
Blissus leucopterus leycopterus, chinch bug
Acrosternum hilare, green stink bug

Soybean
Acrosternum hilare, green stink bug

Barley
Blissus leucopterus leucopterus, chinch bug
Acrosternum hilare, green stink bug
Euschistus servus, brown stink bug



Hyl emya coarctatj wheat bulb fly Sunflower Neolasio2tera nurtfeldtiana.

sunfl ower seed m dge Soybean Hylernya platura, seedcorn nmaggot Bar|?$SEPZW3
Hvl enva pl a seedcorn maggot Mavetiola destructor, Hessian fly Insects
attacki ng humans and ani mal s and di sease carriers Aedes aegyp ,

yel | omf ever nosquito Aedas rictus, forest day nosquito Phlebotonmus Rii,
sand fly Mus mti house fly Tabanus atBatus, black horse fly Cochlionvia
hom ni vorax, screwwrmfly 1 6 SEP 2x03 - 10 TABLE 7 Mai ze \Weat
Thysanoptera (Thripsl Anaphothrips obscurus, grass thrips Frankliniella
fusca, tobacco thrips Cotton Th p to i, onion thrips Frankliniella fusca,

tobacco thrips Soybean Serieothrins variabitTihgigs soybean thrips Thips
tabaci, onion thrips TABLE 8 Hynenoptera (Sawflies. Ants. WAsps. etc.)

Mai ze oosis mesta; thief ant Qrthoptera (Grasshoppers, Crickets, and Cockroaches)

Maize
Melanoplus ferurrubrum, redlegged grasshopper
Melanoplus sanguinipes, migratory grasshopper

Wheat
Melanoplus femurrubrum, redlegged grasshopper
Melanoplus differentialis, differential grasshopper
Melanoplus sanguinipes, migratory grasshopper

Cotton
Melanoplus femurrubrum, redlegged grasshopper
Melanoplus differentialis, differential grasshopper

Soybean
Melanoplus femurrubrum, redlegged grasshopper
Melanoplus differentialis, differential grasshopper

Structural/Household
Periplaneta americana, American cockroach
Blattella germanica, German cockroach
Blatta orientalis, oriental cockroach



Wheat ! (M cinctus, wheat stemsawfly 1 6 SEP 2003 - 11 TABLE 9 O her
Orders and Representative Species Dermaptera (Earw gs) Fodicul a
auricularia, European earwig |Isoptera (Termtes) Reticulitermnmes fl av] éesép 2003
eastern subterranean termte Ma ha a (Chew ng Lice) Cucl otogastcr

het er ogr apha, chi cken head | ouse Bovicola nss, cattle biting |ouse

Anopl ura (Sucking Lice) Pediculus humar? us, head and body | ouse

Si phonaptera (Fl eas) Ctenoccphalides r ' , cat flea 1 6 SEP 2003 - 12
TABLE 10 Acad (Mtes and Ticks) Miize Tetranychus ca e, twospotted spider
m te Sorghum Tetranychus cinnabarinus, carmne spider mte tr hu urticac,
twospotted spider mte Wieat Aceria tulipae, wheat curl mte Cotton Tetras
chus cinnabarinus, carmne spider mte TettrPABLEI&€ac, twospotted spider
mte Soybean Tetranychus turkestani, strawberry spider mte

Diptera (Flies and Mosquitoes)

Maize
Hylemya platura, seedcorn maggot
Agromyza parvicormis, com blotch leafminer

Sorghum
Contarinia sorghicola, sorghum midge

Wheat
Mayetiola destructor, Hessian fly
Sitodiplesis mosellana, wheat midge
Meromyza americana, wheat stem maggot
Hylemya coarctata, wheat bulb fly

Sunflower
Neolasioptera murtfeldtiana, sunflower seed midge

Soybean
Hylemya platura, seedcorn maggot

Barley

Hylemya platura, seedcorn maggot
Mayetiola destructor, Hessian fly

Insects attacking humans and animals and disease carriers
Acdes acgypti, yellowfever mosquito
Acdes albopictus, forest day mosquito
Phicbotomus papatasii, sand fly
Musca domestica, house fly
Tabanus atratus, black horse fly
Cochliomyia hominivorax, screwworm fly



L=ychus urticae, twospotted spider mte Barley Petrobia iatens, brown wheat
mte |Inportant human and ani mal Agai d Demacentor variabilis, American dog
tick Argas persicus, fow tick Da i farina e, American houseédgjsﬂ’ il e

Der mat ophagoi des pt eronyssi nus, European house dust mte 1 6 SEP 2003 - 13
Now that it has been recogni zed that pesticidal proteins can be isolated
fromthe vegetative growth phase of .ajigll- , other strains can be isolated
by standard techniques and tested for activity against particular plant
and non-plant pests. Generally Bacillus strains can be isolated from any

environnmental sanmple, including soil, plant, insect, grain elevator dust,
and other sanple material, etc., by netho inthe art. See, for
exanple, Travers et al. (1987) Appl. Environ. crobiol. 53:1263-1266;
Sal eh et al. (1969) Can J. Mcrobiol. Ig et PP Lucca et al. (1981)
Can J. Mcrobiol. 27:865-870; and NorriT, . "The genera
Baci |l us and rol actobacillus,” In Starr et al. (eds.), The Prokaryotes:
A Handbook on itats, Isolation, and ldentification of Bacteria, Vol.
1, Springer-Verlog g@ssthpps er i sol ation, strains can be

tested for pesticidal activity during vegetative growh. In this mnner,
new pesti ci dal Wiret ei ns and strains can be identified. Such 13acill us;

m croor gani sns whi cFrdnklifiels fustd) tdbaeco thidgsnt i on i ncl ude Bacillus cereus and
Bacillus thuringiensis, as well as those Bacillus species listed in Table 1

| . 16 S E? 20P3usn 14 TABLE 11 List of Bacillus species Mrphol ogical
Group | Unassi gned i al %ﬁ'ﬁg%wwgroyp A cereus*B. apiarus* -5, cereu
var. mycoi des35B. fﬂm 'Eus , baécotvﬂx'-lgsm nol yi cus

Soybean
Scricothrips variabilis, soybean thrips
Thrips tabaci, onion thrips

TABLE 8

Maize
Solenopsis milesta, thief ant

Wheat
Cephus gingtus, wheat stem sawfly



L thuringiensis* B, lichenidormsD. alcalo .B subtilis* B punfl Subgroup B
firmus*40B, cirroflagell osu =azul ansl gWi nospgru B. 10m Nbr%h%?q&hfal
Group 2Subgroup C max=s45L hkj ~g circul anL aneuringbiicus L 1 StP

st ear ot her mroWisB, macroidc IL alvci*B. freundenm chii |ateros2grus!
50Subgroup D pul vi faci enpantothentigga mlliac*ai phMs | entinor bus*
ac*SubgToup E | 551 ami novoran Mor phol é§i cal Goup 3L gl ohispQ
nhacricus*B. insolitu B. pWviroWs 60Subgroup E2 nbshrosaccharol ytict4
macquanensi .1 *=Those Bacillus strains that have been previously found in
i nsects Grouping according to Parry, J.M et al. (1983) Color Atlas of
Baci |l u species, Wlfe Medical Publications, thaggog. 16SEP2003 - 15 In
accordance with the present invention, the pesticidal proteins produced

during vegetative growmh can be i fHet dsbhidSve Epectiie enbodi nent,
i nsecticidal proteins produced during vegetativeé gro , herein after
referred to as VIP' s (Vegetative Insecticidal
Derrnaptera (Earwigs)
Forficula auricularia, European earwig

Isoptera (Termites)
Reticulitermes flavipes, eastern subterranean termite

Mallophaga (Chewing Lice)
Cuclotogaster heterographa, chicken head louse
Bovicopla bovis, cattle biting louse

Anoplura (Sucking Lice)
Pediculus humanus, head and body louse

Siphonaptera (Fleas)
Ctenocephalides felis, cat flea



Protein), can be isolated. Methods for protein isolation are known in the
art. Generally, proteins can be purified by conventional chromatography,
including gel-filtration, ion-exchange, and imunoaffinity chf@&fdsdaphy,
by hi gh-performance |iquid chromat ography, such as reversed-phase

hi gh- performance |iquid chromat ography, ion-exchange hi gh-perfornmance
liquid chromatography, size-exclusionlRigh-performance |iquid

chr omat ogr aphy, hi gh-perfornmance chronat of ocusi ng and hydr ophobi c

i nteraction chromatography, etc., by electrophoretic separation, such as
one-di nensi onal gel el ectrophoresis, two-dinensional gel electrophoresis,
etc. Such nmethods are known in the art. See f9prexa ™l e Current Protocols
in Ml ecular Biology, Vols. 1 and 2, Ausubel et al. (eds.), John Wley &
Sons, NY (1988). Additionally, antibodgggﬂggﬂgg%mgmg%gged agai nst
substantially pure preparations of the protein. See, for exanple, Radka et
al. (1983) L Inmmunol. 128:2844; and Radka et al. (1984) |nmunogenetics

19: 63. Any conbMuitd on of net hods may be utiIized to purify protein having

pesticidal properti isgg@;_gtwﬁcot\ﬁg?& Rl Or nul ated, pesti cidal
activity is determ ned after €ac ?IC t|on step Such purlflcatlon
steps w | | resuggrg:hn a substantl ally purified prote| n fraction. By
"substantially ed" o sub tantially pure” i,s intended protein which
is substantially fre CCATHIRENPIAET Bi%0ci ated with the protein
inits natural stat emmmwsm#@'spl%F%Eratl ons of protein can be
assessed by the absence of other detectable protein bands follow ng

SDS- PAGE as det &heahed visually or by densitonetry scanning. Alternatively,
the absence of ot heAceria mbiphe whemadurlagitgiences or N-term nal residues in a
purified preparation can indi cate the | evel of purity. Purity can be
verified by reclgoasmt ography of "pure" prepar ati ons show ng the absence of

other peaks by ion exgh ﬁt&i Riife! ary el ectrophoresis. 1
6 SEP 2003 - 16 Theqlgrl ﬁ%ﬁ gr "substanti ally purified"
are not neant to exctt al” 0 sy efm m xtures of the proteins

wi th other conp q@gs The terns are al so not neant to exclude the presence
of mnor inpuri MPhich do not interfere with the biological activity of
the protein, and whi esTaR¥shustukestspinsrawberry SRMAPIEE due to i nconpl ete
purification. . Sonmelgwanvehussurticae, twosppttedspidgpmitei de chai ns whil e many
proteins consist of nore than one pol ypeptide chain. Once purified protein
is isolated, thBagewtein, or the polypeptides of which it is conprised,
can be char act eri zedPedishis B k6@ Mhesttmaitélar d nmet hods known in the art.
For exanple, the purified protein, or the polypeptides of which it is
conpri sed, may Oﬁgmﬁgﬂlm&cyanogen brom de, or with proteases
such as papain, c y%gﬁﬂiﬁi'&cﬁcmdogﬁck

Argas persicus, fowl tick

Demmatophagoides farinag, American house dust mite

Dermatophagoides pteronyssinus, European house dust mite




| ysyl - C endopepti dase, etc. (Dike et at. (19%$2), DI Chem 257:9751-9758;
Liuet al. (1983) Int P-M, Protein Res. 21:209-215). The refglthQS

pepti des are separated, preferably by HPLC, or by resolution é gel's and
el ectroblotting onto PVDF nenbranes, and subjected to amno acid
sequenci ng. To acconplish this task, the peptides are preferably anal yzed
by automated sequenators. It is receghBzed that Ntermnal, Ctermnal, or
internal amino acid sequences can be determ ned. Fromthe am no acid
sequence of the purified protein, a nucleotide sequence can be synthesi zed
whi ch can be used as a probe to aid in the isolation of the gene encoding
the pesti ci dgiowlth@tti€hdk bekh recsgaf&paﬁup%%w koteih§ c B¢ RbREdHrdrh e Y 1N

nol ecul ar wei ght, conponent péptides, activity agalnst particular pests,
and in okdredtive pRsvamipHatesdf BaillukiQNRd Sirain® Yarl beisoRtddWYSt@hrditedtiniqueH grei N,
proteins active against a variety of pests may be isol ated and

char act efsied €6k actHtg apdifstPpliribil @l @i Ehon-Piant (RN Genetally Bicklag strains can be
characterized it is recognized that it may be altered 1 n various ways

i ncl udi iglated fiem sy enwicdishentdl sirgpls, inéleditp isoil\Splara)iglsdcq pedih ielznstor ¥eithods for
such mani pul ations are generally known in the art. For exanple, am no acid
sequenc ethey sl hiaterdfal telne, hemtthedsdalownrintiel 8 S fdrexampleaT mders\et gl (EH87dNs
in the DNA. Such variants will possess the desired pesticidal activity.
Qbvi ous |Appl. EneiromtMicrabisl. $3d263a1266; Balelarkd. (1869 hEarDNMitradibEl 1 MBHIGB104; 17
encoding}the variant nust net place the sequence out of reading frame and
pr ef er aDeluggalet akh 619813 Cand Missehivle ALB6 1B Y0; rand Nnrss.tehak (IR84) e graerae
secondary nRNA structure. See, EP Patent | ication Publication No.

75, 444, Basillupand o ST ctabh e ), Ao BRBRIPIS o Hangboskam ci dal

Pé?éék?%aﬁqﬁ%éleﬁmﬁ@ Fﬁ)cgﬁﬁ%%iaﬁfgaé?% Vel ﬁa%ﬁ?ﬁiﬁ’-%ﬂlé‘ﬂ%rlia?%?‘e&n%r%m be
. . . L vty LT ' ! ‘
st b T D e e S T R e A

i nter naha}‘n&g}r@g gg%lsc@ E{&&% ﬂd?ﬁ%ﬂ?@&% ﬂfmﬁf‘f@. proteins. Mst deletions,

i nsertions 1ons o e protern sequence are not expected to

produce radi id o \Phieh FRd S nifc Blvehdish ERAL Bhdlfihs Burolei N
However, V\heﬁaélﬂ%ﬁgﬁsﬁglﬁ%g%#?sto predi ct the %xgct effect © e L

substit yad g&;’y?@hﬁﬁ HensiOas WeB s %9@3&#:@% 2de€liQkd #OTable 150, one skilled
inthe art w appreciate that the e ect¥hﬁlr be eval uated by routine
screening assays. The proteins or other conponent polypeptides described
herein may be used alone or in conbination. That is, several proteins my
be used to control different insect pests.




Additionally, certain of the proteins of the invention enhance the activity
of the pesticidal proteins. These proteins are referred to herein as

"auxiliary proteins.” Wiile the nechanismof action is not entirely
certain, when the auxiliary protein and the pesticidal protei nﬂﬁﬁfj?”lﬂﬁ est
are together, the insecticidal properties of the pesticidal protein are
enhanced several fold. The pesticidatl ptoteins of the present invention my
vary in nol ecul ar weight, having conponent pol ypeptides at |east a

nol ecul ar wei ght of 30 kDa or greater, preferably about 50 kDa or greater.
The auxiliary proteins of the invention may vary in nol ecul ar wei ght,
having at |east a nol ecul ar wei ght &Wﬁ 15 kDa or greater, preferably
about 20 kDa or greater. The auxilia ei ns thensel ves may have
conponent pol ypepti des. 16SEP200 ist of Bacill 'gciggssi bl e that the pesticidal
protein and the auxilary protein ts of a nmultimeric,
pesticidal protein. Such a pesticidal protein which includes the auxiliary
pr ot ei ns re of its conponent i y vary in

nol ecul aM% I}O?ﬁca?%%ng at least a nolec a¥8§£e|tdg ;"6 50 kDa_up to at

| east 200 abl'y about 100 kDa to fggoﬁbé. JAn auxiliary protein
may be useéi ination with the pestici dm of the invention

t o enhance Bageicys yar, myepidest er mi ne whether th plon protein will affect
activity, tEachunmgiensis dal protein can be exprBshithisdiviiess and i n conbi nati on
wi th t he alxilichenmformpisot ein and the respecti VR dcidphilts es conpared in

feedi ng as®mysbdiz® i ncreased pesticidal activity. It may be beneficial to

screen str @, pamfile§ potential pesticidal.actSubgroMpBY testing activity of
the strai nglﬂgﬂand in conbination wiid the guxirbfigelomiotein. In some
[

i nstances %##,_y ary protein with the nat gV %&ﬁ%s of the strains
craal activity where none is see E,h1€  absence of the

yi el ds pes )
auxi li ar Lot ei.n, ~The auxiliary protein can D€ lified, as described
above, b%“@ﬁ@%‘ﬂ 915?‘*?0%5 known in the art, bTher fore, for purposes of the
i nventi on, "Veget ative |nsectici daPPBOBR&in"  (VIP) enconpasses

t hose prot&@%&juced during veget at$de groﬁxh@-d%i ch alone or in
combi nat i o EHeulBRS used for pesticidal activiByeneumnolyticug| udes pesti ci dal

protei ns, &istchiotheymophilusei ns and t hose pr ot eBymaamidesh denonstrate activity
only in th@ plves®ence of the auxiliary proteiB. founddmeeighii ypepti de
conmponent s Bflatklogmeugsroteins. It is recogni zed that there are alternative

present pr exanmple, to obtain the g sequence encodi ng

Cl
the pesti c%awﬁa@tel n, cosmd clones, which gxpifsmst e pesticidal
protein, Cﬁ]]iqﬁmgmﬁ- . :

nmet hods avg"lbﬂge to obtain the nucl eog de saag-ouimi no aci d sequences of the

B, larvae* Subgroup E1
55 B, aminovorans
Morphological Group 3 B. globisporus
B, sphaericus*® ' B. insolitus
B. pasteurii B. psychrophilus

60  Subgroup E2
B. psychrosaccharolyticus
B. macquariensis

*=Those Bacillys strains that have been previcusly found in insects
Grouping according to Parry, J.M. et al. (1983) Color Atlas of Bagillus species, Wolfe Medical

Publications, London.



I solated froma genomic library. Fromlarger active cosmd clones, smaller
subcl ones can be nmade and tested for activity. In this manner, clones

whi ch express an active pesticidal protein can be sequenced to ggtsgggm@e

t he nucl eoti de sequence of the gene. Then, an am no acid sequen e
deduced for the protein. For general nolecular nethods, see, for exanple, 1
6 S E P 2003 - 19 Ml ecular doning; ALaboratory Manual, Second Edition,
Vol s. 1-3, Sanbrook et al. (eds.) Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY (1989), and the references cited therein. The
present invention also enconpasses nucl eoti de sequences from organi sns

ot her than Bagh sk | e i sol atabl e by
hybri di zati on w %dﬁﬁtkﬁg Bac?ﬁ[ﬂl}gsc{?ﬁﬁulé%g%%’ﬁg%ngg@gpnéég%fpr@&?h i on.
Such nuclvegititie HEMMEAGYE il a6k, far %ﬁ}b{g& ' infCtidiYd .The

I nvention g‘fso eggcorrpasses the@g?% e{:lﬁs 'e]%cogge yhgﬁg L%Sgg eé%%litpgﬁéems
sequenceyprodubed diringWpetativd 1oy REteinQReLREIPIIAS 3€ VTIPS OF &elisive %@éﬁ&h from
organi sms other than Bacillus wherein the protein cross-tTeacts w

ant i bodi dsotria),sen badalanst Méthodirfof srottin i6blafidiCare MW iPthe a.rtA@?éinE‘raH?.eprotcms

i sol ated proteins can be assayed for pesticidal activity by the nethods

di scl osedan hepwified t@mwavertions chioaitdgiephy cinuladrgeb Atatiohgoh RRcHAASE, a6 dal
proteins of the_invention have been isolated, they can be manipul ated and
used to dRpraefinite chromatsgraphy, by high-pesfoymaticeHomidschromatogriphy sother

organi snms, i ncl udi m croorgani sps and plants. The pesticidal genes of the
i nvent i of®% 5&315 agsghperémanse liqyihbeheerartesrpplus domoerchangsihigh-perforBenge liquid
exanpl e U&% %I Lcat.ion Serial /No._07/951, 715; EPA 0359472; EPA 0385962;
WO 91/ 16H5TAEIRNY, sizg-exglus -Pesfosmanqediquidrehsematagraphyn high-praformanses;  and

Mu Nugl ei 7:. 477498., | hi , th ) b
T s ShmatdeScliing o by EloBndbis inteeaa chonlobraptit, i <by s mEBOBRE ey Col on
f ' LSt he s i f | d

| g 2 aPtabiboR sudR 8} ohetdfsiStgl ghiiech APl iR ABREioh LI Y iRt adphBRe R o
a_par ti celcaSudiinehodt bl iBm 2P E RSB LRI QU HENRIREN HE RS O

mai ze. Mai ze codon usage for 28 genes from nmai ze pla Mur r ay
et al. (B8, VoMidlaad 20ausbeRRIEdds)), Jokn Wil Sohdl Y[ B8RP SMEGHetaighi ch s
i ncorporated herein by reference. Synthetic genes could also be nade
based. oantitledicdican bé peepared agdinst subsnastialyard prepiratiot3af theysokid. Ree, for
particular amno acid. 1 6 SEP 2003 - 20

example, Radka et al. (1983) L Immunol, 128:2804; and Radka et al. (1984) Immunogenetics

' 19:63. Any combination of methods may be utilized to purify protein having pesticidal

properties. As the protocol is being formulated, pesticidal activity is determined after each
purification step.

Such purification steps will result in a substantially purified protein fraction. By
"substantially purified” or "substantially pure” is intended protein which is substantially free of
any compound normally associated with the protein in its natural state. "Substantially pure™
preparations of protein can be assessed by the absence of other detectable protein bands
following SDS-PAGE as determined visually or by densitometry scanning. Alternatively, the
absence of other amino-terminal sequences or N-terminal residues in a purified preparation can
indicate the level of purity. Purity can be verified by rechromatography of "pure” preparations

showing the absence of other peaks by ion exchange, reverse phase or capillary electrophoresis.



In this manner, the nucl eotide sequences can be optim zed for igg@f@ on in

any plant. It is recognized that all or any part of the gene

be optim zed or synthetic. That is, synthetic or partially optim zed
sequences may al so be used. In |Iike manner, the nucl eoti de sequences can be
optim zed for expression in any mcroorganism For Bacillus preferred
codon usage, see, for exanple US Patent®No. 5,024,837 and Johansen et al
(1988) Gene 65:293-304. Met hodol ogies for the construction of plant
expression cassettes as well as the introduction of foreign DNA into

pl ants are described in the art. Such expression cassettes may include

Pr OND €1 TheledHidi s iniall BN BosudrBRNP bud B GAORS ;Indégf“%%f’%ﬁ]’g%@%%é

regul atory sequences opefrably |1 nk e pestic pro

sequence syftheds @bitires bPihe phlein iR Sttt ERpndt OT R Qi;ln%}lé\fais%& xﬂéamgs Ti

plasm d vectors have been wutilized for the deliver oreign as wel |
as dir ectexébide thetprdsencd d ASONEBHuritied WRick 40 abeht ' b LLinakrd the
use of m croproj gg‘?i | es. Such net hods had been &%chﬂﬂg%:jb@%ﬁﬁg&g??%%e,
for exanmhepro@ignot ehith by be fr# AT forixampleSdiendRedmpléd budf@ton Neuhause et
al ., (1987) Theor A221. Cenet. 75:30-36; Klein et al., (1987) Nature 327:
70-73; Howel Sogie padteins @teodiple Bdypaptide BRIt midoy mroteimicondist of bShin

Sci ence 227: 1229:1231; DeBlock_ et al., (1989) Plant 'Ph, y osilogy

91: 694- 70%¢€ PRIFPERSIS chainpiQnee pifics prateinds isotaged, (hagirstsinachthe polypaptidesafach,
eds.) Ac%%i C.Press, Inc. (1988); and Methods in Plant Ml ecul ar Biol ogy
(Schul er 1w}scAompeised, cap ke shamcietizad andjcguenced by stapday@ oethodeknamsio thesut,

pat ent | ication Serial, No. 08/008, 374, hergip ]jncorporated by reference.
Soe al so oL IRt i nepifing b8 POURTPIASs pf ichiis FRRASTRIDY he. ot hod
of trans i bl depend upoen the.,plant cell to be ransforned. . It is
further frﬁggog ntlcggf:lwf"hzﬁ Q'H%gn g’&ﬁ%@%é’ﬁt“%‘hef&fﬁés ﬂ'ﬁ?btaéggqaﬂfh cm%%@' R e
modi fi edjyshRCieR BafeX m'& : r th2R! S

nucl eot i essrvsubstaéiS utﬁi on’sa(E)'r ot'ﬁgr“‘E%&ﬂ%%%ﬁ’ﬁ?ﬁ?@ﬁ?ﬁs@@m or
exanpl e Bar J PepePratkin RekIA1209-11 5) OFhdNadstiri idesle skrate '

88: 3324- 3358 L R T Res 200 NucIePgéggl?b(?g?ggss%%ﬁd’%%c:fglr%b}i?%; and
WO 91/ 16#RL, of by resolution Of gelsrand €lécdblotid RV FhOBbra@C Bfdsabjcle@e!| at or s
such as termnators, (Guerineau et al., (1991), Ml. Gen. GCenet.,

226: 141- amno Ridbseqhersing. (oA tpmplishl this taskAthe pepthled arcSacfeadblyunelyzed by, {1991},
Genes rv 5:141-149; Mgen et al ._,%1990), Plant fell, 2:1261-1272; Muinroe
et al ., puomated segycmatoss I &recoRBizedthat Nerminall C;terrido)r, intemel whinpecids Res. |

sequences can be determined. From the amino acid sequence of the purified protein, a

may

nucleotide sequence can be synthesized which can be used as a probe to aid in the isolation of
the gene encoding the pesticidal protein.

It is recognized that the proteins will vary in molecular weight, component peptides,
activity against particular pests, and in other characteristics. However, by the methods set forth
herein, proteins active against a variety of pests may be isolated and characterized. _

Once the purified protein has been isolated and characterized it is recognized that it may
be altered in various ways including amino acid substitutions, deletions, and insertions. Methods
for such manipulations are generally known in the art. For example, amino acid sequence
variants of the pesticidal brotcins can be prepared by mutations in the DNA. Such variants will

possess the desired pesticidal activity. Obviously, the mutations that will be made in the DNA



17: 7891-7903; Joshi et al., (1987), Nucleic Acid R, 15:9627-9639); plant
transl ati onal consensus sequences (JosH, C P., (1987), Nucleqqiﬂglgm3
Research, 15:6643-6653), introns (Luehrsen and Wl bot, (1991)

Genet., 225:81-93) and the |like, operably |inked to the nucleotide
sequence. It may be beneficial to include 5 | eader sequences in the
expressi on cassette construct. Such-|¥ader sequences can act to enhance
translation. Translational |eaders are known in the art and incl ude:

Pi cornavirus | eaders, for exanple, EMZV Ieader (Encephalonyocarditis 5'

noncoding region) (Elroy-Stein, 0., Fucrst, and Moss, B. (1989) PNAS
USA 86: 613 @k variRe 6¢d ﬁd!%ldc@@fé%@&ucnf:@éu@f H:%\/Bal:@/arldeﬁ@t%{ab( T@ﬁPﬁ&O
Etch Virus) (Allison et al . | eader I ze sal

Virus); \rdaed @agpleriaddry -ra?@i)ns tﬁﬂd:otd'dlﬁﬁulcéfﬁwﬂtﬁ@d:?mn sBeaue: Geal EP BiRet ng
protein (BiP), (Macejak, D.G, and Sarnow, P., (1991), Nature, 353:90-94;

Unt r ansl adtppdicitemdhnbhtatmmbidjésgdat protein RNA of al fal fa nosaic virus (AW
RNA 4), (Jobling, S.A, and Gchrke, L., (1987), Nature, 325:622-625;
Tobacco nosai dn this manregahiepreécikinvent{cBaincorapasBesRhe pestiaidal pro@HB Ay weNtdsecul ar
Bi ol ogy of RSA. pages 237-256; and Maize Chlorotic Mdttle Virus | eader
(MOW)  ( Icompenentssind fragmegts thereafo Jhpt is\it isgeaognized thageansaEnt épeatises, or

Del | a- Ci gppa et al (1987), Plant Physi ol ogy, 84:965-968. 16SEP2003 - 22
A pl ant tfg%EmCH'apéﬂﬂer?aq}emW.hmeBuC%WMB AP REstGidA) aetHaY e Tihese foganents

Rosenber

t 1987), Ge 125 1
om0 dnfho el pben o adR-Erpa e LR il b o
., (19 41-149: Mo t al., (1990 Pat f&JI ,
g: 126(1- 1%%“ %J ?‘88‘""?535‘%"1’{"}@%) %ggee 9? 151( 158; )Bal | Zs et al.
198.9), Nucl 903 '
,(Aci d RZas ' %%ieﬁg%oggﬁ i:r?grgsr %gﬁs(lalbgpec|"F%gﬁ{gf5§{g??|cgumg%%g%h% %Jtcgg‘g
sequenceg,rafucé Rlidandangdsqn Maaeteﬁa%s%me pestiliAGrétlint HOMECerS RAEA {tii6

pronoters. See, for exanple, US Appl |cat|on Serial” No. 07/951,715 herein

i ncor por diffidulbo prediertheietact effect 8f the salsktitution, ddiétion! BENYRAGPInQACBite BT dbihg
pesticidal proteins can be used to transform insect pat hogeni ¢ or gani sns.

Such or gao, awskilled iruitie afBanll lappricciaeakat theeffrict will bé ozmbatediiyabetinesscreanithg
nemat odes. The Bacillus strains of the invention nmay be used for protecting
agricul t @sals.cr ops and .

The proteins or other component polypeptides described herein may be used alone or in
combination. That is, several proteins may be used to control different insect pests.
Additionally, certain of the proteins of the invention enhance the activity of the pesticidal
proteins. These proteins are referred to herein as "auxiliary proteins.” While the mechanism of
action is not entirely certain, when the auxilia}y protein and the pesticidal protein of interest are
together, the insecticidal properties of the pesticidal protein are enhanced several fold.

The pesticidal proteins of the present invention may vary in molecular weight,’hgving -
component polypeptides at least a molecular wcight of 30 kDa or greater, preferably about 50
kDa or groater.

The auxiliary proteins of the invention may vary in molecular weight, having at least a

molecular weight of about 15 kDa or greater, preferably about 20 kDa or greater. The auxiliary

proteins themselves may have component polypeptides.



products from pests. Alternatively, a gene encoding the pesticide nmay be

I ntroduced via a suitable vector into a mcrobial host, and1jﬁ$ﬂ3§@€t
applied to the environment or plants or animals. M croorgani o] may
be sel ected which are known to occupy the "phytosphere" (phylloplane,
phyl | osphere, rhizosphere, and/or rhizoplana) of one or nore crops of

I nterest. These m croorgani sns are selegted so as to be capabl e of
successfully conpeting in the particular environnent with the wild-type

m croor gani sns, provide for stable naintenance and expression of the gene
expressing the pol ypeptide pesticide, and, desirably, provide for inproved
protection of the pesticide fromenvironnental degradation and

i nact i vat i on. It Bupossibiechachgpmticidal froeinund theaieaydroRindasy bAGMBAS of
particular interest arc mcroorgani snms, such as bacteria, e.g.,Pseudom as
rwini rrawtingre, pestigidal protainh Swoh apestisidal potsiy edich iRides Rhddiixiliary proteins as
Rhodopseudononas, MIi , A obacte ri Acetobacter, Lactobacill us,

Ar t hr ob2RPE&F MoKy of isheampanent polipsptdasanay \anylindholatiiler weight, hdvingit least a
particul arl east, e.q. Saccharonyces , Cryptococcus, Kluw mcc ,

S2gr - o- 55?18¥%¥'c%§$htﬁ§§#@0@ to aplpast R0 kDay prieferabiyrabotti i @bkBs todll SURIG,
particular interest are such phytosphere bacterial species as Pseudonobnas
sy gae, Pseu PE@?@%&,“%H%“&"%P vathidhe pestisidalpretcoisaf ther x ni n

Agr obact:erd ud..m na.sgheroi des, .ant omnas camestri_s, Rhizobium
mi|te i o ‘@iﬁ".ﬁ"’é%’ﬂp’ﬁ‘:i?‘r?"ﬁ‘“,‘yﬁe C‘&”F“&W%f‘haﬁl%‘%wﬂwaﬂf?tér Yﬁlmf&ﬁbﬁcnmagu
0S : : [ i r. inis, .na
D | Beseide? Beif REF bE B S And SRR ingln Yih s ptlany bt naee |
retori b&ive, oyl i ; . . ..U C na , and
p | aepetive ach HEEY beihied §§%ﬁ)€+s§éy§?8§m&9§#ﬁiem%qag%w Y c v

Aur cg~asidiurn p |ul ans. I nteres are the pﬁ&hented
m croor gani sitmaybéibéReiciabio s6R%R sBEifls Y dbleAd1Delifidal B ! i
expressing the pesticidal protein int o%t)he m$gr oor gaﬁ@%ﬁé@ngﬁ%g of
condi t i dhrsstraini dlbnedridoivy combiration th e AixR SRR JInEbRISS S hrRis faaiih ene.
For exanple, expression cassettes can be constructed which include the DNA
const r u@rgewithrthe native prpeinsiolf yhel stratos ¢ieddst pestididal EdviSOVhddé hetak s@Atn the
transl atjonal regulatory signals for expression of the DNA constructs, and
a DNA séhﬂ%ﬁ&%f%éﬁﬁ&b@ﬁﬂ%OW#nh a sequence in the host organi sm whereby
I ntegration ﬁ$|| agcur, and/or a raggication system which is functional in
the host, whePERBYIHYRIPIEM; 3R bemadifind; &s drserhedishovee byivatiousanathods known in
Transcr iyt | d transl ati |. requl atory sj.gnals include but are not
limited o*H') 9%5%?’& ?"'tpr“ﬁ?é%‘r‘i%nﬁgﬁ B °Pn‘§’t= i‘%ﬂ é?#gsftaam InggatigidabPysteinor s,
acti vat gyf) ef RSk Lory-elenments ribgsqgmgl binding sites,
an initiat i)on C o%,rs'il?%srg#\ na |£ gﬁﬂg&&% B VERRP "ﬁéf‘r‘ﬁbé*.c}" ong gyin

combination can be used for pesticidal activity. This includes pesticidal proteins, auxiliary

proteins and those proteins which demonstrate activity only in the presence of the auxiliary

protein or the polypeptide components of these proteins.

It is recognized that there are alternative methods available to obtain the nucleotide and

amino acid sequences of the present proteins. For example, to obtain the nucleotide sequence

encoding the pesticidal protein, cosmid clones, which express the pesticidal protein, can be

isolated from a genomic library. From larger active cosmid clones, smaller subclones can be

made and tested for activity. In this manner, clones which express an active pesticidal protein

can be sequenced to determine the nucleotide sequence of the gene. Then, an amino acid

sequence can be deduced for the protcin.- For general molecular methods, see, for example,



exanpl e, US Patent 5,039, 523; US Patent No. 4,853, 331; EPO 0480762A2;
Sanbrook et al. supra; Mol ecular Coning, a Laboratory Nhnual,jwpg%agpf et
al. (eds) Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982)5
Advanced Bacterial Genetics, Davis et al. (eds.) Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY (1980); and the references cited
therein. Suitable host cells, where thé2pesticide-containing cells will be
treated to prolong the activity of the toxin in the cell when the then
treated cell is applied to the environnment of the 1 6 SE P 2003 - 24

target pest(s), may include either prokaryotes or eukaryotes, normally

being linrg e, ;cells I ch not _produce substances toxic to

hi gher o?“é‘élﬁ?%%&%@ﬁ@m&g%mé%ua@%@%é Editigng¥elissira, Sambrpokost all feds.)
subst ancegld 9k | ni s oul d used, where the toxin is
unst abl e or tﬁe %lte@gp d g{b%g%%&ﬁ’ﬁgﬁ dgﬂﬂf'g “g?ﬂri N Y| (498N ecand sheseirences vited
possi bi | feyeinf toxicity to a mammmalian host. As hosts, of particular
interest will be the prokaryotes and the | ower eukaryotes, such as fungi.

