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BACI LLUS THURI NG ENSI S CRYET33 AND CRYET34 :

COVPOSI TI ONS AND USES THEREFOR 5 1o BACKGROUND OF THE | NVENTI ON

The present application is a continuation-in-part application based on '

United States Patent Serial RESGRIPTENN 718, 905, fil ed Septenber 24,

1996, the entire conten ' | Se.. LA | : ' i ncor por at ed
herein by reference in #kﬂ%ﬁ‘?){é&dﬁﬂ%%&“ﬁﬁbf&b%&'ﬁ& THE |1 NVENTI-ON
The present invention rel at eoN@BSITAONY AN UsBS THEREFOGROI NOI ecul ar bi ol ogy.
Mor e particul arly, certain enbodi nents concern nethods and
conposi tions conprising DNA - segnments, and proteins derived from
bacferial spegies. Mre particularl it concerns novel .+ cryET33 and
cry¥ET34 i;ene 6%WBHHPI&MW nsi's encoding col eopteran-toxic .

crystal = 15 £ : | ' : o f AT N I 36l e

segnents, DNAT%&E:%%%%{( gﬁréllrl%gé(fli %é %oﬂﬁfnﬁh‘ﬁgﬁ sn§/ ﬁ%‘ﬁ% gﬁﬂ%ﬁ@ﬁ%ﬁ?ﬁ@@éﬁﬁg%% S
and nat i SeriahNhnthep 0BABO06] filetl Sepeibee D451 996 cthd ieatitexdattntsseforvhich is specifieally
for exanple, the use of DNA segnents as diagnostic probes and tenplates for
pr ot ei n incorporatediheyeincdhy] isferencadn ith ntig. of proteins, fusion protein
carriers and peptides in various . | munol ogi cal and di agnostic :
applications. A'so disclosed are nethods of meking and using 20 nucl ei ¢
acifg seonent SrigLD GeTALYSVEN¥TBRt Of transgenic plant cells containing the .
DNA segnent s di scl osed herein. - - 1.2 ° DESCRI PTI.ON OF THE.
RELATED ART ~-The present dnvention) telatss ensralliG tonbe Siicdy SfAmokRoizE| bislogys More:

o PRI " S A e B el D
certain gt Wl oS derNed HSRAChacterlM Ypedts. | M&R! particularly, it ohdrhS ndbel

B. thuringiensis have been shown to produce insecticidal crystal proteins.
Conposi t ényEd33 residudinily 38. genksifrony i Bavsls duringiensishénchdingochlesptampitexio scrystal

haying insecti cj,dal activity, agai nst . | dopt er a d dipteran . :
"ndScrs RN oLr o eets for Joaas st ese O seefieqts) DA Segménis crcbaing.
envi ronr’rﬁglttﬁcl (e e a6l ASSv ' ; ' | e
specifictar éigtxn?nsect?@bsbwﬁg’gg? are har ggsegxt??iéysﬁl nt Sing‘;?r %%ﬂg?éd?s‘s& -
non- t ar gas, efdr exgmples rthe use of DNA segments as diagnostic probes and templates for protein

production, and the use of proteins, fusion protein carriers and peptides in various
imx-nunological and diagnostic applications. Also disclosed are methods of making and using
20 - nucleic acid segments in the development of transgenic plant cells containing the DNA segments

disclosed herein.

12  DESCRIPTION OF THE RELA'tED ART
1.2.1 BACILLUS THURINGIENSIS CRYSTAL PRO’fElNS
25 One of the unique features of B. thuringiensis 1is its production of crystal proteins during
sporulation which are specifically toxic to certain orders and species of insects. Many different
strains of B. thuringiensis have been shown to produce insecticidal crystal proteins.
Compositions including B. thuringiensis strains which produce proteins having insecticidal -
activity against lepidopteran and dipteran insects have been commercially available and used as
30 environmentally-acceptable insecticides because they are quite toxic to the specific target insect,

but are harmless to plants and other non-targeted organisms.



WD 98/ 13498

PCT/ US97/ 176

The nmechalli s%%?%fgsl nsectici dal acti vi ty of the B. thuringi eWW{Ef@I

pr ot ei ns has been studi ed extensidrely in the past decade. It has
been shown that the crystal proteins are toxic to the . insect only
after i ngest TROnREhdrdien RF MsRbhicilxl ddtivity STaBé B. Theinidels d9stii-bdBdns has been
proteol ytic enzynes in the insect md-gut solubilize t e proteins,

there bwtladled)axtngslvﬁl! in thequstedesade; dtrimbm@m dhatdhe crystakproteincaredoxino the
t. Th ts th | | t h t
o s By lHes SRR B e Dot e, b R end PO s
th
'S T G8%REn mgﬁ{%@gﬁeﬁ?ﬁwﬁe &gaﬂmﬁﬁ@ﬂﬁerems@a? e&&baﬁe:ﬁ@%ch :

enV|ronnenta l'y saf arious I nsect

peSts. are toxic to the inseéts Thésedokie ddmipanents dikrupt theanR)-gatheelispeaise tihie disect to
I nsecticidal’ B, thuringi-ensis strajns are actjve against insects of

the or deesq &sdingsaed.ccventually, bring phoyt) igsect ﬁs@b{ §0r<§1ﬁé'pa%n, Bh bharingiensis Bas
stral ns ClLi o t
AU 135 AR St s SR b AR it Dl s
di ptera;sbstsnsects In recent years, a few B thuringiensis strains .
have been reported as}&;"odum n st al protel ns that are toxic to insects
e

of t he order Agal éf al. ?1339 the mg (nspﬁégdaétB dhuringiondys sShipk arst
Lanbet et, a

Qe YRR bnsBs 35 e AR LR, R T St £ oAt

been cl gngsk cSBi8AL vedig the ord '
Hofte et al. il'E"clﬂgg89) di g}Lcﬁcgf'ses ?%g@fggﬁzetssogng ogr%mégatﬁfﬂtés aﬂﬁ'ﬁx&sﬁﬁk&‘éﬁ’@b’

i dent i f agathst footh lqpﬁﬂnptmgp and idipteran dnsects. 1 bofecentrybass; tasfefo Bt rhw-mgzenszs strains .
nonencl at ur,e and cl |f| ation me. whi ¢ch has tr ti opal been
Appl | odbYS e FERFIR g8 adieingaadal aratedie Jhe v 1o A gt et the oRdr CafecRier,
| epi dopzsr@&t%pgcﬁe&rydz 1083 Siéler 1L MDOOACRIREACRIPOGZ)Y | | proteins that
are toxic to epi opterans an | pterans.” ¢rylll genes encode

cdbeopt eran-toxic CryI 11 protel ns, while cryl \% genes encode
di pt eran-t oxi ¢ rot ei ns Recently a new nonencl ature
has beek2d ﬁﬂ‘@ﬂ'}/ ﬁ@§'§%’eﬁ§??§‘ﬁsly classifies the cry 25 genes

-based upon %lﬁ‘ﬁgéfﬁﬂ%n ci-fgt . o Edn® lodrh

This P assification scﬁﬂée Qg{%{\fnmplﬁv#ggﬁdeaéﬁ&f i ¥ev bt h&hﬁ of B
TABLE lthuringiensis. The review by Ho6ReREVGSEN 989) isciisbiCkieNgeiss [aﬁﬂr]}mEMQ(Wm
Gentﬁtﬁ;gg Eéiirub,a #hurmgxenszs PEiqr1tea1990, and sets forth the nomenclatv@ ynd clgssification

% 52383 scheme w cx%ﬁp traditionally been applied to B. thur% rﬁfsgéenes and proteins. czyf genes

ML1068 encode 1e;5i?1¢’p1&dn-tox1c Cryl proteins. cryll genes erﬁb&é 6ty proteins that are toxic to both
M73250 CrylAe Cryl A(Ce)
V65252 lepidopterans and dlpterans -eryHl genes encode coleopteran-toxic CryIII proteins, while cryIV )

genes encode dipteran-toxic CryIV proteins.
Recently a new nomenclature has been proposed which systematically claésiﬁes the cry
25 = genes based upon DNA sequence homology rather than upon -insect specificities. This
classification scheme is shown in Table 1. | '
TABLE 1
REVISED B. THURINGIENSIS S-ENDOTOXIN NOMENCLATURE

New . Old ' GenBank Accession #

CrylAa CrylA(a) M11250
CrylAb - ' CrylA(b) M13898
CrylAc - - CrylA(c) . ' M11068
CrylAd CrylA(d) M73250

"CrylAe CrylA(e) M65252
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L32020 CrylBc:

CryEl

X07518 CrylCh

Cryl D .

722511

Cryl E( bg:;g

M63897

prtA CrylBe

U70725 CryliBéd

U35780 CryllCa

CyVvV  CrylCb

L32019 %

U28801

CryllB

X57252 '

Cryl || BCry1EDb

MB9794 Cryi¥ae

Cryl VA CrylFb -

X07423

Cr yVA(bLry1Gb

Uu19725

CryVi B @H’

M64478

oyl | gy a

U04365 Cryllb
Crylla
CrylJb
CrylK
Cry2Aa
Cry2Ab
Cry2Ac
Cry3A
Cry3Ba
Cry3Bb
Cry3C
Cry4A
Cry4B
Cry5Aa
CrySADb
Cry5B
Cry6A
Cry6B
Cry7Aa
Cry7Ab
Cry8A
Cry8B
Cry8C
CrySA
Cry9B
Cry9C
Cryl0A
CryllA
Cryl1B
Cryl2A

- U70726 Crlea

TABLE 1 ( CONTI NUED)

X06711 Cry1Bb
PEGS -3 -

X54160 Cr 1Db
Cryl E

|\/|73253§%’§1Fa
PrtD

-22251@1%9?1@

CryEr t C
CryICCryV

 &0764%@1@@

CrylD

CrylFCryl 11 D
Y0042 PrDy4B

PrtA Cr yVA( a)_

L07026CQH255

CTyVIA
|_07024Pr§y ~

CryIIICb

UO436£FWJ$/ -

ET4
ET1

CryllA
CrylIB
CrylIC
CrylllA
CryllIB
CryllIB2
CrylllD
CryIVA
CrylVB
CryVA(a)
CryVA(b)

CryVIA
CryViB
CrylliC
CryllICb
CryllIE
CrylllG
CryIlIF
CrylG
CrylX
CrylH
CrylvC
CrylVD
- Jeg80
CryVB

PLY! lc(d@mmunn)

X06711
L32020
246442
U70726
X07518

M97880

X54160
222511
X53985
M73253
M63897
222512

722510
U70725 -

222513
U35780
X62821

U07642

L32019

- U31527

U28801
M31738
M23724

X57252

M22472
X17123
M89794
X59797
Y00423
X07423

'L07025

L07026
U19725
L07022
L07024
M64478

. U04367

V04364
U04365
U04366
X58120
X75019
737527
M12662

M31737

X86902
107027

PCT/ US97/ 17600
CrylBa

YRGT/USY717600

746442 CrylBd
CrylC '

MI7880 CrylDa
PrtB. .
X53985 CrylEb

" CylF

722512 CrylGa’
O yHe
722513 Cryl Ho.

- X62821 Cryll b‘._",

ET4

U31527 OrylK
'VB1738 Cry2Ab-

Cryl'l C e
MR2472 Cry3Ba:
Cryll1B2

X59797 Cry4A

Cryl VB o
L07025. Cr y5Ab_.

'L07022 Cry6B.

ayliic
U04367 Cry8A .
aylllG '



Cry8C aylllF U04366 Cry9A

CylG " X58120 Cry9B ' ' Cryl X
X75019 &mgmws CrylH szlsnlmloA
Cryl VC . ML2662 CryllA.4- | Cryl VD
%31\7/%7 Cryl1iB Jeg80 : X86902 Cry12A

y LO7027 WO 98/ 13498
PCT/ US97/ 17600 TABLE 1 (CONTINUED) -4 -
TABLE 1 ( CONTi NUED) Cry13A CryVC
L0702§3T}’§ Cry14A v oryvpL07023 Y
U1395Cryl4A Cryl15A CryVD _ 34kDa U13955
M644Lry15SA Cryl6A "~ 34kDa - cbniv1M76442
X9414(‘Cry 6A Cryl7A ' cbm71 cbnv1X94146
X9947%yi7a O Y18A cbm?71 OfyBP3X9947s__
X9904 Cry19A -
v0892818A At 1aa CryBP1 | q/tA > X99049
X0318LWI%9A it 1Ab o Jegs5 - gm Y08920
X9879% ytlAa  Cyt 1B CytA X03182
U3719€CytlAb Cyt2A CytM cytB X98793
Z14147Tcyt1B Oyt 2B Oyt B U37196
U5204Ctyt2A [ err] Adapt ed frcym 714147
Ttp ,::. . bi ols SUSX. ac. 4 rre/Nell Crlckrmrlggmf_;l ndex “ht m 5

2. 3 A = = = e S .
The utd J‘ﬂq]!n oSS &S dreiBASINaRme Xt ended when
the fi ?A‘d[ %d?;on?q@ej{ gﬁﬁlé a co ‘eopt er an- %'OXI C. ld. thuringiensis strain
\L/\J/assrepF))orted (Kreig et al., 1983; 1984). This strain (descri bed in

atent No. 4,766, 203 pecifically incaorporat ed here

r&f er ehdd) , WE@&FWQFQR¥§FMW§P§W’CT‘S jF’%s"f(?-;/"ﬁorted to be

toxic to | S |

al der | eaf aﬁ%&t@}y ?%Peﬁltl Ws‘%&) eceﬁ% | nea{léidég%’}a‘g1 é’?%gjlegrg %14 ?cl)ét:?tr%t

beet | ejsolation of a coleopteraﬁitoﬁc BPahugriigidngis shaftboad Qébdr&rle(dﬁrélgcmldly 1983; 1984).

i ncorporated herein reference) relates to a 65- 70 kil odal t,or%
Y

(kDo) Memm.(dascnbpésmau 5.obeibn Noork 166,205, spoeifioaliy inpeppereisds horein

n
tenebr ?erenm Ace Sc?emgna?e(a B. thuringiensis var. tenebrionis, is reported to be toxic to larvae of the

10 coleopteran insects Agelastica alni (blue alder leaf beetle) and Leptmotarsa decemlmeata
(Colorado potato beetle). - _

- U.S. Patent No. 4,766,203 (specifically incorporated herein by reference) relates to a 65-

70 kilodalton (kDa) insecticidal crystal protein identified in B. thuringiensis tenebrionis (see also

Berhnard, 1986). Sekar ef al., (1987) report the cloning and characterization of a gene for a

15 coleopteran-toxic crystal protein from B. thuringiensis tenebriohis. The predicted size of the

polypeptide (as deduced from the gene sequence) is 73 kDa, however, the isolated protein

consists primarily of a 65;kDa component. Hofte et al. (1987) also reports the DNA sequence

for the cloned gene from B. thuringiensis tenebrionis, with the sequence of the gene being
identical to that reported by Sekar et al. (1987). |

20 McPherson ef al. (1988) discloses a DNA sequence for the cloned insect control gene

from B. thuringiensis tenebrionis; the sequence was identical to that reported by Sekar et al.