Il1lustrative FhOkaEMR IS i .and -positive, include
Ent er obact er | acege, such %@p@bﬁtﬁgﬁﬂgﬁﬁﬁc}%ﬁ%ﬁ%& Qm aigaguyms other than
Baci | | ac BagiluRwterdhe aadeorle e ikolatable . .such as, phqf obacterium
Zvrnononas, SCrrati a-, ?ero%ﬁrﬁ?c% I%?lat?blﬁeﬂyaﬁ? 89?%?&0?%&8%3@%1

Lact obachbdlentidaceqeneesiof SRASGESE, S&H%ﬂcl%éﬁ&’é&ﬁg%'é{‘?ﬁx &Q&%@%g&%gﬁgh as

Azot obact eraceae and Nitrobacteracea. Anong eukaryotes are

Phyconvi &@ivity. Thel inAiotion alet esomphissiihe protdindlBRod QP the Rkt @sonvi ces
and chi zgsaocharrom{ces;_ and idi orn et.yeast, such as AureobaSidium

Spor obol bRFEBOreathg inteativh eromphueamrbteinssibtaisedfron@tdantsitlsadther Haf S "

sel ecti n% a host cell for purposes of production include ease o

i nt r oduc PRAGEFHAC protein Frosgecaets withantibadidssaised agedst toifrotins of the XpMeRESH 0N
systemns, 4.8ff 'cc.i eint(f:’g of .expression, stability of the protein in the host,
and t he PPEEICECAFd RIRIeiNg canpe davaued for pestisidal activity by cthodsatiscidsieds of

i nterestpfgh uUse as a pesticide mcrocapsule include protective qualities
for the pesticide, such as thick cell walls, pignmentation, and

i nt |1 ul | | QR _Of ;i US)i bodi es; .leaf affinity;
| ack of mamma? T ants mctbelt sedi Bkl 3ind e PR Crro el e pstipshaveonse of
Killi teenl isol 2t | K t.he like. h

cijns: Sgr ati (1)nls@‘?mﬁg}cgnggﬁggglgﬁg%g?ﬁnﬁﬁzﬁaﬁgtﬁgéjﬁgﬂﬁgﬁ%ﬁlﬂ&a%ﬂ%ﬁ’o }E’S{‘ st or age

st abi | i tiggluding otheeorgahi¢hrs, iEledinPhBREoRERsAL aRPplahU! ar i nterest include
yeast, such as Rhodotorula =.,, '
The pesticidal genes of the invention can be optimized for enhanced expression in plants.

See, for example U.S. Application Serial No. 07/951,715 ; EPA 0359472; EPA 0385962; WO
91/16432; Perlak et al (1991) Proc. Natl. Acad, Sci, USA 88:3324-3328,; and Murray et al
(1989) Nucleic Acids Research 17: 477-498. In this manner, the genes can be synthesized
utilizing plant preferred codons. That is the preferred codon for a particular host is the single
codon which most frequently encodes that amino acid in that host. The maize preferred codon,
for example, for a particular amino acid may be derived from known gene sequences from
maize. Maize codon usage for 28 genes from maize plants is found in Murray <t al. (1989),
Nucleic Acids Research 17:477-498, the disclosure of which is incorporated herein by reference.

Synthetic genes could also be made based on the distribution of codons a particular host uses for

a particular amino acid.



Aur eobasi di urn sL" Saccharonyces , and S=rg~gl grnyce M phyll opl ane

organi sns such as Pseudononas " rwi ni and Fl avobacterium M O{nggqmﬁther
organisnms as Ehric 'a, 16 SEP 2003 - 25 Lactobacillus ., iTTus
sp., and the like. Specific organisnms include P d m aeurg}nosa,
Pseudononas fl uorescens, accharomnmyces cerevisiae, Bacillus thuringiensis,
Escherichia ccli, Bacillus su tili ,-ad® the |ike. General methods for

enpl oying the strains of the invention in pesticide control or in

engi neering other organisns as pesticidal agents are known in the art. See,
for exanple US Patent No. 5,039,523 and EP 0480762A2. The Bacil| strains of
the inventi ofin giis infned] thE RN ERAE SEeisGhn B@gﬁaﬁ&@g R Breb G inyanxg}le{rf’.r fd to

contain the pesticidal gene and protein may be used for protectl
agri cul tisireabgrizednRat allitdl afy pRISH the GEBeREEIcE maly'be OPEmALAQR syhedch T hat i,

I nvention, whole, i.e., unlysed, cells of a toxin (pesticide)-producing
or gani ssysthetid oreattiallywptiinized agprhsstimgtalarmd @ed t he activity of the toxin
produced in the cell when the cell is applied to the environnent of target

pest (s). Al t&n Hk¢ mandey, the heclgeile isojudnsesare bp opiituized fanexprssiodincingg a

het er ol ogous gene into a_cellular host. Expression of the heterol ogous
gene r ediirrosrganisme dior Baeillus prefarzedicogon usage,see, fomexampéd UG [PatenpNod11024,837 and
mai nt enange of theéloestici de. These cells are then treated under

condi t i 3R Jehsatenst 3l GABE)Geme £61299130¢- of the toxin produced in the cell when

th [ [ t t [ ft t t . .Th [ ti

broduict et a HEIRRPRfoLE SODIFHRE Gl PR cabieret 31 ¥ Sfbhpoul at od
tici t b ' i t.h ti |

Pechn o iiediior iRt DA s R RRGRAER 56 ath G SR ER g e may o

soi |, wat&ide ﬁ‘ﬂlgo{  tetfifha cﬂlﬁ@&f’?; lextief sec{#ﬁcc@éﬂ'ﬁ?ﬁsfﬁlg%cq}egﬁﬂx?qvand t he

references cite ereln. e active 1 ngredlent pres ention

are norrseddeﬁc@@euasgmeawé?eﬁbfaﬂpr@eﬁp&mgﬁ gerBd can be applied to the
crop area or plant to be treated, sinultaneously or in succession, with

ot her conpouiGtaceraliefoethe OnRedittdn 6 foréign DNA idtd plahisi TAPIEmAT vétirs BINE Bdef Nt
donors or other preparations that influence plant growh. They can al so be

sel ect i \ntilibek for thedielyery ofifoeeign DNYe ss welliagdicsctl PVA bprakeiposois, nemati ci des,
mol | usi ci des or m xtures of several of these preparations, if desired,
t oget herclagreppration, misroangeston| and the hye efovispipatjeailesarSuck methagla hadibeeant s or 1
6 SEP 2003 .- 26 _application-pronmoti n'g adj uvants customarily enployed in

£

the art PyPLished i thgartoSee, 305 example, Guarche et al., 41A8 71 Blant Seience $311 1hd 1601 i d or

Ul d AR oL L eRP U ) Pndar A s B SRS 4 6 A3 &t Y1, (1987) Nature 327: 70-73;
Howell et al., (1980) Science 208:1265; Horsch et al., (1985) Science 227: 1229-1231; DeBlock
et al,, (1989) Plant Physiology 91:694-701; Methods for Plant Molecylar Biology (Weissbach
and Weissbach, eds.) Academic Press, Inc. (1988); and Methods in Plant Molecular Biology
(Schuler and Zielinski, eds.) Academic Press, Inc. (1989). See also US patent Application Serial
No. 08/008,374 hercin incorporated by reference. See also, EPA 0193259 and EPA 0451878A1.
It is understood that the method of transformation will depend upon the plant cell to be
transformed.

It is further recognized that the components of the expression cassette may be modified

t0 increase expression. For example, truncated sequences, nucleotide substitutions or other

meodifications may be employed. See, for example Perlak et al. (1991) Proc, Natl, Acad. Sci.



enpl oyed in fornulation technol ogy, e.g. natural or regenerated m neral
subst ances, solvents, dispersants, wetting agents, tackifiers, binders or

fertilizers. Preferred nethods of applying an active ingredi en‘] S’F-Fw
present invention or an agrochem cal conposition of the prese F ntion

whi ch contains at |east one of the pesticidal proteins produced by the
bacterial strains of the present invedion are |eaf application, seed
coating and soil application. The nunber of applications and the rate of
application depend on the intensity of infestation by the corresponding
pest. In one enbodi ment of the invention a Bacillus cereus m croorgani sm

has been it 24331 ggml AP JUNK Laalch 191478140800 ifera,
and i ongl orris gé a%@%fﬁg‘g&%&}% ]‘gu‘hgf‘irggi %‘&Xg has been
deposi teglmmjzhe Agricul tural Research Service, Patent Culture Collection
(NRRL), Northern Regional Research Center, 1815 North Univeristy Street,

Peoria, |L 61PRdcorisbrtotansy doiabludeaRsthanedsarNRRuaBroaREs A protein has
been substantially purified fromthe B cereus strain. Purification of the

protein wamﬂamn(&mmémed ahy(1995; PRGN Geidt o L28)1 412l 44 Proudifdot, (199€), Zebt i n
has a nol ecul ar wei ght of about 60 to about 100 kDa, particularly about 70

to about 6467)6%4; Saofagopar4li, 1994, iGeneseDous S: BA - kiBa Moge etel, €135i0)aRlamemilienci ng
has reveal ed the N-term nal am no-acid sequence to be:

NH2- Lys- Arlaﬁ@l%‘ia.lhémngpct@lucmsﬁ),ﬁm A JSTHI58Ballaceyal AG1983h Nudeic Reids ReSFQ

| D NO 8) x represents either Asp or Asn. The entire amno acid

s]eqUﬁncel-i' i?ﬂj‘ 87\}E)E‘Llﬂ&cﬁféi§ﬁbnlﬁ UBT1968%) ridane %?1215%@1 regi on
H2-

gener at 8%5‘ew%QC%qbﬁiceaz}g?@yﬁﬁhii@M@&#ﬁo&ﬁ#@s Dereans 6 sep

2003 B Th | i d

squepfe%@?ﬁ%ﬂfﬁ’%@& @%%@%@%@%&% B R SRFEFTA AR BIEe vas

?Zpr gseﬁ@?ﬁ? SaEe &T-Ii %gb [ 06%1116 -rl)-srg) dcr(&;’gpkg%ﬁ 9%,,,-,5:‘@5?&91 gene

descri beghshete @bfstnieer Sﬂc’hslcz{dbxesc S&HcEERNNG: BfenRihYe gﬁﬁlajt'ﬂoﬂ S T?inrsﬁh&;zﬂ HedAbREr

organi sns to determ ne whet her the VIP-1 gene (or related gene

nat ur al | yrefihewe it thearvdndtisidudea parti cul ar transformed organi smii ncI udes the
VIP- 1 gene. The invention now being generally described, the sane will be
bett er under skioomiatiyus leaders, for example, EMCYV leader (Encephalomyocarditis 5' noncoding

region) (Elroy-Stein, O., Fuerst, T.R., and Moss, B. (1989) PNAS USA 86:6126-6130);

Potyvirus leaders, for example, TEV leader (Tobacco Etch Virus) (Allison et al., (1986);
MDMYV leader (Maize Dwarf Mosaic Virus); Virology, 154:9-20), and

Human immunoglobulin heavy-chain binding protein (BiP), (Macejak, D.G., and
Samow, P, (1991), Nature, 353:90-94;

Untranslated leader from the coat protein mRNA of alfalfa mosaic virus (AMV RNA 4),
(Jobling, S.A,, and Gehrke, L., (1987), Nature, 325:622-625; -

Tobacco mosaic virus leader (TMV), (Gallie, D.R. et al,, (1989), Molecular Biology of
RNA, pages 237-256; and

Maize Chlorotic Mottle Virus leader (MCMV) (Lommel, S.A. et al., (1991), Virclogy,
81:382-385. See also, Della-Cioppa ct al., (1987), Plant Physiology, 84:965-968.



reference to the follow ng detail ed exanples that are provided for the
purpose of illustration and are not to be considered limting gf§ sEFEZUU]

i nvention unless so specified. 16SEP2003 - 28 EXPERI MENTAL Exanpl e 1. "AB78
i solati on and Characterization Bacillus strain AB78 was isolated as a plate
contam nant in the | aboratory on T3 nedia (per liter: 3 g tryptone, 2 g
tryptose, 1.5 g yeast extract, 0.05 M 8ddtum phosphate (pH 6.8), and 0. 005
g MhCl 2; Travers, R S. 1983). AB78 gave significant activity agai nst
western corn rootworm Antibiotic activity against grampositive Bacillus
R was al so denonstrated (Table 12). Table 12 Antibiotic a tivity of AB78

cul ture super R B BAChEF ki be S BUNTAZORG: Bfod AR SENGERkSIT SRt oy e N

L, rr 110.03.0 ‘negateriuni,. nvcol cereus eus

119501. 3219k7), %%1%@3&&%&;&3;@3& g@g@@%ﬁ%%r B36: YAI-144; Proudfoat

| sreal ensi sl Bt var. tenebrio gical chdracteri'stics

f AB78 . y | ' -
0 ABIR I?ﬁéi@?‘ﬁé?é{%ﬁ?a%ﬁ ¥all Q981 ma_e@z&rl $141-%49 Ma%]eln_fwa.,wbo

0.5-2.0 mMm w de. |s with rounded ends,” single in short chains. 'Si'ngle

3 g bt er m Pgint CelY,|2: 1361 CE720Mahsoe S0 PID0Y, Géiener 1 Pl 58 Hdllas Hcal.,l(@s,?,ER -
parasporal crystal formed. Col onies opaque, erose, |obate an at. No
pi gnent s AzidsRes o d7: 787963 ; doshi keal., (987 Nualejr £sd Res., 15:9627-9639.

For tissue specific expression, the nucleotide sequences of the invention can be operably
linked to tissue specific promoters. See, for example, US Application Serial No. 07/951,715
herein incorporated by reference. |

It is recognized that the genes encoding the pesticidal proteins can be used to transform
insect pathogenic organisms. Such organisms include Baculoviruses, fungi, protozoa, bacteria
and nematodes.

The Bacillug strains of the invention may be used for protecting agricuitural crops and
products from pests. Alternatively, a gene encoding the pe§ﬁcidc may be introduced via a
suitable vector into a microbial host, and said host applied to the environment or plants or
animals, Microorganism hosts may be selected which are known to occupy the "phytosphere”
(phylloplane, phyllosphere, rhizosphere, and/or rhizoplana) of one or more crops of interest.
These microorganisms are selected so as to be capable of successfully competing in the
particular environment with the wild-type microorganisms, provide for stable maintenance and
expression of the gene expressing the polypeptide pesticide, and, desirably, provide for
improved protection of the pesticide from environmental degradation and inactivation.

Such microorganisms include bacteria, algae, and fungi. Of particular interest are
microorganisms, such as bacteria, ¢.g..Pseudomonas, Erwinia, Serratia, Klebsiella,
Xanthomonas, Streptomyces, Rhizobium, Rhodopseudomonas, Methylius, Agrobacterium,
Acctobacter, Lactobacillus, Arthrobacter, Azotobacter, Leuconostoc, and Alcaligenes; fungi,
particularly yeast, e.g.,Saccharomyces, Cryvptococcus, Kluyveromyces, Sporobolomyces,



G owth characteristics of AB78 are as follows: Facultative anaerobe with
opti mum grow h tenperature of 21-30C. WIIl grow at 15, 20, 25,1 BGER1337C.
W1l not grow above 40C. Gows in 5-7% NaCl. Table 13 provides the

bi ochem cal profile of AB78. Table 13 Bi ochem cal characteristics of D.
cereus strain AB78. Acid from L-arabinose Gas from L-arabinose Acid from
D-xyl ose Gas from D-xylose Acid from® glucose Gas from D glucose Acid
fromlactose Gas fromlactose Acid fromsucrose Gas fromsucrose Acid
fromD-mannitol Gas from D nmannitol Proprionate utilization Ctrate
utilization Hi ppurate hydrolysis Methylene blue reduced Methyl ene bl ue

oo LA Gl R e L
coagul at %@&g&_@ﬁg%k L8%non fluorescens, Serratia marcescens, Acetobacter xylinym,
acteria, Rhodopseudomonas spheroides, Xanthomonas campestris, Rhizobjum melioti,
Alcaligenes entrophus, Clavibacter xyli and Azotobacter vinlandii; and phytosphere yeast
species such as Rhodotorula rubra, R, glutinis, R, marina, R, aurantiaca, Cryptococcus albidus,
C. diffluens, C. Jaurentii, Saccharomyces rosei, S. pretoriensis, S, cerevisiae, Sporobolomyces
rosues, S, odorus, Kluyveromyces veronae, and Auregbasidium pollulans. Of particular interest

are the pigmented microorganists.

A number of ways are available for introducing a gene expressing the pesticidal protein
into the microorganism host under conditions which allow for stable maintenance and expression
of the gene. For example, expression cassettes can be constructed which include the DNA
constructs of interest operably linked with the transcriptional and translational regulatory signals
for expression of the DNA constructs, and a DNA sequence homologous with a sequence in the
host organism, whereby integration will occur, and/or a replication system which is functional in
the host, whereby integration or stable maintenance will occur.

T;anscriptional and translational regulatory signals include but are not limited to
promoter, transcriptional initiation start site, operators, activators, enhancers, other regulatory
elements, ribosomal binding sites, an initiation codon, termination signals, and the like. See, for
example, US Patent 5,039,523; US Patent No. 4,853,331; EPO 0480762A2; Sambrook et al.
supra; Molecular Cloning, 2 Laboratory Manual, Maniatis et al. (eds) Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY (1982); Advanced Bacterial Genetics, Davis et al. (eds.)
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1980); and the references cited
therein.

Suitable host cells, where the pesticidecontaining cells will be treated to prolong the

activity of the toxin in the cell when the then treated cell is applied to the environment of the



Litmus m |k peptonized - + Litnus mlk reduced + Casein hydrolyzed + w
Starch hydrolyzed + + CGelatin liquidified + Lecithinase produF @qumﬁ weak
reaction 1 6 SEP 2003 - 30 Exanple 2. Bacteria] Culturg A subculture of Bc
strain AB78 was used to inoculate the follow ng nmedium known as TB broth:
Tryptonel29/ 1 Yeast Extract24g/l dycerol 4mJ KH2PO42. 1g/1 K2HPO414. 7B/ 1 pH
7.4 The potassi um phosphate was added &6 the autoclaved broth after

cooling. Flasks were incubated at 30C on a rotary shaker at 250 rpmfor 24
h.-36 h. The above procedure can be readily scaled up to |arge fernentors
by procedures well known in the art. During vegetative growh, usually

24-36 h. i ng, the.cul t AB78 bacteri _centrifuged f

the cul i (e ErIPEL AR ARIEE rokiio S 5F Bpriiacs noms Prn g 'adesve
tei w i, b | | t Bl $ trai

A75-vs ooy o ag AP QeagR ik ncE OO Enidher (B e "B B bus BpReveh

Nort h i ' | | Lo | | { K.
on2gor ni ey gk BrogiE o BREHeHgofle ShRE Rt Loud Bkl when Blsppifés

e, TR AR R A WO AR
78: 290- 23gmmalihnaios\Weshdsts, §0parildula¢ int&ettivail fbe @itk stbiedryeSardithe lower
eukaryotes, such as fungi. Mlustrative prokaryotes, both Gram-negative and -positive, include
Enterobacteriaceae, such as Escherichia, Erwinia, Shigella, Salmonella, and Proteys;
Bacillaceae; Rhizobiceae, such as Rhizobium; Spid]la_c@;, such as photobacterium,
Zymomonas, Serratia, Acromonas, Vibrio, Desulfovibrio, Spirillum; Lactobacillaceae;
Pseudomonadaceae, such as Pseudomonas and Acetobacter; Azotobacteraceae and
Nitrobacteraceae. Among eukaryotes are fungi, such as Phycomycetes and Ascomycetes, which
includes yeast, such a Saccharomyces and Schizosaccharromyces; and Basidiomycetes yeast,
such as Rhodotorula, Aurcobasidium, Sporobolomyces, and the like.

Characteristics of particular interest in selecting a host cell for purposes of production
include ease of introducing the protein gene into the host, availability of expression systems,
efficiency of expression, stability of the protein in the host, and the presence of auxiliary genetic
capabilities. Characteristics of interest for use as a pesticide microcapsule include protective
qualities for the pesticide, such as thick cell walls, pigmentation, and intracellular packaging or
formation of inclusion bodies; leaf affinity; lack of mammalian toxicity; attractiveness to pests
for ingestion; ease of killing and fixing without damage to the toxin; and the like. Other
considerations include ease of formulation and handling, c‘conomics, storage stability, and the
Like.

Host organisms of particular interest include yeast, such as Rhodotorula sp.,
Aurcobasidium sp., Sacchargmyces sp., and Sporobolomyces sp,; phylloplane organisms such as
Pseudomonas sp., Erwinia sp, and Flavobacterium sp.; or such other organisms as Escherichia,



and placed in dishes. Neonate | arvae were placed on the diet and held at
30C. Mortality was recorded after 6 days. E. cori |one bioassay ;

was grown overnight in L-Anpl QO at 370C. Ten ml  culture was soﬁi&éf%dmﬂx
for 20 sec each. 500 m of sonicated culture was added to nolten western
corn rootworm di et. Col orado potato beetle Leptinotarsa nlineata:-dilutions
in Triton X-100 (to give final concentbkation of 0.1% TX-100) were made of
AB78 cul ture supernatant grown 24-36 h. Five cnR potato |eaf pieces were
di pped into these dilutions, air dried, and placed on noistened filter
paper in plastic dishes. Neonate | arvae were placed on the | eaf pieces and
hel d at 30C. rtal ity was recorded %ﬁ$er 3-5 days. _Yel |l ow neal wor m

Tenebri o calius sp;: Baillynep a9 shalikfe SpecifippreapismsincludesRssudomonant gr own

2436 h., m xed th nolten artificjal, diet (Bioserv ?40 and aIIovved to
Sob L T AP PrORREE THaEshms. SAsa AP RS S visRa Rt BB B onat &

| ar vae | 258 di,et | d at 30C. I\/brtal ity was recorded
after GVME&IM ﬂ%g‘g P‘E‘f ack cutvvorm t obacco budvvorm

t obacco horn € trini,a .nubilalis n,

Hel T ot hi s v.?'ﬁ’fr bl i BopReYRR T i ok Bifgieop i Rusgeldl 8heot of i

- d| I ut | o | I % wer e
g’iéggeggs%h{egr na ns%cgroﬁn%g%{g{owmgﬂlo%'%émggl%%ﬁel t€d onto
2 the SPﬁtEﬁtqeogs;oﬂy%B%ﬁfgpsdlﬂsb%ﬂfd artifical diet (Bioserv #F9240) and

allowed to air y Neonate | arvae were then placed onto the surface of

the diet and frak aéllgﬁ&ﬁmswmﬁhbéﬁoﬂ@ﬁmertﬁ@%%ﬂisﬂfstvﬁﬁc}ﬂm@c@@éfﬁ genbl@édilper n

house nosquit o, n -dilutions were made of AB78 cul ture supernat ant
grown 24alGedito ckfﬁihmrthc\mmqm:ngérteaﬁdlpmtan hikyrte used fr protecting Agtitul@kaASidps Cup.
Third 16 SEP 2003 - 32 instar larvae were added to the water and hel d at
room t enfyet produds frivh icatsi fyovemspe o6 the dtbention, svholet 4.4 Juilgseds cellbloé as@ent r um

of entonocidal activity of AB78 i iven in Table 14. Table 14 Activity of
AB78 cul {pgpiicidtirprpdnsingorgerdsmn n&ttrqm%woﬁsmmwhatsml@n&ﬁlclam@m ofshe tsixins

OrderActivity tested to date
produced in the cell when thc cell is applied to the environment of target pest(s).

Alternatively, the pesticides are produced by introducing a heterologous gene into a
cellular host. Expression of the heterologous gene results, directly or indirectly, in the
intracellular production and maintenance of the pesticide. These cells are then treated under
conditions that prolong the activity of the toxin produced in the cell when the cell is applied to
the environment of target pest(s). The resulting product retains the toxicity of the toxin. These
naturally encapsulated pesticides may then be formulated in accordance with conventional
techniques for application to the environment hosting a target pest, e.g., soil, water, and foliage
of plants. See, for example EPA 0192319, and the references cited therein.

The active ingredients of the present invention are normally applied in the form of - =
compositions and can be applied to the crop area or plant to be treated, simultaneously or in
succession, with other compounds. These compounds can be both fertilizers or micronutrient
donors or other preparations that influence plant growth. They can also be selective herbicides,
insecticides, fungicides, bactericides, nematicides, mollusicides or mixtures of several of these

preparations, if desired, together with further agriculturally acceptable carriers, surfactants or



Western corn rootwormi r tic vir '"fera vFr)Col ++-F Northern corn rootworm

Mahrotic | ongicornis bra)Col +++ Southern corn rootworm i r tic
undeci myunct ata honed f) Col - Col orado potato beetle. Col- (Leptinotarsa
deceni i neata) Yellow nealworm e ebrio rnmr Col- litorr) , Eurgpg8ef ¢in

borer Lep- (Ostrinia nubilah Tobacco budworm Lep- kliothi virescens)
Tobacco hornworm Lep- (Manduca seta) - Beét-ar nyworm Lep- (nmeter Xxi )

application-promoting adjuvants customarily employed in the art of formulation. Suitable
carriers and adjuvants can be solid or liquid and correspond to the substances ordinarily
employed in formulation technology, €.g. natural or regenerated mineral substances, solvents,
dispersants, wetting agents, tackifiers, binders or fertilizers.

Preferred methods of applying an active ingredient of the present invention or an
agrochemical composition of the present invention which contains th least one of the pesticidal
proteins produced by the bacterial~ strains of the present invention are leaf application, seed
coating and soil application. The number of applications and the rate of application depend on
the intensity of infestation by the corresponding pest.

In one embodiment of the invention a Bacillus cereus microorganism has been isolated
which is capable of killing Diabrotica virgifera virgifera, and Diabrotica longicomis barberi.
The novel B, cereus strain AB78 has been deposited in the Agricultural Research Service, Patent
Culture Collection (NRRL), Northern Regional Research Center, 1815 North Univeristy Street,
Peoria, [L 61604, USA and given Accession No. NRRL B-21058.

A protein has been substantially purified from the B, cereus strain. Punification of the
protein has been verified by SDS-PAGE and biological activity. The protein has a molecular
weight of about 60 to about 100 kDa, particularly about 70 to about 90 kDa, more particularly
about 80 kDa.

Amino-terminal sequencing has revealed the N-terminal amino-acid sequence to be:
NH»-Lys-Arg-Glu-Tle-Asp-Glu-Asp-Thr-Asp-Thr-Asx-Gly-Asp-Ser-lle-Pro-  (SEQ ID NO:8)
where Asx represents cither Asp or Asn. The entire amino acid sequence is given in SEQ ID
NO:7.

An oligonuleotide probe for the region of the gene encoding amino acids 3-9 of the

NH;-terminus has been generated. The probe was synthesized based on the codon usage of a



Bl ack cutworm Lcp- Ati it n) Northern house nosquito Dip- (Cul mio' ncns)
16SEP7003 - 33 The newly discovered B. cereus strain AB78 showed a
significantly different spectrumof insecticidal activity as cog;*@dmg}p

known col eopteran active i.endotoxins fromBt. In particular, howed
nore selective activity against beetles than known col eopteran-active Bt
strains in that it was specifically acfve to Dia r tics spy. Mre
specifically, it was nbst active against D. virgifera virg era and D. |on
icornis barberi but not D. decimunctata howardi. A nunber of Bacillus
strai ns Baillushhwrarsesie®t) Sendstbkivigeie. dTHe riglevtideicabinee IaRvlonidadtde 15)
agai nst western corn rootworm The results denonstrate that AB78 is unique
in that Pprakebsel fyr Sayshiemshyhaitizagions was a3 folletssor m i s not a gener al
phenonenon. Table 15 Activity of culture supernatants from various Bacillu
agai nst western corn r GotGAAMTPEGANTCAABIATI AN GATal'n WOEBEQIDNO:0)y rce
eus AB78 Bat 1) 100 %, rerrs AB78 (Bat.2) 100 B cereus (Carolina Bio.)
12 B ceViqe Nareiesepioany bese. g gercu ATCC 14579 8 B m so i des (.Carolina
hurin iensis HD 135 41 B thurineiensis HD191

o 5t hur i g/ BALEORA DA brole forgie BE ABTBSYIga) emmsidsscaibed herin, permis the
screening of any Bacillus strain or other organisms to determine whether the VIP-1 gene (or
related gene) is naturally present or whether a particular transformed ofganism includes the VIP-
1 gene.

The invention now being generally described, the same will be better understood by

reference to the following detailed examples that are provided for the purpose of illustration and

are not to be considered limiting of the invention unless so specified.
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Water Control 4 4 1 6 S EP 2003 - 34 Specific activity of AB78 agai nst
western corn rootwormis provided in Table 16. Table 16 Acti vl ﬁ)ﬁ%BfTﬂU&B?S
cul ture supernatant agai nst neonate western corn rootworm Cul ture

super nat ant Per cent concentrati onWCRW nortality 100100 2587 1080 540 2.520
16 00 The LCSO was cal cul ated to be 6.2 | of culture supernatant per m of
western corn rootworm diet. Exanpl e-428|solation and Purification of !Corn
R ootworm Active Protein from AB78. Culture nedia free of cells and debris
was nmade to 70% saturation by the addition of solid ammoniumsulfate i.e.
(472 g/L). Dissolution was at roomBEXRERIMENIFALf ol | owed by cooling in an
I ce bath and centrifugation at 10,000 x g for thirty mnutes to pellet out
the precipitated proteins. The supernatant was discarded and the pellet
was di ss edl 1/ _0_ vqurre W|th 20 MM TRI S-HC1 at pH 7.5.
The diss | 4878, }splatigy aastenzation gj ol ysis in 20 MM TRIS HC pH
7.5, or paSSI ng through a desaltl ng colum. 1 6 SEP 2003 - 35 The
desalted material was titrated to pH 3.5 with 20 nM sodiumcitrate pH 2.5.

cont 11 fuged atEAORY Sei Frtd AR TR TP S5 A6 ot 8P 1R IE T
of i ﬁ'enSﬂP%%E%?%"‘?%? B SEG aﬁhﬁﬁéﬁ ‘é% B gt R PRl O

6.8), and 6.005 g MnCL; Travers, R.S. 1983). AB78 gave significant activity against western

corn rootworm. Antibiotic activity against gram-positive Bacillus spp. was also demonstrated

(Table 12).
Table 12
tibioti ivi 7 emnatant
Zone of inhibition{cm)
__Bacteria tested AB78 Streptomycin
E. coli 0.0 3.0
B. megatefium 1.1 2.2
B. mycoides 1.3 2.1
B. cersus CB 1.0 2.0
B. cereus 11950 1.3 2.1
B. cereus 14579 1.0 2.4
B. cereus AB78 0.0 22
Bt var. jsrealensis 1.1 22
Bt var. tencbrionis 0.9 2.3

Morpholgical characteristics of AB78 are as follows:
Vegetative rods straight, 3.1-5.0 mm long and 0.5-2.0 mm wide. Cells with rounded ends,

single in short chains. Single subterminal, cylindical-oval, endospore formed per cell. No



ani on exchange, colum equilibrated with 20 MM IR S pH 7.5 at a flow rate
of 300 nmL/mn. The colum was devel ped with a stepw se and 'i”e%sgﬁﬁ‘%n?m
enploying 400 MM NaC in 20 nmMTRIS pH7.5. Bioassay of the colu

fracti ons and SDS- PACE anal ysis were used to confirmthe active fractions.
SDS- PACGE anal ysis identified the biologically active protein as having a
nmol ecul ar weight in the range of 80 kD32 Exanple S. Sequence Anal ysis of
the Corn Rootworm Active Protein The 80 kDa protein isolated by SDS-PAGE
was transferred to PVDF nenbrane and was subjected to am no-term nal
sequenci ng as perfor med by repetitive Edman cycles on the ABI 470

pul sed- | i qui quencer Transfer was carried out in 10 mM CAPS buffer with
10% h‘%ﬁfﬁ rygtabtogmed. oL plgniss opagugiriescolebete ané 8atgdio piginentsipnaduced.

el ectrop e&ﬁSIS %eﬁge in transfer buffer for five mnutes. ProBlott
PVDF nenb @TSAMh 100% MeOH briefly then equilibrated in. .
transfer buff he, sandwi.ch rran bet ween foam sponges and filter
paper squar ese‘;\ﬁot“a;hel?‘@ CIITLHES %ﬁ??ﬁrﬁaﬁ?%shode Gel - Menbr ane- Anode.
Transfer was r d.at ,70 const ant |.t age for : 6 SEP 2003 -
36 Fol | owi ngq‘far 'é%snf”gtm?ﬂ%beﬁﬁﬁbf’%‘%% ﬁ?&Ecwwf\]&é@@%aﬁ%‘l@am&as f or

done i ¢ F R Co e B o oo bt 300  Chea 0

Fol | owi ng destai ning the nenbrane was air dried prior to excision of the
bands for sequence analysis. A BlottCartridge and appropriate cycles were
utilized to achibtve prexidediie bedchemicanswfirnd AB®. d. Data anal ysis was
performed using the nodel 610 Sequence Analysis software for identifying
and quantifying the PTHam no acid derivatives for each sequential cycle.
The N-term nal sequence was determ ned to be:

NH2- Lys- Arg- 3 u- | | e- Asp- G u- Asp- Thr - Askableii3 Asx- 3 y- Asp-Ser-11e-Pro- (SEQ
ID NO 8) where Asx represents Asp or Asn. Exanple 6. Construction of DNA
Probe An ol igonucl eoti dglqshmaqubﬁramasm@gaf&wmmgﬁés encodi ng ani no
acids 3-9 of the

Acid from L-arabinose - Methylene blue reoxidized +
Gas from L-arabinose - Nitrate reduced +
Acid from D-xylose - NO3 reduced to NOy +
Gas from D-xylose - VP +
Acid from D-glucose + H90+ decomposed +
Gas from D-glucose - Indole -
Acid from lactose - Tyrosine decomposed +
Gas from lactose - Dihydroxiacetone -
Acid from sucrose - Litmus milk acid .
Gas from sucrose - Litmus rmlk coagulated -
Acid from D-mannitol - Litmus milk alkaline
Gas from D-mannitol - Litmus milk peptonized -
Proprionate utilization + Litmus milk reduced
Citrate utilization + Casein hydrolyzed +
Hippurate hydrolysis w Starch hydrolyzed +
Methylene blue reduced + Gelatin liquidified +
Lecithinase produced w

w= weak reaction



N-term nal sequence (Exanple 5) was generated. The probe was synthesized
based on the codon usage of a Bacillus thuringensis (Bt) S-endotoxin gene.
The nucl eoti de sequence 5 - GAA ATT GAT CAA GAT ACN GAT -3 (SES&£§Q£§h?)
was used as a probe in Southern hybridizations. The oligonucl eo

synt hesi zed using standard procedures and equi pnent. Exanple 7.

| soel ect-ric Point Determ nation of +h® Gorn R otworm Active Protein
Purified protein fromstep 5 of the purification process was anal yzed on a
3-9 pl isoelectric focusing gel using the Phastgel el ectrophoresis system
(Pharmacia). Standard - 37 operating procedures for the unit were foll owed
for bot HExampledpBagterishCaturesi | ver staining devel opnent procedures. The pl
was approxi mated at about 4.9. Exanple 8. PCR Data On AB78 PCR anal ysi s
(See, for exanmple US patent Application Serial No. 08/008, 006; and,

Carozzi et al 991 Env. .3057- 306 herel n
i ncor por at ed Ab?‘bclﬂé‘f‘)ér"é%“ \%g,l’s \/"B?T“bi}cg’ﬁg]ﬂ‘% Wige giedwm, KnqwARS g i d

not Contﬁﬁgo ny insecticidal crystal protein genes of B. thuringensis or B
= tal %'(Tabl e 17). Table 17 Bacillus insecticidal crystal protein
gene priners tested by PCR agai nst AB78 DNA. Priners Tested 2 sets specific

for Crylil A [11B 2 sets spegific CylA CylA(a) CyLA(b) specific
CrylB CrylC @E CrylE sp%% fi crgsets specific for $. spha cricus 2
sets specific 9 ’Gaﬁv Baci | I49s co (Pl -PLC) Product Produced
Negative Neddyssrel

KH,-PO4

KoHPO4 14.7 g/l

pH 7.4

The potassium phosphate was added to the autoclaved broth after cooling. Flasks were
incubated at 30°C on a rotary shaker at 250 rpm for 24 h.-36 h. |

The above procedure can be readily scaled up to large fermentors by procedures well
known in the art.

During vegetative growth, usually 24-36 h. after starting the culture, AB78 bacteria were

centrifuged from the culture supernatant. The culture supernatant containing the active protein

was used in bioassays.

Example 3. Insect Bioassays

B. cereus strain AB78 was tested against various insects as described below.
Waestern, Northern and Southern corn rootworm, Diabrotica virgifera virgifera, D.

longcornis barberi and D. undecempunctsta howardi, respectively:, dilutions were made of
AB78 culture supernatant grown 24-36 h., mixed with molten artificial diet (Marrone et al.