(1987). E. coli cells and Pseudomonas fluorescens cells harboring the cloned gehe were found

to be toxic to Colorado potato beetle larvae. |



Berhnard, 1986). Sekar et al., (1987) report the cloning and :
characterl zation of a gene for 'a 15° col eopteran-toxic crystal protein
from B. m?q’ﬁ’d?‘enm s tenebrionis. The predicted size of t RET/US97/17600 :
pol ypeptide ¢(as deduced fromthe gene sgquence) is 73 kDa, however, the

| sol ated protein consists primarily of a 65-kDa conmponent. Hofte et
al . (1987) s PaERBHE PublNPWWOSSHUPMBIEdated Ma ay 309 309 '1991‘&1&1:1%&@ GhiNingienR B
thuringiensis tenebrionis, with the sequence o he gene bei-ng -
i dent i mitartts thah produep hrghexieldy oftheasarg mmc(dabgm)emszongmauy made byl\ﬂ:é’lpment)n
et al. (21988), di sclqses ue ce for the,cloned. i nsect control .gene - -
from B ﬁﬁ? IegpeE aislas., Minnts of 1k ColpepterBarunlt 8 g ekt tenebricis papt are
report CFSekar et al. (1987). E. coli cells and ;
Pseudormnas? uorescens cells harboring the cloned gene were found " to
ba toxi c to Aebleopidfanptokitt ﬂrdixgedds@nh&d\&erhurmgzenszs var. san dzegdpv&@/réﬁdi% by '
PCT/ US97/ 17600 '

Int|. Prermstagpler qbufl986)dto pvodycs mééic%sraratak@;otsm taxioto srme rqob@pteaans, |

| neect Hstadng prchatis o Giat 1O HIERS, SBlndnad erodls B Ngo R Fepripprarsa
| esser dééﬁhma:d\/vcgafﬁooﬁoﬁd&ebsateﬁoak@r@ﬂchﬂxsﬂccﬂus mdék RAAE Wekbil), Tenebrio

tenebrionis strain are di scl osed coIeopteran t oxi c

st r ai nmaliter glﬁﬁlbdv B meahwotinn)g i d‘ddnsavammbaana,dr eud, INabratisgor undecimpunctata
I‘;&rrnsta t et al 1986%‘} roduce, a.64-kDa crystal protein toxic to some

eopt %‘ﬂg’m’""’a’“ (we ﬂ’d’ftﬁﬁ BByt el a (el m | eaf beetle): :
Ant hononus enw@erlal aole arahn ifl e from B, DRFFBInSS 3af, BB WaddO
potato beetle @l o ynchus sul c vine weevil), Tenebrio

mol i t oregorted| hmvaBmdt ed al. r(lw&'])candovdsadlsuiasedandJDSalﬁ’amnt No. 4,771,131, The
undeci nmpunct at

The. DNASEHEAELIGPXiR E53F G4 1 BRAIMSIEIRIAF g kgt s SARHIoRL YO GPaEd B ek et

d |
A gt 4B b i 8 B B G
t hSJF i n qnmr&mdeegm Bsthuslinglensiz|sak diegh atas idanticalad B) ymbéigiensts tenebrzoms, :

(1987) for the ¢l oned col eopteran toxin gene of B. thuringiensis .
tenebr .monm%@d&gnaﬁ ctefls.  (1987) denpnstrated that B. thuringiensis

san diego we, Stg&n %Jrn{g?ergls b, E@ﬁ?fﬁs'ﬁastlﬁg&t?%d g?huonovan et alPPFRR

vari ous dlagno Ic tests rngl ensi s strgln

EG2158,desertbeddndl. t33d>aw1t Btmcmn 837. aEGZdeﬂjdueésch 73-kDa CoSserystab grotéin thatS.
Patent No. 5,024, 837. E®&158 produces a 73-kDa crystal protejn that
is | nse& rnssp@radaltte celsoptemncingerts-nEe ONA sequencs\ias, géa@ﬁ%léom%t reperied by Sekay

L5 or RGP0 2 et PR oL B OFRY cBreobibiy BRLCRSES

as the §&éfehbd\t<98£lﬁlebéfyﬁm énechy abﬂe e1939l98W% mrmppﬂrtanglaf 90- @tk 29.RDa
29- kDa were also o served inthis strain, but were not further

char actwerealse qbSenved imthis stegin, but 9 not further characterized (Dorovapet @nt1 988).
5,024, 837 ' bpi h ' i kur st aki .
ohi o' showedUagt ForEd o 3B4e 837 ko SHRAERR B Bkingtistoftt, einiae] Beins,
S. Pat ephichiGhoded activity a?ﬁngﬂgoﬂlc%icﬁﬁ&%ﬂjhﬁw cbRopRrit? #deed) Ul &:/maas No.

hybrid B. thuringiensis transfornmed w't
25 4,797,279 (corresponding to EP 0221024) discloses a hybrid B. thuringiensis transformed with a

plasmid from B. thuringiensis var. kurstaki containing a lepidopteran-toxic crystal protem-
encoding gene and a plasmid from B. thuringiensis tenebrionis containing a coleopteran-toxic
crystal protein-encoding gene. The hybrid B. thuringiensis strain produces crystal proteins
characteristic of those made by both B. thuringiensis kurstaki and B. thuringiensis tenebrionis. '
30 U. S. Patent No. 4,910,016 (corresponding to EP 0303379) discloses a B. thuringiensis isolate
identified as B. thuringiensis MT 104 which has ins_ecticidal activity against coleopterans and

lepidopterans.



plasmd fromB. thuringiensis var. kurstaki containing a | epidopteran-toxic °*
crystal protein- encodi ng gene and a plasmd from hur i ngi ensi s
t enebr i oWiOP883#¥83i ni ng a col eopteran-toxic ' crystal BH8 ¢ odi ng
gene. The hybrid B. thuringiensis strai- produces crystal proteins '
characteristic of those made by both B. thuringiensis kurstaki and B.

thuri ngi en‘sggsog,glggg% Aok Puf No. 091843 Badigsts abintats, Patialy indGBEd EROBEIN0 |

to EP 03033 thuringiensis isolate Identi'fied as
B. t huBi mgiingiensis Wnebfiénistand bedombinars evettors chaprising itiable taglectsexpression of 2
col eopt erans and | epi dopt.erans.

' 98/.1349 '
PCT/ USrpteiry bgving toxicity to coleopteran insects, and Eur. Pat. Appl. Publ.\%%. _0%2554 ﬁi_selq_ses _

E t. . | . bl . ) 8 .di sG i . .
oo iRty A ch bl whiold hag HLRELORE Icliey YaBlly coleopteran insects,
r §CONMbjnaRing/€6loRsdo Pt bestle larvae, €th fodtovottnlavhe andbelb weerilsof a

protein having toxicity to-col eopteran insects, and Eur. Pat. Appl. Rﬁ:bl..
No. 0324254WHiSPasendNo. 4,999,192 (comaspording 40 $E703283833 disslosesul. dhuniagiensis

| nsoot bEARS) i ik Yol RS peBil? RBHSROCBRE o estl HGhe! 1Y okBCLAC
U S FRESAI¥ed %agéﬁ%(ﬁﬁéxﬁé Ea*adé:n'sasso PRrR548303)s, Patdik 056:55,606,336

t huri ngrensi's as insecficidal activity agai nst L
Col or a¢eriepaiding REEP 83461 Ma descTibed atB. aharingiensis isolate, designatetbP8122D% wiiich

t ypi b 8a8b, .norri 1., U .. Patent . No. 5,006,336 .
(Do 1 o598 Rerargpedh Brseyt BeBY. ML Bich RbIRS LGFICIRAl FRily sgainst
(oo i\ g | o

es gnﬁgﬁoqgg% hotits CPe\Qﬁ'é Givdd). 1., $8PaR oY RESk6R6SS BloRéso D1o BB 055032)

and whi I'NSécti Ci ctivity agal nst rado potato

beet | e distloseea BUthPingRaisisstraing PS86BD Gdemifiddoda seretyping astheing S6rovd 30/a02i),
di scl oses a B. thurii{dgﬂi ensis Strain, PS86Bl (i g;;t Ified via serotyping as

" bei ng wdricvhas inssoleidahactivity against thp Colpradapotatoeetle: dal activity against
t he Col d t - ' | ti . . s
cr §| X Boégnﬁ)?o %ﬁéf)"é'%g%yé‘%é'ﬁe eE Ly g0 6%‘??3%?5 ‘%?nd°?§°p '%"?‘igﬁ,“}tf%d.s by

Siek eteptirted by FER b, (105 bit the | BOimiPingiensis Woaresstrain s iideritifiedt orily evla
only via serotyping as being subspecies tolworthj. U_S. _Pat t[OEo
4, 966, 56®typing 6s bemgisubsieeies dgfwortsi. U. S. PatentNoy 48664155, §‘éﬁdr]§.“§b8ﬁd1§€;1r -
EP 033 4 dj scl oses. a B. I RGN LS. L OX s 2790

the. colSBbpc{Ter R Ot 07500 S\t 8, PP FgferSis B Fent cBilined from
i dent i Gad chbRoplefan-active B. fhuringidhsWeABE, dhd tHeUgénkOseqnence dpficarssidenticultodthas
bei ng active against Col orado_potato beetle and 20 | Leptinotarsa texang..
Eur. ParyllBBgéne. Bubituringiensis 38F 9 ceporied l2s beingraghiviagaing (Golerade pptatosbeetieapd
btngS 08 and bt PGS1245, whi ch produce crystal proteins of 74- and
129 k DALEPPBIFER 5%, that exhi bit i nsecticidal activity against

‘Col or ado pOFEﬁ:‘?PE@@E‘}JEE Pudl. N6 038P0 MIACIBSBUROTR thipRgibads §tfiing, BXPGS1208 and
gene producing the -kDa protein appears to be related to that of the

cryl | | BtPE8e24S, Ghich prodate 2fystal ro@d®) of 74- and 129-kDa, resggctively,. that iexhibit

Appl . Publ ., WD, 90/ 13651 .di scl.oses,B., thuri ngiensis strains i .

cont ai ringeciigiiahacioy ABARSC BRI IR BECSIBNER Y Thh LA sSleRet Teptied fop o

both | epl - ifi bt 1RSE S that bF the-crfIBEEpéneNST: Sick ef al

5, 055, Z%i?gg)?éﬂcgﬂskegﬁﬁﬁe u%gro(g?ﬁ%b at g{rgésli)dor ous fgr cor rfrﬁﬂ Béne -
25 (1990). _

PCT Intl. Pat. Appl. Publ. No. WO 90/13651 discloses B. thuringiensis strains which
contain a toxin gene encoding an 81-kDa protein that is said to be toxic to both lepidopteran and
coleopteran insects. U. S. Patent No. 5,055,293 discloses the use of B. laterosporous for comn

- rootworm (Diabrotica) insect control.

30



rootworm ( Di abrotica) insect control. 30 WO 98/ 13498

“PCT/ US97/ 17600 -7-
2.  SUMRSS/13@P8 THE | NVENTI ON : I n sharp contPGEUSYIA76Me pri or
art, the novel col eopteran-active CryEI33 and CryET34 crystal

proteins of the present invention and the novel DNA sequences which encode
t hem repre of B. thuringiensis crystal proteins, and
do not Zshar §“M§§§W§%§W wi th any .of .the strains described in
the af or enegy isRRBAcdritiaSt & the Priof ot Bhe hbvsll ddophethrbattie! @ET33 and CryET34
-di scl osed and lg?]gi med her el neprep?(;ts’ents t he fio?st B. thurf"r?gi ensi s II?(Jr-staki

strai nctystl pretsiriseefhthe present shvantioncaridetheonovel NNA ciequences avhich Theods. them

t huringi ensis strai.ns of .t he present .i nyenti.on c ri se novel ¢r :
s TORRSeELp PEWCIB 1B iR ot il PO Bl 3P PRt shere Seyenibg omalogy

CQ COPLfiAUHY S strains desibed Tt 3G mbitordE IREAREP THE I HMnglbnsillsohii

One- aspect the present 1 nvention relates to n nucl el Cc

aci d sdiepsed ahd alaimed hereie represents thedfirsoBediringlensis kursiakicstialn tat bao been
genes having nucl eoti de base sequences and deduced am no acid -
sequenshewn to be toxig tonolepptesans, Theii thmingiensis steping of the pregent ipvestinn comprise

No S5 S50 % ples st rptieR pPBh B KRVHE bSRRiAA ) i Cplephral 360 ' O
nucl eoli tcha o8 thelgiheiPGABiaTAd Wiioliul, G 1A, FIG 1B, and FIG. 15  1C

and the cryET34 gene has a coding regi on extending from nucl eoti de bases

9HD to 1349 One aspectsofdhe presentiicvention relates to Bovelmucleicacid gegments that comprise

Anot her a}ﬁ ct of the §re ent.invention rel at ea {)o t-he i'nsectégigﬁld '
pr ot ei R¥OSHIEGRIEF53P3H 2-endotoxin genes haying epslsotide, base, sequoncss Aud dedyced ming e
am no aejglsHGENRNGS iBhstidiél i ¥IG 3PA PFIY.CIB] and FIG. 1CoERetdihdfidr3thesE BeREate DY
the cryET33 'gene fromthe nucl eotide bases 136 to 936. Is shown Iin 20" :

FI G 1Aesighsled tByEEIRI(SEQGIDINO: NhanddewhZad (SEQND NO:2).s dheanpETHF getrehas a
CryET34 protein . EQ I Q NQ,4), € de t he ¢ yvEJ34 ne fr -
nugl eotPHREFEE0Y Wd{‘lg(é%'ﬂ @paegndaq %ﬁ?e%ﬂﬁ}? _6139b3“°w“i ‘H%Tiiﬁgé an%@mand
F 1 . it | s . _ : N e
TIE o1 36 TR oy i R gl BB AR Y5040 4 o0
Japaneshowadh FIG. 1A, FIG. 1B, and FIGQnk@E.her aspect of the present invention

relates to a biologically-pure culture of a 25 . natyrally occurrjng,
wi | d-type B.ARefher ghpeehnfithe H&&némwml%f%%wéh&m?t}m@%séwé&n dby the

Decenb _ 3t | C ' :
Nor ¢ nerlsVELgERSY atlchy T kL 7 tht Wl shiA) g el o the ETVEPA) protein
NRRL B-(SEQGD NB):3), kticodedibyrihe &yEF38 gene from the nuclestidecdvaséeIB6 107938. isshown in’
sections 5 uri ngiréansi s EGL0327 js a_ paturally-occurrin

tBr i @%QKF@E’}- A %t"l%am% ailhe dseneesl gmineracid gequengs &f th%C&ET’gbg%qtém
0 ISSECHERE il o RS 0508 ol b AN g 348 S A
to or IiHeIG. aal, FIGL hB! hed BIGFIGC3 TaeGpréteits ExRitir bavtididall attivi G Sehinke if¥ebts of
the order Coléoptera, in particular, boll weevil, red flour beetle and Japanese beetle.

Another aspect of the present invention relates to a biologically-pure culture of a

25 paturally occurring, wild-type B. thuringiensis bacterium, strain EG10327, deposited on
December 14, 1994 with the Agricultural Research Culture Collection, Northern Regional
Research Laboratory (NRRL) having Accession No. NRRL B-21365. B. thuringiensis EG10327

is described infra in sections 5.1-5.3. B. thuringiensis EG10327 is a naturally-occurring B.
thuringiensis strain that contains genes which are related to or identical with the cryET33 and

30 cryET34 gehes of the present invention. EG10327 produces 29-kDa and 14-kDa insecticidal
proteins that are related to or identical with the CryET33 and CryET34 proteins disclosed herein.
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PCT/ US97/ 17600 : Anot her aspect of the present invention
rel at es tWO#813498nbi nant vector conprising one or b RCQTG897/117600N OV el
cryET33 and cryET34 genes, a reconbinantg.host cell transformed with such a
reconbi nant vector, and a biologically pure culture of the reconbi nant

bacter| f i nents. the bacteri
oref or abl y b&%'aefsaspfﬁﬁgﬁ%ﬁ”% R it §§§‘§5? b RSP rﬁ°%mr}as§tr£5ﬁe”°rp
EGL140:

EGll403'ecombmant( deptos, tapd anbtoémglgailyr plde qumm veft hhe mctbmnaha\hangnum so -
oo e bRt B ek ARG L5 S
ey ng e teconbRal stk WGP AOSTRRER PN DRCERECT food it Mid R e

ver e depesdssion No. tB1566)etescribed in Bxhinplec 8Cahd ethel fstothbitRint { st CEGE1403
t he Budapest Treaty, and viabilit staterrents pursuant to

| nt er nddeposited mmheo 145 1994 NBRI; hedng Accession No, B-21367dergribahin

Segment BRI 7o T At greferied wboealé\%nfs% ifreckld I bichraBly™E GO GRER B Y
free frRobmBindht SEAME EGDN%(ﬁrqdeﬂdaﬁéd A Deeernber 19y doopenithdthe NRFA. GeRihg

herein. DNA segrments encodi ng these peptide species may prove to encode:
pl0t ei ndgcession No. FB-}z}ﬁéﬁt i Adlsstrainhdepasised mathcthedNRRLdwere depositerd! in ke Pateat

of crys r reI or ot rel,at. ene products

a1 ol P fsefod Bifisibe Yruy Bhe Pifhecs Torse, NG S e BEES HiSiant &
usi ng ”F&Qﬁﬂ@oﬁahR&éﬁﬁdﬁﬁleW&@&%&Pse of skill in the art.

The cryET33 gene has a nucleotide base sequence shown in FIG 1A FI G- 1B_

and FI G 1C. The cryET33 gene (SEQ ID NO 1) encodes the 29-kDa -
CryET33_protein n acid sequence shown in FIG 1A, FIG
1B, and®#l G CE@?%%@B @@B&m&ﬁ?’?ﬁ% gene (SEQ I D NC 2)

Ss0tes, L, e Rotd lopind EHRHBIND M o il SSSURGRTGA VY
her ei n, aniyhsoures, that EAfree froan totalr gehensc DNA aRBlthateheoadd the tiowel jm;mdbedrsclosed

| sol at ed free of tot aI enom C,. of a tlcuLar speci es. Therefore,

DNA segh®&Ri e el en DN@B ﬁP‘??FCSpHBBﬁ BEOVE SR (<ROPIF PTOIGINS,
segnent t Qﬁﬁﬁn > -

I sol at eﬁ&gaé‘%/fd??o%bﬁ@‘r pur| r eeg’f%g%hgg %‘P aﬁf °5yesﬁ§ﬁw at¥@t°ﬁg&§e5erlgllles
30 f fedaredvgend pfd‘iﬁc@NAIrﬁﬁmiﬁ!ﬂiﬁ theSe ONAI segthentshnain bersyhtisized eatitely 36 @itrs
the genone of the G am itive bacterial genus, Bacillus, and in
pabt i cuByRg methods thati aE%WSH“kBaWPItPGLOSR%\?H l4g thg art. t huri ngi ensi s.