Negative Negative Negative Negative Negative Negative Negative
Negative Positive 1 6 S E P 2403 - 3 8 Exanple 9. Cosm d CIopFrSFpmmal
PNA from B. cereus train AB78 The YIP-1 gene was cloned fromtota
prepared fromstrain AB78 as follows: Isolation of AB7 DNA was o foll ows:
1. Gow bacteria in 10 m L-broth overnight. (Use 50 mMl sterile centrifuge
tube) 2. Add 25 mM of fresh L-broth-ald anpicillin (30 ng/nil). 3. Gow
cells 2-6 h. at 30C with shaking. 4. Spin cells in a 50 m pol ypropyl ene
orange cap tube in EEC benchtop clinical centrifuge at 3/4 speed. 5.

Resuspend cel] pellet in 10 M TES. 6. Add 30 ng |yzozyme and incubate 2
hrs at 338854 ohEeorpmic 28062930 Bndvil] dvait toisnlidi €. K5 (136K dTf: éThwas cut
| ncubat ea:%t 37$.. g Add 200 ml fresh Proteinase K Incubate 1 hr. at 55C
Add 5 nianf@Rlecedirsdishesy Naonateilaryaqywers pirced GO EAG hald anBONB Upriilay wake 15

m final_vol.u 9., Phenol extract twice (10 m phenol, spin at room
temeratrﬁfoédﬁﬁ%ﬁrfiaﬁéed in an EEC benchtop clinical centrifuge). Transfer

supernatent (5o hab UELEED KB SR S Bl T O
el Lot U 15 e 1R 20 stSat o) mf S sonic 38 BB s odlfe ram vt 0. 5
M 3M NafRterR bbr ro@mlidiet’! 95% et hanol . Place at -20C for 2 h. 16SEP2003
Colorado potato beetle Leptinotarsa decemlineata:-dilutions in Triton X-100 (to give
final concentration of 0.1% TX-100) were made of AB78 culture supernatant grown 24-36 h,
Five cm’ potato leaf pieces were dipped into these dilutions, air dried, and placed on moistened
filter paper in plastic dishes. Neonate larvae were placed on the leaf pieces and held at 30°C.
Mortality was recorded after 3-5 days. |
Yellow mealworm, Tenebrio molitor:- dilutions were made of AB78 culture
supernatant grown 24-36 h., mixed with molten artificial diet (Bioserv #F9240) and allowed to
solidify. Solidified diet was cut and placed in plastic dishes. Neonate larvae were placed on the
diet and held at 30°C. Mortality was recorded after 6-8 days.
European corn borer, black cutworm, tobacco budworm, tobacco hornworm and
beet armyworm; Ostrinia nubilalis, Agrotis ipsilon, Heliothis yirescens, Manduca sexta
and Spodoptera exigus, respectively: -dilutions, in TX-100 (to give final concentration of 0.1%
TX-100), were made of AB78 culture supernatant grown 24-36 hrs. 100 ml was pipetted onto
the surface of 18 cm. of solidified artifical diet (Bioserv #F9240) and allowed to air dry.
Neonate larvae were then placed onto the surface of the diet and held at 30°C. Mortaiity was
recorded after 3-6 days.
Northern house mosquito, Culex pipiens:-dilutions were made of AB78 culture
supernatant grown 24-36 h. 100 ml was pipetted into 10 ml water in a 30 m! plastic cup. Third




- 39 14. "Hook" DNA fromtube with a plastic |oop, transfer to a m crofuge
tube, spin, pipet off excess ethanol, dry in vacuo. 15. Resuspend in 0.5
m TE. Incubate 90 min. at 65C to help get DNA back into sol ution} 6 SEB.2003
Det ermi ne concentration using standard procedures. 1 6 SEP 2003 - 40

Cosm d C oning of AB78 All procedures, unless indicated otherw se, were
perfornmed according to Stratagene Protggol-, Supercos 1 Instruction Mnual,
Cat. No. 251301. Generally, the steps were as follows: A Sau 3A Parti al

Di gestion of the AB78 DNA. B. Preparation of Vector DNA C. Ligation and
packaging of DNA D. Titering the cosmd library 1. Start a culture of
HB101 cells by placing 50 m of an overnight culture in 5 ms of TBwth
0. 2% malPBAIVAR Ksrmadded o thematerand 37ig at 20018 pémpanathrec Vibsalitpavas essesdeand i N
0.5 ms gﬁgy SH. 3. Add together: 100 ml cells 100 m diluted

packagi r‘?é o mid@lcﬁpecmmg ida) aptivinRoAB Mis i venain Tabben14.
tenperature for 30 mnutes with no shaking. 5. Add 1 ml TB and m x gently.
| ncubate 30 mnutes at 37C. 6. Plate 200 m onto L-anp plates. I|Incubate at
37C overnight. At |east 400 cosm d clgnes were screened for activity

agai nst western corn rootworm as des abigdd i n Exanple 3. DNA froem 5 active

clones and 5 non-agtive cl S re used in Southern_ hybridizations.
Resul ts denpnstr at ?f'vt“ﬁ’é’? W@ﬁ“ﬁ’féf’?ﬂﬂa%‘i%@mﬁh@“&%%eﬁéﬂ?ﬂiﬁ)ed

ol i gonucl eoti de probe correlated with western corn rootwormactivity (Table
18). | 6SEP2003 - 41 —Cosmid claones P3-12 and P5-4 have been deposited with

the Agricul tural Resetspeties

tested to date OQrder Activity
Western corn rootworm
(Diabrotica virgifera
virgifera) Col -+
Northemn corn rootworm
barber) Col +++

Southern corn rootworm

(Diabrotics undecimpunctata

bowardj) Col -
Colorado potato beetle. )
(Leptinotarsa decemlineata) Col -

Yellow mealworm

(T¢nebrio molitor) Col .
European com borer

(Ostrinia nubilalis) Lep .
Tobacco budworm

(Heliothis virescens) Lep -
Tobacco hornworm

(Manduca sexta) Lep -
Beet armyworm

(Spodoptera sxigua) Lep -
Black cutworm

(Agrotis ipsilon) Lep .

Northern house mosquito
(Culex pipiens) Dip .




Service Patent Culture Collecton (NRRL) and given accession nos. B-21061
and B-21059 respectively. Table 18 Activity of AB78 cosm d cl ones agai nst

western corn rootworm Mean C one percent nortality N=4) d ozljeas [\phm@:
hybridi ze with probe P 1-7347 P 1-8364 P2-269 P3-1285 P5-497 ones i ch
do not hybridize with probe P1-25 P3-84 P3-912 P3-180 P4-69 | 1 6 SEP 2003
- 42 Exanple 10. Identification of a kb region active agai nst western
corn rootworm DNA from P3-12 was partially digested with restriction
enzynme Sau 3A, and ligated into the.E r~li vector pUCI9 and transforned
into EE Ali. A DNA probe specific for the 80 kDa protein was synthesized

by PCR | 1 i . i . P35 DNA., The.oli | tid MK1
2 e LR RisRbyded B 4R sShinfABIE AN a b Riao g dies e speciam o ng
th kgt o j : i tein.. Pl i bcl

Lhe Peri@kdarica0ipel Sudpaepnaoah LIseRfl R PRI RE AT dooubcl ones
act i vi | parGOMr) ABTBSRIWE mBR H1cBA MR Iy a%ﬁst%@&fés &Jn%%mﬁb%ﬁpgﬁ#gfv%ggsgg

the PCR fragnment, and is active agalns stern corn rootwor
previ ouBl straitese tHabi dvasAp&ikkally! Rtite troq}‘fta?rigﬁl:i Y i IBJ'IEPPL% cl oned
into the Sma | site of Fhe E.l?oli- BacrTTus s utt?’gqgg@ti%{r b ﬁ@? _
(Ler ecl assive Byaimt Dabirgiord QirgHehant DR oMY Qg Yarbei bt oD ublidcippdiftady0 Vi €1 d
pCl B6201. This construct confers anti-western corn rootworm a y upon
bot h wardi.
A number of Bacillus strains were bioassayed for activity during vegetative growth
(Table 15) against western corn rootworm. The results demonstrate that AB78 is unique in that

activity against western comn rootworm is not a general phenomenon.

Table 15

Activity of culture supernatants from various Bacillus spp. against western com rootworm

Percent

Bacillus strain WCRW montality
B, cereys AB78 (Bat.1) 100

B. cereus AB78 (Bat.2) 100

B. cereus (Carolina Bio.) 12

B, cereus ATCC 11950 12

B, cereus ATCC 14579 8

B. mycoides (Carolina Bio.) 30

B, popilliag 28

B, thuringiensis HD135 41

B. thuringiensis HD191 9

B, thuringiensis GC91 4
B, thuringiensis isrealensis 24

Water Control 4




Bacillus and E.coli strains, in either orientation. pCl B6022 fg?ﬁpim@ this
same 6 kb Cda | fragnent in pBluescript SK(+) (Stratagene), produces

equi valent VIP-1 protein (by western blot), and is al so active agai nst
western corn rootworm The nucl eoti de sequence of pCl P6022 was det erm ned
by the dideoxy termination nethod of Sanger et al., Proc. Natl. Acad. Sci.
USA, 74:5463-5467 (1977), using PRI SM Ready Reaction Dye Deoxy Term nat or
Cycl e Sequencing Kits and PRI SM Sequenase(r) Term nator Doubl e- Stranded
DNA Sequencing Kit and anal yzed on ABI 373 automati c sequencer. The
sequence is g%@ng{cn SEQ ID NO 1. pClB6022 was deposited with the

Agricul tural fEHIcAT vVise p{ABES agaznst westem| comt wotreis prawided(ihRb)e, 16Nor t her n
Regi onal Research Center, 1815 North University Street, Peoria, Illinois
61604, USA, and given the Accession NdlabNRRe B-21222. 1 6 SEP 2003 - 43
Exanmpl e 11. Functional dissection of the VIP-1 DNA region. To confirmthat
the VIP-1 open rﬁeﬁdimgfﬁ%ﬂamuﬁ@@pchﬁtﬁemh%;{a&rw's{@ﬁ%}n%%ﬁ,loﬁcti vity

a translational franeshift nutation was created 1 n the gene. e
restriction enzyne Bgl Il recognizes a unique site |located 1758 bp into

t he codi ng region ul%ﬁ- I B820t drgested—w Bgl Il, and the

si ngl e-stranded ends_Ti i SR (Kl enow fragment) and
dNTPS. The pl asmi d =wes B ora—tras Ity E,. The resulting

pl asnmi d, pCl B6203, contains a%our nucleotide i nEtion in the coding
region of VIP-1. pClB6203 doé& not confer insect8%idal activity,
confirmng that VIP-1 is an ed&ential conponent &JF western corn rootworm
activity. To further define tife regi on necessary 4 encode VIP-1, subcl ones
of the VIP- | and VIP- 2 (auxiZgary protein) regiggn were constructed and
tested for their ability to cqnplenent the nmutatigon in pC B6203. pClB6023
contains the 3.7kb Xba |-EcoRy fragment in pBluesgript SK(+) (Stratagenc).
Western bl ot anal ysi's 1ndi cates that pcCl B6023 prUrC?lrJtes VIP-1 protein of

equal si i | one L2 and pCl B 6022. pCl B6023 contains the
entire g%q’?’g‘? wtdggﬁc‘g%tﬁ%%pﬁco@gPﬁfﬂé’ﬁéﬁE%“%t Rféﬁgﬁ W EteTR) O fdesworm
Agricul tural Research Service, Patent Culture Collection, (NRRL), Northern
Regi onal Research Center, 1815 North University Street, Peoria, Illinois
61604, USA, and given the Accession No. NRRL B-21223. pCl B6023 shows sone

western corn rootwonn activity. However, the level of activity is |ess
than the activity of pClB6022. A m xture of cells containing pCl B6203

(VI P-1 - nibxatupte 4. pothtddnRimd) Pyitatish bidith DR FdlAnbm AB7E) 10"
hi gh activity against western corn rootworm 1hus, pClB ‘oduce

functional VIP- | gene product, and pClB6203 nust

Culture media free of cells and debris was made to 70% saturation by the addition of
solid ammonjum sulfate i.e. (472 g/L). Dissolution was at room témperaturc followed by
cooling in an ice bath and centrifugation at 10,000 x g for thirty minutes to pellet out the
precipitated proteins,

The supernatant was discarded and the pellet was dissoved in 1/10 the original volurne
with 20 mM TRIS-HC! at pH 7.5. '

The dissolved pellet was desalted either by dialysis in 20 mM TRIS HC! pH 7.5, or
passing through a desalting column.



produce a functional VIP-2 gene product. These results suggest a
requirenent for additional gene product(s) fromthe VIP-2 region,
conbination with VIP-1, to confer maxi mal western corn rootwot ﬁ]S&Bt?ﬂﬂll ty.
See Table 19. 1 6 SEP 2003 - 44 TABLE 19 Characterization of pCl B 6022
Cowtruct (.")Activity Wj) & PCl B6022 pCl B6023+ pCl B6203 pCl B6203 + +++
pCB6023 Boxed regions represent the exggnt of VIP-1. Light shading

i ndi cates the regions encoding the 80 kDa peptide observed in Bacill us.
Dark shading represents the NNterminal am no acids predicted by the DNA
sequence of VIP-1. Large "X' represents the |ocation of the frameshift

the beta- 32[@??%9 Sotenfl o ot B 3P ViR B 3l s H 25 - o |ny
S-S 6 SE

12. A(I;?8 ANt i g&%{%cta on %h}p {)h‘g °PB§L?&F§\P/%FP]‘&%‘§‘ \”?ﬁ ctepg&'g&cdi 4*350@_3\?8”15) ©
rats to faf {cﬁ%iﬁﬁtres b?ﬁ@s%ﬂ?qa%?ﬁ'tﬁk Haéé’ ccmtaméﬂ) %a‘c t Chﬁ%{l@ protein,

hybri dona cel | I'i nes so to produce enou Ser

screeni ng of RBWidd M¥udializatiORQE Beh Hfﬁeitﬂhc crhétﬁxatwgigxgpo uceﬁ“?@w of

antigen avail able and the fact that It cou rity by
PAGE andanfonsxehange| cothuef eq@librdivath 200nMTRIPSA! 3k %ﬂ@of fod frhinm ted
0

availability of antigen on nitrocellulose, the nitrocell se was

elrrul si f .B Bet qlolium/sa dnvctlped jwitht edepwiteandniedli graditRmAGknSH0G AR RATTR] 5o t O
elicit -Ce
Ol B SOTRIS pH 75,

Bioassay of the column fractions and SDS-PAGE analysis were used to confirm the
active fractions. SDS-PAGE analysis identified the biologically active protein as having a

molecular weight in the range of 80 kDa,

Example 5. Sequence Analysis of the Corn Rootworm Active Protein

The 80 kDa protein isolated by SDS-PAGE was U@fcm:d to PVDF membrane and was
subjected to amino-terminal sequencing as performed by repetitive Edman cycles on the ABI
470 pulsed-liquid sequencer. Transfer was carried out in 10 mM CAPS buffer with 10%
methanol pH 11.0 as follows:

Incubation of the gel following electrophoresis was done in transfer buffer for five
minutes,

ProBlott PVDF membrane was wetted with 100% MeOH briefly then equilibrated in .
transfer buffer. -

The sandwich was arranged between foam sponges and filter paper squares with the
configuration of Cathode-Gel-Membrane-Anode.

Transfer was performed at 70 V constant voltage for 1 hour.



production in the popliteal |ynph nodes just upstream A strong reacting
serum was produced by western analysis within the first produd®iSgp fjzeed.
Several subsequent injections and bl eeds produced enough serumto
acconplish all of the screening required. Hybridoma production with one of
the rats was then initiated. The popliteal |ynph node was excised,
macerated, and the resulting cells fused with noui se nyel oma P3x63Ag8. 653.
Subsequent cell screening was acconplished as described below. Four initial
well's were selected which gave the highest enulsified antigen reaction to
be noved to limted dilution cloning. An additional 10 wells were chosen

for expansi onpﬁmqﬁ ' cedure to nulsi .AB7. on . .
nitrocel |l ul ose DM %%&%‘i‘%ﬁﬁ{ ?sflgl%g@ﬁfr{é‘;gnﬁatvg& ¥eand bV minutesavith
sanpl es 959, UboBRSHe Budt D50 GELde the reversible strain Ponceaus is
used to visuali ze all pr ot e?ﬁgdt/?ans erred. The band corresponding to AB78

toxin, previop } [/ ; : Waal i.s. identif.ied,and
exci sedpf rom nﬁ%@gﬁfmﬂldggtg%%% ﬁ%ﬁ%@%ﬁ%ﬁg@%@?ﬁ alﬁ‘ﬁn#;agpn%ﬁc{"ﬁaQPZe to

mni m ze the Bollowiig @fstaifth BRGRIDbHRSGe M IRH 1o e MAMRRORIS kP! aced

in a mcrofuge tube with 250ul of DMSO and nucerated using a plastic

pest| e (dquéres anzuirsielArﬁionﬁh}ﬁdggmcﬁagﬁr@awﬂéﬂcﬁkwcﬁa}dlﬁﬁ td AR it t Ur e
is heated for 2-3 mnutes at 37C45C. Sone further neceration m ght be
necessarsfficitnty andiyiejd h Bata anglysis sae performed lusing thelmodel §1@S&uetidteosfalphoul d be
emul sified. Once the AB78 is 1 6 SEP 2003 - 46 enulsified, the sanple is
pl aced offtwaes for ideptifing and quantifyingrthe PHifiamino sdiddlerivatiatsi fogeachtskquensial

enul sified antigen, the sanple nmust be diluted in borate buffered saline as
foll ows:“¥#%, 1:10, 1:15, 1:20, 1:30, 1:50, 1:100, and 0. The coating
antigen nust .he prepared fresh i diately prior to use. ELISA protocol:
1. Coat with g is?ﬂ“BE@.WQS%H&WéSER/@Fni ght at 4C. 2. Wash plate 3X

ot es o R e OHEDEAp S AP HsETY A Ol s Tithean (BorBiterdr

5. Add Rifiero@lk! résgﬁg hours at 37C. 6. Wash plate 3X with 1X
ELI SA wash buff(Faglp. : 2\%%&%\5‘? anti-Rat at a conc. of 2ug/m in ELISA

diluent. Incubate 1 hr. at 37C. 8. Wash plate 3X with I X ELI SA wash
buffer.

Example 6. Construction of DNA Probe
An oligonucleotide probe for the region of the gene encoding amino acids 3-9 of the
N-terminal sequence (Example 5) was generated. The probe was synthesized based on the
codon usage of a Bacillus thuringensis (Bt) 8-endotoxin gene. The nucleotide sequence
5'- GAA ATT GAT CAA GAT ACN GAT -¥ (SEQ ID NO:9)
was used as a probe in Southern hybridizations. The oligonucleotide was synthesized using

standard procedures and equipment.

Example 7. Isgelectric Point Determination of the Corn Rootworm Active Protein

Purified protein from step 5 of the purification process was analyzed on a 3-9 pl

isoelectric focusing gel using the Phastgel electrophoresis system (Pharmacia). Standard



9. Add Rabbit anti-Goat Al kaline Phosphatase at 2ug/m in ELISA dil uent.

| ncubate 1 H. at 3 7C. 10. Wash 3X with | X ELI SA wash buffer. 11. Add
Substrate. Incubate 30 m nutes at Room Tenperature. 12. Stop with 3N NaCH
after 30 mnutes. 1 6 SEP 2003 - 47 Exanple 13. Activation of insecticidal
activi of non-active Bt strains with 78 VIP clones. Adding pCl B6203
together with culture supernatant frem3a Bt strain GC91 produces 100%
nortality in D brotica vi gif~era virgifera. Neither pClB6203 nor GC91 is
active on isr ti virgifgra vir ifera by itself. Data are shown bel ow
Test material Per cent Di abr oti ca nortality pC B6203 0 GC91 16 pClB6203 +
GC91 100 Control rfrp | sol ation_and Biol ogical Activity of

B. cer eus “RESINS Rr@ée'ﬁﬁﬁ ﬂ’%E‘PéW?"s@H%‘FW fog bethghe septraRBIand\silser saihiag ed

from grai in_dus st andar.d net hodol ogi es. A subcul ture of
AB8I was dﬁ?‘gw"ﬁ#&fﬁ?f@g&é g-hFBF wa$ eppreinated atgbawtd.bed i n Exanpl e 2.

Bi ol ogi cal activity was eval uated as described in Exanple 3. The results
are as follows: Insect species Percent !=ed Mourtality Qstrinj r, ilali O

AQrotis isi 0 pabrotic, vyl ifcra virgifsra, 55 1 6 SE P 2003 - 48
Exampl e Eiﬁpggpa%%%ﬁg%i cal Activity of B. thuringiensis -AB6. A B.
t huringi eensis strain, designated AB6, was isolated fromgrain bin dust
sanpl es by standard nethods known in the art. A subcul.ture of AB6 was

grown and prepa np 2 of _the
sanpl e was aut oc %{/aégsﬂslge?ﬁafﬁﬁgaénﬁguséfc# g‘rpplﬂ?f‘ém &Rl Roos/ 5@'606? m‘ﬁ’
Carozzi et al. (1991) Appl, Environ, Microbiol, $7(11):3057-3061, herein incorporated by

reference.) was used to verify that the B, cereus strain AB78 did not contain any insecticidal

crystal protein genes of B. thuringensis or B, sphaericus (Table 17).

Table 17

Bagillus insecticidal crystal protein gene primers tested by PCR against AB78 DNA.

Primers Tested Product Produced

2 sets specific for CryllIA Negative
CrylliB Negative
2 sets specific for CrylA Negative
CrylA(a) Negative
CryILA(b) specific Negative
CryIB Negative
CryIC specific Negative
CrylE specific . Negative
2 sets specific for B. sph&mcp_s Negative
2 sets specific for CrylV Negative

Bacillus control (PI-PLC) Positive




presence of O exotoxin. Biological activity was eval uated as described in
Exanple 3. The results are as follows: Insect species Percent tested M
rtali Os 'nianilali O Agrotis ipsilon 100 Ag s ipsilon (§§t5eflxM8ed
sanple) O iartiavir'fe 3drgife O Strain AB6 has been deposited in the
Agricul tural Research Service, Patent Culture Collection (NRRL), Northern
Regi onal Research Center, 1815 North-W8 versity Street, Peoria, Illinois
61604, USA, and given Accession No. NRRL B-21060. Exanple 16. Isolation and
Bi ol ogi cal characterization of B. thuringiensis ABS8. A Bt strain,

desi gnated AB88, was isolated fromgrain bin dust sanples by standard

nmet hodol ogi es. A subcul ture of AB88 was grown and prepared for bioassay as
described in Exanple 2. Half of the sanple was autoclaved 15 m nutes to

t est for;hgwg §s ce.pf. i- Bi oI 0| cal act|V|t was eval uat ed
agai nst SRS sqal SRECUS SUINIMABTE 3. The results
are as follows: 1 6 SEP 7003 - 49 Percent m)rtallof culture super nat ant
| nsect species testedO der Non-aut ocl avedAut ocl aved Agrotis i sil

nLepi dopt eral 4 L] tter er ter al004
Hel i cover oa zgﬁg;ﬁo&%‘ﬁg’f’gg@ c@é?’?%’?‘ﬁ?gﬁ&gﬂ’&aﬁ% ‘E‘BSF@B&@ 8‘8[

| ti notarsa d cenli neat aCol eoptera00 D abrotic virgifera

virrriferaCol eoptera05 , Delta- endotoxi n crystals were purified fromstrain

AB88 by $ hodal @1ia . activity frompure crystals was
observed when | oassayed agal ns erotis 1lpsilon.

1. Grow bacteria in 10 ml L-broth overnight. (Use 50 ml sterile centrifuge tube)

2 Add 25 ml of fresh L-broth and ampicillin (30 mg/ml).

3. Grow cells 2-6 h. at 30°C with shaking,

4 Spin cells in a 50 mi polypropylene orange cap tube in [EC benchtop clinical centrifuge
at 3/4 speed.

Resuspend cell pellet in 10 ml TES.

Add 30 mg lyzozyme and incubate 2 hrs at 37°C,

Add 200 ml 20% SDS and 400 ml Proteinase K (20 mg/ml). Incubate at 37°C.

Add 200 ml fresh Proteinase K. Incubate 1 hr. at 55°C, Add 5 ml TES (TES = 50 mM
tirs pH 8.0, 100mM EDTA, 15 mM NaCl) to make 15 ml final volume.

© N

9. Phenol extract twice (10 ml phenol, spin at room temperature at 3/4 speed in an IEC
benchtop clinical centrifuge). Transfer supemnatant (top) to a clean tube with a wide bore
pipet.

10.  Extract once with 1:1 vol. phenol:chloroform/isoamyl alcohol (24:1 ratio).

11.  Precipitate DNA with an equal volume of cold isopropanol; Centrifuge to pellet DNA.

12.  Resuspend pelletin S ml TE.

13.  Precipitate DNA with 0.5 ml 3M NaOAc pH 5.2 and 11 ml 95% ethanol. Place at -20°C
for2 h,



Example 17. Purification of Ms from Strain ABSS: Bacterial liquid culture
was grown overnight at 30Cin TB nedia. Cells were spun out and the
supernatant kept. Proteins were precipitated with ammoni um $glSEatep3( 70%
saturation), centrifuged and the pellet kept. The pellet was resuspended
in the original volume of 20 MM Tris pH 7.5 and di al yzed agai nst the sane
buffer. AB88 dial ysate was nore turbi-d3stghan conparable material from AB78.
AB88 proteins have been separated by several different nethods follow ng
clarification including isoelectric focusing (Rotofor, BioRad, Hercules,
CA), precipitation at pH 4.5, ion-exchange chronotography, size exclusion
chronat ography _and ultraMration. European Corn Borer-active protein
remai ned I t hBope| PNA fem abeowithy plasticdosp, tanefer 19i 2 midrafugofubej spiny pipieeofiVhen
preparative | EF was, done on the dialysate using pH 3-10 anphol ytes, ECB

i nsecti ci dal SEEESVEh3NQheY MUY n ai | fractions with pH of 7 or greater.

SDS- PAG% of these fra t'on% showed protein bands of MV -60 kDa and -80
kDa. The 160 kB&SUAERd 183’-5@& Badpibaie ¥ mizmt b3t € & help 285 BN Adask ity eoliorC on

a Poros-Q.col PerSeptive 1 6 S E 003 - 50 Biosystens, Canbridge,
MA) . N—tgp'm' n?lr‘mgﬁé‘ﬂﬁ&’&gwgmbb?%ﬁ ﬁ‘@?f]:fcfﬂﬁ?wsf ractions contai ni ng
proteins of slightly differing MNN but both of approximately 60 kDa in

si ze. The sequences obtained were simlar to each other and to sone
&endot oxi ns. ani on exchange fraction 23 (smaller): XEPFVSAxxxQxxx (SEQ I D
NO 1-0) anion exchange fraction 28 (larger): XEYENVEPFVSAX (SEQ I D NO
11) When the (active) pH 4.5 pellet was further separated by ani on exchange
on a Poros-Q colum, activity was found only in fractions with a major
band of -60 kDa. Black Cutwormactive protein also remained in the pellet
when AB8S di al ysate was brought down to pH 4.5. In preparative |EF using
pH 3-10 anphol ytes, actyivity was not found in the ECB-active |EF
fractions; instead, it was highest in a fraction of pH 4.5-5.0. Its mgjor
conmponent s have nol ecul ar wei ghts of --35 and -80 kDa. The pH 4.5 pell et
was separated by ani on exchange HPLC to yield fractions containing only
the 35 kDa material and fractions containing both 35 kDa and 80 kDa bands.
Exanpl e 18. Characterization® AB88 M Fractions containing the various

| epi dopt eran active vegetative proteins were generated as described in
Exanmpl e 17. Analysis of active fractions denonstrates that different VIP s
are responsible for the different | epidopteran-species activity.




The Ati ' stpil, on activity is due to an 80 kDa and or a 35 kDa protein
either delivered singly or in conbination. These proteins are not related
to any S-endotoxins fromBt as evidenced by the |ack of sequer‘] Sfo 23 ogy
of known Bt S-endotoxin sequences. Al so, these proteins are not found in
the AB88 & endotoxin crystal. N-term nal sequences of the major & 1 6 SEP
2003 - 51 endotoxin proteins were conpayed with the N-term nal sequences
of the 80 kDa and 35 kDa VIP and reveal no sequence honol ogy. A sunmary of
the results follows: Agrotis VIP N-term nal sequences N-term nal sequence
of major S- endotoxin proteins 130 kDa ... ..-- NMDNNPNINE (SEQ I D NG 14) 80
kDa 80 kEesmi Clonmg GIARIP (SEQ I D NO 12) MONNPNI NE (SEQ I D NG 15) 60 kDa
MNVLNSGRTTI (SEQ I D NG 16) 35 kDa ALSENTGKDGGYNP (SEQ I D NO: 13) The trini
nubi | aHs act i ¥kBropeduseseunlessandicataciathbtwiscandrd frefofued! sqbating thiJugitsaend d
activity_is d&le to a VIP of unknown size. Bacillus thuringiensis strain
ABS8 has PRIQSLSE50s d dnstrnctipe MagnalcGat Noa251R@3ear ch Service, Pat ent

Cul ture Coll eﬁt‘ieon (NRRL), Northern Regional Research Center, 1815 North
University SHFBERIYShesERs weseasfollowss04, USA and given the Accession No.

NRRL B-21225. ,Exa ’Ie L Sql.ati.on d Biological Activity of O her

Baci | | us sp. &hep‘%é‘éa%‘lgqa&%ﬁg]b@ép%ogﬁﬁé%éé?ﬁﬁsol at ed whi ch produce

proteins wthgi nsegtici.dal tivity during vegetative growth. These
Buor afrargn ot oA,

strains were 150la tal sanples by standard

met hodol ogi es¢_ | sok. f,or bi oassay and assayed as descri bed
in Exanples 2 and ?aﬁég‘éﬁ%ﬁc@é@ﬂﬁéf@g: at es whi ch produced insecticidal

proteins duripg vegﬁgﬁ'mecogﬁlg%wm activity against Agrotis i i nin
t he bi oassay are tabulated below 1°6 S E P 2003 52 Presence of & endotoxin

Percent nortality 1. Start a culture of HB101 cells by placing 50 ml of an ovemnight culture in

5 mis of TB with 0.2% maltose. Incubate 3.5 hrs. at 37°C.

2. Spin out cells and resuspend in 0.5 mls 10 mM MgSO,
3. Add together:

100 ml cells

100 mli diluted packaging mixture

100 ml 10 mM MgSO,

30m! TB
4 Adsorb at room temperature for 30 minutes with no shaking.
;. Add 1 m! TB and mix gently. Incubate 30 minutes at 37°C.
6. Plate 200 ml onto L-amp plates. Incubate at 37°C overnight.

At Ieast 400 cosmid clones were screened for activity against western com rootworm as
described in Example 3. DNA from 5 active clones and 5 non-active clones were used in
Southern hybridizations. Results demonstrated that hybridization using the above described

oligonucleotide probe comrelated with western com rootworm activity (Table 18).




Bacillus isolate crystal AB6 +100 AB5380 AB88100 AB19560 AB21170 AB21783
AB27280 AB27970 AB289100 AB29280 AB294100 AB30080 AB359100 Isol ates AB289,
AB294 and AB359 have been deposited in the Agricultural Researhg Sgeqm'gce,
Patent Culture Collection (NRRL), Northern Regional Research Center 5
North University Street, Peoria Il 61604, USA and given the Accession
Nunbers NRRL B-21227, NRRL B-21229,-abhdl NRRL B-21226 respectively.
Bacillus isol ates which produce insecticidal proteins during vegetative
growth with activity against Diabrotic v rgife aitg fe are tabul ated

bel ow. Presence of b-endotoxin Percent nortality. Bacillus isolate cr yst al

AB5250 AB5971 ARKGBHH R 7 Al 56% 1 EP20
|'sol ates AB59 and ABISG ﬁi@?@?%ﬁ%ﬁggé?%ﬁgn?%m e c%ﬁftcﬁ-ﬁ’aq?f P@itemhch
Service, I3¥hagd Patent Culture Collecton (NRRL) and given accession nos. B-21061 and B-21059

respectively.

Table 18

Activity of AB78 cosmid clones against western corn rootworm.,

Mean
Clone percent mortality (N=4)
Clones which hybridize with probe
P1-73 47
P1-83 64
P2-2 69
P3-12 85
P5-4 97

Clones which do not hybridize with probe

P1-2 5
P3-8 4
P3-9 12
P3-18 0

P4-6 : 9




Culture Collection (NRRL), Northern Regional Résearch Center, 1815 North
University Street, Peoria Illinois 61604, USA, and given the Accession
Nunbers NRRL B-21228 and B-21230, respectively. Al publications and

pat ent applications nentioned in this specification are indic %I a@ t he

| evel of sl1ldi of those skilled in the art to which this |nvent ai ns.
Al'l publica...as and patent applicati @2s-are herein |ncorporated by
reference to the same extent as if each inc_ '"idual publication or patent
application was specifically and individually indicated to be incorporated
by reference. The follow ng deposits have been nade at Agricul tural
Research Service, Patent Culture Cbllectlon (NRRL) Nor t her n Reglonal
Resear ch Emnpielﬂl én tifiipi ti &hgiepiy prdga pestar
USA: 1. E wli PL2 Acce35|on No. NRRL B—21221 2. E i pCIB 6022
Accession No. NRRL B-21222 3. E. r |' pCIB 6023 Accession No. NRRL B-21223
4, BaC|IIus thurlnglen5|s HD73-78VI P Accessi on, No. NRRL B—21224 5. Bacillus
urin 'en ' ABIRGIEELPI2Ras PARALY digostebwitlresipgton $rzyme $Gd 34 arbligated into

AB359Acce s

21226_. 7. B AB289A RRL
100y he EnthilEcton RURAD ahimansformios 0 B Selbich PN Acprads spes glf@”h‘:?\lg?l‘ﬁlé o

B 21230 TROCE Wi v BeARY FLK AP GsaoRiet Bt TR DA R Jghbicciety
No. *nrr AT ARG i e EOAREs oF Ip P R AR TR P 18'68”

A:c though @0 baE SERAG df st ¥IS prBash. mmnd&%rdnb@wcridé@w #9taiohy by way
(6]

hybridization to the PCR probe, and tested for activity against western corn rootworm. One such
clone, PL2, hybridizes to the PCR fragment, and is active against western corn rootworm by the
assay previously described.

A 6 kb Cla 1 restriction fragment from PL2 was cloned into the Sma I site of the E.coli-
Bacillus shuttle vector pHT 3101 (Lereclus, D. et al, 1989, FEMS Microbiology Letters 60:211-
218) to vyield pCfB6201. This construct confers anti-western com rootworm activity upon both
Bacillus and E.coli strains, in cither orientation. pCIB6022 contains this same 6§ kb Cla |
fragment in pBluescript SK(+) (Stratagene), produces equivalent VIP-1 protein (by western
blot), and is also active against western com rootworm.

The nucleotide sequence of pCIP6022 was determined by the dideoxy termination
method of Sanger et al., Proc, Natl. Acad, Sci, USA, 74:5463-5467 (1977), using PRISM Ready
Reaction Dye Deoxy Terminator Cycle Sequencing Kits and PRISM Sequenase® Termunator
Double-Stranded DNA Sequencing Kit and analyzed on AB1 373 automatic sequencer. The
sequerice is given in SEQ ID NO:1. pCIB6022 was dcpbsitcd with the Agricultural Research
Service, Patent Culture Collection, (NRRL), Northern Regional Research Center, 1815 North
University Street, Peoria, Dllinois 61604, USA, and given the Accession No. NRRL B-21222.