I ncluded Wit b0 h)Prds3dRe HA'R rBRBRAL baseWeGuddte SEGI TN Fia 24, FIE!1E and FIG.
1C. The cryET33 gene (SEQ ID NO:1) encodes the 29-kDa CryET33 protein having an amino
acid sequence shown in FIG. 1A, FIG. 1B, and FIG. 1C (SEQ ID NO:3). The cryET34 gene
(SEQ ID NO:2) encodes the 14-kDa CryET34 protein having an amino acid sequence shown in -

25 FIG. 1A, FIG. 1B, and FIG. 1C (SEQ ID NO:4).
As used herein, the term "DNA segment” refers to a DNA molecule that has been
isolated free of total genomic DNA of a particular species. Therefore, a DNA segment encodmg
a crystal protein or peptide refers to a DNA segment that contains crystal protein coding
sequences yet is isolated away from, or purified free from, total genomic DNA of the species
30 from which the DNA segment is obtained, which in the instant case is the genome of the Gram-
positive bacterial genus, Bacillus, and in particular, the species of Bacillus known as B.

thuringiensis. Included within the term "DNA segment”, are DNA segments and smaller
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fragnents &2133%8 segnents, and al so reconbi nant vectors, ilf"l%'ll.’gﬁgﬂﬁa?mf or
exanpl e, pl asm ds, cosnmi ds, phagéhi ds, phage, viruses, and the like.

Simlarly, a DNA segnent conprising an i.solated or purified crystal

pr ot ei nfiggraetts v such segmemts.caridehles Tedombinddilvestogsyeintiuding forngnample, | plasnids,
addition to pe%tgi de  encodi ng sequences, 5. certain other elerments such .
as, regeosmids,phegemidscphage; yoises, aad thedikeanti al |y away from ot her

Che 't or m gonStniltetp SR shmBlelomdhili of sheraf BUEARRY cifbpd) prelfaReilng
Pr ot ei NpencPRIfB 96 al DRA Ségnitai® wifich iR OatINGe #0alditi0f tWigeptife encodixﬁ]sequence_s, |

understood by those in the art, this functional termincludes bo genom c
se§uenc eertaim péhernelements sush gocregulatenydsegnendes, isplatgdh substantighin avay ofremt other

that -expresg, or npy be adapted to ress, 10- rotei ns, polypeptides or
pept i degaturally ocourring genes pEpplEinAIRAGEAS SEABETHEF., In s TesRcsin Lt 15" @60 1§ used
sequencgs.’.: fgchQﬁ f - ol S L0 .S ‘aﬁ&e\ﬁﬂl :
encodi ng&as “ggg?gr {ngﬁ%?egtr@gt a pP%tngtne,m fg?lxgﬁdg éf Bﬁﬁmé‘ﬁ?‘ﬁggﬁ“‘b t he be
codi ng uadirswod byt thesOivAtieegtethis, funotiotiahadrnd hichided, boely gendmid sequelees, coperon N -
| arge portions of naturally-occurring coding DNA, such_ as | arge

¢ ge .
chr onos Sefueneesaandesmallesrenginceredr gene (Seaments datcaxpress, or may discadaptadote ppress,
regy ons, . CQUA L0l .e[S-t0o the DNA segnent as originally isolated,
an pro%gg eos%lﬁepnh@ ﬁ?r L};(fg{:&és 9 9 y

exc génes, reconbi nant genes, synthetic |linkers, or

codi ng regi OMksolAéd substaiatthilyOaway from tdikers egdingtseliercss’ hivans @hat"he. gene of
In particul ar enbodi ments, the_invention concerns isolated DNA segnents .
and intereste dmtiis pase: a gens enceding adagterial enygtalbpisteingioans the significam patteofdhe

o b2 e 3666 8 D3l eyt 260 P R ek s B8 bl TR §0En e,
| D NO. 4 naturally-occurri %col\%ﬂ'gbll'\t&rsﬁbﬂ% RESLMGROSTIA Taghiens ctotii? fukdtonbl geéhes

SEQ ID NG 3 or SEQ ID | means t hat the sequence substantially
col¥ espondperon cading regions.o Of icharsecthisanefees tsf theiDINArsegment 88 ouigisally isolated, end

SEQ I D NO. 4 _and | atively. f ' .ds. t hat .not_i.dentical .t
or " bi 06t PELPISJadsEehel i B YATEHT ToKer: GE CoHiPR SRR LI SR o

these SqRUSIIGRDE by B RMHABf niin0! 0gi cal |y functional equivalent" is
wel | understood 1h the art and is further defined in detail herein (e.g.,

see ||| ustr atlnvpafivobdi embodiinenide cthedinvghtion seopgemseisoldted DN¥e segineatsn and

o gl praraih BB Bl 5L SRR S

2130 SobUABAURRRY i) Bkl Ay AR ks 8 R0 s
as set fIXNO:3 or SEQIDNOSEQ ID NO 3 or SEQ ID NO-4." WO
?)?;/T,l f’gg? / 1760Dhe term "a sequence essentially as set forth .in SEQ ID NO:3 or SEQ ID NO;$," means
that the sequence substantially corresponds to a portion of the sequence of either SEQ ID NO:3
or SEQ ID NO:4 and has relatively few amino acids that are not identical to, or a biologicéllj
25 functional equivalent of, the amino acids of any of these sequences. The term "biologically
functional equivalent” is well understood in the art and is further defined in detail herein (e.g,,
seé Illustrative Embodiments). - Accordingly, sequences that have between about 70% and about
80%, or more preferably between about 81% and about 90%, or even more preferably between
about 91% and about 99% amiho acid sequence identity or functional equivalence to the amino
30 acids of SEQ ID NO:3 or SEQ ID NO:4 will be sequences that are "éssentially as set forth in

SEQ ID NO:3 or SEQ ID NO:4."



It will also be understood that am no acid, and nucleic aC| d sequences nay

I ncl ude 4§gd| tional residues, such as additional %r C-ter m nal

am no aci‘ﬁggﬁl?:" or 3' sequences, and yet still 'éﬁ“Py as
set forth in-one of the sequences discéb®ed herein, so Iong as the

sequence neets the criteria set forth above, including the maintenance of

bi ol ogi cal P QfH Hlso%e undirbtod tHat'RBIR BEAAHNMEIEE SR RBqichcEORES fhde
The addition of term nal sequences particularly applies-to fuclelc
aci d sexjditionekresidues,sugh af addittonalgNeor Crtetmirdal aminocacidsnoms5’cardd’ ngqeamesands

flanklng either of f or .3'. portions, of the co iop or may
el uis FHllgeR e#srw@fvaps set forth &aa% 98 dbe spquences ﬂﬁ&gmde rsodoagk%m?
to occ [ h t

br coentoeiise HediE UE soteia st foyts spovf eRidilePif BEARRALHH SioRpichl Broein

itsel f acﬁauybﬂxeﬁ@ﬁiwmﬁdxwe&éio@imnc%d The wdaiioa. of&ﬁﬁﬁnﬂlsseﬁﬁéli&h gaﬁ;cularly
pol yadenyl ati on S|gnals additional restriction enzyne sites, nultiple

cl oni nqtpphpsag) negleigracishsriqugnees that mey forexampletciude vrious nenseoding acqqenee#Sr
| th, d t her.ef :
het “a Serkik o By 5 FORR b o chnd ABHRD S oS ARSI bR,

S total g mwgqqgtwwmm@wﬁ%bwm&age&ge ease of preparation and
n

use in t e i ntended recombi nant 15 DNA protocol. For exanple, nucleic

aci d fragnmenThe megleioacidrsegments of I prieserit mmaomrregardless of thedength ofithecoding
stretch encodi r] ther gf t he &thld&] di sclosed in SEQ I D NO 3
ot0 SEQ sequence I € ¢ fgmb VHEht 9 %ﬂ rSCEURFBSHE R §S thEPQ/SFfs’
sequen any, t s‘i'te? -
or SEQ ﬂmﬁﬂ glrsf | cuﬁsmfl I}gstﬁ%té%n e%@r%ﬁ??hﬁg aﬁﬁg’& i'scl’os ecll&O H%Q

1D NG lsegfneSEQahﬂ) thilike, huoh maatb:clneovm lereaty ewaye vary Ueonsitleratiby uth wﬂib@efore
nucl eotides, and that are up to about 10, 000, about 5, 000 about 3,000,
about mmnplawél}batla msew acid fragmegy} of almesd any lsngth may be mnleyed withdbe tatal

Pongt napiffirel bifed By VA0 BAA dF L% de in the intehdUPIFBb bt

r¢gadi | YDNNWb&ﬂd Fbﬁtexampre;a mﬁeldioahﬁdlmméms maynbé Ipe@aréd)maeﬁhauda&aﬂmrt
any | engt-h between the quoted ranges, such as 18, 19, 20, 21,
23, et ceontiggousstretelp encoding eithgr of the peptidpsequenges digglesed INGBEQ IDINOLD or Sﬁ&a

S oSN 3Bt 80 oA AL S35 Y s 9% e

“i ncl udi peptidest disetined @ SEQ ID NOBeHISEQRID NO¢, eali pleticiiady ithssel DNA segments
It will also be understood that this invention is not limted to the

par ti cudiselosriineSEQLR) HO:1 or SEQ IO N e Eonentasiple foblde sgsaeneassuich fas mheut 18

e or maghigitosy 8 A 6 o AP0 oBERGEls 30f st oo, S5H 3106 aur 1:080]
parti Cuﬁlﬁ{dﬂSU@' 26bRSEEh, i280oSED0, et 500andEbdt D 4NGhst: p ﬂﬁcﬁﬁmngﬁgtmmaingral

and isol ated DNA segrrents may therefore variously inc e the
pept i deinterdiediate legizthssaretalsoxentessplated ¢o bejuseful. WO 98/ 13498
PCT/ US97/ 176
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regions bear ?tnaﬂé be deadily waderstonq that "drtermsdiats lenethsnsin thess, sonigXis, meaRs ARy
region, leﬁ%ﬂfﬁ&%eé’f?& quote: rm’i‘ék‘éoﬁﬁhlaﬁrlgem l%l yp%t Qﬁieé?ct b@t31”@26étkh%be§15 52,
i ncl ude” t Rese pept e codi ng" regi ons or may’ encod
25 53, etc.; 100, 101, 102, 103, etc.; 150, 151, 152, 153, etc.; mcludmg all mtegers_through the 200-
500; 500-1,000; 1.000-2,000; 2,000-3,000; 3,000-5,000; and up to and including sequences of
about 5200 nucleotides and the like.

It will also be understood that this invention is not limited to the particular nucleic acid

sequences which encode peptides of the present invention, or which encode the amino acid
30 sequences of SEQ ID NO:3 or SEQ ID NO:4, including those DNA sequences which are
particularly disclosed in SEQ ID NO:1 or SEQ ID NO:2. Recombinant vectors and isolated

DNA segments may therefore variously include the peptide-coding regioﬁs themselves, coding



bi ol ogi cally functional equivalent proteins or peptides that have vari ant
am no aci ds sequences. - : ‘The DNA segnents of the present

i nvent i onwenesadgesss bi ol ogi cal | y-functional, 5 - equival ereCposewviIe. Such
sequences nay, ari se as a consequence of_ qodon degeneracy and .
functional equival ency t hat are known to occur natural ly within nucleic

Funct | orFany aing @mwmlmoﬁé%ﬁfﬁﬁéﬁp?@éﬁé i’ codlig sraidhclt By i
PP et e Birgé . eere Q\lﬁease e ﬁglﬁdegl{bswg ons o gidﬁsto??xh es O#é‘

structure may e en on consi e~proper

the ani biolopi¢ally faaétianal Equivalentghateiyscr peptideyahathase garbaht bmintacidesequences.

i nt roduced throu%h the application of site- di rect ed nmut agenesi s

t echni ques, NA segmestuc¥ UiprRreesmt ninyertion rr@campas@emrdﬂw f*!lh?lémnal
eger . el Sespt“dny Sl feuoB b oFEH A ctbanente oF cohof dRReec iy

pept i defyncfiofial e vﬂwe&cy ligat REPkndien to occur naﬁﬁdﬂ)n With&Ohedl&ic AcRl ﬁqﬁgﬂ&g i ithé N
the sane expression unit wth other proteins or peptides 15 avi ng

desi redpfqlmns itbuss encoded. adltepnatively, f fupetionallyeequivatent qaoteinst oo peptidgsosmay be
(e.g., prot.eins t.hat .nma e. ur fflnlt hrorrato hy and
enzyne ‘Efﬁd"f‘?l&pi’l\é"‘@t‘%s“f ¢ gﬂﬁ gec%o]%gy > 1 Cﬁ g‘%tgm
vect or s gfqiRef | JTUB

vectors are coﬁrﬁ}tehrrgl ?ﬁg&f%%ggédt Oggﬂs\ﬁlgegfﬂgérg I'n ﬂ#g eﬁ?&%‘ﬁ%g dp%crl?klson f
t H® DNAexchgnped., Changes designéte by enaw dhayg be ibtrbduded nihtdughr thiecapplicationraif| site-
pepti de, ositioned under the control of g 20 pronoter. The pronnter
may be rimtﬁi myagssrist KEiasto €& fmaretr?@%mvwna% 1 ther @RBEGiCEy 2f the

gene e”ﬁ?ﬁ%:ﬁ%rgc?@s{ &%&n@cmto%’er% ExSRine! dUHGHY kb 18R 0btai ned by..

I sol ati codi ng sequences ocat e upst ream of the

codi ng segneilf dediredx ofic zriayralax prephre fusionproteins and peptided) £g)) twisdre ﬂheﬂ?eptxde—
and/or PCRerr], technol og .0, connectlon with the conpositions, disclosed -
her ei n, codjng regions o aligesdymith SEAMYECKPIESEIRR, WHCVENITOthar Prvteits 97 peptides

o eos PR Tng QedFA fuctigns, such, as af?ll %%%ﬁé’f‘afeé‘)%fﬁr@ﬂme{ecﬂéf s €6k, bt
t he nucligit enaybeth\ifiedbycdiinity cliromatcrrashy iideingymk $dbeh éoding@regidrisgkespedtively)er

uses. For exanple, they al so have ut|I|ty as robes or prinmers i1h nucleic
aci d hybri di Recrmbiggt vectelistfsan er aspects pfthe present leumtmm Baxtigulafy tuseful

nucl el © a8bik SSURAINRo 69 At 9EcBro VGRS B o phERnsl AR TNEREAS
sequenceylither thd)ding qrmnqa@g%h ProteirOor Qniﬂergb@hﬂ@tlk FRsitioned efddr the onitrbI\Of a
segnent of SEQ | WO 98/ 134

PR USO Prazeien The promoter may be in the form of the promoter that is naturally assodiated with a

NO 1 or SEQ I D ) | articul t|||t ngey, co uo ,
|dent|c§Fn%Pn°° Iocgr*ﬁ gﬁsﬁms&ﬁ% &s 1pay, be th‘&g?é{ %’E@%{ g”@ 5' qpm-
40, 50, F%engéaolocﬁﬁﬁoups%‘é% o?o@ig coding seQernleTo? exdn]) Cot Abtih e, using
|nterrred| ate engths and up to and including thé full-1engfh sequence of
5200 baseqmmbxnarm dld»mag snd/oe PER™ declinolagy;, fimconnection witnthe. cofnpositions discloséie
ability of .such nucleic acid probes to specifically hybridize to crystal
prot ei nhere1 encodi ng sequences W ll enable themto be of use in
dejecting the presence of conplenentary

ﬂ

22  CRYET33 AND CRYET34 DNA SEGMENTS AS HYBRIDIZATION PROBES AND PRIMERS
In addition to their use in directing the expression of crystal proteins or peptides of the
present invention, the nucleic acid sequences contemplated herein also have a variety of other
‘uses. For example, they also have utility as probes or primers in nucleic acid hybridization
30 embodiments. As such, it is contemplated that nucleic acid segments that comprise a sequence
region that consists of at least a 14 nuéleotide long contiguous sequence that has the same

sequence as, or is complementary to, a 14 nucleotide long contiguous DNA segment of SEQ ID



sequences in a given sanple. However, other uses are envisioned, including

t he use & h& sequence information for the preparat/] of nut ant
speciesﬁg % ?g? or priners.for use in pr éparing ot Sﬂﬁgﬁpc
constructions. 10 Nucl ei ¢ k3 d nol ecul es havi ng sequence regi ons
consi sting of contiguous nucleotide - stretches of 10-14, 15-20, 30,

50, oMN®MeroroSELD? ONO2icWilbt fisite pasticidar, utilieyt | dadngef contiguous GHBMRAENGAT Y
to DNA sequences of SEQID NO 1 or SEQID NO 2, are particularly ~— -
cont erpomplementarySeapenses.£ 8 othose ebakout 20, 3,640,150, 408, 20055001 E000, 2000, 5000

Nort hgrn bl | ng. ller .. - fra nts wikl neral ind use i'n -
hybr i Py 5%@#@@%%5%‘?’5‘?%& Jeneths; ‘H@&%%&,# Spelping the hﬁ’l?&ﬁaﬁ fra9gRce of
conpl &PO0bASpairs HiNAISEHE dTRisy B éeplin &lbdUiARnfAet Ween about 10- 14 and ‘about
100 or 200 nucl eotides, but |arger contiguous conplenentary

s¥retches e bbility of, suchcauclio cidoptdbes to specificaliytliybridizel tsrenystdlyprotein-
sequences,.one w shes t '

e oo ReauRE Seduspes WL cRAIE Bisim to,br, of e in getectiyg the presenpe o pomalementary

sheari gua{ eSuLh Ghi e HATI | s | eif.qaci d..s LS, Or
20 §8 ragﬁgﬁ%é érg%/ﬂ %éhpgédﬁéﬁ?tgpar edisg%),m’?sor- ’é&?ﬁﬁ% %‘,cglglﬁﬁegﬁ §&”8ﬂfe
synt hessquéney inforrdatiegnfontthdpreparation 6f @mutast! speeRssSprimers] or CRivABR| for use in
practiced using an automated_oligonucl eoti de synthesi zer. Al so, -

f r agmENERAIPROBAT SBEUG PRISUBCIONSH| i cati on of nucl ei ¢ aci d reproduction

chnol ogy, . hnal ogy of L. S. JPatents 4 683, 195
16 4, 683, %@“?%aﬁdi“ﬁ%%?‘gsé g?‘é‘ggr}’g b °b§%g‘°%¥ consisupg r°<.flr?%_° gugys h“é‘_""ﬁ‘?e
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- Accordingly, the nucleotide sequences of the invention may be used for their ability to
selectively form duplex molecules with complemeniary stretches of DNA fragments. Depending
on the application envisioned, one will desire to employ varying conditions of hybridization to

30 achieve varying degrees of selectivity of probe towards target sequence. For applications
requiring high selectivity, one will typically desire to employ relatively stringent conditions to

form the hybrids, e.g., one will select relatively low salt and/or high temperature conditions, such
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25 giving a detectable signal. In preferred embodiments, one will likely desire to employ a
ﬂuore_scent label or an enzyme tag, such as urease, alkaline phosphatase or peroxidase, instead of
radioactive or 6ther environmentally undesirable réagents. In the case of enzyme tags,
colorimetric indicator substrates are known that can be employed to provide a means visible to
the human eye or spectrophotometrically, to identify specific hybridization with complementary

30 nucleic acid-containing samples.

| In general, it is envisioned that the hybridization probes described herein will be us¢ful :

both as reagents in solution hybridization as well as in embodiments employing a solid phase. In
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In connection with expression embodiments to prepare recombinant proteins and

peptides, it is contemplated that longer DNA segments will most often be used, with DNA
segments encoding .the entire peptide sequence being most preferred. However, it will be
appreciated that. the use of shorter DNA segments to direct the expression of crystal peptides or
30 epitopic core regions, such as may be ﬁsed to generate anti-crystal protein antibodies, also falls
within the scope of the invention. DNA segments that encode peptide antigens from about 8 to

about 50 amino acids in length, of more preferebly, from about 8 to about 30 amino acids in
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as desired. segnent dene may encode either native or
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It is contemplated that in seme instances the genome of a transgenic plant of the present
invention will have been augmented through the stable introduction of one or more cryET33 or
cryET34 transgenes, either native, synthetically modified, or mutated. In some instances, more

30 than one transgene will be incorporated into the genome of the transformed host plant cell. Such
is the case when more than one crystal protein-encoding DNA segment is incorporated into the

genome of such a plant. In certain situations. it may be desirable to have one, two, three, four, or
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have a crystal protein-encoding transgene stably incorporated into their genome, and such

~ progeny plants will inherit the traits afforded by the introduction of a stable transgene in
Mendelian fashion. All such transgenic plants having incorporated into their genome transgeﬁi_c

30 DNA segments encoding one or more CryET33 and/or CryET34 crystal proteins or polypeptides

are aspects of this invention.
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| arge bl ood vol une "of rabbits, a rabbit is a preferred choice for

producti on oin gensral, oritetdifebted mamdgelesis 68 . accordance herewith As pesformkd ton dimst

in the art,.a given co ition may,_var n jits i nmu n|C|t It.i
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achi evegny i6AUALd P&hfh its sequence a DNA sequence which encodes the desired peptide. An
oligonucleotide primer bearing the desired mutated sequence is prepared, generally synthetically.

25 This primer is then annealed with the single-stranded vector, and subjected to DNA
polymerizing enzymes such as E. coli polymerase I Klenow fragment, in order to complete the
sy.nthésis'.of the mutation-bearing strand. Thus, a heteroduplex is formed wherein one strand
encodes the original non-mutated sequence and the second strand bears the desired mutation.
This heteroduplex vector is then used to transform appropriate cells, such as E. coli cells, and

30 clones are selected which include recombinant vectors bearing the mutated sequence

arrangement.



peptide or pol ypeptide i munogen to a carrier. Exerrpl ary and preferred

carriers are keyhol e ' | i npet henocyanin (KLH) and bovi ne serum -
al burmi n WSPY1348% her al bumi ns such as® 25 oval buni n, mouBETASPUKIM buni n
or rabbit serum al bum n can al so be usd8-as carriers. Means for

conjugating a poI ypeptide to a carrier protein are well known in the art

and i ncl ude I\ { CCeLAl.n.de
ester, carbo | [ m e and E%@ﬁﬂ&@@m aggéﬁﬂggﬁeﬁ%éﬁ@m&xﬁm EéééhLlépﬂgAs
i s al sosinglsiteldirevtedi mutapenesistis ptcbmde&mm ageans of pyodicing peteatially asefilngpeciegen

30 composi tion can be enhanced by the use of non-specific stimulators of
the i nAhis Retgpeantdo be limitingasdhere Aze qilierways dn which seauencesyariastcobpentides

adj uvagﬁl‘f P{fng’bﬂg %e&?émLSB Ex?coﬁfn%uﬂxgm m@iilbﬂé"&ﬂl&néé‘ For example, recombmaxigtg/ec’?o'ﬂ'% '

PCT/ US
N@n- spefdodirg thé fﬁﬂsﬁb@rpéﬂhdéhﬁqu%nma&ebéoﬁéﬁeﬁmlﬁ eiﬁclh ts, such as

Mycobact eri um t uber cul osi's) , I nconpl ete Freund's a J uvants and
al uni nhndm;mhtmmoab}aewmence variants. The anount of i mmunogen
conposition used in the production of polyclonal antibodies - - varies

upon the nature of the imunogen as well as the aninmal used for -

| MU 33 | OERYETSS ARDYCRYET34 ARFTHGDH eémﬁaaﬁsnyﬁfﬂ MErd658 8F MANG'®

[ mrunogen (subcut aneous, I ntranuscul ar, 1ntraderm I ntravenous and
i ntraperi toﬁnapa)‘ncﬂlm emhod:ments;nthef invedtors comtemplute ftheliwss ofantibodies)i eitheed.

{1 ovengoFiatipe rosional ek ind 1o 1 Ze%%%'s Pcine rqvx%éés‘ééﬁh%%a“tamgmefor

gi ven. S ol til

Sui tabp;%tg??é%%?s&a |eve'c§ié We@%‘ %llesiﬁrue eve B%amn%rénggg i’Ci bodsxes A
obt ai ng@borattey iManwil,Z€dld Shring Hatbor|Laberatdry, HD88! mﬁdpbi‘wedsﬁéﬂéiﬁ b?Qbﬁrﬁﬁeﬁnd
stored, and/or_ the aninmal can he used tQ generate

mﬁ\bs ke pesthedsdior gensrating wane¢ipral @numewnm | seRevgHH hsmp@gjﬂehsammhneas
Fof or o8 dhosp, B FEbAre folyBrolial itoRetT Bltefyl s SRAILRT HRBOR 36 PRGHHA kY

arg mal jsruiizin e!neﬁmdal | with N8 SRnRaoEEc tdoﬁiposiﬁoﬁ in abcordarite PWithf thedpfesent

partially purified crystal protein, polypeptide or Eept i de. The i muni zi ng
conposiievyestion and gaileqtingeantiser from thet frmmusized enimel. t4 wide renge of ammabawles

d | | f d
Bl Sa8 k8 fised for fhe progBGHbEarBitER. SFuBiR il ﬁxtaf ufrol gipficie of ey
Possi blaftiseH @ &1 ebH, aTAbSse R YatPa qaxmder,vaegﬁxaw E 6418 Bdcaast lthe ¥8REvelpP-
60-61), but mce are preferred, with t e BALB/ ¢ nouse being nost -

_ pref er erge ddoedhivelurge rof sxabbitst4 malibjt F0a preferwsd ehedcey foreprodugtion \f spalyelopdler
e(fcent aﬁﬁ (gf st abl e fusions. Fol | ow ng i mmuni zation, somatic
s M potential for produ0|ng ant'i bodi es, speC|f|caIIy B
| ynphocyt es A&sc@élh Rhowdif k@ Cd eﬁ Sbmi 88tibA mdyovaRilin 98 RinAlriopenielty! %E'
These cells may be obtai'ned from |op5|ed spleens, tonsils or”|ynph
nodes, oftenfrnecessarypibeieftrertalbobstothe host immumesystem, &)inag rbecaclﬁesyedubgf coupling a

eri heraI bl oo ceIl are preferred, .the_for r be are a [ri h 25
Bour e FEPUdE T BONpepH S PR ReDIt & Fiie. SEESTRED, it e Key
‘st

st age, lgﬂ%an%ﬁ“%%%g rgéf,s Waxﬂo%@ﬂx%e Qi RitRindh @S’Rﬂ @ﬂ?éi‘shibﬁnﬁﬁ&%%% bslse

O ten, have een
25 ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. Means

for conjugating a polypeptide to a carrier protein are well known in the art and include

glutaraldehyde, m-maleimidobencoyl-N-hydroxysuccinimide ester, carbodiimide and bis-
biazotized benzidine.

As is also well known in the art, the immunogenicity of a particular immunogen

30 composition can be enhanced by the use of non-specific stimulators of the immune response,

known as adjuvants. Exemplary and preferred adjuvants include complete Freund's adjuvant (a



i mmuni zed and the spleen of aninmal with the highest antibody titer will be

renoved and the spl een Iynphocytes obt ai ned by honogeni zing the
spl een ringe. Typically, a'spleen ‘froman_i ed nouse
cont ai nyégm mately 5 x 10[err] to 2 x 10[err] Iyrrphoc§‘ 7600

The anti body- produci ng B | ynphocytes f¥m the i muni zed ani rral are then _
fused with cells of an imortal nyeloma cell, generally one of the:
sane sRaspesifie stilniaterofthk imbRinewasponse containingikilled Mcobﬂ&kﬁm tﬁbérbulbki@)es |

suited for use in hybridoma-producing fusion procedures
98/ 134s®mplete Freund's adjuvants and aluminum hydroxide adjuvant.

PCT/ US97/ 1

pr ef 6r abl y TFETRORL 2FEBWRPEHH Somepion sddoithe Rrodigtion °£P‘r‘ry8°8ﬁ‘c§%’%1%£ﬁlﬁ
enzymgeef rr;gd@:ﬁe n&are of the mﬁiﬁbﬁ&&aﬁ%n weradnrm%bh ForSmr R it gﬁé ain |

sel ective di a:-whi ch support the growth of only the desr red
cel | s dfhrgires danrbe )Jsed to admlmster the ifomunogen ¢Subsutanedus; nﬂfarm;seﬂar;antmddrmalmy

be used, as are khown to t ski || Godi.ng, -66,
gt Solmspant aad3Raperaneaty oEhs prodoption ShpnBcionplamsBotiel fa inebtored by

Sp210-A5pie PRjeacor 2 %@'@%ﬁn@”@“@%@ﬂ&ﬁﬁ%@@ M#%@%%&aﬁ il
for ra&oostef)liGjection umsy also be gl%lom‘]ﬂﬁoceéﬁoﬂbodsuﬂg&ndl i fepedi®d 1@l and

U- 266, GV[].SOO GRG2, . LI CR- LON- HWY and UC729-6 are all useful in -
c 0 n n ecuitable diterris jaghigved: e When s ﬂ@ﬁr’@d lgvel of immunogepicity is ebtm@ad rthe iimarunjzedo ma

| iR pIg SR SR iR G Rl R B Akt G poegsf Bbnbee

Reposihaky, by requesting cell line repository number GVB573. Anot her
nouse nyel oma cell line that may be used is the

8- azaguani raAbsgnay batreadilys pre@arqdnﬁxrmga wyeaofseelleknown- techuiques; such las Ithese.

cel I's Sxepnigld ) 0 SopelEal s e rmiaR. Bece GRS o Do B

nyel onBeiaRblSinyBlvas nhubBidda shitdyld ammal with 4 Bledtad hﬁmmgebaéafnﬁcrsamrewt

20:1 to. ab%ut 1:1, respectively, in the presence of an agent or

afent sa (pinifaed cord partnaﬂbrepumﬁcrhlc)‘ystﬂaprqmcmmpob'pepMa‘ wsi paptidé. cdhk nmnhnrm@
Fusi on net hpds u Sendai vir ave been.,descrjb Kqhl, er
T s ceqmposgye: 1 gBinistered o geiap cHectve. o BRI AIRBSY) SONCipPEa

such é%% §ith'\as rﬁ)ﬁ@anﬁ%ﬂcstﬁé pRiferéd amiln%Yswa &, ﬂ&eus‘éfoﬁgﬁﬁ{ rshE 4lo¥ f?(&

i nduce usi on nmethods 1s al so approprr ate (Goding, 1986
Fusi oncelisis aldo pessible.u®hé yspofimtscmay prbhiide deytain aaliwaaiagéso(ﬁdd:@ 11986,| 1193 60e6:1()ut

1 x 10ferr] to 1 x 10[erc],., However, this do S not -pose a prob)e

as t hebyiiTaiseare P{fé"eaewﬂﬁr ie ﬁe@lﬁdr st eing et preferred s tlﬁ@%g Shosly)

- ugfuse fhscel |'s that would nornmal |y
contrnﬁgﬁ?%h§$@$%g}kﬁﬁggmk e&?&y&@ﬁg 8ﬂSturrng |n a selective nedium The

~sel ective nEdilewingsininunizager)esarhdtic oelis Witht theopbiential for pwdating haitibodiesks
the de novo synthesis of nucleotides in_the tissue cul ture nedi a.

Exenpl ERegifically Briymphpeyen e Aells)cate selertad feraise in theonAbigeasatieg petecol. These
azaser Lfif may be gbtaﬁigh % %{dg&ea%grééﬁé '18&&1%?& gﬂé gSKesd By s ﬁ&#}ﬂéﬁﬁ'b‘b&{

bot h purine rrneé uri ne

synt hegdriiple \\Spleen @8lls @il geriphefil bidideells ej@prefemdumecfonﬁétﬂaeaaweahé}sa:e arich
suppl enented with hypoxant hi ne and thym dine . as a source of nucleotides
@SAT nseiiresmpf antibody-producing cells that are in the dividing plasmablast stage, and the latter

because penpheral blood is easily accessible. Often, a panel of animals will have been
immunized and the spleen of animal with the highest antibody titer will be removed and the
spleen lymphocytes obtained by homogenizing the spleen with a syringe. Typically, a spleen
from an immunized mouse contains approximately 5% 10" to 2 x 10° lymphocytes.

30 The antibody-producing B lymphocytes from the immunized animal are then fused with
cells of an immortal myeloma cell, generally one of the same species as the animal that was

immunized.. Myeloma cell lines suited for use in hybridoma-producing fusion procedures
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25 generally one that contains an agent that blocks the de novo synthe51s of nucleotides in the tissue
culture media. Exemp]ary and preferred agents are aminopterin, methotrexate, and azaserine.
Aminopterin and methotrexate block de novo synthesis of both purines and pyrimi dmes. whereas

. azaserine blocks only purine synthesis. Where aminopterin or methotrexate is used, the media is
supplemented with hypoxanthine and thymidine as a source of nucleotides (HAT medium).

30 Where azaserine is used, the media is supplemented with hypoxanthine.

The preferred selection medium is HAT. Only cells capable of operating nucleotide

salvage pathways are able to survive in HAT medium. The myeloma cells are defective in key

A
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cations 2.7 ELISAS AND IMMUNOPRECIPITATION

25 ELISAs may be used in conjutiction with the invention. In an ELISA assay, proteins or
peptides incorporating crystal protein antigen sequences are immobilized onto a selected surface,
preferably a surface exhibiting a protein affinity such as the wells of a polystyrene microtiter
plate. After washing to remove incompletely adsorbed material, it is desimble to bind or coat the
assay plate wells with a nonspecific protein that is known to be antigenically neutral with regard
30 to the test antisera such as bovine serum albumin (BSA), casein or solutions of milk powder.

This allows for blocking of nonspecific adsorption sites on the immobilizing surface and thus

reduces the background caused by r_xonspeciﬁc binding of antisera onto the surface.
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After incubation with the second enzyme-tagged antibody, and subsequent to washing to
remove unl-)ound material, the amount of label is quantified by incubation with a chromogenic
substrate ‘such as urea and bromocresol purple or 2,2'-azino-di-(3-ethyl-benzthiazoline)-6-
sulfonic acid (ABTS) and H,0,, in the case of peroxidase as the enzyme label. Quantitation is

25 then achieved by measuring the 'degree of color generation, e.g., using a visible spectra
spectrophotometer.