Il lustration and exanple for purposes of clarity of understanding, it wll
be obvious that certain changes and nodifications may be practiced within
the scope of the appended clains. 1 6 SEP 2003 - 55 SEQUENCE1l§ §TH (1)
GENERAL | NFORVATI ON: (i) APPLI CANT: (A) NAME: Cl BA-GEI GY AG (B) STREET:

Kl ybeckstrasse 141 (C) CITY: Basle (E) COUNTRY: Switzerland (F) POSTAL
CODE (ZIP): CH 4002 (G TELEPHONE: (0@3%) .696 11 11 (H) TELEFAX: (061) 696
79 76 (A) NAME: Gregory W Warren (B) STREET: 324 Bond Lake Drive (O
CITY: Cary (D) STATE: NC (E) COUNTRY: USA (F) POSTAL CODE (ZIP): 27513 (A
NAVE: M chael G Koziel (B) STREET: 509 Carolyn Court (C) CITY: Cary (D)
STATE: NCExam)pllOQUNF S Yﬁ;% 7511 (A) NAMVE: Mart ha
A. Ml lins (gp E'EaTﬁglggiﬁlidgi%ﬂ o }%K Lanﬁ‘zrég—ﬁl TY: Youngsville (D)
STATE: NC (E) CQJNTRY. USA (F) POSTAL CODE (ZIP): 27596 (A) NAME: Gordon

J. Nye

To confirm that the VIP-1 open reading frame (ORF) is necessary for insecticidal activity
a translational frameshift mutation was created in the gene. The restriction enzyme Bg] I
recognizes a unique site located 1758 bp into the coding region of VIP-1. pCIB6201 was
digested with Bgl I, and the single-stranded ends flled-in with DNA polymerase (Klenow
fragmnent) and dNTPS. The plasmid was re-ligated and transformed into E, ¢olj. The resulting
plasmid, pCIB6203, contains a four nucleotide insertion in the coding region of VIP-1,
pCIB6203 does not confer insecticidal activity, confirming that VIP-1 is an essential component
of western corn rootworm activity,

To further define the region necessary to encode VIP-1, subclones of the VIP-1 and VIP-
2 (auxiliary protein) region were constructed and tested for their ability to complement the
mutation in pCIB6203. pCIB6023 ccnphs the 3.7kb Xba [-EcoRV fragment in pBluescript
SK(+) (Stratagene). Westemn blot analysis indicates that pCIB6023 produces VIP-1 protein of
equal size and quantity as clones PL2 and pCIB 6022. pCIB6023 contains the entire gene for the
80kd protein. pCIB6023 was deposited with the Agricultural Research Service, Patent Culture
Collection, (NRRL), Northemn Regional Research Center, 1815 North University Street, Peoria,
linois 61604, USA, and given the Accession No. NRRL B-21223.

pCIB6023 shows some western corn rootworm activity. However, the level of activity is
less than the activity of pCIB6022. A mixture of cells containing pCIB6203 (VIP-1-mutated, -
and VIP-2) and cells containing pCIB6023(only VIP-1) shows high activity against western corn
rootworm. Thus, pCIB6023 must produce functional VIP-1 gene product, and pCIB6203 must
produce a functional VIP-2 gene product. These results suggest a requirement for additional
gene product(s) from the VIP-2 region, in combination with VIP-1, to confer maximal western

corn rootworm activity. See Table 19.



(B) STREET: 1001 Bray Court (C) CITY: Apex (D) STATE: NC (E) COUNTRY: USA
(F) POSTAL CODE (ZIP) : 27502 (A) NAME: Brian Carr (B) STREET: 110 D Lady's
Slipper &. (C CITY: Raleigh (D) STATE: N.C. (E) COUNTRY: U. SLQ_ISE@F%U?}
POSTAL CODE (ZIP): 27 606 (A NAME: Nalini Manaj Desai (B) STREET: 1
Silveerwood Lane (C) CITY: Cary (D) STATE: N.C. (E) COUNTRY: U.S.A (F)
POSTAL CODE (zZIP) : 27511 (A) NAVE: N 4&risty Kostichka (B) STREET: 5017
W neberry Dr. (C) CTY. Durham (D) STATE: NC 16 SEP 2003 - 56 (E)
COUNTRY: USA (F) POSTAL CODE (ZIP): 27713 (ii) TITLE OF I NVENTI ON: Novel
Pesticidal Proteins and Strains (iii) NUVBER OF SEQUENCES: 18 (iv) COWUTER
READABLE FORM (A) MEDI UM TYPE: Fl opfABLBKY (B) COWPUTER | BM PC

conpati ble (C) OPERATI NG SYSTEM PC-DOS/ Ms-DOS (D) SOFTWARE: Pat entl n

Rel ease #1.0, Version 11.25 (Ehayacteri2atipRoORCIPBOICATI ON DATA:

Constrycy(s) Activity
—tested v WCRY,

T T s 4] ? VIP-1 RY c
— W::;:_-:;7;:;:_-:;:;:;:::;:;:::;:;:::::_.:;;ﬁ‘_[__' PC[BGOZZ +++
N_m_:ﬁ::-.'2'l-'.-.‘-.-2-:-'.’.";'.".-ifi-i‘;':':?"J PCIB,&)B +
L W:;;g:;:.-:_-;::;:;;;:;.::_-:,;:;3:.-;;__I Pcmﬁzgj -_—

pCIB6203
* pCIB6023 +++

Boxed regions represent the extent of VIP-1. Light shading indicates the r~gions encoding the
80 kDa peptide observed in Bacillus. Dark shading represents the N-terminal amino acids
predlc-tcd .by the DNA sequence of VIP-1. Large “X” represents the location of the frameshift
mutation wntroduced into VIP-1. Arrows represent constructs transcribed by the beta-
galactosidase promoter. Restriction sites: C-Clal; X - Xba L, S - Sca L RI-EcoRI; B - Bgl
II, RV - EcoRV.



(A) APPLI CATI ON NUMBER: US 08/ 037,057 (B) FILING DATE: 25- MAR-1993 (2)

| NFORVATI ON FOR SEQ ID NO 1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
6106 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single &JIE))
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genonic) (vi) ORI G NALbSEPRI:
(A) ORGANI SM Bacillus cezeus (B) STRAIN. AB78 (C) | NDI VI DUAL | SOLATE:
NRRL B-21058 (ix) FEATURE: (A) NAME/ KE¥> €DS (B) LOCATION: 1082..1810 (D)
OTHER | NFORMATI ON:  / product- "VIP-2" /label- ORF-1 (ix) FEATURE: (A)

NAVE/ KEY: CDS (B) LOCATI ON: 1925..2470 (D) OTHER | NFORMATI ON: / product -
"VIP-2" [label- ORF-2 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: ATCGATACAA

TGITGT TEIhEETmAIﬁ%’@' pdaduchod TTGTTTA ATGCTATATTE0 CTTTACTTTG
ATACATTTTA ATAGCCATTT CTAACCTTATC AGIATGITTT TGIGGTCTTC120 CTCCTTTTTT

TCCACGAGCT AN TG add A 1T

AT T GCA. A O ot M 2 Ty e KSR P litind RStk

AATGTTGHG#n @gﬁ% G GRTARET GAATT,

AATTAGGTGT $TT AGAGC JMTTCG lATCAAGTT%@%AACA?A%i@@%"%?W&OOS -

57  TCToASeaIG EDMOGANT ARJHIrTaGs waThe 1T I FAGREoRm ke T ATbId 20
the fact that it could only be produced to purity by PAGE and subsequent electrotransfer to

nitroceliulose.

Due to the limited availability of antigen on nitrocellulose, the nitrocellulose was
emulsified in DMSO and injected into the hind footpads of the animals to elicit B—cell
production in the popliteal lymph nodes just upstream. A strong reacting serum was produced
by western analysis within the first production bleed. Several subscquent injections and bleeds
produced enough serum to accomplish all of the screening required.

Hybridoma production with one of the rats was then initiated. The popliteal lymph node
was excised, macerated, and the resuiting cells fused with mouise myeloma P3x63Ag8.653.
Subsequent cell screening was accomplished as described below. Four initial wells were
selected which gave the highest emulsified antigen reaction to be moved to limited dilution
cloning. An additional 10 wells were chosen for expansion and cryoperservation.

Procedure to Emulsify AB78 on nitrocellulose in DMSO for ELISA screening:

After electrotransfer of AB78 samples run on PAGE to nitrocellulose, the reversible
strain Ponceaus is used to visualize all protein transferred. The band corresponding to AB78
toxin, previously identified and N-terminal sequenced, is identified and excised from
nitrocellulose. Each band is approximately 1mmxSmm in size to minimize the amount of
nitrocellulose emulsified. A single band is placed in a microfuge tube with 250ul of DMSO and
macerated using a plastic pestle (Kontes, Vineland, NJ). To aid in emulsification, the DMSQ
muxture is heated for 2-3 minutes at 37°C45°C. Some further maceration might be necessary

following heating; however, all of the nitrocellulose should be emulsified. Once the AB78 is



TTCCTGITAT TTTCTCCTGA TATAGCCTTT CTACACCATA TTGITGCAAA GCATCTATTT 480
GCATATCGAG ATTTTGITCT TCTGTGCTGA CACGAGCATA ACCAAAAATC AAAm& Pg@@
CACTTCCTAT CTAAATATAT CTATTAAAAT AGCACCAAAA ACCTTATTAA ATT

GGAACTTTGT TTTTGGATAT GGATTTTGGT ACTCAATATG GATGAGITTT TAACGCTTTT 660
GITAAAAAAC AAACAAGTIGC CATAAACGGT CGITTTTGEG ATGAGATAAT AAATAATCTG 720
TTTGATTAAC CTAACCTTGI ATCCTTACAG CCCAGIGTTIA TTTGTACTTC AACTGACTGA 780
ATATGAAAAC AACATGAAGG TTTCATAAAA TTTATATATT TTCCATAACG GATGCTCTAT 840
CTTTAGGTTA TAGITAAATT ATAAGAAAAA AACAAACGGA GGGAGTGAAA AAAAGCATCT 900
TCTCTATAAT TTTACAGGCT CTTTAATAAG AAGGGGGGAG ATTAGATAAT AAATATGAAT 960

ACAGACT ANA. T CCACAT TP A PR P4 R P Aton Lo Gl e Pecm w0 A

ATG
Arg
ACT
Lys
GAA
Val

AAC
Leu
AAG
du
ACT
Al a
ATA
Xaa
GAT

AAA G : TTA. 1126 Mt L
Vot O Gy L e PR ehr Ve S in v A 48 dofOhgveakseRALGTT

AAA1AGT | DAL BHCI G5 ' - 74 Val Val. Thr
Thr Vol Loa Lot ot 1. 48P ht e frhefl e drlidied By inadiielur
GTGpAidrtoARe. GCT GAA CAA TTA AAT ATA AAT TCT 1222 Leu Leu Asn Asn Gu
Ile Lys Ala Gu Gn Leu Asn Ile Asn Ser 35 40 45 CAA AGT AAA TAT ACT
TTG CAA EBATSATiotddél: ATC ACT GAC AAG GTA 1270 dn Ser Lys Tyr Thr Asn
G@n Asn Leu Lys Ile Thr Asp Lys Val 50 55 60 GAG GAT TTT AAA GAA GAT
GAA AAA BCG ASbatadith PO SEDM SN BES Gi2d8ate Gy affe Lys Gu Asp Lys
Lys Ala Lys u Trp Ay Lys Gu 65 70 75 AAA AAA GAG TGG AAA CTA
GCT ACT @AA AMN¥asB@latdAX wills! RELISAGashbysfeld U Lys G u Trp Lys Leu Thr

Thr Ju Lys Gy Lys Met Asn 80 85 90 95 AAT TTT TTA GAT AAT AAA AAT GAT

NAG ACA AAT TRIodk{AYBAANED.(5% Tweeis20 BB Rfor AS pnikGies byRodisn Asp |1 e

Thr Asn Tyr Lys Gu Ile 100 105 110 ACT TTT TCT ATG GCA GGC TCA TTT GAA

GAA ATA AAA GATTIDFRLEAA 1462
Wash plate 3X with 1X ELISA wash bufTer,

Add Rat Serum. Incubate 1.5 hours at 37°C.

4,

5.

6.  Wash plate 3X with 1X ELISA wash buffer.

7 Add Goat anti-Rat at a conc. of 2ug/ml in ELISA diluent. Incubate 1 hr. at 37°C.

8 Wash plate 3X with 1X ELISA wash buffer.'

9 Add Rabbit anti-Goat Alkaline Phosphatase at 2ug/ml in ELISA diluent.
Incubate 1Hr. at 37°C,

10.  Wash 3X with 1 X ELISA wash buffer.

11. Add Substrate. Incubate 30 minutes at Room Temperature.

12, Stop with 3N NaOH after 30 minutes.



Thr Phe Ser Met Ala Ay Ser Phe Gu Asp Qu Ile Lys Asp Leu Lys 115 120 125
GAA ATT GAT AAG ATG TTT GAT AAA ACC AAT CTA TCA AAT TCT ATT fgg@g@ﬁ

Ile Asp Lys Met Phe Asp Lys Thr Asn Leu Ser Asn Ser lle lle 140 1 5
SEP 2003 - 58 ACC TAT AAA AAT GIG GAA CCG ACA ACA ATT GGA TTT AAT AAA TCT
TTA Thr Tyr Lys Asn Val Gu Pro Thr Thr Ile Ay Phe An Lys Ser Leu 145
150 155 1558 ACA GAA GGT AAT ACG ATT-AAT TCT GAT GCA ATG GCA CAG TTT AAA
GAA 1606 Thz Au Ay Asn Thr Ile Asn Ser Asp Ala Met Ala A n Phe Lys Gu
160 165_170 pﬁ?hCﬁA TTT TT GAT ] . %GAT ACG
CAT 1654*3H A0 ‘ L AASHYHAr Hi s
180 185 190 TTA A@F-%:CT CAA CAA GIT TCC AGT AAA GAA AGA GIT ATT TTG AAG
GIT 1702 Leu Thr Ala G@n A@n Val Ser Ser Lys Gu Arg Val Ile Leu Lys Val

195 200 205 GTT GT GGT_TCT ACT.ACT CCA A GGT GTC
1750 Thr Val ﬁ“&g 39 MMWW%%W# Sm%m 210
215 220 TTA . AAT AAT A T T TAT ATG
1798 @Z ﬁé@@%%@ %@E@ﬁ?{sﬁ’ﬁ %“Wet 225
230 235 GGGGG TGGAGTGCCT 1850
Val His M@ﬂ?ﬁ&%ﬁ% Wﬁﬁﬂ& GTC TTGACTTTAA AAATGATATA

AATGCT AT
TTA ACC 196%: y Y ] ; \t Diabrotica merntal

pCIB6203 0

GC91 16

pCIB6203 + GC91 100

Control 0

Example 14, Isolation and Biological Activity of B.cereus AB8I1.

A second B. cereus strain, designated AB81, was isolated from grain bin dust samples by
standard methodologies. A subculture of AB81 was grown and prepared for bioassay as
described in Example 2. Biological activity was evaluated as described in Example 3. The

results are as follows:

Insect species Percent
tested Mortality
QOstrinia nubilalis 0
Agrotis ipsilon 0

Diabrotica virgifera virgifera, 55




GAT
Ser
ATC
Asn
GCT
Adn
AAT
Ile
AGT
Asp
ATC
Lys
GCA
Au
GIT CCG
Lys @
GCA A
Au
AAA GT
Thr

TCG CAA AGG GAA CCT TTA GAT GGG TAT GCT AGG CAA GAT TAT AAA 2008 Asp
Gn Arg Qu Ala Leu Asp Gy Tyr Ala Arg An Asp Tyr Lys 15 20 25 GAA
AATAATTATTTAAGAAATCAAGGCGGAAGTGGAAATGAAAAA@O@SEPCﬁyIIe
Asn Tyr Leu Arg Asn An dy Ay Ser Gy Asn Ju Lys 30 3

CAA ATA AAA AAT ATT TCT GAT GCT TTA GGG AAG AAA CCA 2104 Leu Asp Al a
Ile Lys Asn Ile Ser Asp Ala Leu @ $8Lys Lys Pro 45 50 55 60 ATA CCG GAA
ATT ACT GIG TAT AGA TGG TGI GGC ATG CCG GAA TTT 2152 Ile Pro G n Asn
Thr Val Tyr Arg Trp Cys Ay Met Pro G n Phe 65 70 75 GGI TAT CAA ATT
GAT CCG TTA CCT TCT TTA AAA GAT TTT GAA GAA 2200 dy Tyr Gn lle Ser
Pro Leu Pro Ser Leu Lys Asp_ Phe Gn Glu 80 85 90 CAA TTT TTA AAT ACA
AAAEGARDENES- dsglation and Binlng ot e¥inAB6e Leu Asn Thr Ile
AQu Asp Lys vy Tyr I\/Et Ser Thr Ser 95 100 105 TTA TCG AGT GAA CGT CTT
GCT TTT GGA TCT AGA AAA ATT ATA TTA 2296 1 6 SEP 2003 - 59 Leu Ser Ser

A9 Loy A8 hethdanisaghingrsiaaied ABS, wes isclaicd:orm gaan ﬁlS E6ERI bzl Pro
el o2, e @#%%%QMS 130 135 140@65rb}%¢i’r?5er
S e AP S B L .

G Upaincklof pldsBidxs Gy Val Lys Arg

Biological activity was cvaluated as described in Example 3. The results are as follows:

Insect species Percent
tested Mortality
Ostrinia nubilalis 0
Agrotig ipsilon 100
Agrotis ipsilon (autoclaved sample) 0
Diabrotica virgifera virgifera 0

Strain AB6 has been deposited in the Agricultural Research Service, Patent Culture
Collection (NRRL), Northern Regional Research Center, 1815 North University Street, Peoria,
[llinois 61604, USA, and given Accession No. NRRL B-21060.

Example 16. Isolation and Biological characterization of B. thuringiensis AB88.

A Bt strain, designated AB88, was isolated from grain bin dust samples by standard |
methodologies. A subculture of AB88 was grown and prepared for bioassay as described in
Example 2. Half of the sample was autoclaved 15 minutes to test for the presence of B-exotoxin.
Biological activity was evaluated against a number of insect species as described in Example 3.

The results are as follows:



160 165 170 TAT GTA GIG GAT GCA ACA TTA TTA ACA AAT TAAGGAGATG

AAAAATATGA2490 Tyr Val Val Asp Ala Thr Leu Leu Thr Asn 175 180 AGAAAAAGIT

AGCAAGTGTT GTAACGTGTA CGTTATTAGC TCCTATGITT TTGAATGGAA2550 ABIERANMTGC

TGTTTACGCA GACAGCAAAA CAAATCAAAT TTCTACAACA CAGAAAAATC2610 AACAGAAAGA
GATGGACCGA AAAGGATTAC TTGGGTATTA TTTCAAAGGA AAAGATTTTA2670 GTAATCTTAC
TATGTTTGCA CCGACACGTG ATAGTACTCT TATTTATGAT CAACAAACAG2730 CAAATAAACT
ATTAGATAAA AAACAAACAG AATATCAGTC TATTCGTTGG ATTGGTTTGA2790 TTCAGAGTAA
AGAAACGGGA GATTTCACAT TTAACTTATC TGAGGATGAA CAGGCAATTA2850 TAGAAATCAA
TGGGAAAATT_ATTTCTAATA AAGCGAAAGA AAAGCAAGIT GTCCATTTAG2910 AAAAAGGAAA

ATTAGTTCCA ATCAAAATAG AGTATCAATC AGATACABErert HdATAT FRNEE: AEAGTARAAC
ATTTAAAGAAINGACE. TEAE[«.taaTAMTAGA TAGT CAA&@@aG%QG@E?AGCBO?»O
» )

AGATGAAC"’ ﬂhfeﬂ WA qg'euyAyA CC
ATCGAAAATAGAAT 1 TGAAGSlSO ACACGGATAC
GGATGGGGA €ce AGAAAATGGG TATACGATTC3210 ANVAATAGAAT
CGCTGTAAA TT CTCTA G TAAAGGGTAT A TTTG3270 TTTCAAATCC
ACTAGAAAGTLER GITG GT HATACAGATTAT GGCAG3330 GAGATCT

AGATTTGTCAHRlCReme #a25G AARCRIAPIA CCCATTGGTA &9rGCTTTTC3390 EAAGTGTGAA

TGTTAGTAT GcligthisGiressans AT Fidptaa AAATGAAAAT TTOTCCAATA3450 GIGTAGAGIC
TCATTCATCCLAJURANTSEGGT CTTATACAAA TACAGAAGGT GCTTCTGITG3510 AAGCGGGGAT
TGGACCAAAAGBERMRTIEEGT TCCCAlshHeG CGTAAACTAT CAALCACTCTG3570 AARCAGTTGC

ACAAGAAT CID{abAw{cA GGAAATAC TTCGCAATTC AATACGGCTT3630 CAGCGGGATA
TTTAAAT iNAf] T T ATA@Q%B}@E AGGAACTGGT GCGATCTACG3690 ATSTAAAACC
TACAACAA TATTAA ATAACGATAC TATCGCAACT ATTACCECGA3THU 1o SEP 2003 -

- AATCTAATTC TACAGCCTTA AATATATCTC CTGGAGAAAG TTACCCGAAA AAAGGACAAA3810

ATGGAATCGC AATAACATCA ATGGATGATT TTAATTCCCA TCCGATTACA TTAAATAAAA3870

AACAAGTAGA TAoNiGhEGHANANEAT AdRGUETAT BATGEIInGERAS BEAMMGrCAMMGASTOHERINE

GTGITTATAA GATAAAAGAT ACACATGGAA ATATAGTAAC TGGCGGAGAA TGGAATGGTG3990
activity from pure crystals was observed when bioassayed against Agrotis ipsilon.

Example 17. Purification of from Strain ABSS:

Bacterial liquid culture was grown overnight at 30°C in TB media. Cells were spun out
and the supernatant kept. Proteins were precipitated with ammonium sulfate (70% saturation),
centrifuged and the pellet kept. The pellet was resuspended in the original volume of 20 mM
Tris pH 7.5 and dialyzed against the same buffer. AB88 dialysate was more turbid than
comparable material from AB78. ABS88 proteins have been separated by several different

methods following clarification including isoelectric focusing (Rotofor, BioRad, Hercules, CA),

precipitation at pH 4.5, ion-exchange chromotography, size exclusion chromatography and
ultrafiltration.

European Corn Borer-active protein remained in the pellet obtained by pH 4.5
precipitation of dialysate. When preparative IEF was done on the dialysate using pH 3-10
ampholytes, ECB insecticidal activity was found in all fractions with pH of 7 or greater. SDS-
PAGE of these fractions showed protein bands of MW ~60 kDa and ~80 kDa. The 60 kDa and

80 kDa bands were separated by anion exchange HPLC on a Poros-Q column (PerSeptive

60



TCATACAACA AATCAAGGCT AAAACAGCGT CTATTATTGT GGATGATGGG GAACGTGTAGA050
CAGAAAAACG TGTAGOGGCA AAAGATTATG AAJUTCCAGA AGATAAAACA r- CGTCTTTAA4110
CTTTAAAAGA TGOCCTGAAG CTTT. CATATC CAGATGAAAT AAAAGAA- ATA GAGGREPTAIX170
TATATTATAA AAACAAACCG ATATACGAAT CGAGCGTTAT GACTTACTTA GATGAA: LATA4230
CAGCAAAAGA AGTGACCAAA CAATTAAATG ATACCACTGG GAAATTTAAA GATGTAAGTC4290
ATTTATATGA TGTAAAACTG ACTCCAAAAA TGAATETAC AATCAAATTG TCTATACTTT4350
ATGATAATGC TGAGTCTAAT GATAACTCAA TTGGTASATG GACAAACACA AATATTGTTT4410
CAGGTGGAAA TAACGGAAAA AAACAATATT CTTCTAATAA TCCGGATGCT AATTTGACAT4470
TAAATACAGA TGCTCAAGAA AAATTAAATA AAAATCGTGA CTATTATATA AGTTTATATA4530
TGAAGTCAGA A-" AMACACA CAATGTGAGA TTACTATAGA TGGGGAGATT TATCCGATCA4590

ATATAAA RS PR LRI A el R st feom ow aenors avmimang
CAGVATTA S ACK AT RAEAG AP R i s erarseneeso

AT $iofilar TN 4ete P Ind TB%BM&% @ggFAGTTTT_ AATATTGAAC4890
CATTGCCAAA TTATGTGACC AAATATGAAG TTACT TATA GAGTTA GGACCAAACGA950

TGAGT GAGADNACIHGAA AT S IPRAATET: ACAA 5010
CCAAATATAG TAAAAATGAA CAAGGATTA TTTA‘IC'EA/?‘CAG TgGGAﬁ % ETE QZE%! @s%@i&# 5070
AAATTAARGON EATT2AGE TrAdticRATRTAAGHG AGATGAARTENVER] A@(T wﬁqﬁ 5130
AGTTATTATA TCTATGAAGC TGGTGCTAAGA GATAGTGTAA AAGITAATAT A T5190
TGTAATAAAA GIReNGEANTHTEVPHNS SEENACTES TEBRCEGaEted ¥ AGdT d&EM#MM%Sb
TCTATCé&GgﬁﬂéACﬁTTAGACT AAGAAAAGTT ACTACCCCCA CTTGAAAATG AAGATTCAAC5310
TGATTA ST foamhaniainfiactions With.A@iajdvband 6T ASRKDICTTTATGT5370

TAATACTGTA ATATAAAGAG TTT: LATTGTA TTCA. AATGAA GCTTTCCCAC AAAATTAGAC5430
TGATTATCTA A%Aﬂ eSTYeIpIRtein ¢ bepelivwhan ADSSTHIIACET 5490

GGTCACT TATCT TATTGGG CATGATTGAA TCCTCGABATGE550 16
SEP 200 %@Wﬁ@éﬁ %! DtPSCAGUR Vity ARSEPT fonnd

TCACATT P 2570 wﬁ%ﬁ%%fém Rerhihbs %&%ﬁ% Asopvercr

CTTTATAQOpSNeRts hatd mbide: ﬂ%gcwd T TTTG TTGGTGGGAC CCCATGCCCA
TCAACTTAAG 5790 AGTAAATTAG TCT GGATTAAAAT AACCTCAAAT

TAGGACATGT S8h&pH 4.5 pellet was separated by anion exchange HPLC to yield fractions containing

only the 35 kDa material and fractions containing both 35 kDa and 80 kDa bands.

Example 18. Characterization of ABS8 VIP,

Fractions containing the various lepidopteran active vegetative proteins were generated
as described in Example 17. Analysis of active fractions demonstrates that different VIP's are

responsible for the different lepidopteran species activity.

The Agrotis ipsilon activity is due to an 80 kDa and or a 35 kDa protein either delivered
singly or in combination. These proteins are not related to any S-endotoxins from Bt as
evidenced by the lack of sequence homology of known Bt §-endotoxin sequences. Also, these

proteins are not found in the AB88 8-endotoxin crystal. N-terminal sequences of the major &



TTTTCCAAAT AAGCAGACCA AATAAGCCTA GAATAGGTAT CATTTTTAAA AATTATCCTG 5910
CTTTCTTTTG TTTTCCAAAT CCATTATACT CATAAGCAAC ACCCATAATG TCAAAGACTG 5970
TTTTTGICTC ATATCGATAA GCTTGATATC GAATTCCTGC AGCCCGGEGEEG ATCCACT %EE%@
TCTAGAGCGG CCGCCACCGC GGTGGAGCTC CAGCTTTTGT TCCCTTTAGT GAGGGTT

TTCGAGCTTG TCGTGG 6106 (2) | NFORMATI OR SEQ ID NGO 2: (i) SEQUENCE
CHARACTERI STICS: (A) LENGIH 243 amno~acids (B) TYPE: amno acid (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO 2: Met Lys Arg Met Qu Ay Lys Leu Phe Met Val Ser Lys Lys Leu G n
15 10 15 Val Vval Thr Lys Thr Val Leu Leu Ser Thr Val Phe Ser Ile Ser Leu
20 25 30 Leu Asn Asn Qu Vval Ile Lys Ala QQu G@n Leu Asn Ile Asn Ser G@n

35 40 A45erfdetoxirysroleins Were cAsipatediuvitl the Nsterrhinal deygerdeeofTthe 3A\RDa ayé 35/kba @

50 55 60 Asp Phe Lys G u Asp Lys Qu Lys Ala Lys Qu Trp Ay Lys GQu Lys

65 70 75agire@alinbpequéhce Mompology. Aaeumitiary ¢f the TasnitCfaliobys Ay Lys Met Asn Asn
85 90 95 Phe Leu Asp Asn Lys Asn Asp Ile Xaa Thr Asn Tyr Lys GQu Ile Thr
100 105 110 Phe Ser Met Ala Qv Ser Phe Au Asp GQu lle Llys Asp lLeu Lys Qu
115 120 12grbts VWEDNLysnikel seRamcéssp Lys Thr Msernliedl s@pienddsof nSgor -l e 11 e Thr
130 135 140 6 SEP - 62 Tyr Lys Asn Val G u dddetokiwprdieins! | e Gy Phe Asn Lys
Ser Leu Thr _ 130 kDa :

MDNNPNINE (SEQ ID NO:14)

80 kDa 30 kDa
MNEKNNTKLPTRALP (SEQ ID NO:12) MDNNPNINE (SEQ ID NO:15)
60 kDa

MNVLNSGRTTI] (SEQ ID NO:16)
35kDa
ALSENTGKDGGYTVP (SEQ ID NO:13)

The Ostrinia nubilalis activity is due to a 60 kDa VIP and the Spodoptera frugiperda activity is
due to a VIP of unknown size.

Bacillus thuringiensis strain AB88 has been deposited in the Agricultural Research Service,
Patent Culture Collection (NRRL), Northern Regional Research Center, 1815 North University
Street, Peoria, linois 61604, USA and given the Accession No. NRRL B-21225.

Example 19. Isolation and Biglggjcal Activity of Qther Bacillus sp,

Other Bacillus species havel; been isolated which produce proteins with insecticidal
activity during vegetative growth. These strains were isolated from environmental samples by
standard methodologies. Isolates were prepared for bioassay and assayed as described in
Examples 2 and 3 respectively. Isolates which produced insecticidal proteins during vegetative

growth with activity against Agrotis ipsilon in the bicassay are tabulated below.



145 150 155 160 Gu Ay Asn Thr Ile Asn Ser Asp Ala Met Ala 3 a Phe Lys
GQu dn 165 170 175 Phe Leu Asp Arg Asp Il e Lys Phe Asp Ser Tyr Leu Asp
Thr H's Leu 180 185 190 Thr Ala A n Gn Val Ser Ser Lys Qu Arﬁ Val |le
Leu Lys Val Thr 195 200 205 Val Pro Ser Gy Lys @y Ser Thr Thd 6F6E 2063
Lys Ala Gy Val Ile 210 215 220 Leu Asn Asn Ser Qu Tyr Lys Met Leu lle
Asp Asn Ay Tyr Met Val 225 230 235 230- His Val Asp (2) | NFORVATI ON FOR
SEQ ID NO 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH 182 ami no acids
(B) TYPE: amino acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 3: Met Lys Asn Tyr u Gu Trp Ala Lys Asp
Leu Thr Asp Ser Gn Arg 15 10 15 du Ala Leu Asp Ay Tyr Ala Arg G n Asp
Tyr Lys Qu Ile Asn Asn 20 25 30 Tyr Leu Arg Asn An Gy Gy 5er Gy Asn
AQu Lys LeU ASp Ara G 1T 65—4'0—4§||e|_ M e Ser—Asp Ata teu Gy tys
Lys Pro Il e ProgQ. As 50 55 6 reﬁnge?ﬁg-e%qto ig Y Met Pro
d u Phe Gy 65720 30 SEYSa, » 12

Phe Au Qu dn Phe‘*ﬂ_ﬁsu Asn 85 90 95 1“hr IIe Lys G u Asp LQDS Gy Tyr Met
Ser Thr Ser Leu SeABSér G u 100 105 110 -

AB8S + i 00
AB195 - 60
AB211 - ) 70
AB217 - 83
AB272 - 80
AB279 - 70
AB289 + 100
AB292 + 80
AB29%4 - 100
AB300 - 80
AB359 - 100

Isolates AB289, AB294 and AB359 have been deposited in the Agricultural Research
Service, Patent Culture Collection (NRRL), Northern Regional Research Center, 1815 North
University Street, Peoria I1 61604, USA and given the Acc;:ssion Numbers NRRL B-21227,
NRRL B-21229, and NRRL B-21226 respectively.

Bacillus isolates which produce insecticidal proteins during vegetative growth with
activity against Diabrotica virgifera virgifera are tabulated below.

Presence of 8-endotoxin
Bacillys isolate crystal Percent mortality
ABS52 - 50 ‘
ABS9 - 71
AB68 + 60
AB78 - 100
AB122 - 57
AB218 - 64

AB256 - 64



Arg Leu Ala Ala Phe Ay Ser Arg Lys Ile Ile Leu Arg Leu @ n Val
125 Pro Lys Ay Ser Thr Ay Ala Tyr Leu Ser Ala lle Ay Gy Phe Ala 130
135 140 1 6 SEP 2003 - 63 Ser Qu Lys GQu Ile Leu Leu Asp Lys Aﬁ;& Srond3y S
Tyr Hs Ile Asp 145 150 155 160 Lys Val Thr Ju Val Ile Ile Lys %\}g
Lys Arg Tyr Val Val Asp 165 170 175 Ala Thr Leu Leu Thr Asn 180 (2)

115 7. 20

| NFORVATI ON FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
2655 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(i11) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANI SM Bacillus cereus
(B) STRAddktesA\BBS9 afif AIBID6 Wh¥d bakn H&pdsitadin thiRRleriBul Al R sédral) Sérieke | Falient ( A)
NAME/ KEY: CDS (B) LOCATION:. 1..2652 (C) |DENTIFI CATI ON METHOD: experi ment al
(D) OTHERItaNFORMATOOINRR ), bt Regithak Rasearat Ganter M85 1¥ortly Endiversity Street,
EXPERI MENTAL (xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: ATG AAA AAT ATG AAG
AAA AAG Peoria Blipeia 16T USET and\gieem e AxcessionANugbers NRRL B-21228 and B-21230,

respectively.

All publications and patent applications mentioned in this specification are indicative of
the level of skill of those skilled in the art to which this invention'pertains. All publica.. .1s and
patent applications are herein incorporated by reference to the same extent as if each inc. /idual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

The following deposits have been made at Agricultural Research Service, Patent Culture
Collection (NRRL), Northern Regional Research Center, 1815 North University Street, Peoria,
Dlinois 61604, U.S.A.;

. E.coli P12
2. E. coli pCIB 6022
3. E. coli pCIB 6023

e

Ac_:ccssion No. NRRL B-21221
Accession No. NRRL B-21222
Accession No. NRRL B-21223

4. Bacillus thuringiensis HD73-78VIP Accession No. NRRL B-21224
5. Bacillus thuringiensis AB88 Accession No. NRRL B-21225
6. Bacillus thuringiensis AB359 Accession No. NRRL B-21226
7. Bacillus thuringjensis AB289 Accession No. NRRL B-21227
8. Bacillys sp. AB3S9 Accession No. NRRL B-21228 .
9. Bacillus sp. AB294 Accession No. NRRL B-2}229

10. Bacillug sp. AB256
11. E, coli P5-4

Accession No. NRRL B-21230
Accession No. NRRL B-2105%



Leu
TTT
Al a
AAT
Lys
ATT
Arg
AAC
Leu
TCT
Asn
GIT
Pro
GAC
Ser

Asn
CCT
Phe
CAA
Ile
TTA
Leu
GCA
Pro
AAA
Leu
CGT
Trp
TTA ek
Ser
AAT
Lys
CCA
Ile
AGT
Lys

{llustration and example for purposes of clarity of understanding, it will be

changes and modifi

Met Lys Lys Lys Leu Ala Ser Val Val Thr Cys Thr Leu 1 5 10 15
ATG TTT TTG AAT GGA AAT GTIG AAT GCT GIT TAC GCA GAC 96 Leu Al a
Lei Asn Ay Asn Val Asn Ala Val Tyr Ala Asp 20 251 0

ATT TCT ACA ACA CAG AAA AAT CAA CAG AAA GAG 144- Ser yS Thr
Ser Thr Thr G n Lys Asn G n Gn Lys Qu 35 40 45 ATG GAC CGA
CTT GGG TAT TAT TTC AAA GGfy AAA GAT TTT 192 Met Asp Arg Lys
Gy Tyr Tyr Phe Lys Ay Lys Asp Phe 50 55 60 AGI AAT CTT ACT
CCG ACA CGI' GAT AGT ACT CTT ATT TAT 240 Ser Asn Leu Thr Met
Thr Arg Asp Ser Thr Leu Ile Tyr 65 70 . 75 80 GAT CAA CAA ACA
CTA TTA GAT AAA AAA CAA CAA GAA TAT 288 Asp Gn d@n Thr Al a
Leu Asp Lys Lys Gn Gn @u Tyr 16 SEP 2003 - 64 85 90 95 CAG
TGG ATT GGT TTG ATT CAG AGT AAA GAA ACG GGA GAT 336 dn Ser

Ile dy 5;&'_}{_ Ile G n Ser LySA%aSIEHNonmsB-mmlos 110 TTC ACA
GAA CAG GCA A A GAA ATC AAT 384 Phe Thr Phe

B E@ﬁs?g@ugaéﬁ'f& Il e Il eaGdisioh NANRRI B-2WG8125 GGG AAA ATT
G CAA GTT GIC CAT TTA 432 Gy Lys lle Ile

al Val Aldk&siofi NG, NRABB-2MBOGAA AAA GGA AAA
}%ré—ﬁﬁégﬁ@%ﬁ&rp(y 7oA "CRTUACA 480 G U Lys Gy Lys Leu

Lys Ile u Tyr A n Ser Asp Thr 145 150 155 160 AAA TTT AAT
AAA ACA TTT AAA GAA CTT AAA TTA TTT AAA 528 Lys Phe Asn Ile
Thr Phe Lys Gu Leu Lys Leu Phe Lys -

Although the foregoing invention has been described in some detail by way of

obvious that certain

cations may be practiced within the scope of the appended claims.