The anti-crystal protein antibodies of the present invention are particularly useful for the
isolation of other crystal protein antigens by immunoprecipitation. Immunoprecipitatidn
involves the separation of the target antigen component from a complex mixture, and is used to

30 discriminate or. isolate minute amounts of protein. For the isolation of membrane proteins cells
must be solubilized into detergent micelles. Nonionic salts are preferred, since other agents such

" as bile salts, precipitate at acid pH or in the presence of bivalent cations.
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a m croseppoes/siapsie. Wien t he reagent(s) provi ded are a dryrpomsernzéobe
powder can be - reconstituted by t addition of a suitable solvent,
that may be provi.ded. In“still further enbodiments, the
present lnventlon concerns i mmunodet eq t.hods and aSSOCIated :
kits. It islprgd se@apttvsa&mhmem Fépt‘%?‘ngegEQ‘eoneﬁé‘ﬁt‘PM%fﬂ? mectyl dercthe

itﬂ\e/reg\t/v: c%e Jﬁxtapo ernat | ve{n&?’ arit mg@%@m&&wqéegﬁla@din?%aé@gorg fr?%é’ﬁdt-h

the pr%‘éﬁé&nu*aﬁmeafmensc&y Rz babstdte prikdet ect crystal proteins or
crystal prote| n-rel at ed epltope contai ning peptides. In general, -these -

met hods WI Il include first obtai ning a sanpl e suspected of

cont ai nJ peptlde or antibody, contacting the

.saﬂpl e %S’gﬁ%‘ebg‘hs or peptide in accordance with.the present. :

i nventi on g&afodmftt@ redéht invedBidR witom gfeaﬂﬁseeihfxﬁﬁaudu&too@%a%

the for rratlon of |mTunoco | ex, and then deteCting t presence
of t he blotanalysizopThexanti-peptide antibodies may denmsedihs higlheafﬂnitye pnm:my méagents for the

i mmunocqQnp| ex formation i Lie._well in the art and _- :
achi ev gt tigh of Pt 'P@ggﬂ’&ﬁd SP"%%&F%\“ SPPOFMBE, 84S asom'reﬁ%mﬂp%e, nvﬁw

oo OpLinaBke ”‘E“ RS ) o RBbftiod SRl Bnbfbbififanl oWkl by g

angl t heelédtiophoresisptheld shay ibenised aoapingte step rmtgeﬁnfomdsé ibdetecting anti@ne Qighiaist
through the use of a label, such as a radiol abel or an enzyne taqb(such as
1)

~ al kal i nwhich second]pnbwsa@tagﬁed A the Aetertion oE the petigen, cayse epadverse) background.
cecondaTg® & Abeialt ol whe? R afe BT LAHER bRl Bl GpFHEGe Jns, Bee of

|'i gand immunogldtulishs bihdifig am&imrthn vadil ecﬁnismmymetahﬁgﬁfstsmcaed cross-react with
For assaying purposes, it is_proposed that virfually any sanple suspected

of conpthe gletegting agent, or theyrmigrateatithe spmetrelative mqlegwlargweight as ergrossateacting
pigteln related peptide or anti body sought to be detected, as the

e na may be enployed. It is contenplated that such enbodinents may
have appl i Caimﬁﬂnblegichﬂy-‘bhieﬂrdd%nﬁﬁ AdthbdEfor Aise 3N cbRjRHMiTPWRh Westeth bititing
sel ection of hybridonss, and the like. In related enbodi nents, the
pr esent inclhwde mmabcnibfe;mdmle@l-t,m ﬂu@pmﬂyfwggﬁﬂ secondary antibodigs am;nsbéhe

enpl oyed to detect the ence, of ..cr,yst al otel ns or related peptides
and/ or tOXIn moIe t&h?'eﬁ’%?lggre&i‘)ge efpastigu 1X’§ésr‘?ﬁ¥‘ SE8M % ncl ude cells, cell
supernatants, cell suspensions, cell extracts, enzyne fractions,
protein extracts, or other cell-free conpositions suspected of .

c@ht ai n28g ccwsmwnmiw&mmspwmmmm;mm speaking, kits in
accordance wth the present nve I ncl ude a suitable

crystal prot &PfPrESERIPYRRtSP @ntemﬁ'?%ag?%dﬁee s SpSCHRepIng Samplesypspected of
prot ei ng a{mp&.gtargﬁax 6t Bslypdiiiabs apcaygiavﬁ.ta% Fahicibo g@@gsae?hap@em preahcing

for contain y or “antl gen
I mmunodsuchqiolypeptidesg eAtkitunky contpinoariel gr mmcmnbedms bfithe! present inveatien,Caml may

with the antibody or antjgen, or associated with a secondaral bi nd] ng
| i gand. also contain reagent(s)\for dglegting) gn interaction between a sample and an antibody of the
ng/ Usgyeynﬁ%venuon. The provided reagent(s) can be radio-, fluorescently- or enz;h%gtiéally-

labeled. The kit can contain a known radiolabeled agent capable of binding or interacting with a

nucleic acid or antibody of the present invention.
The reagent(s) of the kit can be provided as a liquid solution, attached to a solid support
or as a dried powder. Preferably, when the reagent(s) are provided in a liquid solution, the liquid
30, solution is an aqueous solution. Preferably. when the reagent(s) provided are attached to a solid

support, the solid support can be chromatograph media, a test plate having a plurality of wells, or



Exemplary Ii gands m ght i ncl ude a secondary ant.i body directed agai nst the
first ankbRgd¥se8 antigen or a biotin or avidin ( etaV|d|n)
| i gand %w ng \an associ ated | abel. O cour se, ?é?@hg%ﬁa

number of exenplary |abels are known i%3fthe art and all such | abels rray be
enpl oyed in connection with the present invention. The

cont aiansicrosdope gﬁider aWhen ted nehgent(s)i provided carahd diy tgvavdeit ﬂhogywd@‘ngé,gqﬁ' or
detection e,nt may be placed, and preferabl sui ta

al i qué?m‘t“?ﬂé’ykth Iﬁ’gﬁﬁl"’ég@ﬁ@ VWeWPﬁ’BﬁY\hFPFOVI _also typically
0ot ude 3 TRIAR fifther RbBAMAAR, 1A pRlkl Rtbhui o Udr0Es lﬁ,g,g iod2@ehin methods

containers In - ose con or conner
cont aiand associaged kits. Lillés prijpeséd that the ﬁﬁd)r tid oYrtﬁé rs
into which the desired vi gles are retdg%'ne pephices Ob*e%%llﬁ'?%gfai %O?E
SEQUEMREYSbe employed to detect wn@bqdiesshawing reactivity ﬂlars,wuh,sor, altemueeiy; antjbodiesi n

o DB SRS eSO o e oS4 90 0L, BP0
epi t oReystd) Proteih-relHdt) epidsHeCinkainit %gﬁﬁﬁ&éa%l téﬁe@ﬁ? odI W5l mclude first

anti-crystal protein antibodies. I'n particular e 1 nventi

conceobtairipg acample au&pestq Lod ruoamming isuelria fpmimxﬁpppmde) br mmibody, contactmg the
peptides sed herein, w}tﬂe term"incorporating an

epi t ofAPRle with pn F‘gm?%md%eaa ¢ It gcpordages;with the present inyention, a5 the caseamay bewr e
ti-

7ot of D @indRichl SHREAYY I RN oo foPmuBliPLFIGE ik tiplt MaBRY ueBrls the

siml @respmwofthglmmpaoccﬁﬂplex | ocated within a crystal protein or

ol ypepti de. The vel of_ sinjlarity will generally be to such a
geg)rlgept haﬁnrﬁﬁﬁﬂa g‘?ﬁ‘ii Btiogeat yamm&)réoram@mfg %pndls)rflmi@wlldgmmm tha@rt and-
g[ KZ ﬁ #%ypﬁ@%&h@vﬁ throu%methe apiicHRGP bE gﬁm\éﬂ'dulfs ag)?@acgépd Fof exh eag:r él}M E)péseﬁ)tr

e recogni ze s-reactive

ant i gdmventian iconemplutes ahs applicatioh QﬂSEDISSA UQIAE NihrBuREbIbN (£LNideP Bloty, ”m‘ﬂlﬁe&
anti bodi es, such as, for exarrple Western blotting, ELIS

I%JA AW&‘WHQ“PHCR@HC%M&MQ% jand thedik QSGeanmmmunomwewgffoMaﬁdn will tHee

art. fo tj.o |_mmunodom nant e

and/ or Sl thron gtthgnap oeflqglﬂ\})a g"‘?ﬁ 41ra%ho“’%éis(ﬁ 0, FPE MG Fog ﬁﬁs\é@%”ﬁes- _
is a rpabspmtasé,mossamhghpéreﬂmej of el like). @Eoﬁ%érﬂﬂeﬁna}oﬂﬁd B81iBAR ddVantages

t he nmet hods of Hop as taught in U S Patent 4,554,101, incorporated

her ei ﬁthlF él"?gé secondary bdeB| igand sughtasa senend arsihady |Oa:athxmn(awdxn ligand
pr eparbﬁﬁ Yo a?;ngg%hpgﬁ#dq% hgﬂé"? aci d sequences on the 30 basi s of

hydr ophi T ed in several other papers, and software

[0 ograns  For assayingap@rgosdseitas proposéd ela erﬁﬁllysa@@ shﬁ:ﬁlé’@ﬁ%béﬁéd i PH‘?’E %or e

sequences (see, for exanple, Janeson . d Vol 88; Wl
1988: eithersa cpysiab protrimepeptidssor, 4 oryptal Fmelaﬂahtrdapﬁpﬂldsmxmnbedy sought to be

\F/,\g.l_? 8@%%?%?6%the case may be, may be employed. It is contemplated that such embodlmentg gay
of t heage aElicaBdh Gn e G1efing WAMEAgen prnﬁmﬁp éaﬁ:ryi@sa% ke 4 Bﬁ%ﬂglg?igbg{ag?

pepti des, either throug he application of peptl synt
r ecorrignd Ahe likes c]mla@g;yembodlments the presenPirvkntiore domemplmlmhé Piepasationof kits

cor ce W,th th ese ention w || erally be o t he order
b STH By e.BRoyE T8 et ABF qUeseRoq of GrYPAlaprataibs oF pelated RepdesRWom

to ab‘&ﬁﬁb&tﬁes in a sample. Samples may include cells, cell supernatants, cell suspensions, cell

- extracts, enzyme fractions, protein extracts, or other cell-free compositions suspected of
containing crystal proteins or peptides. 'Generaliy speaking, kits in accordance with the present
invention will include a suitable crystal protein, peptide or an éntibody directed against such a

30 protein or peptide. together with an immunodetection reagent and a means for containing the
antibody or antigen and reagent. The immunodetection reagent will typically comprise a label

associated with the anﬁbody or antigen, or associated with a secondary binding ligand.



5 ° amno acids in length. It is proposed that shorter antigenic crystal
prot ei nysteédrisask peptides will provide advantages i pceRISOFiT500

ci rcunstances, for exanple, in the pr ration of inmunol ogic
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conplclqaae ﬁpaﬁx}em% for,ppmmetsialrsalee Sohy coptaiaers may; igelude injection ex low-meldede
cryst [ i scl osed herein. Additionally
or al S)Za}sﬁé%@'g%rs xgto whcﬂ%f@ésggggfgsl%%ggﬁtg%egs 20 one that will elicit
anti bodies that are cross-reactive with antibodies directed against the
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i des,.
o er et e 0 He'preseht ffyRafiSh ATAIRG s“s%si ook or ptide Gamdsilichs) B3R from potel

sequengas aAll dile ﬁa@mtwm&{%am?ﬁ@ BRed protein orQiplia Waligh lidcoiBéralte tnl N
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elpitepddmt issinmpunoelegicaliy cragemeastive withconsoor mgmm-ntysm pratein-afitibodiesd
tls eneral., the size of t ol,ype de antigen is
t b ptichlet, the ipvstion, FORRYS. SHitoPls o seduetoes Jesfyad B0, CFE pipteindoy
Iargee&? to carry the identified core sequence or sequences. The
smal | useful core sequence expected .by the-present disclosure would
general |y hés amed herein, cthe term "incogporatimgan &pétnpe(s) Huatds ihmihmrl@mall)wictdss- _
sequences. on fhe order of 10 to go be,ngéﬂlé",gg ,prefer Thus, .t his

size VFRFIVGEHER OPF \Pr IBPTEARLIRYSEL PrGiE gaﬂtfl"-&éﬁg $HP o in
accor t; T y
be | ar gefré gee I‘dv(\a’lsll'\lé‘l}l eﬁdw@s + % ng as O%}co o Eemﬁﬁﬁ%@]cg&g E’é’g?‘gtﬁg‘? t gﬁgberm '
gore sleqa:emoﬁhm a crystal protein or P6lypeptided Fhe level of similarity will generally be to such a
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The i deagrser thatt menoglpnaly p{ dmlxclepale a%‘é‘?ﬂi‘éﬁ‘fc gdirected | agaiRpst ; they gostal oprosfnn 19T i

 meor sl apl SR reslE WAL RF LRl pbbostiad B PlostriBtyd g o,

and prgpeiniahfgen0f Wﬁbﬁ@ﬁlﬁﬁmﬁ‘xb@ﬁhﬁﬁhétﬁodmmdy ROerBployed G dobjunktich Swith such
hydrophi | icity. Mreover, nunerous conput erb{) S&lams are avail able for use

. n pr eafitibpdies, snch as,afmeg@mpk: %ﬁtq‘-rarlgomg,pk? A.sud dedike, gl rafskich s

1988; Conputeri zed pepti de sequence
aI ysﬂovﬁjr \g/}$ o(-il'l(z"gﬁligmth St ar [err] software, DNAStar, Inc.
Madi son, dRnfifi éﬁxoﬁ%ﬂ&?flﬁlmﬁﬁbdéﬁﬁhﬁﬂ lePHoSN AR treRSRhERARI | k§uivalents,
accordance W|th the present di scl osure.

suitable for use in vaccines is a relatively straightforward matter. For example, one may employ
the methods of Hopp, as taught in U. S P_atent 4,554,101, incorporated herein by reference,
which teaches the identification and preparation of epitopes from amino acid seqixence_s on the
.30 basis of hydrophilicity. The methods described in sevefal other papers, and software programs
based thereon, can also be used to identify epitopic core sequences (see, for example, Jameson
and Wolf; 1988; Wolf er al., 1988; U. S. Patent Number 4,554,101)." The amino acid sequence
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conventional. synthetic techni ques sucbogs the solid . phase mnet hod
(e.g., through the use of commercially avail abl e peptide synthesizer such

as an " “ ' I id nthesizer)...Peptid
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desir . [ u agent L ULl kbl t @ crobi growt h, .such -as
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1Qophi | i zedItds PrpReRd thet particelar adwantages ofibe presentiinyentionanky be merdized ithrohigh
e.g., hn 25 . er lLiguots_that may,be rehydrated. with a predetern ned
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i nvent ¢y taing) and gmpanticulah Ceyh and) Codeelathd sequedcss:, | These bpitdpic aofesequermes|
nol ecul e-.t,hat . ..encades a protei r tide w desirapl e S
Char actiBreRifisd herRin inoPRiAy ares o Bedronf re@iGah of the Partcglss pobyesniteg
the amiifreAC HAS pAdpcded it & i ' mé¥t | Qe
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PCT/ USe7B<ceB @mulation, and, hence, elicit specific antibody production. ~ - - 28-

generation tr‘%l ecule. In particul ar enbqodinents of the invention, nutated

crystal prof¥®SRgopicFore se%ue%g%“ﬁd £, 13 agelatively shot stretch of aming, geidp that
| nsect §<Co [+ )eh 41 Yoy O I i Lag- t he
| naeot ol Pl fof nd Merblort Sl bl erten WAL, shes on the SGRAN TG,
pl ant die¢dted antibodies disclaset theredi A dditiongliy ofralteinatinely] v epitdpic chrr@qlendeie

cqdons of the.PI\{A .sequenge, . 5 -according tqQ the codons given in Table 2.
TRpBL poone that will elicit anch od?es that are cross-reactwg wrtoh antibodies directged against the peptide

compositions of the present invention. It will. be understéod that in the context of the present
disclosure, the term "complemerrtary" refers to amino acids or peptides that exhibit an attractive

force towards each other. Thus, certain epitope core sequences of the present invention may be -
operationally defined in terms of their ability to compete with or perhaps displace the binding of

25 the desired protein antigen with the corresponding protein-directed antisera.

In general, the size of the polypeptide antigen is not believed to be particularly crucial, so
long as it is at least large enough to carry the identified core sequence or sequences. The
~ smallest useful core sequence expected by the present disclosure would generally be on the order
of about 8 amino acids in length, with sequences on the order of 10 to 20 being more preferred.
30 | Thus, this size will generally correspond to the smallest peptide antigens prepared in accordance
with the invention. However, the size of the antigen may be larger where desired, so long as it

contains a basic epitopic core sequence.




Am no Acids - B R . Codons - Al ani ne Ala A

GCA . CCGyd$ga3498CU Cyst ei ne . Q/S C UGC UGUectrusoizéepartic
Asp D GAC AU aci d Lgcjla Au E GAA GAG

acid ~ Phenylalanin Phe F UUC™ <U0U e GI yci ne

Gy G GGA GC GG U Hi stidi ne Hi s
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disclosure. |
Syntheses of epitopic sequences, or peptides which include an antigenic epitope wnhm
10 their sequence, are readily achieved using cqnveixtidnal synthetic techniques such as the solid
phase method (e.g., through the use of cbmmefcially a}}ailable peptide synthesiier such as an
Applied Biosystems Model 430A Peptide Syﬁthesizer). Peptide antigens synthesized in this
manner may then be aliquotted in predetermined amounts and stored in conventional manners,
such as in aqueous solutions or, even more preferably, in a powder or lyophilized state pending
15 use. o _ -
In general, due to the relative stability of peptides, they inay be readily stored in aqueous
solutions for fairly long periods. of time if desired, e.g., up to six months or more, in virtually anj*
‘aqueous solution without appreciable degradation or loss of antigenic activity. However, where
extended aqueous storage is contemplated it will generally be desirable to include agents
20  including buffers such as Tris or phosphate buffers to maintain a pH of about 7.0 to about 7.5.
Moreover, it may be desirable to include agents which will inhibit microbial growth, such as
sodium azide or Merthiolate. For extended storage in an a_cjueous state it will be desirable to
store the solutions at about 4°C, or more preferably; frozen. Of course, where the peptides are
stored in a lyophilized or powdered state, they' may be stored virtually indefinitely, e.g., in
25 metered aliquots that may be rehydrated with a predetermined amount of water (preferably
distilled) or buffer prior to use. | |

211 BIOLOGICAL FUNCTIONAL EQUIVALENTS
Modification and changes may be made in the structure of the peptides of the present
30 invention and DNA segments which encode them and still obtain a fuﬁctional molecule that
| encodes a protein or peptide with desirable characteristics. The following is a discussion based

upon changing the amino acids of a protein to create an equivalent, or even an improved, second-



exanpl e, antigen binding regions of antibogdies or binding sites on

substrat Since it . .Is the interactive ca i and nat ur e
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the contempla E%‘é dacregsing the msesticidal actiyiy of the pretein, @and consequenﬂy

corres o e tides W|th . '
appr ec?’gﬁ1§ goss or 1§?r&§"%gi Caef:pretssxfagpgﬁ%rrego?{l? etar enemapant cell; ,
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consi dered. The i mportance of the hy ropat hiic am no ac ] _
cénf er aecotding tathecodons givest ingiablé Uinction on a 10 . protein is-generally
understood in the art (Kyte and .Doolittle, 1982, 1n_cor.'_por_'ate"herei n by .
reference). It is accepted that the relative hydropat hic character of the
amno acid contributes to . theﬁ%geadary structure .of the.resultant
protein, which in turn defines the interaction of the : protein vvith
ot her Ny r exanpl e, enzynes, es, receptors, DNA,

ant i bodi ne% Qﬁc;&§)gm i mranr)m and %/hp Li kaé%ﬁE i Each am no acid
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hydr ophobi city and charge characteristics (Kyte and Doolittle, 1982), these
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f'

tyrosi n@ (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5);
gl utam ggutadie) asp@iﬁat (gdad) ondd asparagi ne (-3.5); lysine
(-3.9);,8pg arginine (-4 ? It is known in the art that
certain amno acids may be substituted by other am no acids _ havi ng
a si m | hehyladpathi cPheder opugcommand still result in a protein with
sim | argbi ol ogi cal activity, i.e., still obtain a biological
functionally eqU|vaIent protein. I'n maki ng such changes, t he

substi t@lyonnef ani noGagi d& WeGRe BAMopatdi cGGudi ces are within [err]2 is

preferr ose whic are W|th|n 1 are particularly preferred, and
t hose mﬁ%ﬁihgéne are g%@n Hor E8Gar &N ar1y - preferred.

It is aigglgﬁggﬁgt oodgip the : t t ubstitution of |ike am no acids
can be nade H’ectiﬁve h ﬂﬁ? lr}g%[i?s of hydrophilicity. U S .
Pat ent By55del01, i nchyporHt eAAhereiAm; by ref erence, states that the
greatest local average hydrophilicity of a protein, as governed by the 30

hydr ophPPRELRS of it sLaw] abenbUani WIGci@R c60Cel £&& W4H a bi ol ogi cal

propert r ot As detailed in U .S Patent

4,554, %?[9{1%%%?% I O\;e\‘}d%té hydr opﬁ; licity val ues have been assi gned-:
to am nAsperdghifsi dueasnargi nppae (pd); lysine (+3.0); aspartate (+3.0
1); glutanmate WO 98/ 13498 :

PCT/ US9ORPre¥&ne Pro P CCA CCC CCG CCU -30 -

(+3.0 _%%ﬁfseri ne (+0 ]3_1)] 6 kggi r&gacém 2) glutam ne (+0.2); glycine (0);

t hr eoni al anine (-0.5); histidine
(-0.5);a8 §5§hge (- 1. 8) nﬁt hh@W ngdc;l Vv e 1. 5) | euci ne
(-1.8); |gol euci ne (- %) tyrosine (-2.3 pggggla(fani nelz 2.

trypt opgenige3. 4). Ser S AGC AGU UCA UucC UCG UcCu

Threonine Thr T ACA ACC ACG ACU
Valine Val V GUA .GUC GUG GUU
Tryptophan Trp W UGG

Tyrosine Tyr Y UAC UAU

For example, certain amino acids may be substituted for other amino acids in a protein

10 structure without appreciable loss of interactive binding capacity with structures such as, for



It is understood that an am no acid can be substituted for another having a
simlar 5 drophilicity value and still obtain a biologicall

equi val eH‘E‘?,’ 8 n particul ar, an ) _imrunol ogi cal |y eﬁ T’\"@P’@#‘
protein. In such changes, the substitut29n of anm no aci ds whose -
hydrophilicity values are within 2 is preferred, those which are within 1
ar e pagtdnsple,antigen-binding Pighdis ofegitibedies bhbinding difes on GubstrtEmdYRN1e3D 'Since it
particularly preferred, As outlined above, am no acid :
subst i isuthe inferagtive canaeity ahg nathes of a protein dhat definesthat protein's diological functional
simlarity of the am no i d side-chain substituents, for exanple, thejr
hy dr op PEIDYY prtain amino agi segenge; substhutions fan. be mad In 4 prorin saasice, and, of
Exenpl Ui by liaBS ' k | 0 i b0 with ki
char act oG, S sy R0 DML SO Sor(Rhte) o peicabeless opiain o PAOE0 pith Be
arst angroperties. It i thidacontengplated dbyathe ihvesitors;thatl verioms ichargges m@pbe inddde; in the
serine angd, threont ne;f%llut anj ne_and aspar agi ne; and_valine, |eucjne

and i sBeRtide prsjuences of the disclosedcpmpasitiongTer qoresmonding) BNA ssquenses whiches -

AND ME : . e | Qv qﬁr:@! ' t the crystal
protein conﬁ%‘#ﬁgﬁ?m%%?tgggﬁcﬁgirgg?ﬁgémﬁﬁg&?’ﬁggga% ! g‘[af‘i“. lTar utility
as insecti Ciif@sakiny suchidhafgesp e/ 19idropuihie ThdexodPridiotacitis thay bé @bRkigereds The
grasses, fruits and vegetabl es, and ornanental plants. In a

pr ef er impomarise ®f tks hydropathisi aming acid inder i conferringointesadtive diologiefunetion am a

il fl bl e. I f b i al . cel whi,Cch : I . :
o1 PRl s BRI BBadnaR di fhe fire (Bvies it ahob 0| 0T Sncbridents herginn b o
EGLO32fefefthbé): It is acceptBd IR e remefehgﬁfbﬂaﬁﬁé Bhardter Sfthe Gflino 858 cRRf{bMes f3e -

novel nuclei ¢ acid segnents disclos . herei n and producing a crystal
pr ot ei the secvpndaryngsiuchwre afothb aresidtant) iprotsing twhich o twinudéfings ahe iiterd@tion of the

megaterium B, . subtilis, E. coli, or, Pseudonongs spp. 25 Wl
Aot hePTRgo it RbEh AR, o8 FiarEile; FIUSEIE PSR BEARPEn YAy entibodiss,
vat er  antisens, AiRENikeP! € granule. This granul e conprises bacterial cells
whi ch expresses a novel crystal - -~ protein disclosed herein. Preferred
bkt eri al cdidch améndB.acidihas nbeenn assigne@l @3 Aydrophthic ihdexe\omr the basis of their

e O Cind e 5P, RS S, EOBLSh s Bl
her ei . it Y. . I | . . eap! ’
i T o

bi oi ns&e1i9%;i alanin® (plo8); iglyeinece0E); theeoninene-0t Bpsezine (-0.8); tryptophan (0Ot tyrosine

pellet, or_ collodial concentrate. This powder. conprises bacterial cells -
whi ch (<1.3); proline (—1.6);\/@599;1193&;58'2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5);

PLd/ US  ucine {2 OY . . , -31 -
e%r eszaéégrégﬁg&é%'s)drl s eaq 3i)9|)b%ned| hel |I§ecq-g°ssg'd herein. Preferred bacteri al

cel | s are B.Itihkfioweie s &t that certaitGhiiag Aciislhay bésubstitited baasthér aminocatids
B. thuringiensjs megaterium B. subtilis, E .coli, or

B.
Pseudorhaving & pimilar diydeonathie indexrarsoare andastithresylt jrwnprotain withssimiles biolagisaly

Subh 7Sk e oyt petafif{ ledeil Hubbeordls ALAMGPHERE. HlfatiBe dch R,
di ssol e subbEEitRNINANIAG Bcids Whb&hyd@bpahicehdioss ate Withikl3 $Opréferred, those Which

control | ed-rel ease, sustained-rel ease, or other tine-dependent manner.
25 are within +1 are particularly preferred, and those within +0.5 are even more particularly

preferred.

It is also understood in the art that the substitution of like amino acids can be made |
effectively on the basis of hydrophilicity. U. S. Patent 4,554,101, incorporated herein by
reference, states that the greatest local average hydrophilicity of a protein, as governed By the

30 hydrophilicity of its adjacent amino acids, correlates with a biological property of the protein.
As detailed in U. S. Patent 4,554,101, the following hydrophilicity values have been

assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1), glutamate



In a fourth inportant enbodi nent, the bioinsecticide conposition conprises

an aqueogﬁ?nl%‘,l_.,‘498 suspensi on of bacterial cells such as th?&%wﬂﬁ%%k%Ped

above which express the crystal protein. Such aqueous suSpensi ons

may be provided as a concentrated stociOsol ution which is diluted 10

prior to application, or alternatively, as a diluted solution

r eady- (43.@@ph);. serine (+0.3); asparagihe (+0.D) sgluramtihe ¢50.2); vellyvine (ORPhrédhtie 0.45;

‘bacterial_ cells, the cellul ar host_ containing, the .crystal protein
iine (i

gene( sprokiag (b5 g dirplamine(nf- Do histidiner(-0mki eyisteite rdeDimethipring (+ha);Draline (-
St hal SR FTF ok . ap YRR o e Al Sy fingt -3

thuringi ensisjsOfiderstbb@ IBatCAN lafnifi®dacid ah b8 fubstiatddefor fholker haBfg A SAMILS
wi th conventional ways. Alternatively, the cells can be treated prior-to

h&r veshydrgphilicity value and stitheobtaire 4 nlielogicalljalequivaienti ahdnin cparficuler; an
Intact ,B. thurjngiensis.cells expressing. the ; roteip of interest, -
Sch bUBTERPRERAYY BARPRIRE R | I Siapmeness dhe gubstion oF amjng, aeids Whose

| . _ . o g .
Pror ¢ FGBPIRIY VRaPAEGEn 25 30 SrbRrdl, B DY o, i 1 et BlrkiBifhuty
car bonpteferred; ahd thoss withivw:0.5aire svenandret gaetiduldsty preferfed. ani cal 20

materi al s (powdered corncobs, rice hulls, walnut shells, and the |like). The
f or nul at i onésayflined above, amino arid syhstiions ate gqusrallytherefore based em the relatiye

_ i dal ! o s 5. | igubd .+ ...
Ot SRR 8 the i, A6, ok Ghain® myBihRES 0 cxermpley el ibrbphopiciny,
suspenpiyafdphiliRity) chdrp€hdige, Gaacetiikel eBxerfiplaiyh sublstiliRions Rehich dAleAvAThs ofihe

include rheological =~ = agents, surfactants, enulsifiers, dispersants,
or .pol feregeing xaracteristics into gunsiderationvareywell faowayta tasp of3skiliniy the ot yami34

proteins, be. prepared .by i ve or . reconmbi napt bacterial . -

o or os RIS e RRY Joeind; Efbnie ind. arvpriptes, sBRRE, ol rocsiiF: lfming o
Such prgi#adinénd Ralifd, 16Rind shdoisoleaeing! | | ysates, suspensi ons, colloids,
etc., or alternatively may be purified, refined, buffered, and/or
firther processed, before fornulating-in an active "bioci dal

| Sorar B i B S AL DHRADES Rap R RER RS L2010
the crystal 1H.Qh@dntor3REnRRDlate Bk tid GPsial RURREEGHhHSSFHio! disclosed heréiR Wil il

preparations of such crystals and/or Spores as the active bioinsecticidal
conposipartizalar utility as insecticideNOf@3bpizdb8nd/or systemic application to field crops, grasses,
PCT/ US9.7/.17600 _ : . -32- .
Regar difBYS 2 Yegstablesn 3nd roappntel Blants, In goPrsfrote: rgpodiment e hicinsecticide
C ong seil W | 4 ' | G s , Lgh
Wﬂm:’ vgiby Sitibii (ﬁogldmses'iaﬂ 1??0%&@”5&5@%&{%&' Halbya SR OWhikh APRNs o HAVEL

epen on .suc actors as, exanpl e, the'specific
col eopteeystal prosedhe tdisdiosedehereint r dirbfeehbly the spHeidre cB.ptamingtansisr BG1082 D ecells,
treated," t he, enviropnent al_ conditions, and the nethod, rate, :and

quant i thpwsver aay | fich; bactesial hegt sell expressing jthe mgvel, nueleicygeid segmenis; disclosed
The in .1 G | L I tjng: e r
{he badiiyih B8 BroRRRRY byoRP pRRER'E BERCHBIAG B Gchl, bR B JlHElebf! 5.
pr ot ei nnéparariuneg B. subfilks, EheolflesiRsesdomonas spgr i cul tural | y-acceptable carrier.
The conpositions may be fornulated prior_ to admnistration in . an

apbr opri at e Ineanethesyimpastant gayiedimentd ther pisdnssctigiie comnosiiionaeemprises @ rwater
agueous,.car r.i.er : di um,or suitable di.l,uent, such as saline or ot
b f o CIRFREDIE grapule. THS Y cobtprisky tagrial'&lls whit ApSts e BodHl Rl
granul Prot®hi &ist18sed Kireid. Teeferred 'bactetial &ills ate/ BIFhARgterBls BGIGIH dellsChowedes)

bacteria such as B. thuringiensis, B. megaterium, B. subtilis, E. coli, or Pseudomonas spp. cells

transformed with a DNA segment disclosed herein and expressing the crystal protein are also -
30 contemplated to be useful. _
In a third important embodiment, the biocinsecticide composition comprises a wettable

powder, dust, pellet, or collodial concentrate. This powder comprises bacterial cells which



or oil/water emulsions, or as a wettable powder, or in conbination with any
ot her carrier material suttable for -agricul tural application.

Sui t abl eQe¥t4P8 ural carriers can be-solid or liquid PCINEIBIZ1 6002 |
known in the.art. The term"agriculturajjy-acceptable carrier” covers all
adj uvants, 15 e.g., inert conponents, di spersant s, surfactants,
tacklflers bi nder hat,.are qrdi nar us I.n. I N tiCi _
For mul SEPETSE BCINE crygial proveld citlnsf et RrtetsSy Ressfhia el ety Brfringlensis
i nsect 5@19927 cells, hbREeVRH Bictafe sumeasfp &mﬂ;@:&m B”%g@&rW%ds%tflﬂ E”E‘olP lor
nore sol | ' quid adj uvant s and prepared by various neans, e.d.,.
by homPgeniomeiay spp.xielly transformied gvithnd DN Agregmeinhdisclosed herein andsaqiressmgahe.

conposition with suitgble adj uvants u nve ormul ati on L
t echni gtystal protein are also confenplated .19 %ng?e%@om%?h’t a%sf{ms 1o the; mserticidal

Y cOBb Bt By BEYoRAIEA o lesh 0 ipmetiond P05, BB AR Hotve
convenfg Qaaimﬂwdheliﬁse,@ﬁﬁ&ﬁé@b&l&aﬂ&yoﬁabayﬁxﬁ&deﬂ&mnsmmt h and durat ion of
i nsect i ci dal application will be set with regard to conditions :

speci fic toIniadopehimportant ep@mdergpnt, &qﬂpewemldyecomposman mmseanu aqueous

| . ;
R e Pitensign.sg Borpaf prify Righ, 45" fhbte, Adkered BBhvs, WAch Ribritale cEfeul akin.
sol ubi Igutl aqaéfhisSdusPersidn¥ Rdy bEHroviass fak Gl émenuated stoeR rgemﬁbh wmcha§ dnetel

as the parti cuI ar fornul ati on contenpl ated. | her appli.cation
t échni guies to appdicatioly or aligrnatiyely,dsia dlgued;smkmmeaémd’-appiyect ion, seed . . -

[ Tko, o o a1 e Grapods it anptiai i vogthel vl e ular hise poimalili b
Ci I CUNRI-ARG Fﬂi&?% ﬂéﬁo)ar&gat | gﬁﬁg%ge cSAERfent GRtrict mbdillh, where the DNA

i nf estat 1 on, cate vegetation or ornanmenta
pl ant s coﬁtam pmdiesoakelechve advantage,qneﬁdwfoaaesehbnwe weeldiunk somttsubstminﬂyof _

Kill in the art WO 98/ 13498
|SDCI-|-/ usdly ar7akh @f the cells retain the B. thurzngzenszs gene. These cells may then be haggested in

of 1 ho Webrbin el SORRAALAA DS, Wi, MRLCIR Yoot e SORLAVAG, bl "o

i ncl udi ng anWhenthd insedtieitial comipbsitions compiisesintact Be ghurHgteraitdells expresding the
i nvention may al so be used in_conjunction w th other_ treatnents such

as sur fraetedhof intgEashr Yicht Bacterin mayr be dormulated, in a variety, ok weys: orfdiey may be
| nsect '%ﬁeﬁgg s we&%i@ﬁ%%%r%%ﬁzﬁleg &edlﬁfseﬁ? %xin@%% Y2805 e ﬁm SHal s@éhez%

for eit em c or concen I on.

i nsect lxﬁb&%hxccmiﬁéﬁﬂs (plonlostticates, carboerles) sulf@tey, i phosptesésdland auéhker} 61 botanical
or foliar application will vary w dely dependi ng upon the nature of the

pad t i cumaterialsr(pawdered orncobs, ricerbulls \mln@tpwell&amdoﬂte 18e)i rBrenformalations may
condi ti,0 of ..hi ¢

bi o1 e dBPHe SeeAGAIE LR VAR pifibe Sibats, B B8 uisioet biBiursor spriarients.
concentyighido rfoﬁﬁulahoﬂso may t@a.@cg;reabgluasea%bynm&héouandnmpﬁyw b9 fobkhs,

i ncl udi ng about 99% wel ght formul ati ons. of the conp05|t|ons
may be Sm'mnsm@ut:mmf%/ lcalggmengatnso pr mlm bkby Thsi ipgredignts may include rheological

conposi tion, eneral |y conprise from about 1%
to abolAScBHes actants eg’“hfbﬁ f’H?% edi ent by wei ght.