165
AGA
180
624
200
Ser

GAC
Thr

GGG
Tyr

AGT
Lys
GIT
Ay
TCA
Asn
AAT
Val

AAT
Ser

170 175 ATA GAT AGI CAA AAC CAA CCC CAG CAA GIC CAG CAA GAT GAA CTG

576

Ile Asp Ser A n Asn Gn Pro dn @n Val

Gn dn Asp Gu Leu Arg

185 190 AATCCTGAATTTAACAAGAAAGAATCACAGGAATTCTTAGCGA&@
Asn Pro Gu Phe Asn Lys Lys Gu Ser Gn Gu Phe Leu Al a LykbBED74%5

205 TCG AAA ATA AAT CTT TTC ACT CAA MAA ATG AAA AGG GAA ATT GAT GAA 672
Lys Ile Asn Leu Phe Thr A n Xaa ME5Lys Arg Gu lle
ACG GAT ACG GAT GGG GAC TCT ATT CCT GAC CTT TGG GAA GAA AAT 720 Asp

Asp
TAT
Thr

AAA
Ay
GGT GA
Asp
AAT
Al a
GIT
Ser

AGT
Val

Thr Asp Ay Asp Ser

Ile Pro Asp'Leu Trp u GQu

ACG ATT CAM AAT AGA ATC GCT GITA AAG TGG GAC GAT

Ile Xaa Asn Arg Ile Al a Val

GGG TAT ACG AAA TTT GIT TCA AAT CCA CTA GAA

Tyr Iﬁf &%ﬁ Ser Asn Pro Leu G u Ser
%RA‘ FATATY GAA AAG GCA GCA AGA

Pro Tyr Thiy AsprLitekrd u Lys Ala Ala Arg Asp
GCA AAG GAA ACH) NREE ABCBXCGAIFY &GGGIA GCCT CGCT
Lys G u Thr PH8) Aﬁ‘ﬁﬂlﬂr oKh@acwraA‘p'na lAlla Phe
AGT ATG GAA ?Eén T GAA
Met G u Lys Vq) r‘z nqrgzu 305
GTA GAG TCT CAg) chii TeT TAT
Gu Ser His Seﬁl S‘@LEWr Mm'ﬁr%ﬁ LRr7elyr

(A) NAME: Gregory W. Warren

(B) STREET: 324 Bond Lake Drive

(C) CITY: Cary

(D) STATE: NC

(E) COUNTRY: USA

{F) POSTAL CCDE (ZIP): 27513

{(A) NAME: Michael G. Koziel

{B) STREET: 509 Caroclyn Court

{C) CITY: Cary

{D) STATE: NC

{E) COUNTRY: USA

{F) POSTAL CODE (ZIP): 27511

{A) NAME: Martha A. Mullins

{B) STREET: 104 Countrybrook Lane

{C) CITY: Youngsville

{D) STATE: NC

{E) COUNTRY: USA

{F) POSTAL CODE (ZIP): 27596

{A) NAME: Gordon J. Nye

{(B) STREET: 1001 Bray Court

{(C) CITY: Apex

(D) STATE: NC

(E) COUNTRY: USA

(F) POSTAL CODE (ZIP): 27502

{(A) NAME: Brian Carr

(B) STREET: 110 D Lady's Slipper Ct.

(C) CITY: Raleigh

(D)} STATE: N.C.

(E) COUNTRY: U.S.A.

(F}) POSTAL CODE (2IP): 27606

(A) NAME: Nalini Manaj Desai

(B} STREET: 107 Silverwood Lane

{C} CITY: Cary

(D) STATE: N.C.

(E} COUNTRY: U.S.A.

(F) POSTAL CCODE (2ZIP): 27511

{A) NAME: N. Kristy Kostichka

(B} STREET: 5017 Wineberry Dr.

(C) CITY: Durham

(D) STATE: NC

Ly sedugnoks pr ﬁsnac;Ser

AGT
Hi s
GAT
Leu
TTT
290
960
310

Asp Gu 210 215 220

Asn 225 230 235 240
TCT CTA 768 dYvy
Leu 245 250 255 GCA
CAC 816 Al a Ser
260 2 65 270 ACA
CTA 864 Thr Val
275 280 285 GAT TTG
912 Asp Leu Ser
295 300 CCA AGT GIG
Pro Ser Val Asn
315 320 AAT TTA TCC

1008 Asn Leu Ser Asn

16SEP2003 AAG Lys



325 330 Se r ACA AAT ACA GAA GGT GCT TCT GIT GAA GCG GGG ATT GGA CCA AAA

GGT Thr Asn Thr Qu Ay Ala Ser Val Qu Ala Ay Ile Ay Pro Ly$5(§Ey2£@40
345 350 ATT TCG TTC GGA GIT AGC GTA AAC Ile Ser Phe Ay Val Ser Val n

355 360 CAA GAA TGG GGA ACA TCT ACA GGA dn Qu Trp Gy Thr Ser Thr Ay

370 375 TCA GCG GGA TAT TTA AAT GCA AAT Ser Ala Gy Tyr Leu Asn Ala Asn

385 390 GGT GCC ATC TAC GAT GTA AAA €36 Gy Ala Ile Tyr Asp Val Lys Pro

405 GAT ACT ATC GCA ACT ATT ACG GCG Asp Thr Ile Ala Thr Ile Thr Ala 420
ATA TCT CCT GGA GAA AGT TAC CCG Ile Ser Pro Gy Gu Ser Tyr Pro 435 440

ATA ACA TCA ATG GAT GAT TTT AAT Ile Thr Ser Met Asp Asp Phe Asn 450 455
AAA CAA GTA GAT AAT CTGTC%AU%AT Lys G n Val Asp Asn Leu Leu Asn 465 470
AAC CAA ACA GAT i Asp Gy Val Tyr 485 GIA ACT GGC
GA CAA TOG AAT qu E9dmAL ODEA%ﬁPg.rb'I-WE

{ii) TITLE OF INVENTION: Novel Pesticidal Proteins and Strains

{iii} NUMBER OF SEQUENCES: 18

{(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
{(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPQ)

{vi} PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US 08/037,057
{B) FILING DATE: 25-MAR-19393

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6106 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{(vi) ORIGINAL SCURCE:
(A) ORGANISM: Bacillus cereus
(B) STRAIN: AR78
(C) INDIVIDUAL ISOLATE: NRRL B-21058

{ix) FEATURE:
(A} NAME/KEY: CDS
{B) LOCATION: 1082..1810
(D) OTHER INFORMATION: /product= "VIP-2"
/label= ORF-1

(ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: 1925..2470
{D} OTHER INFORMATION: /product= nyIp-2°
/label= QORF-2

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

ATCGATACAR TGTTGTTTTA CTTAGACCGG TAGTCTCTGT AATTTGTTTA ATGCTATATT 60
CTTTACTTTG ATACATTTTA ATAGCCATTT CAACCTTATC AGTATGTTTT TGTGGTCTTC 120
CTCCTTTTTT TCCACGAGCT CTAGCTGCGT TTAATCCTGT TTTGGTACGT TCGCTAATAA 180
TATCTCTTTC TAATTCTGCA ATACTTGCCA TCATTCGAAA GAAGAATTTC CCCATAGCAT 240
TAGAGGTATC AATGTTGTCA TGAATAGAAR TAAAATCTAC ACCTAGCTCT TTGAATTTTT 300

CACTTAACTC AATTAGGTGT TTTGTAGAGC GAGAAATTCG ATCAAGTTTG TAAACRACTA 360




Val

Thr Ay Ay Gu Trp Asn

500 ACA GCG TCT ATT ATT GIG GAT Thr Al a Ser
lle Ile Val Asp 515 GTA GCG GCA AAA GAT TAT GAA Val Ala Al a LykbAsR 20yr

A u 530 535 ACT TTA AAA GAT GCC CTG AAG Thr

550 - 65 TAT CAA CAC Tyr Gn H s AAT ACT TCG Asn Thr Ser GIT CGA TAT
Val Arg Tyr 3 95 ACA ACA AGT Thr Thr 410 AAA TCT Lys Ser 425 AAA AAA
Lys Lys TCC CAT Ser Hi s AAT AAA Ash ﬂ/s'ATA AAA |le Lys
TCTTATCGCC TTTACGTAAT ACTTTTAGCA ACTCTTCGAG TTGAGGGCGC TCTTTTTTTA 420
TTCCTGTTAT TTTCTCCTGA TATAGCCTTT CTACACCATA TTGTTGCAAA GCATCTATTT 480
GCATATCGAG ATTTTGTTCT TCTGTGCTGA CACGAGCATA ACCAAAAATC ARATTGGTTT 540
CACTTCCTAT CTAAATATAT CTATTAAAAT AGCACCAAMA ACCTTATTAA ATTAAAATAA 600
GGAACTTTGT TTTTGGATAT GGATTTTGGT ACTCAATATG GATGAGTTTT TAACGCTTTT 660
GTTAAARAAC AAACAAGTGC CATAAACGGT CGTTTTTGGG ATGACATAAT AAATAATCTG 720
TTTGATTAAC CTAACCTTGT ATCCTTACAG CCCAGTTTTA TTTGTACTTC AACTGACTGA 780
ATATGAARAC AACATGAAGG TTTCATAAAA TTTATATATT TTCCATAACG GATGCTCTAT 840
CTTTAGGTTA TAGTTAAATT ATAAGAAAAA AACAAACGGA GGGAGTGAAA AAMAGCATCT 800
TCTCTATAAT TTTACAGGCT CTTTAATAAG AAGGGGGGAG ATTAGATAAT AAATATGAAT 960
ATCTATCTAT AATTGTTTGC TTCTACAATA ACTTATCTAA CTTTCATATA CAACAACAAA 1020
ACAGACTAAA TCCAGATTGT ATATTCATTT TCAGTTGTTC CTTTATAAAA TAATTTCATA l108¢
A ATG AAA AGA ATG GAG GGA AAG TTG TTT ATG GTG TCA AAA AAA TTA 1126
Met Lys Arg Met Glu Gly Lys Leu Phe Met Val Ser Lys Lys Leu
1 5 10 15
CAA GTA GTT ACT AAA ACT GTA TTG CTT AGT ACA GTT TTC TCT ATA TCT 1174
Gln vVal Val Thr Lys Thr Val Leu Leu Ser Thr Val Phe Ser Ile Ser
20 25 30
TTA TTA AAT AAT GAA GTG ATA AAA GCT GAA CAA TTA AAT ATA AAT TICT 1222
Leu Leu Asn Asn Glu Val Ile Lys Ala Glu Gln Leu Asn Ile Asn Ser
35 40 45
CAA AGT AAA TAT ACT AAC TTG CAA RAT CTA AAA ATC ACT GAC AAG GTA 1270
Gln Ser Lys Tyr Thr Asn Leu Gln Asn Leu Lys Ile Thr Asp Lys Val
50 55 60
GAG GAT TTT AAA GAA GAT AAG GAA AAA GCG AAA GAR TGG GGG AAA GAA 1318
Glu Asp Phe Lys Glu Asp Lys Glu Lys Ala Lys Glu Trp Gly lys Glu
65 70 15
AAA GAA AAA GAG TGG ARA CTA ACT GCT ACT GAA AAR GGA ARAAR ATG AAT 1366
Lys Glu Lys Glu Trp Lys Leu Thr Ala Thr Glu Lys Gly Lys Met Asn .
80 8s 90 8s
AAT TTT TTA GAT AAT AAA RAT GAT ATA NAG ACA AAT TAT AAA GAA ATT 1414
Asn Phe Leu Asp Asn Lys Asn Asp Ile Xaa Thr Asn Tyr Lys Glu Ile
100 105 110
ACT TTT TCT ATG GCA GGC TCA TTT GAMA GAT GAA ATA AARA GAT TTA AAA 1462
Thr Phe Ser Met Ala Gly Ser Phe Glu Asp Glu Ile Lys Asp Leu Lys
115 120 125
GAA ATT GAT AAG ATG TTT GAT AAA ACC AAT CTA TCA AAT TCT ATT AIC 1510
Glu Ile Asp Lys Met Phe Asp Lys Thr Asn Leu Ser Asn Ser Ile Ile
13¢ 135 140

Leu Lys Asp Ala Leu Lys _545



490 GGI GTC ATA dy Val Ile 505 GAT GGG GAA Asp Gy Gu 520 AAT CCA GAA
Asn Pro Qu CTT TCA TAT Leu Ser Tyr AAT As n GGA dy CCG P|' @p?gQJJBPro
475 335 TCT GAA ACA GIT GCA Ser du Thr Val Ala 365 CAA TTC AX‘FA CCT
G n Phe Asn-Thr Ala 380 AAC AAT GTA GGA ACT Asn Asn Val dy Thr 400 TTT
GTA TTA AAT AAC Phe Val Leu Asn Asn 415

- 58 -

ACC TAT AAA AAT GTG GAA CCG ACA ACA ATT GGA TTT AAT AAA TCT TTA 1558
Thr Tyr Lys Asn Val Glu Pro Thr Thr Ile Gly Phe Asn Lys Ser Leu
145 150 155

ACA GAA GGT AAT ACG ATT AAT TCT GAT GCA ATG GCA CAG TTT AAA GAA 1606
Thr Glu Gly Asn Thr Ile Asn Ser Asp Ala Met Ala Gln Phe Lys Glu
160 165 170 175

CAA TTT TTA GAT AGG GAT ATT AAG TTT GAT AGT TAT CTA GAT ACG CAT 1654
Gln Phe Leu Asp Arg Asp Ile Lys Phe Asp Ser Tyr Leu Asp Thr His
180 185 : “1%0

TTA ACT GCT CAA CAA GTT TCC AGT AAA GAA AGA GTT ATT TTG AAG GTT 1702
Leu Thr Ala Gln Gln Val Ser Ser Lys Glu Arg Val Ile lLeu Lys Val
185 200 205

ACG GTT CCG AGT GGG AAA GGT TCT ACT ACT CCA ACA ARA GCA GGT GIC 1750
Thr Val Pro Ser Gly Lys Gly Ser Thr Thr Pro Thr Lys Ala Gly Val
210 215 220

ATT TTA AAT AAT AGT GAA TAC AAA ATG CTC ATT GAT AAT GGG TAT ATG 1798
Ile Leu Asn Asn Ser Glu Tyr Lys Met Leu Ile Asp Asn Gly Tyr Met
225 © 230 235

GTC CAT GTA GAT TAAGGTATCA AAAGTGGTGA ARARAGGGGG TGGAGTGCCT 1850
Val His vVal Asp
240

TACAAATTGA AGGGACTTTA AAAAAGAGTC TTGACTTTAA AAATGATATA AATGCTGAAG 1910

CGCATAGCTG GGGT ATG AAG AAT TAT GAA GAG TGG GCT AAA GAT TTA ACC 1960
Met Lys Asn Tyr Glu Glu Trp Ala Lys Asp Leu Thr
1 3 10

GAT TCG CRA AGG GAA GCT TTA GAT GGG TAT GCT AGG CAA GAT TAT AAA 2008
Asp Ser Gln Arg Glu Ala Leu Asp Gly Tyr Ala Arg Gln Asp Tyr Lys
15 20 25

GAA ATC AAT AAT TAT TTA AGA AART CAR GGC GGA AGT GGA AAT GAA AAR 2056
Glu Ile Asn Asn Tyr Leu Arg Asn Gln Gly Gly Ser Gly Asn Glu Lys
39 35 40

CTA GAT GCT CAA ATA AAR AAT ATT TCT GAT GCT TTA GGG ARG AAA CCA 2104
Leu Asp Ala Gln Ile Lys Asn Ile Ser Asp Ala leu Gly Lys Lys Pro
45 50 55 60

ATA CCG GAA AAT ATT ACT GTG TAT AGA TGG TGT GGC ATG CCG GAA TTT 2152
Ile Pro Glu Asn Ile Thr Val Tyr Arg Trp Cys Gly Met Pro Glg Phe
65 70 7

GGT TAT CAA ATT AGT GAT CCG TTA CCT TCT TTA ARA GAT TTT GAR GAA 2200
Gly Tyr Gln Ile Ser Asp Pro Leu Pro Ser Leu Lys Asp Phe Glu Glu

CAA TTT TTA AAT ACA ATC AAA GAA GAC AAA GGA TAT ATG AGT ACA AGC 2248
Gln Phe Leu Asn Thr Ile Lys Glu Asp Lys Gly Tyr Met Ser Thr Ser
95 100 105

TTA TCG AGT GAA CGT CTT GCA GCT TTT GGA TCT AGA AAA ATT ATA TTA 2296



TCT ACA GCC TTA AAT Ser Thr Ala Leu Asn
Ay Ile Ala 445 AT?. ACA TTA AAT AAA
GAA ACA Met Met Leu G u Thr 480 GAT ACA CAT GGA AAT ATA Asp Thr
495 CAA CAA ATC AAG CCT AAA. dn dn lle Lys Ala Lys
GCA GAA AAA CGT Arg Val
Pro Ser

Asn |le

Lys Thr

Le

Ser Ser

110

Leu

cGa
Arg
125

TTA
Leu

CAA
Gln

GGT
Gly

GGA
Gly

TTT
Phe

TAT
Tyr

CAT
His

ATT
Ile

TAT
Tyr

GTA

Val val

175
AGAAARAGTT
ATGTGAATGC
AACAGAAAGA
GTAATCTTAC
CAAATAARCT
TTCAGAGTAA

TAGAAATCAA

~ AAAARGGAAA

ACAGTAAMAC
AAGTCCAGCA
TAGCGAAACC
ACACGGATAC
AMAATAGAAT
TTTCARATCC
CAAGAGATCT
CAAGTGTIGARA
GTGTAGAGTC
ARAGCGGGGAT
ARMACAGTTGC
CAGCGGGATA

ATGTAAAACC

GTIG

Ile Thr

430 CAA AAT GGA ATC
Leu Asn Lys

460

SRS

Hs Gy

510 CGT GTA
Ala Gu Lys Arqg 525 GAT AAA ACA CCG TCT TTA Asp

u 540 CCA GAT GAA-ARA AAA GAA Pro Asp Qu lle Lys Qu
555 560 1056 1104 1152 1200 1248 1296

Glu Arg

GTT
Val

CCG
Pro

Leu

APA
Lys

Ala Ala

115

AGT
Ser

GGA
Gly

130

GCA
Ala

AGT
Ser
145

GAT
Asp
160

AAA
Lys

GAT
Asp

GCA
Ala
AGCAAGTGTT
TGTTTACGCA
GATGGACCGA
TATGTTTGCA
ATTAGATARA
AGAAACGGGA
TGGGAAAATT
ATTAGTTCCA
ATTTAAAGAA
AGATGAACTG
ATCGAAAATA
GGATGGGGAC
CGCTGTAAAG
ACTAGAAARAGT
AGATTTGTCA
TGTTAGTATG
TCATTCATCC
TGGACCARAA
ACAAGAATGG
TTTAAATGCA

TACARCAAGT

GAA
Glu

GTA
Val

ACA
Thr

GAG
Glu

AAR
Lys

GAG
Glu

ACA
Thr

TTA
Leu

TTA

Leu

180

GTRACGTGTA
GACAGCAAAAR
MAAAGGATTAC
CCGACACGTG
AAACAACAAG
GATTTCACAT
ATTTCTAATA
ATCAARATAG
CTTAAATTAT
AGAAATCCTG
AATCTTTTCA
TCTATTCCTG
TGGGACGATT
CACACAGTTG
AATGCAAAGG
GARAAGGTGA
ACGAATTGGT
GGTATTTCGT
GGAACATCTA
AATGTTCGAT

TTTGTATTRA

Phe

ACG
Thr

ATC
Ile

GTA
Val
165

ACA
Thr

Gly Ser

GGT
Gly

GCG
Ala
135

CTA
Leu
i50

CTT
Leu

ATT
Ile

ATT
Ile

AAT

Asn
CGTTATTAGC
CAAATCAAAT
TTGGGTATTA
ATAGTACTCT
AATATCAGTC
TTAACTTAIC
AAGGGAAAGA
AGTATCAATC
TTAAARATAGA
AATTTAACAA
CTCAAMAAAT
ACCTTTGGGA
CTCTAGCAAG

GTGATCCTTA

AMACGTITARA

TATTATCACC
CTITATACAAA
TCGGAGTTAG
CAGGAAATAC
ATAACAATGT

ATAACGATAC

Arg Ile

120

Lys

TAT
Tyr

TTA
Leu

AGT
Ser

GAT
Asp

ARA
Lys

GAT
Asp

AAA
Lys

GGT

Gly Val

170

TCCTATGTTT
TTCTACAACA
TTTCAAAGGR
TATTTATGAT
TATTCGTTGG
TGAGGATGAA
AAAGCAAGTT
AGATACARAA
TAGTCAAAAC
GAAAGAATCA
GARAAGGGAA
AGRAARATGGG
TAAAGGGTAT
TACAGATTAT
CCCATTGGTA
ARATGAAAAT
TACAGAAGGT
CGTARACTAT
TTCGCAATTC
AGGAACTGGT

TATCGCAACT

GTT"

Ile Leu

GCC
Ala

ATT
Ile
140

AGT
Ser
15%

AAA
Lys

AAG
Lys

CGA
Arg

TAAGGAGATG AAARATATGA

TTGAATGGAA
CAGAAMAATC
AARGATTTTA
CAACAAACAG
ATTGGTTTGA
CAGGCAATTA
GTCCATTTAG
TTTAATATTG
CAACCCCAGC
CAGGAATTCT
ATTGATGAAG
TATACGATTC
ACGARATTTG
GAARAGGCARG
GCTGCTTTTC
TTATCCAATA
GCTTCTGTTG
CAACACTCTG
AATACGGCTT
GCCATCTACG

ATTACGGCGA

2344
-2392
2440
2490

2550
2610
2670
2730
2790
2850
2910
2970
3030
3090
3150
3210
3270
3330 .
3390
3450
3510
3570
3630
3690

3750



1344 1392 1440 1488 1536 1584 1632 1680 ATA GAG GGA TTA TTA TAT TAT AAA AAC

AAA
Pro
GAA
Asn
TTT
Lys
GIT
Thr

TCA
Ile

CCG ATA TAC GAA TCG AGC 1728 Ile Au @y Leu Leu Tyr Tyr LYy8§ SABR)03ys
Ile Tyr Au Ser Ser ?6SEP2003 - 66 565 570 575 GIT ATG ACT TAC TTA GAT
AAT ACA GCA AAA GAA GIG ACC AAA CAA 1776 Val Met Thr Tyr Leu Asp Qu
Thr Ala Lys Gu Val Thr Lys A n 580 585 590 TTA AAT GAT ACC ACT GGG AAA
GAT GTA AGT CAT TTA TAT GAT 1884 -Leu' Asn Asp Thr Thr Gy Lys Phe
Val Ser His Leu Tyr Asp 595 600 605 GTA AAA CTG ACT CCA AAA ATG AAT
ATC AAA TTG TCT ATA CTT 1872 Val Lys Leu Thr Pro Lys Met Asa Val
Lys Leu Ser-lie Leu 610 615 620 TAT GAT AAT GCT GAG TCT AAT GAT AAC
GGT AAA TGG ACA AAC 1920 Tyr Asp Asn Ala G u Ser Asn Asp Asn Ser

L T 5 630 635 640 ACA AAT ATT GIT TCA GGI GGA AAT AAC
AT Ra AR R T el p e iR 100
Lys QGhreehytccdehafetcatdh 886n 1k AARATRECEGRCoRTT ASRTTHRRTAG ACAHTA AAT
GAT GCT CAA GAA AAA 2016 Asn Asn Pro Asp Ala Wn Leu Thr Leu Asn Thr

Al a GMEAEGTAGA FABTITCEES MTBATPRAC AXFTRASTALGAGKIAARCCCARRTAGRIE AT/ARET TTA

TCATACAACA
CAGAAARACG
CTTTAAAAGA
TATATTATAA
CAGCAAAAGA
ATTTATATGA
ATGATAATGC
CAGGTGGAAA
TAAATACAGA
TGAAGTCAGA
CTACAARAAC
ATATAAAARG
TTTGGGATGA
CAGAAATTAA
ATAAARAAGG
CATTGCCAAA
TGAGTGACAC
CCARATATAG
ARATTAATGC
AGTTATTATA
TGTAATAAAA
TCTATCAGAA
TGATTACAAA
TAATACTGTA
TGATTATCTA

GGTCACTAAA

ATG Adartrfri R easliihcar

AATCAAGGCT
TGTAGCGGCA
TGCCCTGAAG
AMAACAAACCG
AGTGACCAAA
TGTAAARACTG
TGAGTCTAAT
TAACGGAAAR
TGCTCAAGAR
AAARAACACA
AGTGAATGTG
TAATCCAATT
TATTTCTATA
ACAGATTTAT
TGGGATTCAT
TTATGTGACC
ACTTGAAAGT
TAAARAATGAA
TATTACTTAT
TCTATGRAGC
GTAATGGAAT
ACATTAGACT
CAACCTGTTA
ATATAAAGAG
ATGAAATAAT

AGATATCTAA

ACACATGGAA
AAAACAGCGT
ARAGATTATG
CTTTCATATC
ATATACGAAT
CAATTAAATG
ACTCCAAAAA
GATAACTCAA
AAACAATATT
AAATTAAATA
CAATGTGAGA
AATAARGACA
TCTTCACTTC
ACAGATGTAG
AGTAGGTATG
TATGGTGAAT
AAATATGAAG
GATAAAATTT
CAAGGATTAT
GATGGTAAAG
TGGTGCTRAA
TGATATCGTA
AAGAAAAGTT
AATATTATAA
TTTRATTGTA
CAGTCTAATT

TATTATTGGG

ATATAGTAAC
CTATTATTGT
AARATCCAGA
CAGATGAAAT
CGAGCGTTAT
ATACCACTGG
TGAATGTTAC
TTGGTAAATG
CTTCTAATAA
AARATCGTGA
TTACTATAGA
ATTACAAAAG
ATATTAAARC
CATCAATARA
GTATTAAGTT
TTATTAATGA
TTACTTATAG
ACRAGGATGG
TTTATGACAG
AGATGAATGT
GATAGTGTAA
CTTTGGAGTG
ACTACCCCCA
GGTTTTAACA
TTCAAATGAA
TTGTAGAACA

CAAGGCGTIC

TGGCGGAGAA

GGATGATGGG

'AGATAAAACA

ARAAGAAATA
GACTTACTTA
GRAATTTAAA
AATCARATTG
GACAAACACA
TCCGGATGCT
CTATTATATA
TGGGGAGATT
ATTAGATATT
GAATGATGAA
ACCGGARAAT
AGAAGATGGA
AGCTAGTTIT
TAGTGAGTTA
GACAATTAAR
TGGATTAAAT
TTTTCATAGA
AAGTTAATAT
GGGGATACTT
CTTGAARATG
AAATATTARA
GCTTTCCCAC
GGTCTGGTAT

CATGATTGAA

TGGAATGGTG

GAACGTGTAG

TCGTCTTITAA

GAGGGATTAT
GATGAAAATA
GATGTAAGTC
TCTATACTTT
AATATTGTTT
AATTTGACAT
AGTTTATATA
TATCCGATCA
ATAGCTCATA
ATAACTTTAT
TTAACAGATf
ATCCTTATTG
AATATTGAAC
GGACCAARCG
TTTGATTTITA
TGGGACTTTA
TATAATAAAT
ACTGTAGGAT
TGTAAATAGT
AAGATTCARC
CTCTTTATGT
AAAATTAGAC
TATTGTACGT

TCCTCGAATG

3990

4050
4110
4170
4230
4290
4350
4410
4470
4530
4590
4650
4710
4770
4830
4890
4950
5010
5070
5130
5190
5250
5310
5370
5430
5490
5550



Leu Asn Lys Asn Arg Asp Tyr Tyr lle Ser Leu Tyr Met Lys Ser ? % 0 685
AAA AAC ACA CAA TGT GAG ATT ACT ATA GAT GGG GAG ATT TAT CCG AT Yl Lys
Asn Thr An Cys Gu lle Thr Ile Asp Gy GQu Ile Tyr Pro Ile 690 .695 700
ACT ACA AAA ACA GTG AAT GTIG AAT AAA GAC AAT TAC AAA AGA TTA GAT 2160 Thr
Thr Lys Thr Val Asn Val M Lys Asp Mh Tyr Lys Arg Leu Asp 705 710 715 720
ATT ATA GCT CAT AAT ATA AAA AGT AAT €CA1ATT TCT TCA CTT CAT ATT 2208 Ile
Ile Ala Hs Asn Ile Lys Ser Asn Pro Ile Ser Ser Leu Hs Ile 725 730 735 AAA
ACG AAT GAT GAA ATA ACT TTA TTT TGG GAT GAT ATT TCT ATA ACA 2256 Lys Thr
Asn Asp Qu Ile Thr Leu Phe Trp Asp Asp Ile Ser Ile Thr 740 745 750 GAT GTA
GCA TCA ATA AAA CCG GAA AAT TTA ACA GAT TCA GAA ATT AAA 2304 Asp Val Ala
Ser |le Lysriect uwtivhtteirr ThiacAsmaBercTCorcAARe TASGTIR CHRATEBACAG 2di TAT
AGT AGG TAT GGI ATT AAG TTA GAA GAT GGA ATC CTT ATT 2352 dn lle Tg Ser
Arg Tyr GRPAGACETEY CTIETARRTY TEGHTEITHA| FTRARECANY ATTARGCGAS TR TERTT AAA

GGG ATT CA NSO kY y
e Hs Tyrf %ﬁc@ﬁ%mﬁ% C%SEEA%% T gl Bacdat T e Rtk AA'IC'% -)ATO'CI'; GAA
CCA TTG C@ATMTTI@'EGGIG:M MAGTT&TG%G@IGGMCMLFBCCPM@WTTM@ A 8o

N

Ser QU La4rQakf GafSRcARR S8arASRa TdAThETAE Haderr AP A8PFh 1825 8305% ATT
TAC AAG GAT GGG ACA ATT AAA TTT GAT TTT ACC AAA TAT AGT 2544
CTTTCTTTTG TTTTCCAAAT CCATTATACT CATAAGCAAC ACCCATAATG TCAAAGACTG 5970

TTTTTGTCTC ATATCGATAA GCTTGATATC GAATTCCTGC AGCCCGGGGG ATCCACTAGT 6030

TCTAGAGCGG CCGCCACCGS GGTGGAGCTC CAGCTTTTGT TCCCTTTAGT GRGGGTTAAG 6050
TTCGAGCTTG TCGTGG €106

(2) INFORMATION FOR SEQ ID NO: 2:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 243 amino acids
{B} TYPE: amino acid
(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Lys Arg Met Glu Gly Lys Leu Phe Met Val Ser Lys Lys Leu Gln
1 5 10 15

Val Val Thr Lys Thr Val Leu Leu Ser Thr Val Phe Ser Ile Ser Leu
20 25 30

Leu Asn Asn Glu Val Ile Lys Ala Glu Gln Leu Asn Ile Asn Ser Gln
35 40 45

Ser Lys Tyr Thr Asn Leu Gln Asn Leu Lys Ile Thr Asp Lys Val Glu
50 335 60

Asp Phe Lys Glu Asp Lys Glu Lys Ala Lys Glu Trp Gly Lys Glu Lys
63 70 75 80

Glu Lys Glu Trp Lys leu Thr Ala Thr Glu Lys Gly Lys Met Asg Asn
85 90 g8

Phe Leu Asp Asn Lvs Asn Asp Ile Xaa Thr Asn Tyr Lys Glu Ile Thr
100 105 110

Phe Ser Met Ala Gly Ser Phe Glu Asp Glu Ile Lys Asp Leu Lys Glu
115 120 125

Ile Asp Lys Met Phe Asp Lys Thr Asn Leu Ser Asn Ser Ile Ile Thr
130 135 140



Lys Ile Tyr Lys Asp Gy Thr Ile Lys Phe Asp Phe Thr Lys Tyr Spb SEB5"840 845
AAA AAT GAA CAA GGA TTA TTT TAT GAC AGT GGA TTA AAT TGG GAC TTT 2592 Lys
Asn Gu Gn Gy Leu Phe Tyr Asp Ser Gy Leu Asn Trp Asp Phe 850 855 860 AAA
ATT AAT GCT ATT ACT TAT GAT GGI AAA GAG ATG AAT GIT TTT CAT 2640 Lys lle
Asn Ala Ile Thr Tyr Asp Ay Lys Gu Met Asn Val Phe Hi s $65 870 875 880
AGA TAT AAT AAA TAG 2655 Arg Tyr Asn &9s-(2) | NFORVATION FOR SEQ I D NO 5:
(i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 884 amino acids (8) TYPE: am no
acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein - (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 5: Met Lys Asn Met Lys Lys Lys Leu Ala Ser Val Val
Thr Cy's ThrTyvretys BsB V) G5u PreuThd ZhPrideNply Phe Assulysfedlgu /By Val Asn
Ala Val Tyr W% Asp 20 25 30 158er Lys Thr Asnl&n Ile Ser Thr r Gn Lys
Asn Gn Gn S 40,4 I Vi€ 'M dwr Tyr Phe
Lys Gy Lys é'z,l})s{!ps&e%snggh%gé%o;swgée%ﬁig%al}gulﬂ f‘gdl\/Ethlané_% Z?ﬁso Thr Arg Asp
Ser Thr Leu Ile Tyr 65 70 75 80 Asp Gn Gn Thz Ala Asn Lys Leu Leu Asp
Lys Lys G n Rienle} (hsPyhrg 85p Jo-eobysGPhe I8P $9% TAF gheFr A ITgr &y ¥ Ile Gn
Ser Lys Gu Thr Ay AsP®® 100 105 110 PHE Thr Phe Asn Léd°Ser G u Asp G u

Gn Ala Ile 4l28 ikl 1901 1562 30132 %1u Arg val Ile Leu Lys Val Thr
195 : 200 205

val Pro Ser Gly Lys Gly Ser Thr Thr Pro Thr Lys Ala Gly Val Ile
210 215 220

Leu Asn Asn Ser Glu Tyr Lys Met Leu Ile Asp Asn Gly Tyr Met Val
225 230 235 240

His val Asp

(2) INFORMATION FOR SEQ ID NO: 3:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 182 amino acids
{BY TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Met Lys Asn Tyr Glu Glu Trp Ala Lys Asp Leu Thr Asp Ser Gig Arg
3 10

Glu Ala Leu Asp Gly Tyr Ala Arg Gln Asp Tyr Lys Glu Iég Asn Asn
20 23

Tyr Leu Arg Asn Gln Gly Gly Ser Gly Asn Glu Lys Leg Asp Ala Gln
35 40 4

Ile Lys Asn Ile Ser Asp Ala Leu Gly Lys Lys Pro Ile Pro Glu Asn
50 55 60

Ile Thr Val Tyr Arg Trp Cys Gly Met Pro Glu Phe Gly Tyr Gln Ile
65 70 75 80

Ser Asp Pro lLeu Pro Ser Leu Lys Asp Phe Glu Glu Gln Phe ng Asn
85 90

Thr Ile Lys Glu Asp Lys Gly Tyr Met Ser Thr Ser Leu Ser Ser Giu
100 : 105 110

Arg Leu Ala Ala Phe Gly Ser Arg Lys Ile Ile Leu Arg Leu Gln Val
115 120 125

Pro Lys Gly Ser Thr Gly Ala Tyr Leu Ser Ala Ile Gly Gly Phe Ala
130 135 140



Ay Lys Ile lle Ser Asn Lys Ay Lys Gu Lys Gn Val Val H's Leu 130 135
140 1 6 SEP 2003 - 68 Gu Lys Ay Lys Leu Val Prolle Lys Ile Qu Tyr @n
Ser Asp Thr 145 150 155 160 Lys Phe Asn Ile Asp Ser Lys Thr Phe L s[}(&’-‘l u
Leu Lys Leu Phe Lys 165 170 175 Ile Asp Ser G n Asn G n Pro d&SEagr%ﬂ al
Gn A@n Asp Au Leu Arg 180 185 190 Asn Pro Qu Phe Asn Lys Lys du Ser
Gn GQu Phe Leu Ala Lys Pro 195 200-265 Ser Lys Ile Asn Leu Phe Thr @ n
Xaa Met Lys Arg Qu Ile Asp Au 210 215 220 Asp Thr Asp Thr Asp Ay Asp
Ser Ile Pro Asp Leu Trp Gu G u Asn 225 230 235 240 Gy Tyr Thr Ile Xaa
Asn Arg Ile Ala Val Lys Trp Asp Asp Ser Leu 245 250 255 Ala Ser Lys Gy
Tyr Thr Lys Bhbe Nl cBetrifsiuPioy ey 1dsuaselseHisys 260 w285r12/Qsdhr Val Gy
Asp Pro Tygs Thr Asp Tyr disoLys Al a Ia Argsasp Leu 275 280s@285 Asp Leu
Ser Asn Ala Lys G u_Thr Phe Asn Pro Leu Val Ala Ala Phe 290 295 300 Pro
Ser Val A&¥ va’r TSar G?\}‘bt"ag treLyte VaP Gl edYSACIPTY ASh Y§ursB05 310 315
320 Asn Leu Ser Asn Ser A u Ser H s"Ser Ser Thr Asn Trp Ser Tyr 325
330 335 Thra Asp tEr Léd tndasnAla Ser Val Gu Ala Ay Ile Gy Pro Lys Ay
340 345 350 Ile Serifhe Ay Val Ser Val Asn Tyr A n Hs Ser Qu Thr Val Ala

355 360 365 dn Gu Trp Gg/ Thr Ser Thr Gy Asn Thr Ser G n Phe Asn Thr Al a
{2) INFORMATION FOR SEQ ID ND: 4:

{i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 2655 base pairs
{(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Bacillus cereus
(B) STRAIN: AB78
(C) INDIVIDUAL ISOLATE: NRRL B-21058

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..2652 )
(C) IDENTIFICATION METHOD: experimental
{D) OTHER INFORMATION: /product= "100 kxDa protein VIP-1"
/evidence= EXPERIMENTAL

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

ATG AAA AAT ATG AAG AAA AAG TTA GCA AGT GTT GTA ACG TGT ACG TTA 48
Met Lys Asn Met Lys Lys Lys Leu Ala Ser Val Val Thr Cys Thr Leu

1 5 10 15
TTA GCT CCT ATG TTT TTG AAT GGA AAT GTG AAT GCT GIT TAC GCA GAC 96
Leu Ala Pro Met Phe Leu Asn Gly Asn Val Asn Ala Val Tyr Ala Asp

20 25 30
AGC AAA ACA AART CAA ATT TCT ACA ACA CAG AAMA AAT CRA CAG AARA GAG 144
Ser Lys Thr Asn Gln lle Ser Thr Thr Gln Lys Asn Glan Gln Lys Glu
35 40 45
ATG GAC CGA AAA GGA TTA CTT GGG TAT TAT TTC RAA GGA AAA GAT TTT 182
Met Asp Arg lys Gly Leu Leu Gly Tyr Tyr Phe Lys Gly Lys Asp Phe
50 35 60

AGT AAT CTT ACT ATG TIT GCA CCG ACA CGT GAT AGT ACT CTT ATT TAT 240
Ser Asn Leu Thr Met Phe Ala Pro Thr Arg Asp Ser Thr Leu Ile Tyr

65 70 - 15 80
GART CAA CAR ACA GCA AAT AAA CTA TTA GAT AAAR AAA CAA CAA GAA TAT 288

Asp Gln Gln Thr Ala Asn Lys Leu Leu Asp lys Lys Gln Gln Glu Tyr



370
385
Asn
Leu
Ay
Thr
470
Thr
Asp
545
Lys
Asn

375 380 Ser Ala Ay Tyr
390 395 400 Ay Ala Ile Tyr Asp Val
Ile Thr Ala Lys Ser Asn

405 410 415 Asp Thr

Ile Ala 435 440 445

Leu Asn

Lys

450 455 460 1 6 SEP-2643-Lys dn Val

Ile Ala Thr

I'le

Thr

Ser

Met Asp Asp Phe Asn Ser

Leu Asn Al a Asn Val

Lys Pro Thr Thr

- 69 Asn Asn Lys Asn A n Thr Asp Ay Val
Gy Ay Au Trp Asn Ay Val
515 520 Val

Gy Gu
Asn Lys
pop TS

TTC
Phe

GGG
Gly

GAA
Glu
145

AAA
Lys

ATA
Ile

AAT
Asn

TCG
Ser

GAC
Asp
225

Gly

GCA
Ala

ACA
Thr

GAT
Asp

CCA
Pro
308

AAT
Asn

565 570 Val

I} QoAb s By

ACA
Thr

AAR
Lys
130

Lys

TTT
Phe

GAT
Asp

CCT
Pro

Lys
210

ACG
Thr

TAT
Tyr

AGT
Ser

GTT
val

TTG
Leu
290

AGT
Ser

TTA
Leu

TTT
Phe
115

ATT
Ile

GGA
Gly

AAT
Asn

AGT
Ser

GAA
Glu
195

ATA
Ile

GAT
Asp

ACG
Thr

Lya

GGT
Gly
275

TCA
Ser

GTG
Val

TCC
Ser

100

I'le

500 505 Thr Al a Ser

Tyr

Ser

Arg Tyr Asn Asn Val

Ay Thr

"ty

Asn 420 425 430 lle Ser Pro Ay Gu Ser Tyr Pro Lys Lys Ay G n Asn

Hs Prolle

Asp Asn Leu Leu 465

Lys Ile Lys

e |l

Ala Ala Lys Asp Tyr A u Asn Pro Gu

Leu Lys Asp Ala Leuskys Leu Ser Tyr 9650 Ile Gu Aydseu Leu Tyr Tyr

Leu Asp Gu Asn Thr Ala 580 585 Leu
TTG ATT CAG AGT AAA
Leu Ile Gln Ser Lys

Met Thr Tyr

AAC TTA TCT GAG

Asn

ATT
Ile

AAR
Lys

ATT
Ile

CAA
Gln
180

TTT
Phe

AAT
Asn

ACG
Thr

ATT
Ile

Gly
260

GAT
Asp

AAT
Asn

AAT
Asn

AAT
Asn

Leu

TCT
Ser

TTA
Leu

GAC
Asp
165

AAC
Asn

AAC
Asn

CTT
Leu

GAT
Asp

CAM
Xaa
245

TAT
Tyr

CcCT
Pro

GCA
Ala

GTT
Val

AGT
Ser

Ser

AAT
Asn

GTT
Val
150

AGT
Ser

CAA
Gln

ARG
Lys

TTC
Phe

Gly
230

AAT
Asn

ACG
Thr

TAT
Tyr

AAG
Lys

AGT
Ser
310

GTA
val

Glu

AAR
Lys
133

CCa
Pro

AAR
Lys

cceg
Pro

AARA
Lys

ACT
Thr
215

GAC
Asp

AGA
Arg

AAA
Lys

ACA
Thr

GARA
Glu
295

ATG
Met

GAG
Glu

GAT
Asp
120

GGG
Gly

ATC
Ile

ACA
Thr

CAG
Gln

GAA
Glu
200

CAA
Gln

TCT
Ser

ATC
Ile

TTT
Phe

GAT
Asp
280

ACG
Thr

GAA
Glu

TCT
Ser

1905
GAA
Glu

AAA
Lys

Lys

TTT
Phe

CAA
Gln
185

TCA
Ser

Xaa

ATT
Ile

GCT
Ala

GTT
Val
265

TAT
Tyr

TTT
Phe

AAG
Lys

CAT
His

CAG
Gln

GAA
Glu

ATA
Ile

AAA
Lys
170

GTC
val

CAG
Gln

ATG
Met

CCT
Pro

GTA
Val
250

TCA
Ser

GAA
Glu

RAC
Asn

GTG
Val

TCA
Ser

GCA
Ala

AAG

Lys

GAG
Glu
15%

GAA
Glu

CAG
Gln

GAA
Glu

Lys

GAC
ASp
235

ARAG
Lys

AAT
Asn

ARG
Lys

CCA
Pro

ATA
Ile
315

TCC
Ser

ATT
Ile

CAA
Gln
140

TAT
Tyr

CTT
Leu

CAA
Gln

TTC
Phe

AGG
Arg
220

cTT

‘Leu

TGG
Trp

CCA
Pro

GCA
Ala

TTG
Leu
300

TTA
Leu

ACG
Thr

GAA
Glu

ATA
Ile
125

GTT
val

CAA
Gln

AAR
Lys

GAT
Asp

TTA
Leu
205

GAA
Glu

TGG
Trp

GaC
Asp

CTA
Leu

GCA
Ala
285

GTA
val

TCA
Ser

AAT
Asn

ACG GGA GAT
Thr Gly Asp

110

GAA
Glu

GTC
Val

TCA
Ser

TTA
Leu

GAA
Glu
130

GCG
Ala

ATT
Ile

GAA
Glu

GAT
Asp

GAA
Glu
270

AGA
Arg

GCT
Ala

CCA
Pro

66
Trp

ATC
Ile

CAT
His

GAT
Asp

TTT
Phe
175

CTG
Leu

Lys

GAT
Asp

GAA
Glu

TCT
Ser
255

AGT
Ser

GAT
Asp

GCT
Ala

AAT
Asn

TCT
Ser

AAT
Asn

TTA
Leu

ACA
Thr
160

AAA
Lys

AGA
Arg

CCA
Pro

GAA
Glu

AAT
Asn
240

CTA
Leu

CAC
His

CTA
Leu

TTT
Phe

GAA
Glu
320

TAT
Tyr

485 490 Val
| e Val Asp
530 535 Thr

338

384

432

480

528

576

624

672

720

768

816

864

512

960

1008



595
Ser

Pro
680
Val

Asp
760
Ile
540

600
Asn
Asp
Lys
Asn
Au
Pro
Lys
Pro

Val
Asp
Al a
Asn
Lys
I'le
Met
Al a
Asp

ACA
Thr

ATT
Ile

CAA
Gln

TCA
Ser
385

GGT
Gly

GAT
Asp

ATA
Ile

ATA
Ile

Lys
465

AAC
Asn

GTA
Val

ACA
Thr

GTA
Val

ACT
Thr
545

ATA
Ile

Lys
Asn

Leu Thr
625 630 Thr Asn

Asn Leu Thr Leu

Thr

Thr

Lys

Adn
705 710

Leu Phe
Met Leu G u Thr
510 Arg Val
Gu lle Lys Qu

325

AAT ACA GAA GGT

Asn

TCG
Ser

GAA
Glu
370

GCG
Ala

GCC
Ala

ACT
Thr

TCT
Ser

ACA
Thr
450

CAA
Gln

CAA
Gln

ACT
Thr

GCG
Ala

GCG
Ala
530

TTA
Leu

GAG
Glu

Thr

TTC
Phe
355

TGG
Trp

GGA
Gly

ATC
Ile

ATC
Ile

cCT
Pro
435

TCA
Ser

GTA
Val

ACA
Thr

Gly

TCT
Ser
515

GCA
Ala

Lys

GGA
Gly

Glu
340

GGA
Gly

GGA
Gly

TAT
Tyr

TacC
Tyr

GCA
Ala
420

GGA
Gly

ATG
Met

GAT
Asp

GAT
Asp

GGA
Gly
500

ATT
Ile

Lys

GAT
Asp

TTA
Leu

Gly

GTT
Val

ACA
Thr

TTA
Leu

GAT
Asp
405

ACT
Thr

GAA
Glu

GAT
Asp

AAT
Asn

GGT
Gly

Cys Gu
Ile

GCT
Ala

AGC
Ser

TCT
Ser

AAT
Asn
390

GTA
val

ATT
Ile

AGT
Ser

GAT
Asp

CTG
Leu
470

GIT
val

485

GAA
Glu

ATT
Ile

GAT
Asp

GCC
Ala

TTA
Leu

166
Trp

GTG
val

TAT
Tyr

CTG
Leu
550

TAT
Tyr

Il e Val
660 665 Leu
Il e Thr
Ile Ala H s Asn
740 745 Asp-V&E Al a
475 480 Asp
Ala Qu Lys

I'le

555 560

TCT GTT GAA

Ser

GTA
Val

ACA
Thr
375

GCA
Ala

AAA
Lys

ACG
Thr

TAC
Tyr

TTT
Phe
455

CTa
Leu

TAT
Tyr

AAT
Asn

GAT
Asp

GAR
Glu
535

AAG
Lys

TAT
Tyr

Val

AAC
Asn
360

GGA
Gly

AAT
Asn

cCT
Pro

GCG
Ala

CCG
Pro
440

AAT
Asn

AAT
Asn

AAG
Lys

GGT
Gly

GAT
Asp
520

AAT
Asn

CcTT
Leu

AAA
Lys

Glu
345

TAT
Tyr

AAT
Asn

GTT
Val

ACA
Thr

AAR
Lys
425

AAA
Lys

TCC
Ser

AAT
Asn

ATA
Ile

GTC
Val
505

Gly

CCA
Pro

TCA
Ser

AAC
Asn

330
GCG
Ala

CARA
Gln

ACT
Thr

CGa
Arg

ACA
Thr
410

TCT
Ser

Lys

CAT
His

Lys

Lys
490

ATA
Ile

GAA
Glu

GAA
Glu

TAT
Tyr

Lys

Pro Lys Met Asn Val

Ser
Asn
690

I'le

Thr
Arg

Gly

CAC
His

TCG
Ser

TAT
Tyr
385

AGT
Ser

AAT

Asn

GGA
Gly

CCG
Pro

CCT
Pro
475

GAT
Asp

CAA
Gln

CGT
Arg

GAT
Asp

CCA
Pro
555

CCG
Pro

610
Ay
Lys
695
Lys
Ser
H s

ATT
Ile

TCT
Ser

Cha
Gln
380

AAC
Asn

TTT
Phe

TCT
Ser

CAA
Gln

ATT
Ile
460

ATG
Met

ACA
Thr

CAA
Gln

GTA
Val

Lys
340

GAT
Asp

ATA

615 Tyr Asp Asn Ala Gu
@y Asn Asn 645 Asn Asn
Asn Arg Asp Tyr Tyr lle
Thr Thz Lys Thi S& pfysn
Ser Asn 725 Lys Thr "Asn
Ile Lys Pro Qu Asn 755
Gy Asn lle 495 @n Gn
525 Asp Lys Thr Pro Ser Leu
335
GGA CCA AAA GGT 1056
Gly Pro Lys Gly
3s0
GAA ACA GTT GCA 1104
Glu Thr Val Ala
365
TTC AAT ACG GCT 1152
Fhe Asn-Thr Ala
AAT GTA GGA ACT 1200
Asn Val Gly Thr
400
GTA TTA AAT AAC 1248
Val Leu Asn Asn
415
ACA GCC TTA AAT 1286
Thr Ala Leu Asn
430
AAT GGA ATC GCA 1344
Asn Gly Ile Ala
445
-ACA TTA AAT AAA 1392
Thr Leu Asn Lys
ATG TTG GAA ACA 1440
Met Leu Glu Thr
480
CAT GGA AAT ATA 1488
His Gly Asn Ile
495
ATC AAG GCT AAA 1536
Ile Lys Ala Lys
510
GCA GAA AARA CGT 1584
Ala Glu Lys Arg :
525
ACA CCG TCT TTA 1632
Thr Pro Ser Leu
GAA ATA AAA GAA 1680
Glu Ile Lys Glu
560
TAC GAA TCG AGC 1728
Tyr Glu Ser Ser

Ile



Prolle Tyr u Ser Ser 575 Lys GQu Val Thr Lys A n 590 Asp Val Ser His
Leu Tyr Asp 605 Thr Ile Lys Leu Ser Ile Leu 620 Ser Ile Ay Lys 635 @y
Lys Lys @ n 650 Asn Thr Asp Ala Ser Leu Tyr Met 685 Asp Ay Gﬂsgﬁ 700
Asp Asn Tyr Lys 715 Pro Ile Ser Ser 730 Trp Asp Asp Ile Leu Thr pzﬂﬂér
7 65 Trp Thr Asn 640 Tyr Ser Ser 655 G n Gu Lys 670 Lys Ser Qu Tyr
Pro Ile Arg Leu Asp - 66 -
5865 570 575
GTT ATG ACT TAC TTA GAT GAA AAT ACA GCA AAA GAA GTG ACC AAA CAA 1776
Val Met Thr Tyr Leu Asp Glu Asn Thr Ala Lys Glu Val Thr Lys Gln
580 585 590
TTA AAT GAT ACC ACT GGG AAA TTT AAA GAT GTA AGT CAT TTA TAT GAT 1824
Leu Asn Asp Thr Thr Gly Lys Phe Lys Asp Val Ser His Leu Tyr Asp
595 600 605
GTA ARA CTG ACT CCA AAA ATG AAT GTT ACA ATC AAA TTG TCT ATA CIT 1872
Val Lys Leu Thr Pro Lys Met Asn Val Thr Ile Lys Leu Ser. Ile Leu
610 615 620
TAT GAT AAT GCT GAG TCT AAT GAT AAC TCA ATT GGT AAA TGG ACA AAC 1920
Tyr Asp Asn Ala Glu Ser Asn Asp Asn Ser Ile Gly Lys Trp Thr Asn
625 630 635 640
ACA AAT ATT GTT TCA GGT GGA AAT AAC GGA AAA AAA CAA TAT TCT TCT 1968
Thr Asn Ile Val Ser Gly Gly Asn Asn Gly Lys Lys Gln Tyr Ser Ser
645 650 655
AAT RAT CCG GAT GCT AAT TTG ACA TTA AAT ACA GAT GCT CAA GAA ABRA 2016
Asn Asn Pro Asp Ala Asn Leu Thr Leu Asn Thr Asp Ala Gln Glu Lys
660 665 670
TTA AAT AAA AAT CGT GAC TAT TAT ATA AGT TTA TAT ATG AAG TCA GAA 2064
Leu Asn Lys Asn Arg Asp Tyr Tyr Ile Ser Leu Tyr Met Lys Ser Glu
675 680 685
AAA AAC ACA CAA TGT GAG ATT ACT ATA GAT GGG GAG ATT TAT CCG ATC 2112
Lys Asn Thr Gln Cys Glu Ile Thr Ile Asp Gly Glu Ile Tyr Pro Ile
690 -695 700
ACT ACA AAA ACA GTIG AAT GTG ARAT AAA GAC AAT TAC AAA AGA TTA GAT 2160
Thr Thr Lys Thr Val Asn Val Asn Lys Asp Asn Tyx Lys Arg Leu Asp
705 710 715 720
ATT ATA GCT CAT AAT ATA AAA AGT ARAT CCA ATT TCT TCA CTT CAT ATT 2208
Ile Ile Ala His Asn Ile Lys Ser Asn Pro Ile Ser Ser Leu His Ile
725 730 735
AAA ACG AAT GAT GAA ATA ACT TTA TTT TGG GAT GAT ATT TCT ATA ACA 2256
Lys Thr Asn Asp Glu Ile Thr Leu Phe Trp Asp Asp Ile Ser Ile Thr
740 745 750
GAT GTA GCA TCA ATA AAA CCG GAA AAT TTA ACA GAT TCA GAR ATT AAA 2%04_.-
Asp Val Ala Ser Ile Lys Pro Glu Asn Leu Thr Asp Ser Glu Ile Lys
755 760 765
CAG ATT TAT AGT AGG TAT GGT ATT AAG TTA GAA GAT GGA ATC CTT ATIT 2352
Gln Ile Tyr Ser Arg Tyr Gly Ile Lys Leu Glu Asp Gly Ile Leu Ile
770 775 780
GAT AAA AAA GGT GGG ATT CAT TAT GGT GAA TTT ATT AAT GAA GCT AGT 2400
Asp Lys Lys Gly Gly Ile His Tyr Gly Glu Phe Ile Asn Glu Ala Ser
785 790 795 800
TTT AAT ATT GAA CCA TTG CCA AAT TAT GTG ACC AAA TAT GAA GTT ACT 2448
Phe Asn Ile Glu Pro Leu Pro Asn Tyr Val Thr Lys Tyr Glu Val Thr



720
Ay
Lys
800
810
820
835
850
865

SEQUENCE CHARACTERI STisGS:
acid (C) STRANDEDNESS:
gn’r (A,G'r, 25
YI.'

(genom ¢

Leu
I'le
Lys
Phe
815
825
840
855
870

SOURCE:

Tyr
830
845
860
875

AAA
Lys

ARA
Lys

AAA
Lys
865

AGA
Arg

(2)

Met

Ser
Met
Ser

65
Asp
Gln

Phe

Gly

Ile 735 5er Ile Thr
Leu Au Asp Ay Ile Leu lle
Gy lle Hs Tyr Ay Au Phe Ile Asn
Ile Qu Pro Leu Pro Asn Tyr Val Thr
Ser Ser u Leu Ay Pro Asn Val Ser
Lys Ile Tyr Lys Asp Ay JThg71lde Lys
Lys Asn Gu Gn Ay Leu Phe Tyr Asp
Lys Ile Asn Ala Ile Thr Tyr Asp Ay
880 Arg Tyr Asn Lys

ATT TAC
Ile Tyr
835

AAT GAA
Asn Glu
850

ATT AAT
Ile Asn

TAT AAT
Tyr Asn

single @ TODQ%TO%{‘F
A

TI—I“?F‘@)‘FH T‘FC@AECA

Glu Leu Gly Pro A

820
AAG
Lys

CAA
Gln

GCT
Ala

AAA
Lys

GAT
Asp

GGA
Gly

ATT
Tle

TAG

GGG
Gly

ACA
Thr

TTA TTT

Leu

ACT
Thr
§7¢

Phe
855

TAT
Tyr

ATT
Ile
B840

TAT
Tyr

GAT
Asp

qTGj

Val
825

AAA
Lys

GAC
Asp

GGT
Gly

INFORMATION FOR SEQ ID NO: 5:

{i) SEQUENCE CHARACTERISTICS:
LENGTH: 884 amino acids
TYPE: amino acid

(R)
{B)

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

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

Lys Asn
Ala Pro
Lys Thr

35

Asp Arg
50

Asn Leu
Gln Gln
Ser Ile
Thr Phe

115

Lys Ile
130

Met
Met

20
Asn
Lys
Thr
Thr
Arg
100

Asn

Ile

Lys

5
Phe
Gln
Gly

Met

Ala
85

Trp

Leu

Ser

er Asp T

TTT
Phe

AGT
Ser

ARR
Lys

GAT
Asp

GGA
Gly

GAG
Glu

- 875

Lys Lys Leu Ala Ser Val

Phe
70

Ile

‘Ser

Asn

Ser

Leu

55

Ala

Lys

Gly

Glu

LysS
135

Gly
Thr

40
Gly
Pro
Leu
Leu
Asp

120
Gly

Asn
25

Thr
Tyr
Thr
Leu
Ile
1G5

Glu

Lys

10

val

Gln

Tyr

Arg

Asp

30

Gln

Gln

Glu

Asn
Lys
Phe
Asp

75

Lys

Ser

Ala’

Lys

TTT
Phe

TTA
Leu
860

ATG
Met

val

Ala

Asn

Lys

60

Ser

Lys

Lys

Ile

Gln
140

eu

ACC
Thr
845

AAT
Asn

AAT
Asn

Thr
Val
Gln

45
Gly
Thr
Gln
Glu
Ile

125

val

Glu
830

ARA
Lys

TGG
Trp

GTT
Val

Cys
Tyr

30
Gln
Lys
Leu
Gln
Thr
110

Glu

val

750 Au lle Lys An Ile Tyr Ser Arg Tyr

770 775 780 1 6 SEP 2003 - 70 Asp
Au Al a
Lys Tyr
Asp Thr
Phe Asp
Ser Ay
Lys Qu
(2) | NFORMATION FOR SEQ ID NO 6: (i)
(A) LENGTH: 82004 base pai rs al(sB) TYPE:
Ilnear

Ser 795 Eﬂﬂz@gS

d u Vval

Leu Gu Ser Asp
Phe Thr Lys Tyr Ser
Leu Asn Trp Asp Phe
Met Asn Val Phe Hi s

nucl ei ¢
I\/[]_ECULE TYPE DNA

TAT
Tyr

GAC
Asp

TTT
Phe

Thr

15

Ala

Lys

Asp

Ile

Glu

Gly

Ile

His

MOR| G MA

AGT
Ser

TIT
Phe

CAT
His
880

Leu
Asp
Glu
Phe
Tyx

80
Tyr
Asp

Asn

Leu

2544

2640

2855



(A) ORGANI SM Bacillus cereus

NRRL B-21058 (i x) FEATURE:
| DENTI FI CATI ON METHOD: experi nment al
kDa protein VIP-1"

/ evi dence-

(B) STRAIN: AB78 (C)

(D) OTHER | NFORVATI ON:
EXPERI MENTAL (xi) SEQUENCE
ID NO 6: ATG AAA AGG GAA ATT GAT GAA GAC ACG GAT ACG GAT GGG GAC TCT ATT
48 Met Lys Arg Qu Ile Asp G u Asp ThE;

15 CCT GAC CTT TGG GAA GAA AAT GGG TAT
Asp Leu Trp Au GQu Asn Ay Tyr Thr

7.1 Val Lys Trp Asp Asp Ser

45 TCA AAT C%uqsﬁgr %?sﬁ%g?

Asn Pro Leu G4y

&6

Vab

Ala Ala Arg As)5 Peri RaspileedsiSéer Ays
TTT CCA AGYSTGTG AAT
S§?rGl\4aksrlA‘§En \@o
TTASCC AAT AGT

Leu Ser Asn Ser Val
Pro Glu Phe Asn Lys Lys

TTG GTA GCT GCT
Val Ala Al a Hhe
TCA CCA AAT GAA

Pro Asn A u Asn
Asn

Ser
Asp
225
Gly
Ala
Thr
Asp
Pro
305
Asn
Thr
Ile
Gln
Ser
385
Gly
Asp

Ile

Ile

v

Lys
210
Thr
Tyr
Ser
Val
Leu
290
Ser
Leu
Asn
Ser
Glu
370
Ala
Ala
Thr

Ser

Thr
450

195

Ile Asn

Asp Thr

Thr Ile

Lys Gly
260

Gly Asp
275

Ser Asn

val Asn

Ser Asn

Thr Glu
340

Phe Gly
355

Trp Gly

Gly Tyr

Ile Tyr

Ile Ala
420

Pro Gly
435

Ser Met

Leu
Asp
Xaa
245
Tyr
Pro
Ala
Val
Ser
325
Gly
Val
Thr
Leu
Asp
405
Thr

Glu

Asp

Phe
Gly
230
Asn
Thr
Tyr
Lys
Ser
310
Val
Ala
Ser
Ser
Asn
3%0
Val
Ile

Ser

Asp

Thr
215
Asp
Arg
Lys
Thr
Glu
295
Met
Glu
Ser
Val
Thr
37s%
Ala
Lys
Thr

Tyr

Phe
455

Leu Al a Ser

As

Lys Phe Val
AT 192 Ser

oERbAE

sp Thr Asp Ay Asp Ser
ACG ATT CAM AAT AGA ATC GCT 96 Pro
Ile Xaa Asn Arg Ile Ala 20 25 30 GTA

AAG TGG GAC GAT TCT CTA GCA AGT AAA GGG TAT ACG AAA TTT GIT 144 16SEP7003 -
Lys Ay Tyr Thr

A L T T I
SRR, T S e T R X8
AAG GCA GCA AGA GAT CTA GAT TTG TCA AAT GCA AAG GAA ACG TTT 240 du Lys

A Phy SLy@l GlUliew Rive o5 PBe 2ys80 AAC CCA

GIT AGR7ATG GAA AAG 28817Asn Pro Leu
ATA TTA

| NDI VI DUAL | SOLATE:
(A) NAME/ KEY: CDS (B) LOCATION: 1..2001 (C)

BT B et

du Ser

Glu
200
Gln
Ser
Ile
Phe
Asp
280
Thr
Glu
Ser
val
Asn
360
Gly
Asn
Pro
Ala
Pro

440

Asn

Ser
Xaa
Ile
Ala
Val
265
Tyr
Phe
Lys
His
Glu
345
Tyr
Asn
Val
Thr
Lys
425

Lys

Ser

Gln

Met

Pro

val

250

Ser

Glu

Asn

Val

Ser

330

Ala

Gln

Thr

Arg

Thr

410

Ser

Lys

His

Glu
Lys
Asp
235
Lys
Asn
Lys
Fro
Ile
315
Ser
Gly
His
Ser
Tyr
395
Ser
Asn

Gly

Pro

H s 100 105

Phe Leu
205

Arg Glu
220

Leu Trp

Trp Asp
Pro Leu

Ala Ala
285

Leu Val
300

Leu Ser
Thr Asn
Ile Gly

Ser Glu
365

Gln Phe
380

Asn Asn
Phe Val
Ser Thr
Gln Asn

445

Ile Thr
460

110

Ala Lys Pro

Ile
Glu
Asp
Glu
270
Arg
Ala
Pro
Trp
Pro
350
Thr
Asn
Val
Leu
Ala
430

Gly

Leu

Asp
Glu
Ser
255
Ser
Asp
Ala
Asn
Ser
335
Lys
val
Thr
Gly
Asn
415
Leu

Ile

Asn

Glu
Asn
240
Leu
His
Leu
Phe
Glu
320
Tyr
Gly
Ala
Ala
Thr
400
Asn
Asn

Ala

Lys

uct -

PRION: SEQ
lle 1 5 10



TCA
Ser

I'le

Phe

TCC ACG AAT TGG TCT TAT ACA AAT ACA GAA GGTI GCT TCT GIT GAA 384 Ser
Thr Asn Trp Ser Tyr Thr Asn Thr Qu Ay Ala Ser Val Qu 115 120 125 GCG

ATT

dn

GGA CCA AAA GGT ATT TCG TTC GGA GIT AGC GTA AAC TAT 4321 FSEP Y
Pro Lys Gy Ile Ser Phe Ay Val Ser Val Asn Tyr 130 135 140 CAA CAC
ACA GIT GCA CAA GAA TGG GGA ACA TCT ACA GGA AAT 480 G@n His Ser
Val Ala Gn GQu Trp Ay Thr Ser,gThr @y Asn 145 150 155 160 ACT TCG
AAT ACG GCT TCA GCG GGA TAT TTA AAT GCA AAT GIT 528 Thr Ser dn
Thr Ala Ser Ala Gy Tyr Leu Asn Ala Asn Val 165 170 175 CGA TAT AAC
GGA ACT GGI' GCC ATC TAC GAT GTA AAA CCT ACA 576 Arg Tyr Asn Asn
Thrdy Ala Ile Tyr Asp Val Lys Pro Thr 180 185 190 ACA AGI TTT GTA

AAC GAL AT ALG IT ACG GC(% AAA 624 Thr Ser Phe Val Leu
Asp %A’és e Ala %FS@%‘;%“ APS s Yfggg?é’ﬁtz*!?é ST CAWTIRECT ACA GCC
ATA TCT CCT GGA GAA AGI TAC CCG AAA 67 Ser Asn Ser Thr "Al a Leu

Ser P& &Y TruASeElTWalPror Lys 128 0Ly31BsR 28 ABA EGAACAAIRAT GGA ATC
ACA TCA ATG GAT GATEITT AAT TCC 720%90Lys Gy G n Asaesly Ile Ala

Ser Mah f$P ASPeRhe r 225 230,235, 2 T CCG.ATT ACA TTA AAT
can Ok o ANt e %%?‘r‘s’% ot ég?)cﬁleeg MEdiSAsn Lys
Val Asp Asn Leu Leu Asn Asn 245 250 255 AAA CCT ATG ATG TTG GAA ACA
ACA GRT 837 SeTTIIRATIANGL ARk 8416 Gly\aluParny Vet AVetGlweuy&AtgThr Asn

Thr Asp Gy Val *t9r Lys Ile 260 285 270 AAA GAT ARA CAT GGA AAT ATA GTA
GGC GGA GAA i@%@\ﬁﬁs%z&%ﬁ Bsif P§§F(’;l%09é3p 'Lys7 2l'hr Pro Ser Leu

530 540

Thr Leu Lys Asp Ala Leu Lys Leu Ser Tyr Pro Asp Glu Ile Lys Glu
545 550 555 560

Ile Glu Gly Leu Leu Tyr Tyr Lys Asn Lys Pro Ile Tyr Glu Ser Ser
565 570 575

Val Met Thr Tyr Leu Asp Glu Asn Thr Ala Lys Glu Val Thr Lys Gln
580 585 550

Leu Asn Asp Thr Thr Gly Lys Phe Lys Asp Val Ser His Leu Tyr Asp
585 600 605

Val Lys Leu Thr Pro Lys Met Asn Val Thr Ile Lys Leu Ser Ile Leu
610 615 620

Tyr Asp Asn Ala Glu Ser Asn Asp Asn Ser Ile Gly Lys Trp Thr Asn
625 630 635 640

Thr Asn Ile Val Ser Gly Gly Asn Asn Gly Lys Lys Gln Tyr Ser Ser
645 €50 655 .