Fee mul at i ons Ayhiah | | r

C%Snt ain fr omAa bout vq ’F@ré r 6%10 out3 b%gﬁ[ozr(%r?ﬁ’ggfk}&e% lrﬁag be prepart¥ B 'iﬁﬁ{'é/or

I nsect i etcokmbinanr badteﬁail @RpreRsio systetns ik virer atl isolatedpfortsubseqaentfieidtapplication.
target g\gc%aprlo?em may be either in crude cell lysates, suspensions, colloids, efc., or alternatively may
be purified, refined, buffered, and/or further processed, before formulating in an active biocidal

~ formulation. Likewise, under certain circumstances, it may be desirable to isolate crystals and/or

30 spores from bacterial cultures expressing the cryStal protein and apply solutions, suspensions, or

collodial preparations of such crystals and/or spores as the active bioinsecticidal composition.



one or nore applications as needed, with a typical field application rate

per hec{s ss/13a98)i ng on the order of from about 50 pctRssd@édée 500 g
of active ingredient, or of from about,500 g to about 1000 g, or of
from about 1000 g to about 5000 g or nbre of active ingredient. 20 3.
BRI EF- DESCRI PTI ON Ok THE DRAW NGS The draw ngs form part  of-

t he presenRegasdless iof dhe gnethod) of applisationy the tamaquat tafcthe active comepomaut(s)aise

' t ai n,. { f .1. t ] t. T, ' ' { tter .
Cinde AEPUETBFgh TnstbuliORPLRETNE PG W vl ety dGipa Rl B el Factply a5, for

D 6 Eariphts the fybcliodlaphirkfthsBAS &5 bELARRIBS, the specife PRAL b} (1o RIBELERRLS o
nucl dbe i ehyitonseental qoenditionsf andether yierBad,geates and quantitySed . afpliv@ion Jofathe t he
cryET3 and the deduced am no acid sequence of :

4 gene,.(SEQ | D NO 2),
the @iﬁlﬁ% @%&@F&’ﬁ“&%‘ -NO 3). and the CryET34 protein (SEQ I D NO 4).

the 30 D el EHhARIRR Reiedily phafade 1/ fobABAAR Fillls ERARRERY 7
i ndi cgedlederyytabramdior spore suspep$ioRAtori $solated tprotein ¢oinponedd! withi thee desirdds

derived from pBR322, and j's anpicillin resistant C . WD 98/ 13498
PCT/ \amvienltuxadiy-acceptable carrier. The compositions may be formulated prior to administration in

A T jatjo hg 1 aClli | | eay:
S t oo, peproprintl) SR Hh A< bphitiopd, BpARical il 314G GRARUENARE |
3 onembdiufPassuifablddiluet, s6cH® datihe or other buffer. The folthiDated co%hx%(ﬁftﬁﬁ!ls Whdybeand

based on the sane scale as FIG 2, shows a restriction map of - _
pEG1 Zaghe form pbHa dustorgramdaranaterialaor 8isyspshsiph én oil (Fagstable pemisE)), b witer] )

dth T34 5. ¢ SE NO. 2) i ndi d_ by. EGL246
o el oo ity 3F g8 b 2 eblR powiier, B ip) SimfiBifin HHE bR ket rrTice
SPP. jh@sidl SuitaBl\R hetivhinihl SPRERFRE SSEAbR a“gicart&rip R&iefsXan be solid or liquid

resistance [Canferr]] and tetiacycline resistance [Tet[err]]) inserted into
t he BanHire swvalbkudwp BGheéaut. The termJE@iQulGirally-daceptablercarriérh chwerk alf adppylantsand -
B. thurinpgiensis. Abbreviations are the sane t hose or FIG.,2. 10
3. epEtiR SomEcE, AP U PR ERCBFNERTSbinders, eic, that are AR e S
OF T"ﬁ's#ﬂ\éw ithhulation technolor%‘ Bhedeldfd RebIERAbwN EfSL QRGsE SBilIed in insecticide
naturally-occurring strain that exhibits Insecti.clda activity : -
- agai nformatatieapt Ehea formdations maycbeidrined wmathl oneeervinore salitl bt tiqnidoadjuvantd and/ ae
(Triboliumcastaneun) 15 ang%%apanese beetl e, | aryae (Popillia,japonjca).
B. t hRREP#GH | eripED TBeANSo fgai omogenequs|y, Jixingn blending éPS’}?E ol h
genes; i - i : o ! :

L0355 RN chihpoBfioh i bl Mvants teing RN iR PRl 988 i hllaves

wer e cl one@hérinsecticidal compisitiéhs dhthis inyvehficn ges applistbtie thet eviddmiena oftyeT33

crystal protein, and the cryET34 )
target coleopteran insect, typically onto the foliage of the plant or crop to be protected, by

conventional methods, preferably by spraying. The strength and duration of insecticidal

application will be set with regard to conditions ,speciﬁc to the particular pest(s), crop(s) to be

treated and particular environmental conditions. The proportional ratio of active ingredient to

5 carrier will naturally depend on the chemical nature, solubility, and stability of the insecﬁcida.l
' composition, as well as the particular formulation contemplated.

Other application-techniques, e.g:_. dusting, sprinkling, soaking, soil injéction, seed
coating, seedling coating, spraying, aerating, misting, atomizing, and the like, are aiso feasible
and may be required under certain circumstances such as e.g., insects that cause root or stalk

) infestation, or for application to delicate vegetation or omamental plants. These application

procedures are also well-known to those of skill in the art.



gene encodes the 14-kDa CryET34 crystal protein. The CGryET33 and CryET34
crystal proteins 20 are toxirc to‘'red flour beetle larvae, boll vveeV|I
| ar vae, ﬂasﬂﬁﬁﬁnese beetle | arvae. - 4.2 DEFI NI B¢ TAES 717600
The follow ng words and phrases have #3®-neani ngs set forth bel ow.
Expression: The conbination of intracellular processes, including

transcripti fRecticidal c&ﬂﬁ&ﬁﬁioﬁt d»meqndaftﬁﬁn@apxbeae:ﬁg@ya&npm FRURRUbEERUCH

as a structural gene to produce a pol ypepti de
Pr onptirventién rsingly rort mommbmmmnmhmhcrsmamﬂs,omchdmg) and nm\ﬂimmq e ruther

e | pestides- PG BOAILeL L trvention n‘faS/Baéé? ¢ S56d T SoiRetian it PR HeathaRgR
synt hegp 4t g&ffé&aﬁtm 'cqetaarﬁéa}sr,t gngfa; o @ecrelease fompﬁ’@a@ner?&e QHsec&aaal

process of grow n ell ant protoplast or

expl ardonpositions of the present Eiveuﬁdmmy beg foreuldted émeextliensystamemp topicedasé.0
produce a pol ypepti de, WD 98/ 13498 . _
PCT/ US97/ 1 7Emconcentration of insecticidal composition which is used for environmental, systemic,

Voot orot ottt SfblicaBh SR vaef indlh RHEURE pBPn B BENABr B baPiRR Bpbfigtn;
whi ch sbals mﬁm @Mimﬁnemal conditions Paiddded afamexd%haawgn{paeanys the

capabl e of nonous replication, Transforned c A cell
whose msmnd&mmbs@pamﬂyba presentt indbie @pplied fsrmulation at a conasytations oHaa

Bendest cAboRt dih oo PR P e be W iR, thptuding Bbogt, 8%, b7, welgBl By
cel | U%ln%é’of ﬁé%ﬂ?ﬂs&oﬁf Ha§ Be b0 mttof‘a%ﬁﬂ o5 ok liﬁﬂe B? YWeight of the

transforne d particular cells such as root _
stem eompositioywthile ln:piuﬂ formmalations nmt}ugmemily(gmpxjse from aboutell% $0 abautio9llor
froma transgeni ¢ p]a

t .
t her e oMOFP e&cwwaedtl%?zgfwa@d F;ﬂ 3? 'P" ggmpnse 15 nmﬂ'eﬂ colgmﬁle. n
the P'W&%ﬁ?ﬂoﬂ?a@&ﬂﬁ‘&%ﬁﬁb’%ﬁ ous DNA ol ecul e not

y

origin resent a natrve, non-transgehic plant of the sane stral n.

T8e terns "Thehmgeticidal formulatiph anay baad:niﬂmtanﬂftorarpaktmhhnplanhw@argetrmta ires
been used in the art .as synonynous, terng define a pI ant whpose DNA
cont ai PR hmersaRRlisatoNas Rededurih armseleﬁeld. application iais per fisctare ranging on

1 ot il blof AR LB 4% (Plr 580 B I SIBUETRLESeR! 6/e Mim Bl Soo Pl ARG

from a Franaforne as berng a geni c

pl ant , 1000ig,tdiaif ﬂmﬂ@owmbo gao kbt B0O0 gherrmore of active ingredient. Vector: A DNA
nol ecul e capable of replication in a host cell and/or to which another
DNA segnent can be operatively linked so as to bring about replication of

e at hacheg SEARRlLrprion or TREBRAWINES S an exempl ary vector. 20

The drawings form part of the present specification and are included to further

demonstrate certain aspects of the present invention. The invention may be better understood by -
reference to one or more of these dréﬁngs’_iﬁ' combination with the detailed description of
specific embodiments presented herein. '
25 _
FIG. 1A, FIG. 1B, and FIG; 1C show the nucleotide base sequence of the cryET33 gene
(SEQ ID NO:1) and the cryET34 gene (SEQ ID NO:2), and the deduced amino acid sequence of
the CryET33 protein (SEQ ID NO:3) and the CryET34 proteiﬁ (SEQ ID NO:4).
FIG. 2 shows a restriction map of pEG246. The locations and orientations of the
30 cryET33 gene (SEQ ID NO:1) and the cryET34 gene (SEQ ID NO:2) are indicated by arrows.
pEG246 is functional in E. coli since it is derived from pBR322, and is ampicillin resistant



4.3 PROBES AND PRI MERS | n .anot her aspect, DNA sequence

I nf or mat hepgl ded by the invention allows for the PCTRG: i on of
rel ati ve*?%ﬁo&t DNA (or RNA) sequences having the ability to %Bé?ﬁ?l cally
hybri di ze to" gene sequences of the set ¥t ed pol ynucl eoti des di scl osed
herein. In these aspects, 25 nucl ei ¢ acid probes of an appropriate

| engt (AnipE). pThe abbrévimivas farthe restristicheermlonocleast: cleavegesiteschre as folloves: YR!=al

b se@epl, B = Baniy Slsorhgvas ﬁéﬁz“%‘a%fqé%%%@ WG brdamker hci a ot obbs <o
Shecr 1 al 'M@rauggg@x{.@ﬁa&dwa Bh the same sl Ot NSAALDE LSRS: SeGHSIFe

| ends them'parti’¢

| mpor pRG1YE. ke mmim aﬁwnbmumhﬂ the amzms Peile (SEQIDNO:1) %d 4 HIETIY

t he presence of 30 rg:l enentary sequences iIn aggl ven sanple.

In ceigeng (SEQﬂBdﬂﬁ’eZ)tage icated byl gmowsgpEGd 24Gisdesiv ﬁzgunpb!smxﬁ PEG246 (Fi6rs.
The SSSLBA S o e R BRNIET (A it Yt

PCT/ U Ofe d tetracycl tance [Tet" rted int
arrph%qslﬂr%ﬂ%r am ﬁnngea gf‘fl%é%mssegcr?eq fmge cerylsl,lt%lthep?‘c!)@éillrlmgeorfepﬁromB

t huri wcmgsss ﬁmungnal in both ER¢H and B. ﬂzanhmh.n.gyAbB&gmm aref the shmat @d those
crysti l‘Q{%tel n genes from ot her species may -al so be anplified by
PCR] ed®] iZag such primers. To provide certain of the
gglvant ages in accordance with the present invention, a preferred. 5
nucl ei ¢ acid sequence enployed for hybridization studles or assays includes
sequerdces tmcmmonorlLLvsmmwmheansat least a 14 to 30 or so |ong
nucl eotide stretch of ‘a crystal_ protein-encoding sequence, such as
that debwn SOMEBADVANTIGES OF THEINVENTIRN 2. A size of at. | east 14

Lo et T ARkl RoNB5) & LG LBalrh Sk BTG hackfcith Y ana
sel eCtaghinst B&lbﬂﬁbﬂaﬁinéb%t@ in6lud AIREAL, Yed OUISHURES 1dRae (Tr8b6TIunb basHardinn

greater t han bases in I engt aree‘generallygreferred t hough, in order
to i nendadgpanese beetler dprvapt P@PFH'% apenicq).1 y Bf tbmngmw dE A88t isontaing

h d d f f ¥
oo o Dieptai it oyl R EchesipE ol b identical itk BE Py F SRt Benes 8, g
gene- EHTIIRTE TW6 hoFel @y sthiexi gekés,! dbs%ﬂatébl%b@ﬁﬂﬁﬁi c/9ETSY SReleIGRd fREBT €

desired. Such fragnents nay be readily prepared by, for exanple,

di r ectBG2E58at H‘bslcmﬁ@ﬁ genef encgdes thend9-kiDa rxﬂﬁil crystahprotein, byd alpmlcnd-%ﬁ?#on

f | hnal ch
FechneBp sneraee Pt L GHET R ualgitin it GR T T5and SOETH cres) popisingy
by el &3G€10 128 V0 beetle larvak; Wlﬂv@&:ﬁﬁﬁﬁetﬁﬂ Jepihebe ﬁ&”ﬂ%rl&ﬁaé rom

reconbi nant pl asm ds cont ai ni 'ng appropriate inserts and sui tabl e
restriction sites. 20 4.4 EXPRESSI ON VECTORS -The
prese[}él nvention conterrpl ates an expression vector conprising a

pol ynutf eot PEEINITIONS the present invention. Thus, in one.enbodi nent an

expr essi on Tﬁ&fo@fovhﬁ% %r&%h}&g#eé‘{lﬁ've%& Hehﬁﬂ set forth blowr0! ecul e

conprising a pronoter operat I nked to a codi ng region that encodes a
Expression: The comblnatlon of intracellular processes, including transcription and

25 translation undergone by a coding DNA molecule such as a structural gene to produce a
polypeptide. |
Promoter: “A recognition site on a DNA sequence or group of DNA sequences that
provide an expression control element for a structural gene and to which RNA polymerase
specifically binds and mmates RNA synthesis (transcription) of that gene.
0 Regeneration: The process of growing a plant from a plant cell (e.g., plant protoplast or
explant).

Structural gene: A gene that is expressed to produce a polypeptide.



pol ypeptide of the present invention, which coding region is operatively
linked to a 25 transcriptionm-termnating region, whereby the pronoter
drives tWOW3¥cription of the coding regi on. PCT/US97/17600As used
herein, the term"operatively |inked" .ggans that a pronoter is connected to.
an coding region in such-a way that the transcription of that coding

region is cantralled.and equl at h I ter. MNeans .for
operati vel ;P W'ﬁ%f'ﬁﬂatémb’r M{)gﬁss log %‘@ﬁ%ﬁ%‘éﬁ%’#@%ﬂuﬁﬁe, €8x ﬁ&(ﬁﬁt"f’h .
the argd recombinant DNA mélBale)Pirth &f cell @BRép@Atin Whith! #aPERoSMBLs DNA is
expression of DNAs encodi ng 't he crystal ' proteins of the. present

i nventincorpomted infaa ehiomdasome oBiscéapable dfautonomions replicdtéon.ed host cell s

::2:% ld(ég? / 1 7Erpnsformed cellyDAggél}%v tse DNA has been altered by the inu'éductiélgpf _an

B. thuwy.ngi g, CFFE A B. subtilis, and related bacilli, w th B.
t huri %{o@%@(ﬁ%ﬁ?@&xﬁ% s%t%thét%l'ei ng highly preferred. Pronoters that
function i nThawgenicacdl: e Anyl delkderived or tegenarated ffom a transfoaedngsinoy derived
preferred pronoter for _the Bacillus crystal proteins_ include any of the
known from a transgenie gl Exeaplary;aensggnis sl inglude plans galliderived Spmra gansfermed

o el RCRR SR orTs ek B4 IGETAb, Vil o 0 UGRRRRY A3, e BARAR Gl
hand ofelg@btAns H6Rh franspesiopladt.expressi on-of the novel gene segments -

di scl osed herein. - In an al ternate enbodi nent, the reconbi nant
eRpr essi on Tramygeniceplandi dgplantorpsogeny thereof deriyed fiormea transformed plasteall or

Cuch. RIOIpSt SheFein, op BaToAA S RBCISTORPTeY. SBpasHBR AEan PN 26 on
r

in hi gl -ﬁx@ present in £0Rfi¢S HoRlrRisgbft Phint R 110 SRrnk A8Rin. NThe tGhds ARAsEUNE
Gram negat1 ve host cells are also well - known i n the art.