Asn Asn Pro Asp Ala Asn Leu Thr Leu Asn Thr Asp Ala Gln Glu Lys
660 665 670

Leu Asn Lys Asn Arg Asp Tyr Tyr Ile Ser Leu Tyr Met Lys Ser Glu
675 680 685

Lys Asn Thr Gln Cys Glu Ile Thr Ile Asp Gly Glu Ile Tyr Pro Ile
690 €95 700

Thr Thr Lys Thr Val Asn Val Asn Lys Asp Asn Tyr Lys Arg Leu Asp
708 7190 715 720

Ile Ile Ala His Asn Ile Lys Ser Asn Pro Ile Ser Ser Leu His Ile
725 730 735

Lys Thr Asn Asp Glu Ile Thr lLeu Phe Trp Asp Asp Ile Ser Ile Thr
740 745 750

AsSp Val Ala Ser Ile Lys Pro Giu Asn Leu Thr Asp Ser Glu Ile Lys
755 760 765

Gln Ile Tyr Ser Arg Tyr Gly Ile Lys Leu Glu Asp Gly Ile Leu Ile
770 775 780



275 280

Val Asp Asp Gly %gé%mﬁbo

GAT TAT GAA AAT CCA 960 Qu
Tyr G u Asn Pro 305 310 315 320
GCC CTG AAG CTT TCA 1008 Glu
Leu Lys Leu Ser 325 330 335 TAT
TAT TAT AAA AAC 1056 Tyr Pro

Hs Gy Asn Ile Val Thr Ay Gy
CAA ATC AAG GCT AAA ACA GCG TCT
Ile Lys Ala Lys Thr Ala Ser Ile
GCA GAA AAA CGT GTA GCG GCA AAA
Gu Lys Arg Val Ala Ala Lys Asp
ACA CCG TCT TTA ACT TTA AAA0GAT
Pro Ser Leu Thr Leu Lys Asp Al a
ATA AAA GAA ATA GAG GGA TTA TTA
Ile Lys Qu Ile u Ay Leu Leu Tyr Tyr Lys Asn 340 345 350 AAA CCG
GAA TCG AGC GIT ATG ACT TAC TTA GAT GAA AAT ACA 1104 Lys Pro lle

Sésp Ses Mgl GMptGIFhRleTRis ITeu RypGGk whAsTleThen 350 BG0s365 GCA AAA GAA
AARS CAA TTA AAT GATPOACC ACT GGG AAASTTT AAA 1152 AB@&dLys G u Val

T S ys, 370 375 0.GAT GITA AGI CAT
g%ﬂl'e Ié(%'}i\ %Gg%ég%“c?:ﬁ’ g/ii %‘Gﬁﬁ%néﬁyﬁ%b%%ﬁvﬁ?‘ Ser H's Leu
Val Lys Leu Thr Pro Lys Met Asn Val 385 390 395 400 ACA ATC AAA TTG

CTYT FAT $BXTCHATaCHYCAD RET WATSEARSAADIL 248 GiTtsar hse Lys Leu Ser
Tyr Asp Asn®#a Qu Ser Asn 8Sp Asn 405 410 488 TCA ATT GGT AAA TGG

29
Al T T, fe L Lys Trp Thr
Asgﬁs ﬁ% ﬁry}; “g}sg"?@i‘y@ 2’%\ %nmﬁégg s%é@%@ﬁfé&% %&ES%EAA CAA TAT TCT
AAT CCG GAT GCT AAT TTG ACA TTA 1344 dvy Lys Lys G n Tyr Ser Ser
PE¥%S ﬁg Hua G (FIr hpuThRe TER APRSSer Gly4RupATn ACA BRTPIRCT CAA GAA AAA
AAA OGT GAC TAT TA¥ ATA 1392 860

Lys Ile Asn Ala Ile Thr Tyr Asp Gly Lys Glu Met Asn Val Phe His
865 870 875 880

du
ATT
Ile

Trp Asn Ay Val
ATT GIG GAT GAT

Thr

Arg Tyr Asn Lys

{(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 2004 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPQOLOGY: linear

{ii)
(iii)
{iii)

(vi)

MOLECULE TYPE: DNA {genomic)
HYPOTHETICAL: NO
ANTI-SENSE: NO

ORIGINAL SOQURCE:

(A) ORGANISM: Bacillus cereus
(B) STRAIN: AB78
(C) INDIVIDUAL ISOLATE: NRRL B-21058

FEATURE:
(A} NAME/KEY: CDS
(B} LOCATION: 1..2001
{C) IDENTIFICATION METHOD: experimental
(D) OTHER INFORMATION: /product= "80 kDa protein VIP-1"
/evidence= EXPERIMENTAL

{(ix)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

ATG AAR AGG GAA ATT GAT GAA GAC ACG GAT ACG GAT GGG GAC TCT ATT 48
Met Lys Arg Glu Ile Asp Glu Asp Thr Asp Thr Asp Gly Asp Ser Ile
1 5 10 15
CCT GAC CTT TGG GAA GRA ARAT GGG TAT ACG ATT CAM AAT AGA ATC GCT 96
Pro Asp Leu Trp Glu Glu Asn Gly Tyr Thr Ile Xaa Asn Arg Ile Ala
20 25 30
GTA AAG TGG GAC GAT TCT CTA GCA AGT AAA GGG TAT ACG AAA TTT GIT 144



Asn Thr Asp Ala G n Gu Lys Leu Asn Lys Asn Arg Asp Tyr Tyr Ile 450 455 460
AGT TTA TAT ATG AAG TCA GAA AAA AAC ACA CAA TGT GAG ATT ACT ATA 1440 Ser
Leu Tyr Met Lys Ser Gu Lys Asn Thr G n Cys Gu Ile Thr Ile 465 4706 8570830
GAT GGG GAG ATT TAT CCG ATC ACT ACA AAA ACA GTG AAT GIG AAT AAA 1488 Asp
Gy GQu lle Tyr Pro Ile Thr Thr Lys Thr Val Asn Val Asn Lys 485 490 495 GAC
AAT TAC AAA AGA TTA GAT ATT ATA GCT CAMT; AAT ATA AAA AGT AAT 1536 Asp Asn
Tyr Lys Arg Leu Asp Ile Ile Ala H's Asn Ile Lys Ser Asn 500 505 510 CCA ATT
TCT TCA CTT CAT ATT AAA ACG AAT GAT GAA ATA ACT TTA TTT 1584 1 6 SEP 2003 -
73 Prolle Ser Ser Leu Hs Ile Lys Thr Asn Asp Gu Ile Thr Leu Phe 515
520 525 TG GAE EAT a8 shCle ATAAGA CAT LTAIGORY TGRATA ARAVELS GAA AAT
1632 Trp Asp Asp3ile Ser IIe Thr #Asp Val Ala Ser kbe Lys Pro G u Asn 530
535 540 TTA A I TCA AAA CAG ATT TAT AGI AGG TAT GGT ATT AAG
1680 Leu %‘b gﬁ?ag CE gnc? R"i |ng§ﬁ’ TAT %;‘ygggfl | e Ly$2545
550 555 58 A ‘F TT CAT TAT GGT
1728 Leu Qu Asp Ay Ile Leu Ile Asp Lys Lys y Gy Ile Hs Tyr Gy 565
570 575 GBARPRF B0AT GAATAGBARATCCTA ABT TTGT TAATAMTICGAAG QBA ATGTECA AAT ZRAT
1776 d uG%héY|S| dlandha @ag hgm LearAsphbeuASAT |Asa & ay LPe GSlueThPPbe Asn Tyr 580

585 590 GTE ACC AAA TAT GAA®GTT ACT TAT AGT AGT GAG TTA GGA #CA AAC GTG
1824 Val afdbrcday$rd i @dd 8 t18rcchy heSthe Solr S Aé?%r@ Ya R ASn_Valgg595
600 605 A&dn GAC BEAVET TAIGAN AGRe GAD SAAVAT TashAGa1 ARGy Gt §XGLMECA ATT AAA
1872 Ser Asp Thr Leu G8 Ser Asp Lys 118 Tyr Lys Asp Gly95l'hr Ile Lys
GTG ATA TTA TCA CCA AAT GAA AAT TTA TCC AAT AGT GTA GAG TCT CAT 338
Val Ile Leu Ser Pro Asn Glu Asn Leu Ser Asn Ser Val Glu Ser His
100 105 110
TCA TCC ACG AAT TGG TCT TAT ACA AAT ACA GAA GGT GCT TCT GTT GAA 384
Ser Ser Thr Asn Trp Ser Tyr Thr Asn Thr Glu Gly Ala Ser Val Glu
115 120 125
GCG GGG ATT GGA CCA AAA GGT ATT TCG TTC GGA GTT AGC GTA AAC TAT 432
Ala Gly Ile Gly Pro Lys Gly Ile Ser Phe Gly Val Ser Val Asn Tyr
130 135 140
CAA CAC TCT GAA ACA GTT GCA CAA GAA TGG GGA ACA TCT ACA GGA AAT 480
Gln His Ser Glu Thr Val Ala Gln Glu Trp Gly Thr Ser Thr Gly Asn
145 150 155 160
ACT TCG CAA TTC AAT ACG GCT TCA GCG GGA TAT TTA AAT GCA AAT GTT 528
Thr Ser Gln Phe Asn Thr Ala Ser Ala Gly Tyr Leu Asn Ala Asn Val
165 170 175
CGA TAT AAC AAT GTA GGA ACT GGT GCC ATC TAC GAT GTA AARA CCT ACA 576
Arg Tyr Asn Asn Val Gly Thr Gly Ala Ile Tyr Asp Val Lys Pro Thr
180 185 150
ACA AGT TTT GTA TTA AAT AARC GAT ACT ATC GCA ACT ATT ACG GCG AAA 624
Thr Ser Phe Val Leu Asn Asn Asp Thr Ile Ala Thr Ile Thr Ala Lys
195 200 205
TCT AAT TCT ACA GCC TTA AAT ATA TCT CCT GGA GAA AGT TAC CCG AARA €72
Ser Asn Ser Thr Ala Leu Asn Ile Ser Pro Gly Glu Ser Tyr Pro Lys
210 215 220
RAR GGA CAA AAT GGA ATC GCA ATA ACA TCA ATG GAT GAT TTT AAT TCC - 720
Lys Gly Gln Asn Gly Ile Ala Ile Thr Ser Met Asp Asp Phe Asn Ser
225 230 235 240
CAT CCG ATT ACA TTA AAT AAMA AAA CAA GTA GAT AAT CTG CTA AAT AAT 768
His Pro Ile Thr Leu Asn Lys Lys Gln Val Asp Asn Leu Leu Asn Asn
245 250 255
AAR CCT ATG ATG TTG GAA ACA AAC CAA ACA GAT GGT GTT TAT AAG ATA 816
Lys Pro Met Met Leu Glu Thr Asn Gln Thr Asp Gly Val Tyr Lys Ile
260 265 270

AAR GAT ACA CAT GGA AAT ATA GTA ACT GGC GGA GAA TGG AAT GGT GTC 864



610 615 620 TTT GAT TTT ACC AAA TAT AGI AAA AAT GAA CAA GAA T

1920 Phe Asp Phe Thr

GGT 1968 Ser Ay Leu Asn Trp

Lys Tyr

Ser

Lys Asn Qu dn dy Leu Phe

' SEreap

T GAC
625
630 635 640 AGI GGA TTA AAT TGG GAC TTT AAA ATT AAT GCT ATT ACT TAT GAT

Asp Phe Lys Ile Asn Ala Ile Thr Tyr Asp Ay

645 650 655 AAA GAG ATG AAT GIT TTT CAT AGA TAT AAT AAA TAG Lys Gu Met

Asn Val

Phe His Arg

(i) SEQUENCE CHARACTERI STI CsS:
linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE

acid (D TOPOLOGY:
DESCRI PTION: SEQ I D NGO 7:

£ Als erhrlubs JeQ 155nPk 0= ABR hﬁusif 1
Al 227520 25 30 2004 \ab Lys

Ay Asp
Asn Arg |
Tyr Thr
Hi s Thr
Leu Asp
Al a Phe
Asn G u

?’P thpi’\gl 35 40 45 1
ge g? G,&snleAngsL 3 @%
Pro Ser Val Asn VaI Ser

Bak CGBUST3eGCASAA SEan
Glu Arg Val Ala Glu Lys

303

GAA
Glu

TAT
Tyr

AAA
Lys

GCA
Ala

GAT
Asp
385

ACA
Thr

TCA
Ser

GGA
Gly

AAT
Asn

AGT
Ser
465

GAT
Asp

GAC
Asp

cca

GAT
Asp

CCA
Pro

CCG
Pro

Lys
370

GTA
Val

ATC
Ile

ATT
Ile

Lys

ACA
Thr
450

TTA

Leu

Gly

AAT
Asn

ATT

AAA
Lys

GAT
Asp

ATA
Ile
355
GAA
Glu

AGT
Ser

Lys

GGT
Gly

Lys
435

GAT
Asp

TAT
Tyx

GAG
Glu

TAC
Tyr

cT

ACA
Thr

GAA
Glu
340

TAC
Tyr

GTG
Val

CAT
His

TTG
Leu

AAM
Lys
420

CAA
Gln

GCT
Ala

ATG
Met

ATT
Ile

Lys
500

TCA

CCG
Pro
325

ATA
Ile

GAA
Glu

ACC
Thr

TTA
Leu

TCT
Ser
405

GG
Trp

TAT
Tyr

CAA
Gln

RAG
Lys

TAT
Tyr
485

AGA
Arg

CIT

310

TCT
Ser

AAM
Lys

TCG
Ser

ARA
Lys

TAT
Tyr
390

ATA
Ile

ACA
Thz

TCT
Ser

GAA
Glu

TCA
Ser
470

CCG
Pro

TTA
Leu

CAT

Arg Val Ala Ala Lys

TTA
Ley

GAA
Glu

AGC
Ser

CARQ
Gln
375

GAT
Asp

CTT
Leu

AAC
Asn

TCT
Ser

Lys
455

GAA
Glu

ATC
Ile

GAT
Asp

ATT

Tyr Asn Lys 660 66E2 ()
(A) LENGTH 667 ami no acids

6 SEP 2003 -

RPai Ber dleh o8 R

I\/Et G u Lys
val GBAUGER GCAIIASA

ACT
Thr

ATA
Ile

GTT
Val
360

TTA
Leu

GTA
Val

TAT
Tyr

ACA
Thr

AAT
Asn
440

TTA
Leu

Lys

ACT
Thr

ATT
Ile

TTA
Leu

GAG
Glu
345

ATG
Met

AAT
Asn

AARA
Lys

GAT
Asp

AAT
Asn
425

AAT
Asn

AAT
Asn

AAC
Asn

ACA
Thr

ATA
Ile
505

ACG

AAA
Lys
330
GGA
Gly

ACT
Thr

GAT
Asp

CT6

AAT
Asn
410
AIT
Ile

CCG
Pro

Lys

ACA
Thr

Lys
490

GCT
Ala

AAT

315

GAT
Asp

TTA
Leu

TAC
Tyr

ACC
Thr

ACT
Thr
395

GCT
Ala

GTT
Val

GAT
Asp

AAT
Asn

CAA
Gln
475

ACA
Thr

CAT
His

GAT

Fe

| NFORMATI ON FOR SEQ I D NG 7:

(B) TYPE: am no

Met Lys Arg Qu Ile Asp Qu Asp Thr Asp Thr Asp

MuGTy_.lpA%rgl g;l}yv‘{yr Thr Il e Xaa
p Azps Ser
7 4 Ser Asn Pro Leu G u Ser

Leu Al a Ser

85 90 95 \Val

TAT GAA AAT CCA
Tyr Glu Asn

GAT
Asp

GCC
Ala

TTA
Leu

TTA
Leu

ACT
Thr
380

CCa
Pro

GAG
Glu

TCA
Ser

GCT
Ala

CGT
Arg
460

TGT
Cys

GTG
Val

AAT
Asn

GAA

CTG
Leu

TAT
Tyr

GAT
Asp
365

GGG
Gly

AAR
Lys

TCT

Ser

GGT
Gly

AAT
Asn
445

GAC
Asp

GAG
Glu

ART
Asn

ATA
Ile

ATA

AAG- CTT

Lys

TAT
Tyr
350

GAA
Glu

AAA
Lys

ATG
Met

AAT
Asn

GGA
Gly
430

TTG
Leu

TAT
Tyr

ATT
Ile

GTIG
val

ARA
Lys
510

ACT

Leu
335

ARA
Lys

AAT
Asn

TTT
Phe

AAT
Asn

GAT
Asp
415

AAT
Asn

ACA
Thr

TAT
Tyr

ACT
Thr

AAT
Asn
495

AGT
Ser

TTA

Pro
320

TCA
Ser

AAC
Asn

ACA
Thr

ARA
Lys

GTT
val
400

AAC
AsSn

AAC
Asn

TTA
Leu

ATA
Ile

ATA
Ile
480

Lys

AAT
Asn

TIT

Lys Gy

960

1008

10586

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

BFa Ala A Asp
SHESY Leu Val Al a
Il e Leu Ser

Pro



100
115
130
145
Asn
Pro
Thr

Ser

Asp
Val

Adn
Val

Thr

Arg
Pro
Au
Ile

Val

Ser
Ile
Tyr

110 Ser Ser Thr Asn Trp Ser Tyr Thr Asn Thr Qu Ay Al a Ser Val
125 Ala Ay Ile Ay Pro Lys Ay Ile Ser Phe Ay Val Ser ¥55I5%52M3Tyr
140 Gn Hs Ser Au Thr Val Ala @ n du Trp Ay Thr Ser Thr n
155 160 Thr Ser G n Phe Asn Thr Ala Ser Ala Ay Tyr Leu Asn Al a
165 170 175 Arg Tyr Asn Asn Val Gy Thr dy Ala Ile Tyr Asp Val

180 185 190 Thr Ser Phe Val -Lea Asn Asn Asp Thr Ile Ala Thr Ile
Lys 195 200 205 Ser Asn Ser Thr Ala Leu Asn Ile Ser Pro Ay Gu
Pro Lys 210 215 220 Lys Ay Gn Asn Gy Ile Ala Ile Thr Ser Met
Phe Asn Ser 225 230 235 240 His Pro Ile Thr Leu Asn Lys Lys @n
Are By SEéLﬁeAshelAélns ZASLP50n235n s Blo Met Thietteb e U Thr Asn
Asp Gy>¥al Tyr Lys Ile 5360 265 270 Lys ¥p Thr Hs Ay Ile

33 S Al el B i B bl R

Ala A& Lys Asp Tyr d3d Asn Pro 305 316 315 320 G u Asp Lys Thr
Ezg {iﬁ\.‘ Efqr Lys AI a Péiﬂﬁ' s Leu Ser 325 SSngigGTyr Psryé)aoASp
350 Ly=*%r o

24 2 ?ge %3 Scfcgﬁ Thr 113585360 365

TTA GAA GAT GGA ATC CTT ATT GAT AAA AAAR GGT GGG ATT CAT TAT GGT 1728
Leu Glu Asp Gly Ile Leu Ile Asp Lys Lys Gly Gly Ile His Tyr Gly
565 570 575

GAA TTT ATT AAT GAA GCT AGT TTT AAT ATT GAA CCA TTG CCA AAT TAT 1776
Glu Phe Ile Asn Glu Ala Ser Phe Asn Ile Glu Pro Leu Pro Asn Tyr
S80 585 330

GTG ACC AAA TAT GAA GTT ACT TAT AGT AGT GAG TTA GGA CCA AAC GTG 1824
Val Thr Lys Tyr Glu Val Thr Tyr Ser Ser Glu Leu Gly Pro Asn Val
595 600 605

AGT GAC ACA CTT GAA AGT GAT ARA ATT TAC AAG GAT GGG ACA ATT AAA 1872
Ser Asp Thr Leu Glu Ser Asp Lys lle Tyr Lys Asp Gly Thr Ile Lys
610 615 620

TTT GAT TTT ACC AAA TAT AGT AAA AAT GAA CAA GGA TTA TTT TAT GAC 1920
Phe Asp Phe Thr Lys Tyr Ser Lys Asn Glu Gln Gly Leu Phe Tyr Asp
625 630 635 640

AGT GGA TTA AAT TGG GAC TTT AAA ATT AAT GCT ATT ACT TAT GAT GGT 1968
Ser Gly Leu Asn Trp Asp Phe Lys Ile Asn Ala Ile Thr Tyr Asp Gly
645 650 655

AAR GAG ATG AAT GTT TTT CAT AGA TAT AAT AAA TAG 2004
Lys Glu Met Asn Val Phe His Arg Tyr Asn Lys
660 665
{2) INFORMATION FQR SEQ ID NO: 7:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 667 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Met Lys Arg Glu Ile Asp Glu Asp Thr Asp Thr Asp Gly Asp Ser Ile
1 S 10 15

Pro Asp Leu Trp Glu Glu Asn Gly Tyr Thr Ile Xaa Asn Arg Ile Ala
23 30

Val Lys Tgp Asp Asp Ser leu Ala Ser Lys Gly Tyr Thr Lys Phe Val
40 43



16SEP2003 - 75 Ala Lys GQu Val Thr Lys G n Leu Asn Asp Thr Thr Ay Lys Phe
Lys 370 375 380 Asp Val Ser H's Leu Tyr Asp Val Lys Leu Thr Pro Lys Met
Asn Val 385 390 395 400 Thr Ile Lys Leu Ser |le Leu Tyr Asp Asn Ay g @pumny,
Ser Asn Asp Asn 405 410 415 Ser Ile Ay Lys Trp Thr Asn Thr Asn Ile Val
Ser Ay Gy Asn Asn 420 425 430 Gy Lys Lys A n Tyr Ser Ser Asn Asn Pro
Asp Ala Asn Leu Thr Leu 435 440 445-A%4 Fthr Asp Ala A n G u Lys Leu Asn
Lys Asn Azg Asp Tyr Tyr Ile 450 455 460 Ser Leu Tyr Met Lys Ser G u Lys
Asn Thr An Cys Qu Ile Thr Ile 465 470 475 480 Asp Ay GQu Ile Tyr Pro

e Thr Thr Lys Thr Val Asn Val Asn Lys 485 490 495 Asp Asn Tyr Lys Arg
Leu Asp |l e ISeg Abm PidbsLedsnld Iser Luts fies vASG1y5RE P@6 BEOTRY Qsérh@:Ser Ser
Leu His Ile Lys TR Asn Asp G u |15 Thr Leu Phe 585 520 525 Trp Asp Asp

Ile Ser Ile Thr I Ser_Ile s Pro. Gu An_. 530 535 540 Leu Thr Asp
Ser Au lle Lys @% P¥ ehély?rgsgﬁg AR§ #%)/:’r Ley yoer| éﬁ%@%a 255 558M5 560 Leu
GQu Asp Ay Ile Leu Ile Asp Lys Lys Ay Ay Ile Hs Tyr Ay 5657570 575
G u Phe |l e Asn B lAhavaZeAldPhba A3n Bioe S&t Walr psi @l Fe@ ¥anclyrys580 585
590 Val Thr Lys Tyr G u Val®Thr Tyr Ser Ser 9@ u Leu Gy Pro #sn Val 595
600 605 Ser AR TIV k@Ue? HroSRin A3R S 1Ll Sel kot ¥E AN G sllyil! € Lys

100 105 110

Ser Ser Thr Asn Trp Ser Tyr Thr Asn Thr Glu Gly Ala Ser“Val Glu
115 120 125

Ala Gly Ile Gly Pro Lys Gly Ile Ser Phe Gly Val Ser Val Asn Tyr
130 135 140

Gln His Ser Glu Thr Val Ala Gln Glu Trp Gly Thr Ser Thr Gly Asn
145 150 155 160

Thr Ser Gln Phe Asn Thr Ala Ser Ala Gly Tyr Leu Asn Ala Asn Val
163 170 175

Arg Tyr Asn Asn Val Gly Thr Gly Ala Ile Tyr Asp Val Lys Pro Thr
180 185 190

Thr Ser Phe Val Leu Asn Asn Asp Thr Ile Ala Thr Ile Thr Ala Lys
195 200 205

Ser Asn Ser Thr Ala Leu Asn Ile Ser Pro Gly Glu Ser Tyr Pro Lys
210 215 220

Lys Gly Gln Asn Gly Ile Ala Ile Thr Ser Met Asp Asp Phe Asn Ser
225 230 235 240

His Pro Ile Thr Leu Asn Lys Lys Gln Val Asp Asn Leu Leu Asn Asn
245 230 255

Lys Pro Met Met Leu Glu Thr Asn Gln Thr Asp Gly Val Tyr Lys Ile
260 265 270

Lys Asp Thr His Gly Asn Ile Val Thr Gly Gly Glu Trp Asn Gly Val
273 280 285

Ile Gln Gln Ile Lys Ala Lys Thr Ala Ser Ile Ile Val Asp Asp Gly
290 295 300

Glu Arg Val Ala Glu Lys Arg Val Ala Ala Lys Asp Tyr Glu Asn Pro
305 310 315 320

Glu Asp Lys Thr Pro Ser Leu Thr Leu Lys Asp Ala Leu Lys Leu Ser
325 330 335

Tyr Pro Asp Glu Ile Lys Glu Ile Glu Gly Leu Leu Tyr Tyr Lys Asn
340 345 350

Lys Pro Ile Tyr Glu Ser Ser Val Met Thr Tyr Leu Asp Glu Asn Thr
355 360 365



AB78" (Xi) SEQUENEE
Thr Asp Thr

(i) s Vgl.y &2SRi S8

CHARACT

610 615 620 Phe Asp Phe Thr

i near

Lys Tyr

Gy 645 650 655 Lys A u Met Asn Val
| NFORMATI ON FOR SEQ I D NO 8:

(A) LENGTH: 16 am no aci ds
(D) TOPOLOGY:

Lys Asn Gu Gn Gy Leu Phe Tyr Asp
625 630 635 640 Ser Ay Leu Asn Trp Asp Phe Lys Ile Asn Ala Il el BBEPT

(i1) MOEEREBLE TYPE: peptide

HYPOTHETI CAL: NO (v) FRAGVENT TYPE: N-term nal
ORGANI SM Bacill us cereus
B-21058 (ix) FEATURE:

(B) STRAIN: AB78 (C)

(A) NAME/ KEY: Peptide

Thr Ile Lys Leu Ser Ile leu

Ser
Gly
Asn
Ser
485
Asp
Asp
Pro
Trp
Leu
545
Leu
Glu
Val
Ser
Phe
625
Ser

Lys

(2)

Ile Lys
4290
Lys Gln
Thr Ala
450
Leu Met
Gly Ile
Asn Lys
500
Ile Ser
Asp Ile
530
Thr Ser
Glu Gly
Phe Asn
580
Thr Tyx
Asp Leu
€10
Asp Thr
Gly Asn
Glu Asn
660
INFORMATION

Thr
Ser
Glu
Ser
470
Pro
Leu
His
Ile
Ile
550
Leu
Ala
Val
Ser
Tyr
630

Asp

Phe

Asn
Ser
Lys
455
Glu
Ile
Asp
Ile
Thr
535
Lys
Ile
Ser
Thr
Asp
615
Ser

Phe

His

Tyr Asp

Asn
425
Asn
Asn
Asn
Thr
Ile
505
Thr
val
Ile
Lys
Asn
585
Ser
Ile
Asn

Ile

Tyr
665

SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:

Asn
410
Ile
Pro
Lys
Thr
Lys
490
Ala
Asn
Ala
Tyr
Lys
570
Ile
Ser
Tyr
Glu
Asn

650

Asn

Ala Glu

Ser
Ala
Arg
460
Cys
val
Asn
Glu
Ile
540
Arg
Gly
Pro
Leu
Asp
620

Gly

Ile

Phe H's Arg Tyr Asn Lys
(i) SEQUENCE CHARACTERI STICS: 1 6 SEP 2003 -
(B) TYPE: am no acid (C) STRANDEDNESS:
(iii)
(vi) ORI G NAL SOURCE:
| NDI VI DUAL | SOLATE: NRRL
(B) LOCATION: 1..16 (D) OTHER
| NFORVATI ON: Atndya-GruNVebrThirnits Sbydencisnohsp p‘rhmmrnGpumyﬁ iR fyom strain
DESCRI PTION: 3BEQ ID NO 8: Ly¥%rg Au lle Asp Qu Asp

'Jrfr ﬂévd r.i, 19‘?%&3%@29151}.\15

660 66

BYATI N, FOR SEQ 1D

ase palr ggo

Ser Asn Asp Asn

Gly Gly
430

Asn Leu

445

Asp Tyr
Glu Ile
Asn Val
Ile Lys

510

Ile Thr
525

Lys Pro
Tyr Gly
Ile His
Leu Pro

590
Gly Pro
605
Gly Thr

Leu Phe

Thr Tyr

415

Asn

Thr

Tyr

Thr

Asn

495

Ser

Leu

Glu

Ile

Tyr

575

Asn

Asn

Tle

Tyr

Asp
635

Asn
Leu
Ile
Ile
480
Lys
Asn
Phe
Asn
Lys
560
Gly
Tyr
Val
Lys
Asp

640
Gly



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO (iii) ANTI - SESJEP 70803
(i x) FEATURE: (A) NAME/ KEY: mist feature (B) LOCATION. 1..21 (D) OTHER

| NFORVATI ON: /note- "Aigonucl eotide probe based an amno acids 3 to 9 of
SEQ I D NO 8, using codon wusage of Bacillus thuringiensis" (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 9: GAAATTGAFC7EAGATACNGA T (2) | NFORVATI ON FOR SEQ
ID NO 10: (i) SEQUENCE CHARACTERI STICS: (A) LENGITH: 14 anmino acids 21 16
SEP 2003 - 77 (B) TYPE, amino acid (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO (v) FRAGVENT
TYPE: N-termnal (¥3) LEFGTE: NAL a8OURSEds(A) ORGANI SM Baci | l us thuringiensis
(B) STRAIN: AB88 (f ) ° 82 NAME/ KEY: Peptide (B) LOCATION: 1..14
(D) OTHER | NFORVAT}TNG s L4i06e: fﬂ@;@? nal anino acid

i
{ii) MOLECULE TYPE: peptide
{(iii) HYPOTHETICAL: NO

(v} FRAGMENT TYPE: N-terminal

(vi} ORIGINAL SQURCE:
{A) ORGANISM: Bacillus cereus
(B) STRAIN: AR78
(C) INDIVIDUAL ISOLATE: NRRL B-21058

(ix) FEATURE:
(A) NAME/KEY: Peptide
{(B) LOCATION: 1..16
(D) OTHER INFORMATION: /note= "N-terminal sequence of
protein purified from strain AB78"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
Lys Arg Glu Ile Asp Glu Asp Thr Asp Thr Asx Gly Asp Ser Ile Pro
1 5 10 15
{2) INFORMATION FOR SEQ ID NO: 9:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
{iii) ANTI-SENSE: NO
{(ix) FEATURE:
(A) NAME/KEY: misc_feature
{(B) LOCATION: 1..21
(D) OTHER INFORMATION: /note= "QOligonucleotide probe based .
on amino acids 3 to 9 of SEQ ID NO:8, using codon
usage of Bacillus thuringiensis”®
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
GAAATTGATC AAGATACNGA T 21
_(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids



sequence of protein known as ani on exchange fraction 23 (smaller)" (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 10: Xaa GQu Pro Phe Val Ser A C I m
Xaa G n Xaa Xaa Xaa 1 5 10 (2) INFORVATION FOR SEQ ID NO 11: | §PP
SEQUENCE CHARACTERI STICS: (A) LENGTH: 13 amino acids (B) TYPE: anino acid
(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide
(iii) HYPOTHETI CAL: NO (v) FRAGMVENT FYPE. -N-terminal (vi) OR G NAL SOURCE:
(A) ORGANISM Bacillus thuringiensis (B) STRAIN. AB88 (ix) FEATURE: (A)
NAVE/ KEY: Peptide (B) LOCATION: 1..13 (D) OTHER | NFORMATI ON: / not e-
"N-termnal amno acid sequence of protein known as ani on exchange
fraction 23 (I arger)® (RF¥: SFEMENCEADESCRI PTION: SEQ ID NO 11: Xaa G u Tyr
Gu Asn Val Gu Pro ph PSS §i8@k2 1 5 10 (2) | NFORMATI ON FOR SEQ I D
NO 12: 1 6 SEP 2003 - i) YEBPENCE CHARACTERI STI CS: (A) LENGTH: 14
am no acids (B}iTYPECWAE TMPEACHabt@fe STRANDEDNESS: single

{iii) HYPOTHETICAL: NO
{v) FRAGMENT TYPE: N-terminal

(vi) ORIGINAL SOURCE:
{A) ORGANISM: Bacillus thuringiensis
(B} STRAIN: ABSSH

(ix) FEATURE:
(A) NAME/KEY: Peptide
{B) LOCATION: 1..14
{D) OTHER INFORMATION: /note= "N-terminal amino acid
sequence of protein known as anion exchange
fraction 23 (smaller)”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

?aa Glu Pro Phe Val Ser Ala Xaa Xaa Xaa Gln Xaa Xaa Xaa
5 10

(2) INFORMATION FOR SEQ ID NO: 11:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
{iii) HYPOTHETICAL: NG
{(v) FRAGMENT TYPE: N-terminal
{vi) ORIGINAL SOURCE:
{A) ORGANISM: Bacillus thuringiensis
(B) STRAIN: ABSS
(ix) FEATURE:
{A) NAME/KEY: Peptide
(B) LOCATION: 1..13
(D) OTHER INFORMATION: /note= "N-terminal amino acid
sequence of protein known as anion exchange
fraction 23 (larger)"™
{xi}) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Xaa Glu Tyr Glu Asn Val Glu Pro Phe Val Ser Ala Xaa
1 5 10

{2) INFORMATION FOR SEQ ID NO: 12:



(D TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO
(v) FRAGMVENT TYPE: N-terminal (vi) OR G NAL SOURCE: (A) ORGAN SW6 SERin us
thurigiensis (B) STRAIN. AB88 (ix) FEATURE: (A) NAME/ KEY: Peptide (B)
LOCATION: 1..14 (D) OTHER | NFORMATI ON: /note- "N-term nal sequence of BO
kDa VIP active against Agrotis ipsilon" (Xi) SEQUENCE DESCRI PTION: SEQ ID
NGO 12: Met An Lys Asn Asn Thr Lys Leu7Bre Thr Arg Ala Leu Pro 1 5 10 (2)
| NFORVATI ON FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH
15 amno acids (B) TYPE: amno acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO (V)
FRAGVENT TYPE: Nilef LFF%FECEQHR)‘A@HRGMI‘_S;SQJRCE: (A) ORGANI SM Bacil |l us
thuringiensis (B) STRAl iohd 90 BEGURE © (A) NAME/ KEY: Peptide (B)
LOCATION: 1..15 (D) )Hé fF q1hnote- "N-term nal am no acid
sequence of 35 kDa VIIR aoronosraganess Agrotis ipsilon”

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(v} FRAGMENT TYPE: N-terminal

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Bacillus thurigiensis
{B) STRAIN: ARSS

{ix) FEATURE:
(A) NAME/KEY: Peptide
{B) LOCATION: 1..14
(D) OTHER INFORMATION: /note= "N-terminal sequence of 80
kDa VIP active against Agrotis ipsilon”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

?et Asn Lys Asn Asn Thr Lys Leu Pro Thr Arg Ala Leu Pro
5 10

(2) INFORMATION FOR SEQ ID NO: 13:

{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
{(B) TYPE: aminec acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: peptide
{iii) HYPOTHETICAL: NO
{v) FRAGMENT TYPE: N-terminal
{(vi) ORIGINAL SOURCE:
{A) ORGANISM: Bacillus thuringiensis
{B} STRAIN: ABES
{ix) FEATURE:
(A) NAME/KEY: Peptide
{B) LOCATION: 1..15
(D) OTHER INFORMATION: /note= "N-terminal amino acid
Sequence of 35 kxDa VIP active against Agrotis
ipsilon”
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

ila Leu Ser Glu Asn Thr Gly Lys Asp Gly Gly Tyr Ile Val Pro
5 10 135

(2) INFORMATION FOR SEQ ID NO: 14:



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 13: Ala Leu Ser u Asn Thr Gy Lys
Asp Gy Ay Tyr Ile Val Pro 15 10 15 (2) | NFORVATI ON FOR SEQIDI%@EP%}
16 SEP 2003 - 79 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 9 amno
acids (B) TYPE: amno acid (C) STRANDEDNESS:. single (D) TOPOLOGY: |inear
(ii) MOLECULE TYPE: peptide (iii) HYPOTHETI CAL: NO (v) FRAGVENT TYPE:
N-termnal (vi) ORIGA NAL SOURCE: (Ayr @RGANI SM Bacillus thuringiensis (ix)
FEATURE: (A) NAME/ KEY: Peptide (B) LOCATION. 1..9 (D) OTHER | NFORMATI ON:
/note- "N-term nal sequence of a 130 kDa delta-endotoxin" (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 14: Met Asp Asn Asn Pro Asn Ile Asn Au 1 5 (2)
| NFORVATI ON FOR SEQ I D NO 15: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 9
am no aci ds (B){iTYPEEAQE myaastRED)ICSTRANDEDNESS: single (D) TOPOLOGY:
l'inear (ii) NO_ECULE"‘PYPE’.‘Gﬁj’eg?iaéén?é&iciiﬁ; HYPOTHETI CAL: NO (v) FRAGVENT
TYPE: I\I‘term nal (B) TYPE: amino aCl.

{C) STRANDEDNESS: single

(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
{iii) HYPOTHETICAL: NO
(v) FRAGMENT TYPE: N-terminal

(vi) ORIGINAL SCQURCE:
(A} ORGANISM: Bacillus thuringiensis

{ix) FEATURE:
(A) NAME/KEY: Peptide
{B) LOCATION: 1..9
{D) OTHER INFORMATION: /note= "N-terminal sequence of a
130 kDa delta-endotoxin”

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

Met Asp Asn Asn Pro Asn Ile Asn Glu
1 5

{2) INFORMATION FOR SEQ ID NO: 15:

(1) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 9 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPQLOGY: linear

(ii} MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
{v) FRAGMENT TYPE: N-terminal

{ix) FEATURE:
{A) NAME/KEY: Peptide
(B) LOCATION: 1..9
(D) OTHER INFORMATION: /note= "N-terminal sequence of 80

kDa delta-endotoxin®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

Met Asp Asn Asn Pro Asn Ile Asn Glu
1 5

{2} INFORMATION FOR SEQ ID NO: 16:
{i) SEQUENCE CHARRCTERISTICS:

{A) LENGTH: 11 amino acids
{B) TYPE: amino acid



(B) LOCATION: 1..9 (D) OTHEE
sequence of 80 kDa delta-endoto ﬁrS'EP(zm)
SEQUENCE DESCRI PTION: SEQ I D NO: 15: Met Asp Asn Asn Pro Asn Ile Asn Gu 1

(i x) FEATURE:
| NFORVATI ON:

(A) NAME/ KEY: Peptide
/note- "N-term nal

5 (2) INFORVATION FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 11 amino acids (B) TYPE amno acid 16 SEP 2003 - 80 (O
STRANDEDNESS: single (D) TOPOLOGY: |limear (ii) MOLECULE TYPE: peptide

(iii) HYPOTHETI CAL: NO (v) FRAGMENT TYPE: N-terminal (vi) OR G NAL SOURCE:

(A) ORGANI SM Bacillus thuringiensis (ix) FEATURE: (A) NAVE KEY: Peptide
(B) LOCATION: 1-..11 (D) OTHER | NFORVATI ON: /note- "N-term nal sequence
from 60 kDa delt e ATRMNDEDNESSE Xd ihg EQUENCE DESCRI PTI ON: SEQ | D NO  16:
Met Asn Val Leu AEH TeROLEEY: Adgeakhr Thr Ile 1 5 10 (2) | NFORMATI ON FOR SEQ
ID NO 17: (i, IARACTERI STICS: (A) LENGTH: 2655 base pairs (B)
TYPE: nucl ei éllgcﬁge%mpeptl%g

(iii) HYPOTHETICAL: NO

(v) FRAGMENT TYPE: N~terminal

{vi)

{ix) FEATURE:

{A) NAME/KEY: Peptide

(B) LOCATION: 1..11

(D) OTHER INFORMATION: /note= "N-terminal sequence from 60

kDa delta-endotoxin®
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
?et Asn Val Leu Asn Ser Gly Arg Thr Thr Ile
5 10

ORIGINAL SOURCE:

(A} ORGANISM: Bacillus thuringiensis

(2) INFORMATION FOR SEQ ID NO: 17:

(1)

(ii)
{iii)

{iii)

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 2655 base pairs

(B) TYPE:

nucleic acid

{C) . STRANDEDNESS: single
(D) TOPOLOGY: linear

HYPOTHETICAL: NO

ANTI-SENSE: NO

MOLECULE TYPE: DNA (genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

ATGARGAACA TGAAGAAGAA GCTGGCCAGC GTGGTGACCT GCACCCTGCT GGCCCCCATG 60
TTCCTGAACG GCAACGTGAA CGCCGTGTAC GCCGACAGCA AGACCAACCA GATCAGCACC 120
ACCCAGAAGA ACCAGCAGAA GGAGATGGAC CGCAAGGGCC TGCTGGGCTA CTACTTCAAG 180 -
GGCAAGGACT TCAGCAACCT GACCATGTTC GCCCCCACGC GTGACAGCAC CCTGATCTAC - 240
GACCAGCAGA CCGCCAACAA GCTGCTGGAC AAGAAGCAGC AGGAGTACCA GAGCATCCGC 300
TGGATCGGCC TGATCCAGAG CAAGGAGACC GGCGACTTCA CCTTCAARCCT GAGCGAGGAC 360
GAGCAGGCCA TCATCGAGAT CAACGGCAAG ATCATCAGCA ACAAGGGCAA GGAGAAGCAG 420
GTGGTGCACC TGGAGAAGGG CAAGCTGGTG CCCATCAAGA TCGAGTACCA GAGCGACACC 480
AAGTTCAACA TCGACAGCAA GACCTTCAAG GAGCTGAAGC TTTTCAAGAT CGACAGCCAG 540



(C) . STRANDEDNESS: single (D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomc) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (xi) SEC%E#@@PINﬁ
DESCRI PTION: SEQ I D NO 17: ATGAAGAACA TGAAGAAGAA GCTGGCCAGC Gr

GCACCCTGCT GGECCCCCATG60 TTCCTGAACG GCAACGTGAA CGCCGTGTAC GCCGACAGCA
AGACCAACCA GATCAGCACC120 ACCCAGAAGA ACCAGCAGAA GGAGATGGAC CGCAAGEECC
TGCTGGGCTA CTACTTCAAGL80 GGCAAGGACT TCABCAACCT GACCATGITC GCCCCCACGC
GTGACAGCAC CCTGATCTAC240 GACCAGCAGA CCGCCAACAA CCTGCTGGAC AAGAAGCAGC
AGGAGTACCA GAGCATCCGC300 TGGATCGGECC TGATCCAGAG CAAGGAGACC GGCGACTTCA
CCTTCAACCT GAGCGAGGAC360 GAGCAGGCCA TCATCGAGAT CAACGGCAAG ATCATCAGCA
ACAAGGCCAANCCARSACONGAZO TERCETNESACEAGT CRAGEASAS COAXBET OGLEGACOGAREAAGAq ¢

TCGAGTA GITCAACA TCGACAGCAA GACCTTCAAG GACCTE®AAGC
T A A R S o 0S igs AT A C T SEACIEEA AEAISFaEn 660
GCCAGCACGAG 2GR SE L ACAALES ACR SR T E%@A@MG@M % W
GCCCAGCAAG ATCAACCTGT TCACCCACCA GATGAAGCECo60 GAGATCGA

CACCGACGGHCAERGCA TS ACAGCTE TG CRISGREIIAACHD AGBCTAGKCEAGTIOGAGAACCGT80

CATCGCCGT CGAC gc%% TACACCAAGT TOGTGAGCAA
COCCCTGGA G % {é‘ T A CACANCBR EREEA o840
CCTGGACCT G AGRAA

GAGCCACTCE?,

CATCCGT COG R4 Adeh TKe e TR T et A PRI GAAG OB
GGCOCAGGAG TGGGGCACCA GCACOGGCAA CACCAGCCAGL14

AGBTAGANTAAC TETCREGACEI20 6C BEGERN GATCACRACGT GAde 0
60 ACCATCACCG CCAAGTCGAA

CTACCTGAA

TTOCACTEC Cr A A R R A AR o6

GGACAACCTG _CTGAACAACA AGCCCATGAT GCTGGAGACC1440 AACCAGACCG ACGECGICTA

CAAGATCAA A BCEATSTOCETATOOGARCAACGA CACCATCGEC 1260
ACCATCACCG CCARAGTCGAA TTCCACCGCC CTGAACATCA GCCCCGGCGA GAGCTACCCC 1320
AAGAAGGGCC AGRACGGCAT CGCCATCACC AGCATGGACG ACTTCAACAG CCACCCCATC 1380
ACCCTGAACA AGAAGCAGGT GGACAACCTG CTGAACAACA AGCCCATGAT GCTGGAGACC 1440
AACCAGACCG ACGGCGTCTA CAAGATCAAG GACACCCACG GCAACATCGT GACCGGCGGC 1500
GAGTGGAACG GCGTGATCCA GCAGATCAAG GCCAAGACCG CCAGCATCAT CGTCGACGAC 1560
GGCGAGCGCG TGGCCGAGAA GCGCGTGGCC GCCAAGGACT ACGAGAACCC CGAGGACAAG 1620
RCCCCCAGCC TGACCCTGAA GGACGCCCTG RAGCTGAGCT ACCCCGACGA GATCAAGGAG 1680
ATCGAGGGCC TGCTGTACTA CAAGAACAAG CCCATCTACG AGAGCAGCGT GATGACCTAT 1740
CTAGACGAGA ACACCGCCAA GGAGGTGACC AAGCAGCTGA ACGACACCAC CGGCAAGTTC 1800
AAGGACGTGA GCCACCTGTA CGACGTGAAG CTGACCCCCA AGATGAACGT GACCATCAAG 1860
CTGAGCATCC TGTACGACAA CGCCGAGAGC AACGACAACA GCATCGGCARA GTGGACCAAC 1920
ACCAACATCG TGAGCGGCGG CAACAACGGC AAGAAGCAGT ACAGCAGCAA CAACCCCGAC — 1980.
GCCAACCTGA CCCTGAACAC CGACGCCCAG GAGARGCTGA ACAAGAACCG CGACTACTAC 2040
ATCAGCCTGT ACATGAAGAG CGAGAAGRAC ACCCAGTGCG AGATCACCAT CGACGGCGAG 2100
ATATACCCCA TCACCACCAA GACCGTGAAC GTGAACAAGG ACAACTACAA GCGCCTGGAC 2160
ATCATCGCCC ACAACATCAA GAGCAACCCC ATCAGCAGCC TGCACATCAA GACCAACGAC 2220
GAGATCACCC TGTTCTGGGA CGACATATCG ATTACCGACG TCGCCAGCAT CAAGCCCGAG 2280
AACCTGACCG ACAGCGAGAT CAAGCAGATA TACAGTCGCT ACGGCATCAA GCTGGAGGAC 2340

ACLYSCREGGEEEA) A6 AdREEICCEaddeeeACC T 390
GAACGIGAGC ATGGAGA\A_%GF TGATCCTGAG CCCCAACGAMX60 ACCCTGAGCA ACAGCGIcA
CRMAKEETRIAAE

TESACATSCAATNGD GCATSCLERACOS: BRCCAGGCCGEEs 0

B AR AP0

AR AR HREANOGGCAT 0
mec&mmﬁ@@msé@&w&@%m&@ﬂ@&ﬂ@m%@kaﬁ@W@ 00



GAGTGGAACG GCGTGATCCA
GGCGAGCECG TGGCCGAGAA
ACCCCCAGCC TGACCCTGAA
ATCGAGEECC TGCTGTACTA
CTAGACGAGA ACACCGCCAA
AAGGACGTGA GCCACCTGTA
CTGAGCATCC TGTACGACAA
ACCAACATCG TGAGCGGECGG
GCCAACCTGA CCCTGAACAC

AACCTCACE RAETA K] CMACEACKT A FACAE

GCAGATCAAG GCCAAGACCG CCAGCATCAT
GCGCGTIGECC GCCAAGAACT ACGAGAACCC
GGACGCCCTG AAGCTGAGCT ACCCCGACGA
CAAGAACAAG CCCATCTACG AGAGCAGCGT
GGAGGTGACC AAGCAGCTGA ACGACACCAC
CAACGTGAAG CTGACEZCCA AGATGAACGT
CGCCGAGAGC AACGACAACA GCATCGGECAA
CAACAACGEC AAGAAGCAGI ACAGCAGCAA
CGACGCCCAG GAGAAGCTGA ACAAGAACCG

CGICGACGAC1560

S ook 1003

GATCAAGGA

GATGACCTAT1740
CGGCAAGTTC1800
GACCATCAAGL860
GTGGACCAAC1920
CAACCCCOGAC1980. .
CGACTACTAC2040
ATCACCCT GEGE{ATCHMGRGAELRGAAIRECAFCOCT A Eacb(Adiataidnh CoAsddchia\2 1030
ATATACCCCA TCACCACCAA GACCGTGAAC GTGAACAAGG ACAACTACAA GOGCCTGGAC2160
ATCATCGCCETREAATAT GRACEHRSCAABCTARTCATCARE A CECERTARCITR CAGAGARISAC2 2250

BRACLRRM BRSNS 6

SEP 2003 AASIZGACACATOULGA JHOCAAACAACCIRRBECATIE CCACRAEREAGCAET TCATIBAA
CGAGGCCAGC2400 TTCAACATCG AGOCCCTGCA GAACTACGTG ACCAAGTACG AGGTGACCTA
CAGCAGCGABIBFCETLACAFRIA PACISICATACA TAAERESREANS REATHANREICTRFGCAAGER 0

C@ACCAT@@@;&M@CT TCACCAAGTA CAGCAAGAAC GAGCAGGGCC TGTTCTAGGA S
CAGCGGCCTG2580° AACTGGGACT TCAAGATCAA CGCCATCACC TACGACGGCA AGGAGATGAA
CGTGTTCCAG2 6 AFFORCTACRADR AST AG2EES 162)
SEQUENCE CHARAGT

acid (C) STRANDE

(genoni ¢)

(iii)

| NFORMATI ON FOR SEQ I D NGO 18:
: (B) TYPE:
@OGY: linear (ii) MOLECULE TYPE: DNA

ERI ST CS: A) _LENGTH 2010 base pairs
NE%?ﬁ TEF TI?
OkET Igiﬁm S ANTI - SENSE: NO (xi) SEQUENCE

nucl ei ¢

DESCRI PTI ON:  SEQ | {@NSrrRAPEDESAT GGAF AGCGCGAGAT CGACGAGGAC ACCGACACCG
ACGGCGACAG CATCCCCBEACEOPOLOGY: linear

{ii} MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO

{iii} ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

GGATCCATGA
CTGTGGGAGG
CTGGCTAGCA
GACCCCTACA
ACCTTCAACC
CTGAGCCCCA
TACACCAACA
GGCGTGAGCG
GGCRACACCA
AACAACGTGG
ARRCGACACCA
GGCGAGAGCT
AACAGCCACC
ATGATGCTGG
ATCGTGACCG

AGCGCGAGAT
AGAACGGCTA
AGGGCTACAC
CCGACTACGA
CCCTGGRTGGC

ACGAGAACCT

CCGAGGGCGC

TGAACTACCA
GCCAGTTCAA
GCACCGGCGC
TCGCCACCAT
ACCCCAAGAA
CCATCACCCT
AGACCARCCA
GCGGCGAGTG

CGACGAGGAC
CACCATCCAG
CAAGTTCGTG
GAAGGCCGCC
CGCCTTCCCC
GAGCAACAGC
CAGCGTGGAG
GCACAGCGAG
CACCGCCAGC
CATCTACGAC
CACCGCCAAG
GGGCCAGAAC
GAACAAGARAG
GACCGACGGC
GAACGGCGTG

ACCGACACCG
AACCGCATCG
AGCAACCCCC
CGCGACCTGG
RGCGTGAALG
GTGGAGAGCC
GCCGGCATCG
ACCGTGGCCC
GCCGGCTACC
GTGAAGCCCA
TCGAATTCCA
GGCATCGCCA
CAGGTGGACA
GICTACAAGA

ATCCAGCARGA

ACGGCGACAG
CCGTGAAGTG
TGGAGAGCCA
ACCTGAGCAA
TGAGCATGGA
ACTCGAGCAC
GTCCCAAGGG
AGGAGTGGGG
TGAACGCCAA
CCACCAGCTT
CCGCCCTGAA
TCACCAGCAT
ACCTGCTGAA
TCAAGGACAC

TCAAGGCCAA

CATCCCCGAC
GGACGACAGC
CACCGTGGGC
CGCCAAGGAG
GAAGGTGATC
CAACTGGAGC
CATCAGCTTC
CACCAGCACC
CGTGLGCTAC
CGTGCTGAAC
CATCAGCCCC
GGACGACTTC
CAACAAGCCC
CCACGGCARC
GACCGCCAGC

60
120
180
240
300
360
420
480

540

600
660
720
780
B40
900



CTGTGGGAGG AGAACGGCTA CACCATCCAG AACCGCATCG CCGTGAAGTG GGACAACAGCL20
CTGGCTAGCA AGGGCTACAC CAAGTTCGTG AGCAACCCCC TGGAGAGCOCA CACCGTGAE$ED 100
GACCCCTACA CCGACTACGA GAAGGCCGCC CGCGACCTGG ACCTGAGCAA CGCCAAGGAG240
ACCTTCAACC CCCTGGTGGEC CGCCTTCCCC AGCGTGAACG TGAGCATGGA GAAGGTGATC300
CTGAGCCCCA ACGAGAACCT GAGCAACAGC GTGGAGAGCC ACTCGAGCAC CAACTGGAGC360
TACACCAACA CCGAGGGCGC CAGCGTGGAG GCCGEEATEG GTCCCAAGGG CATCAGCTTCA20
GGCGTGAGCG TGAACTACCA GCACAGCGAG ACCGTGGCCC AGGAGTGGGG CACCAGCACCA80
GGCAACACCA GCCAGTTCAA CACCGCCAGC GCCGGCTACC TGAACGCCAA CGTGCGCTAC540.
AACAACGTGG GCACCGGOGC CATCTACGAC GTGAAGCCCA CCACCAGCTT CGTGCTGAAC600
AACGACACEPCATCEISA BRI CCARCCLEIITECTCGARTACEAC CEEECEFE SBATRABECCC6 660

AACAGOCATE AN A RAAAC CACAT CEACA AT PR DIRRCLCCA R0,

ATGAT CCT 6 AGARGAACEHS ACAGCRACIGC & GRADANGAA THCAAGIBAEAC TECARBGCAACI400
ATCGTGACCG GOGGOGAGTG GAACGGOGTG ATCCAGCAGA TCAAGGCCAA GACCGOCAGC900 1 6
SEP 20032GCEEATCMFEMNICEN G CREZACAEE EAC I AERET AREC BREAASERS SPheaocdetia

GCACT ACGRGRGL c AACKE S AR A CANREERE @A L ehEA e ahdd S E3ECAAGRR Do
GAGCTACCCCL020 GACGAGATCA AGGAGATCGA GGGCCTGCTG TACTACAAGA ACAAGCCCAT
CTACGAGASEIIBACICTCIGATGH: CETRTIGTAGAACHIGAACACASGECAAGRACEFEACCAAREA

GCTGAACGACL140  ACCACCGGCA AGIT

o R, R A B R e A R AR
CAACAGCALEdA6AAEIOCAAKTEAN COPEXRCEANACATEIREEACCACEICRRIGAAGCANAGEE CAAGAA
GCAGTACAGC1320 AGCAACAACC COGACGCCAA CCTGACCCTG AACACCGACG COCAGGAGAA

GCTGAACAAEICER GAGTAGCTITAACHS ACTATASATABACRIGSHAEATAARMCARCHRECAAARERACACHEA

CEEClein R R e
CAGCCT GCARIARNGOGET TAGKIANTCAT AGCCACGGASA RTCARRGTSTALCCTBEEACMCATIATCGATEAC
_CI_ZGACGI\ CGCCL Pg‘% 8C QTGCATCAAGC CCGAGAACC'_II;_ GACCGACAGC c %@{% @:FAT@&
CGGOGAGT 16dnrtaadel cOMEMEET CabeEabReO A AGAIEHRAEIERTATASO GCTAREET GAGEAS
GTACGAGGTGL800 ACCTACAGCA GCGAGCTGEG CCCCAACGTG AGCGACACCC TGGAGAGCGA

CAAGATTTATIRSGS TEARCARGGCAT CCATXICART PACERISHTEACATAMCTAGKOCAAGERACGAGEA
GEIX]:T(ErI%Eﬁ%%gAGG CCAGCTTCAA CATCGAGCCC CTGCAGAACT ACGTGACCAA GTACGAGGTG 1860

ACCTACAGCA GCGAGCTGGG CCCCAACGTG AGCGACACCC TGGAGAGCGA CAAGATTTAC 13860
AAGGACGGCA CCATCAAGTT CGACTTCACC AAGTACAGCA AGAACGAGCA GGGCCTGTTC 1929
TACGACAGCG GCCTGAACTG GGACTTCAAG ATCAACGCCA TCACCTACGA CGGCAAGGAG 1380

ATGAACGTGT TCCACCGCTA CAACAAGTAG 2010



TACGACAGCG GCCTGAACTG GGACTTCAAG ATCAACGCCA TCACCTACGA CGGCAAGGA%@EBPO
ATGAACGTGT TCCACCGCTA CAACAAGTAGR010 16 SEP 2003 84 Wat is cl ail UMK
A vegetative insecticidal protein obtainable by a nethod conprising (a)
growing Bacillus cells in a culture nedium (b) renmoving the cells fromthe
supernatant during the vegetative growh phase of Bacillus spp. (c)
purifying the vegetative insecticidal p8|40te| n fromthe supernatant. 2. The
pesticidal protein of claim1 wherein said Bacillus is selected froma
Bacillus species listed in Table 11. 3. The vegetative insecticidal
protein according to claim1l1, wherein said protein is capable of killing
pests selected frominsects, fungi, bacteria, nematodes, mtes, ticks,

prot ozoan pathogens, aninmal parasites, and the like. 4. The vegetative

I nsect i awHad is@idlhRigisof claim 3, wherein said insects are selected from
orders Coleoptera, D ptera, Hynenoptera, Lepidoptera, Honoptera, Hem ptera,
O throptera, Thysanoptera, Dermaptera, |soptera, Mallophaga, Anoplura,

Si phonaptera, or Tri ChO{)_ a. 5. The vegetati ve i nsecticidal protein of
cl ai m 4,1 whdt wagetative dnsegli %‘g%tp&t%'ﬂ oglainabiesby a mgthod; comiseinga. 6. The

vegetative I(QF%@&W,ﬁg%b”pg @ép@,l,ﬁ\aqﬁmﬁgmé@i@n wherein said D abrotica is
Diabrotica virgifera virgifera or Diabrotica |ongicornis barberi. 7. The

vegetative iRk éE’F‘PE'Pﬁléﬂe |§tfr8mh6f5uﬁ,€frﬁ¢tﬁm4m”ﬂﬂé'?eeYﬁGe&QilVﬁ graevh @besecafan
species is an ggypkissp. 8. The vegetative insecticidal protein of claim7,
wherein said Agrotis I's Agrofis ipsilon. 9. The vegetative insecticidal
protein of dFhirwifyingihe vegetative insesticifalpigteindropathie|sugsmatantus.  10. The
vegetative insecticidal protein of claim9, wherein said Bacillus cereus is

Baci | | usp, cernatb%shaaéurwotaw&%@ir@ﬁ mre.#saé%émuslfé%%P rééalsiamn@gpemes

vegetative insecticidal protein of claiml, wherein said Bacil
Baci | | us t Higtedigdakled -

3.  The vegetative insecticidal protein according to claim 1, wherein said protein is capable of
killing pests selected from insects, fungi, bacleria, nematodes, mites, ticks, protozoan
pathogens, animal parasites, and the like.

4.  The vegetative insecticidal protein of claim 3, wherein said insects are selected from
orders Coleoptera, Diptera, Hymenoptera, Lepidoptera, Homoptera, Hemiptera,
Orthroptera, Thysanoptera, Dermaptera, Isoptera, Mallophaga, Anoplura, Siphonaptera,
or Trichoptera.

5.  The vegetative insecticidal protein of claim 4, wherein said coleopteran species is a
Diabrotica.

6. The vegetative insecticidal protein of claim 5, wherein said Diabrotica is Diabrotica
virgifera virgifera or Diabrotica longicornis barberr.

7. The vegetative insecticidal protein of claim 4, wherein said lepidopteran species is an
Agrolis.

8. The vegetative insecticidal protein of claim 7, wherein said Agrotis is Agrolis ipsilon.
9.  The vegetative insecticidal protein of claim 1, wherein said Bacillus is Bacillus cereus.

10. The vegetative insecticidal protein of claim 8, wherein said Bacillus cereus is Bacillus
cereus having accession no. B-21058.



12. The vegetative insecticidal protein of claim1l, wherein said Bacillus
thuringensis is Bacillus thuringensis selected from Accessi on hgggﬁﬁi NRRL
B- 21060, NRRL B-21224, NRRL B-21225, NRRL B-21226 and NRRL B-21 !

The vegetative insecticidal protein of claim1l, wherein said protein has a
nol ecul ar weight of 30 kD or greater. 14. The vegetative insecticidal
protein of claim13, wherein said protgﬁn has a nol ecul ar wei ght of about
60 to about 100 kD. 15. The vegetative insecticidal protein of claim14,
wherein said protein has a nol ecul ar weight of about 80 W 16. The
vegetative insecticidal protein of claim15, wherein said protein has an
N-term nal sequence of 1 10 15 NH2-Lys-Arg-Qu-Ille -Asp-d u-Asp-Thr-Asp

- Thr - f X14G yrhéspg&iative iheeditial prbireot ¥latm ASRherein/Sid BadilusTo Bav@set at i ve
insecticidal protein of claim16, wherein said protein has the sequence

gi ven in SE®YBIRESSE. 18. The vegetative insecticidal protein of claim 14,
wherein said protein has the sequence given in SEQ ID NO 5. 19. The

veget at i1ge iTheeehbtativahsdutieidel proein &'c%rrﬁ“ll; whdreineiai Bécttﬂbsﬁhmr@leﬁs@@”pr i ses
an N- term nal séquence as set forth in | D NCS:; 0

veget ati ve iBRsdEs fieriaganshy wrlasted fé‘?f&&ﬁ@ﬁﬁﬁ@"t rehess WBWE%Q&W@"?%
pesticidal \gayi Bl2t1229fNF@R9Bfi1%QG\ApdWU&?W% 7 protein. 21. The vegetative

i nsecticidal protein of cla m20 erei'n said pesticidal protein is from
Bacillus. 1 6 SEP 208 86 22. The vegetative insecticidal protein of claim
21 wher éin §V£§€d’99@§t"{ﬁ:‘ﬂE%\qt'cﬁﬁ'cﬁféiem of slafrp dnwhergin $aidiBrogein basa mpieculppweight
vegetative ijaggbidrighkdhedrotein of claim 22 wherein said pesticidal protein
is from strain AB7€§J 24. An anal og or active fragnent of the vegetative

i nsecti CI daI protein of any one of clains 1 to 25. A substantially
pure nucieot |ht§é’e§Eﬁﬂ%@ée%ldé'rpréﬁ‘ﬂfb‘lfé??'mHé ‘féfﬁ%f?@l ﬁ?'%?rolﬁ"hh?ﬁ g molecular

weight of about 60 1o about 100 kD.

15. The vegetative insecticidal protein of claim 14, wherein said protein has a molecular
weight of about 80 kD.

16. The vegetative insecticidal protein of claim 15, wherein said protein has an N-terminal
sequence of
1 10 15
NH2-Lys-Arg-Glu-Ile-Asp-Glu-Asp-Thxr-Asp-Thr- (X} -Gly-Asp-Ser-Ile-Pro
where X = Asp or Asn.

17. The vegetative insecticidal protein of claim 16, wherein said protein has the sequence
given in SEQ ID NO:7.

18. The vegetative insecticidal protein of claim 14, wherein said protein has the sequence
given in SEQ 1D NO:5.

19.  The vegetative insecticidal protein of claim 1, wherein said protein comprises an N-
terminal sequence as set forth in SEQ 1D NOS: 10 or 11.

20. The vegetative insecticidal protein according to claim 1 which enhances the pesticidal
activity of a different pesticidal protein.

21. The vegetative insecticidal protein of claim 20 wherein said pesticidal protein is from
Baciflus.



26. A substantially pure nucleotide sequence which encodes the protein as
previously <clained in any one of clains 1 to 25. 27. A nucl eot) gs ‘s%wence
according to claim?26 wherein it is capable of hybridizing wi t h g

foll owi ng oligonucl eotide probe: 51- GAA ATT GAT CAA GAT ACN GAT -3' 28.
The nucl eoti de sequence of any one of gl ai.ms 25 to 27, wherein said
sequence has been optimzed for expre Sionin a pl ant. 29. The nucl eoti de
sequence of claim 28, wherein said plant is selected fromnnai ze, soybean,
cotton, wheat, sunflower, tomato, potato, and oil seed rape. 30. The

nucl eoti de sequence of claim 28, wherein said sequence has been optim zed
for expression in a mcroorganism 31. The nucl eoti de sequence of claim
30, wheri n Theivdgswtiveinsecticilabgbteirosftcainm 2 1S5E@réib saQ@esfiidal P2otdinds foral eot i de
sequence of %J ?’i m 30, wherein said sequence is set forth in SEQID NO 17.
33. The nucl¥6t'HiE¥EE%uence of claim 30, wherein said microorganismis
selected from Bacillus, Pseudononas, Saccharomyces, C avi bacter, Erw nia,

Serrati @3. KITplesiegblative thséctiDiddl pHéteih & Llavat2iviepsin s aid PestEo 8 pysies.is from
Agrobacterium. i ct pat hogenic viruses, fungi, protozoans and nenat odes.
34. The nucl%@ﬂ“i@f%equence of claim 33, wherein said sequence is
essentially the sequence of E coli clone P5-4 having accession No.

B- 21059.2435 Anfdiicy el Rabe fi@%rﬁ@rﬂl&eﬂfé@egétawaaihﬁ&&@idavﬁ}@feﬁﬂ of & dhePAMPRCE | S
essentially thﬁ sequence of E. coli clone P3-12 having accessi on No.
B-21061. 36.1°Ffe nucl eoti de sequence of claim 33, wherein said sequence is
contained in E. coli clone pC B 6022 having Accession No. NRRL B-21222.

37. The 2suclpeaibsémtianopies eacledtide! seqoerde witiey ericodeaine Feritedfemimns. gi ven as
VIP-1 in SEQID NO1. 38. A nucleotide sequence whi ch encodes the protein

of any qf. cl,ai 20-23. 39. The, nucl eoti de sequence of claim 38 wherein
oni o 2edBendesRiAB e urRoRe SERy ST e SABRG s oIy kel on No.
NRRL B- 2122ZiaifA6d irkxny @esof@iaimassees.es wherein it includes the nucl eotide
sequence as previously clained

27. A nucleotide sequence according to claim 26 wherein it is capable of hybridizing with the

following oligonucleotide probe:

5'- GAA ATT GAT CAA GAT ACN GAT -3

28. The nucleotide sequence of any one of claims 25 to 27, wherein said sequence has been

optimized for expression in a plant.

29. The nucleotide sequence of claim 28, wherein said plant is selected from maize,
soybean, cotton, wheat, sunflower, tomato, potato, and ocilseed rape.

30. The nucleotide sequence of claim 28, wherein said sequence has been optimized for

expression in a microorganism.

31. The nucleotide sequence of claim 30, wherein said sequence is set forth in SEQ ID
NQO:18.

32 The nucleotide sequence of claim 30, wherein said sequence is set forth in SEQ ID
NO:17.

33. The nucleotide sequence of claim 30, wherein said microorganism is selected from

Bacillus, Pseudomonas, Saccharomyces, Clavibacter, Erwinia, Serratia, Klebsiella,



operably linked with the transcriptional and translational regulatory
signals for expression of said nucleotide sequence in a host or%?ﬁrtgm‘,’ 41.
Expressi on cassette according to claim40, wherein said host ord a
pl ant. 42. Expression cassette according to claim40, wherein said host
organismis a mcroorganism 43. Vect %2 nol ecul e wherein it conprises an

expressi on cassette according to any o clains 40 to 42. 44. Vector
nol ecul e according to claim43 wherein it corrpri ses in addition a DNA
sequence honol ogous with a sequence in the host organi sm whereby
integration will occur, and/or a replication systemwhich is functional in
the host, whereby integration or stable maintenance will occur. 16SEP2003
88 45. Vect manﬂmimdsesmmmnghesgAgr@bamynmensmfct patasgemichBrubes, 4dngiherein it
conprises in ddltlond her expression cassette including a selectable
mar ker gene 5‘%8‘?% N ﬂ?ﬂ?ﬁo transcriptional and translational

regul atory signals for expreSS| on of said marker gene in a host organism
46. Hos t34or gmir&me@heé gejuRhts oittiaim Jh ahereln SANPEJUBAGe BlesBirliafp HeGRqoaRreet t e

according t ajns 40-42. 4 t organi smcharacterised in
that it comS¥ %né%” g%‘é%aﬁ’é‘ﬂé’ﬁﬁsé'o&é%ﬁd?ﬁgsto any one of clainms 43-45.
48. Host organismaccording to either claim46 or 47 wherein it is a

m cr oor @ani Smesrkcretiésseduente a&ﬁéuh'ﬂmwhaﬁmmnc&%b@m@wm%equence

Cl avi bact er Wi hi.a rratia, Klebsi I nt hononas, Streptonyces,

Agr obact eri @ﬁEF?fEQE@e g&f‘ﬁ%@é‘ﬂééc%sﬁ'ﬁg& f%?rq? prot ozoans and nemat odes.
49. A host organi smaccording to claim48 whi ch is a Bacillus strain. 50. A
host or @8ni STheaneRbliageduence 8f daihB3, Whetefi daidsedqlieBesis| dohiirdnaEncoilone

sel ected fro | Lus specje table 11. 51. A host organi sm
according td éégﬁﬁ?gﬁv'"g\/ﬁ‘EF%ﬁsﬁ E\Lﬂ B‘@?O%E# AB88 havi ng Accession No.
NRRL B-21225. 52. A host organi smaccording to claimb50, wherein said

strai n i37. AB2@%uckeotide sépeeass ofatkaimNg. whdrRith sBid2kgdence58givén bo MIP-01irg8BQdIM
accordi ng tchcg_l1ai m 50, wherein said strain in AB294 havi ng Accession

38. A nucleotide sequence which encodes the protein of any of claims 20-23.

38. The nucieotide sequence of claim 38 wherein said sequence is contained in E. coli clone
pClB6022 having Accession No. NRRL B-21222.

40. Expression cassettes wherein it includes the nucleotide sequence as previously claimed
operably linked with the transcriptional and translational regulatory signals for expression
of said nucleotide sequence in a host organism.

41. Expression cassette according to claim 40, wherein said host organism is a plant.

42. Expression cassette according to claim 40, wherein said host organism is a

microorganism.

43. Vector molecule wherein it comprises an expression cassette according to any one of
claims 40 to 42.

44. Vector molecule according to claim 43 wherein it comprises in addition a DNA sequence
homologous with a sequence in the host organism, whereby integration will occur, and/or
a replication system which is functional in the host, whereby integration or stable

maintenance wil occur.



No. NRRL B-21229. 54. A host organismaccording to claim50, wherein said
strain in AB359 having Accession No. NRRL B-21226. 55. A host organi sm
according to claim50, wherein said strain in AB59 havi ng AccessijdSERoz003
NRRL 6-21228. 1 6 SEP 2003 89 56. A host organi smaccording to claim 50,
wherein said strain in AB256 havi ng Acg ssion No. NRRL B-21230. 57. A

pl ant which conprises stably integrated®into its genone the nucl eotide
sequence of any one of clainms 25-39, the expression cassette of any one of
clainms 40-42, or the vector nolecule of any one of clains 43-45. 58. The
pl ant of claim57, wherein said plant is a maize plant. 59. The plant of
claim57, wherein said plant is selected frommnai ze, soybean, cotton

wheat , 4SunfVesteemoleatmacsording atamy o df BlalntLeior RPPherbR. i cﬁbnﬁ’pﬁ%%é frl fdkion

conposi tion in it conprises yegetative insecticidal protern

accor di ng t:"\c,)*’ﬂg}r:’l%/| edﬁ%esfﬁon%a?%ﬁ 'rlc?‘idd” A aplertakile marker segs wirerabldinkedivity t o

any one of dleaseriptidalTnd tiangiatidrel regulatorpBigAgs if&léxb}é@?ibh)bf gﬁg&#@!ggne in.a
n

carrier. 61, AH est.icidal conposition according to claim erei”n said
host organi SRFI¥98NERCI | | us strain according to any one of claims 48 to
56. 62. A nethod of treating plants, preferably crop plants, wherein said a

host or g&ni $tust aganisa dM@raclerRBY irORS ipéorﬁ;br%ieg%n‘éfiprbgsiéﬁcQéseﬁ LEESHRL Yo Shy

i nsecti ci dal rgt]el n %f_ggrdl ng to any one of clains to % or a

pesti ci dal 88%9 EPIMoH4€cording to any one of claims 60 to 61 are applied
to said plants. 63. A nethod for producing a vegetative insecticidal

prot ei n4fat toat brgarismr cbafRtbrisbd Bahiat il sBnprRPPs v |efedel
clains 1 to iLq .vvhig és characterized byptheafvoﬁﬁgmgh%g?tééﬁgﬁa*@g?%nf)éﬂe (c)
growi ng BacPl PASE % in a culture nedium rempving the cells fromthe

supernatant during vegetative growh; and isolating and purifying the
veget at #8.e Hoseaanistiaccorivigas Bither @/lirh B8 of UPVhBAIRR s a RiicrébBLAGT sBRdiedCt i ve

fragnments t .
g ﬁ'&[ne@gcullus, Pseudomonas, Saccharomyces, Clavibacter, Erwinia, Serratia, Klebsiella,
Xanthomonas, Streptomyces, Agrobacterium, insect pathogenic viruses, fungi,
protozoans and nematodes.

49. A host organism according to claim 48 which is a Bacillus strain.

50. A host organism according to claim 49, wherein said Bacillus strain is selected from the
Bacillus species shown in table 11,

51. A host organism according to claim 50, wherein said strain in AB88 having Accession No.
NRRL B-21225.

52. A host organism according to claim 50, wherein said strain in AB289 having Accession
No. NRRL B-21227.

53. A host organism according to claim 50, wherein said strain in AB294 having Accession
No. NRRL B-21229.

94. A host organism according 1o claim 50, wherein said strain in AB359 having Accession
No. NRRL B-21226.

55. A host organism according to claim 50, wherein said strain in AB59 having Accession No.
NRRL B-21228.



64. A nethod of producing a transgeni c host organi smaccording to anyone of
clains 46 to 56 wherein said host organismis transformned vm'th&z/a\ﬂ_1 0
expressi on cassette according to any one of clains 23 to 25 ofl Prh2083
vect or nol ecul e according to clains 26 to 28.

89

96.

o7.

28.

59.

60.

61.

62.

63.

64.

A host organism according to claim 50, wherein said strain in AB256 having Accession
No. NRRL B-21230.

A plant which comprises stably integrated into its genome the nucleotide sequence of any
one of claims 25-39, the expression cassette of any one of claims 40-42, or the vector
molecule of any one of claims 43-45.

The plant of claim 57, wherein said plant is a maize plant.

The plant of claim 57, wherein said plant is selected from maize, soybean, cotton, wheat,
sunflower, tomato, potato, and oilseed rape.

A pesticidal composition wherein it comprises a vegetative insecticidal protein according
to any one of claims 1-24 and/or a host organism according to any one of claims 46-56
together with an agriculturally acceptable carrier.

A pesticidal composition according to claim 60 wherein said host organism is a Bacillus
strain according to any one of claims 48 to 56.

A method of treating plants, preferably crop plants, wherein said a host organism
according to any one of claims 46 to 56 or a vegetative insecticidal protein according to
any one of claims 1 to 16, or a pesticidal composition according to any one of claims 60
to 61 are applied to said plants.

A method for producing a vegetative insecticidal protein naturally expressed in Bacillus
spp. according to any one of claims 1 to 16 which is characterized by the following steps:
(a) growing Bacillus cells in a culture medium;
(b) removing the cells from the supematant during vegetative growth; and
(c) isolating and purifying the vegetative insecticidal protein from the supernatant

or analogs and active fragments thereof.

A method of producing a transgenic host organism according to anyone of claims 46 to
56 wherein said host organism is transformed with an expression cassette aécording to
any one of claims 23 to 25 or with a vector molecule according to claims 26 to 28.