Wher e plantxqude4sinsformedt plant have sometimes tbeemuesed imthe art @s syronysmast terms to |
transforma pjant, a ronoter is selected that_has the-.abjli to

i e Gatiech BlaghwhaSe,PhA contBinS 7B eapecrionl DA maclpile: Honver, &t 1 tpneb smoge
akso wglilndeany d : hBd DIt BF ANtk SUiSinE® RRER atlSrol is
arke "&itn prggodfgf gptﬁhlgf&é?gsl? %%ﬁ?g?gmwfa?] synt het #%?pc?r?gﬁoﬁ%? g?‘as
descr i belbox protoplastak being aatansgehBlant, and that GkhgklwilltbedbllowddBégin. and -~ =
tenporally requl ated,_spatjal]y regul ated, and_spatio-t rally regul ated -
(Chau et al Yectaygoh DNA olcoulecapable,g grRlifstien ip @ selgglﬁ@ertf@dwmﬁ anpter
abl | 1 AN sBihéifilcah B8 opEARSLIDIHREA b A8to GEbd aborRteriation of (12 BAEHISepBR ' S
transcriptional activity to the coding region. Structural genes can Be :
dri venAbylasmid is an eRemplarevectaf pronoters in plant tissues. Promoters can be -
near-constitutive, such as the CawWw 35S pronoter,  or :
t20ssue- speci fic or devel opnental |y specific pronmoters affecting dicots or
nonoco ﬁ%ere the pronbter is a near-constitutive pronoter
such aé's‘gCaM&RQoBg,s‘%Nn%lr)lé' ses in 25 pol ypepti de expression are found in a
variety of {hanethef BEsecBNA segtiéieeSinfcem@tion pedvided by €@ inveesh allows for thed
root). Alternatively, the effects of transformati on can be directed to
speci f preppration of selaidvelyshort DNA (or RNA) sequences having the ability to specifically

hybridize to gene sequences of the selected polynucleotides disclosed herein. In these aspects,

- 25 nucleic acid probes of an appropriate length are prepared based on a consideration of a selected
crystal protein gene sequence, e.g., a sequence such as that sthn in SEQ ID NO:1 or SEQ ID
NO:2. The ability of such DNAs and nucleic acid probes to specifically hybridize to a crystal
protein-encoding gene sequence lends them particular utility in a variety of embodiments. Most
importantly, the probes may be used in a variety of assays for detecting the presence of

30 complementary sequences in a given sample.
In certain embodiments, it is advantageous to use 6ligonucleotide primers. The sequence

of such primers is designed using a polynucleotide of the present invention for use in detecting,



usi ng plant' integrating. vectors containing.a tissue-specific pronoter.
An exenplypd vsiidgegue- specific pronoter is the |ectin pronot ggwd#g@g&gis
specific for seed tissue. The Lectin protein in soybea S
encoded by a’"single gene (Lel) that is.3§nly 30 expressed during seed
maturati on and accounts for about 2 to about 5% of total seed nMRNA. .

The | eamplifyinghor mntatingcaidefinedi segmept ofwcxystah proteih gene frokd B. HRingienSis uaig

and us Lo.direct seed speci fic expression in transgenic tobacco
ol ant S ERakhgoEy) Seensate of BT FoaLprotpin Eopsb o other Spettes may also baD
98/ 134%%1£ﬁed %yPCR'-TM using such primers. | "

PCT/ US9 77 176( - - -38 -
An expr essi Do predde certain vfitheiadgarftageadh Bcordiihice withiBé Exﬁqﬁ&rﬂﬁ gde
of interest is engi neered.to be under cohtrofﬂgf' t he g@’toél%&?ﬂeh

p? oot Ricleis gcidrsequence; esmplpyed forhybridizatiom studiss anmssays includesseqgencéthat are

| f { ] thod (.Dhir et ‘al.., 1991). The : . -
oxpr osSmAeRERBAPIS S 1hd A0PY B AP 1T miefeotifd stesph of hickestal prvisin sheodisgs
of 1 hesdquarieg @aétc ab|thal shovin in SEQ 1D NOA! 4rASBOPT NPLANtA Yind BF oP1ERETY

i nvention produced froma plant cell transtformed wt

speci fmusl¢otides ir lengih helpsdp ensend that theafragmen dvill be o6 enffivienk déxigthl ey Thawad
from a,plant ell transfor with a different tissue specifie -

* pr omot &HPISUmslecule: el i poth s6abfe spCislertive pMplecules having pemplemeniary sequenécsc s
o) 1tragwk ofsRhd hter {HAh 4108 i | del ' i : '-

Exenmplary ti ssuée)é-i‘sepeci fi g4pr orm]?-g‘?l are éceggrﬁjlgz’g#grg%d’sﬂ;llorﬁgﬁefna%rgerlt°(’9§ﬁﬁseet

al ., 19shility atl selectivity of thettnybride aydi tiegebyaimtprbvé eg ghal a@h:deﬁﬂe%% speEificn
light h r.vestin cogpl.ex, ( |rrpaﬂn,' 1986), corn heat shock protein
( Cdel |h3§’t"dam9,e°g’§§5>j$'?ﬁé*a éﬁiu"fl Lenerally preferte desigy puclsie acid moleculemdavingn
ol : | By d > h s
(Langr 5 OpIfSitER Gréitned of, 146D fdiodhods N efoR 1aRBor G cocsiiady Sude
et al .fraghiéifly mayebeneadibh preparsd by ofer astngly/adirectly synthekiifg the ﬁ@ﬂgmg%%?fs) o
|

bgajm glycine rich protein 1 (Keller et _al., 1989), MW 35s  trans
¢&del | chemical ragang; by applicationnef pugleicoacidreprodudtivsriethnolegy, shich at 3RO PCR™ .

Pref er ) i f ' ~.mmsai ¢ Vjrus W 35S) .
or oot SeoRSBE B, Baltaks Fe8Sbs: i0bes 202, percil e rppnple By feerencs, or by
The cheicisingfeledied DN fragments Frons edcdmbisiht Plasinidy &InYai R,R,ga SR |
pol ypepti deg) . . .codi %1;1 region is opera?ild\?el y ﬁdnalé%iglg\ggge S{egl rectﬁn?/ on
t he fuvétableFestrigfignttesi es desired, e.g., the | ocation and timng of
protein expression, and the host cell to be transformed. These are well 20
known limtations inherent in the art of constructing reconbi nant DNA- °

Ol ec4.8S. ERPRIESSION VECTORS vector useful in practicing the present
invention is capable of directing the expression of the pol ypepti de
codi ng r egi be presemiiieventioncontgpwplates areexpressidrevkctor comprising a polynuslgotidel of
vector,g usef Li|. for. expgressi on of nes in higher plants are well known in
the arycPresentmvenfion; JtHus.in qne Bent SSHOR (VRELoT i/t isplatrdcandpurifie

f

pl asmi ONAf mdI; i ' | ; descr i ef al 987) .

Fowever . SBver el ot By O ot rrdiiely WIERF\ IR coifidPiinChaf bncogiy,

to furplypeptide ef ahe spresent uthiventigriaMiiEH toodingf eegiomnisr @peldEVEI9r HARSE obgd

gron’m et . . al .., 1985). Plasm d pCaMVCN (avail abl e from Pharnaci a,
scatFRREGIPYQIy teFRnaling JegipR. Whereby the prometep divesthatranseription ofNbe 365ding

Pr oMot hion, - | . . : | '

As used herein, the term "operatively linked” means that a promoter is connected to an

coding region in such a way that the transcription of that coding region is controlled and
regulated by that promoter. Means for operatively linking a promoter to a coding region are well

30 known in the art. ' | ' |
' In a preferred embodiment, the recombinant expression of DNAs encoding the ci'ystél

proteins of the present invention is preferable in a Bacillus host cell. Preferred host cells include



In preferred embodinents, the vector used to express the polypeptide

I ncl udes g&#ﬁ i on 30 marker that is effective in a pI ant cel I
pref erablv&' resi stance sel ecti on marker. One , ﬁ'lr Q1600 oir ug
resistance marker is the gene whose exp¥ession results in kanarrym n

resi st ance; I.e., the chinmeric gene containing the nopaline i
ISD >c/:[|1_'; B%Bé %hilbl‘; G%Eh.ﬂ.& , B.Tbgd1eraimiC B subtilis, and related baciMiDvith E3ﬁ&3mgzenszs host cells
phos prhsinghighly pseferred.( rR;me}erartuatnﬁpamqmm bosteriagee wellknove imthensd An

regi on _descri be

ol y eIy 0 e BEE-Promater fonbe Babie tDisal ol inclue anyat the known
pol ya C S. a dikgNAhe g;jmggs ce,thjv

base gﬁf Sﬂr%upo%éhhgt é%%?%]tsct #g}i;ool yadenyl at i onag?te sefggegta:‘)é th%yram nat e
t5 anscAltq:mauvely,ThmMgeMd sm‘qmenmbmant crystal q:reten'eérmodmg gmehpromotetasmay be
transcription- éyejr nat* 2 regio Those regions gre required for

ef fi mw é{’rﬁ‘/ 24R¢ Of AN AR |‘|‘§%dr 1% BEPIIS §§H§§$‘°RM tbﬁml gene segments
Means &Qélomlh”g expression vectors are well known jn the art.

Expr ession (transformation vectors) used to transform pl ants and
met hods of IRk GBefnbRSEmbediineht the fecbthbinant! egpressicitl of DNAs éncdddtigcte d¥pstal
4,971,908, 4,940,835, 4,769,061 and 4, 757,011, the disclosures of

whi ch’ proteinseb thsopresent ivention wypmiq@eénm FHemsformed (Fram-negative thagtetinay

18 e i os”af KBl or PreugofigE 365, b Heflo ERREEeS . Wich (FnPAGE G igh-tevel
oper at ixftakidn kit polypeptiiey i ¥ 8oli and othet CHRhERGYALGE moaom'a&s alsy Welld

or blunt ends. For |nstance conpl ement ary honopol ynmer 15 tracts can be
added knowmmlbnlmgegrrent to be inserted and to the vector DNA. The vector

d t t dDb d t
Compl erment aPYPoRS RESBPARPE peclor of&'e?piwgt"waga“’g‘eﬂg?vs”ﬁﬁé o Pl A .

A codi ﬁﬂnﬁcﬁ&' E@elh@@& IR 38 e AiRG 1 RIBIVE et Breiad, %ltaﬂﬁ Pobrnbles it fLiGA in
I nsecticid activity to a cell is prefera ly a CryET33 or CryET34

B5 t huplantsi- msalso oive;lls kabwprmt ﬁlenamncUshfnanexpreswehe Ipolypeptide iecplants are
enbodi nent s, ept. s.the am no acid r. e sequen

SEO | PRt ke R, Vil g Sonm e, Bt depeiied (Hosees SLahel 885
In acc e.
DN so g emeEaL ‘9§Eb“““%%°°°’““*’ rAHMAE, Bpilaly SR thd SRLORARIRL frgthoibd
al so p(Clereted, 19895 4.5 CHARACT ERI STI CS OF THE NOVEL CRYSTAL PROTEI NS
The present jinvention provides p pti that define. a whol or a
portion of 4 promoter ig alsq,§elecls g.l é@ré@ cgw ffewﬂen%eﬁbﬁ AT

ha a p e

20 47 el pIEHT S o é‘“%ﬂo i) %ﬂ@ﬁ@?ﬁaﬁ%ﬁg fEEE oo SRV 67
267- anhnariay of prefioters ¢n phind tissesa Fibmoters edicbid néard:omlitﬁﬁué auchas shoCaMV -

29,216 _Da. CryET33 has a calcul ated |soelectric constant a}f
35S promoter, or tissue-specific or developmentally specific promoters affecting dlcots or

monocots. | |
Where the promoter is a near-constitutive promoter such as CaMV 3$8S, increases in
25 polypeptide expression are found in a variety of transformed plant tissues (e.g., callus, leaf, seed
and root). Alternatively, the effects of transformation can be directed to specific plant tissues by
using plant integrating vectors containing a tissue-specific promoter. | |
An exemplary tissue-specific promoter is the lectin promoter, which is specific for seed
tissue. The Lectin protein in soybean seeds is encoded by a single gene (Lel) that is only
30 expressed during seed maturation and accounts for about 2 to about 5% of total seed mRNA.
The lectin gene and seed-specific promoter have been fully characterized and used to direct seed

specific expression in transgenic tobacco plants (Vodkin et al.. 1983; Lindstrom et al., 1990.)



equal to 4.78. The am no acid conposition qf the CryET33 protein is given

I n Tabl e WO 98/ 13498
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TABLE 3 . -38M NO ACI D COVWPCOSI TI ON OF CRYET33

Am no Acid # Resi dues % Tot al Am no Acid # Residues % Tot al- _

ﬁ' a An e)yessmn vector d(o'ﬁtaZﬂmg a codmg'-regﬁon that encodel'% polypeptide of fn‘ﬂeréét is
rg

Asn  engineered ta be under contrqigfhe lectin proxmter and that vec@pr is introduced u(tQ pis)nts'
oys - using, for exgmple, a protoplés@ t#xsformatlon preﬁmd (Dhir et aI1 ;991) The expréeis @l; of

dn (8.2)
au the polypepti e is directed spe%&ioﬁgly to the see(ﬁﬁff the uansgemc?ant (14 5) |
Ay A trajhﬁgemc plant of tbﬁpﬁé)sent mventloi rppoduced froma ﬁlant cell transforn:(eﬁ witha
H s

ile tissue specxﬁgpromoter can l{eacrgysed with a sggpnd transgenic piglt developed fm{nga piant '
g\g !s |d::, C cell transformed wnl'E Rr greﬁ H%sue specific promoter to produ%é a hybrid transg%ég ??e)nt

Ar onat itRat shows the effdct¥\6f ﬁan?foﬁmtua'ﬁ/ in more than one specific tlsgﬂe (10.0)
Hydrophobic (Aromatic + Ile + Leu + Met +- VaI) (30.5

| n anot her eﬁvmplmntssusﬁmemm@nmonrgmwrmy@m la@’mtaaled 99

2o o i atoani NERo Bk YvoReEel Al TP hh bt TREREHRE ook iedh,

cal cul alogg), i A ﬁé‘attrdhﬁcﬁgiraﬁem( ROe1Pfer 7y E1IGRS),1 Pea small éhb&ﬁu iHBPaé&E&y%bd

corrp05|t|on of the CryET34 proteinis glven I'n
98/ 1349Boulsen et al., 1986; Cashmore et al., 1983), Ti plasmid mannopme synthase ﬁﬁﬁgh@?éﬂdﬁoo
-41-

1989),' Ti plasmid nopaline synthase (Langridge et al., 1989), petunia chalcone isomerase (Van
Tunen et al., 1988), bean glycine rich protein 1 (Kellér et al., 1989), CaMV 35s transcript (Odell
.5 et al., 1985) énd Potato patatin (Wenzler ef al., 1989). Preferred promoters are the cauliflower
mosaic virus (CaMV 358) promoter and the S-E9 small Subunit RuBP carboxylase promoter.
The choice of which expression vector and ultimately to which promoter a polypeptide
coding region is operatively linked depends directly on the functional properties desired, e.g., the
- location and timing of protein expression, and the host cell to be transformed. These are well
20 known limitations inherent in the art of constructing recombinant DNA molecules. However, a
vector useful in practicing the present invention is capable of directing the expression of the
polypeptide coding region to which it is operatively linked.
Typical vectors useful for expression of genes in higher plants are well known in the art
and include vectors derived from the tmnor-indﬁcing (Ti) plésmid of Agrobacterium tumefaciens
25 described (Rogers et al., 1987). However, several other plant integrating vector systems are
~ known to function in plants including pCaMVCN transfer control vector described (Fromm et
al., 1985). Plasmid pCaMVCN (available from Pharmacia, Piscataway, NJ) includes the
cauliflower mosaic virus CaMV 35S promoter.
In preferred embodiments, the vector used to express the po]ypeptide includes a selection
30 marker that is effective in a plant cell, preferably a drug resistance selection marker. One
preferred drug resistance marker is the gene whose expression results in kanamycin resistance;

ie., the chimeric gene containing the nopaline synthase promoter, Thj neomycin



TABLE 4 - AM NO ACI D COWPCSI TI ON OF CRYET34

Am no Acid # Residues: % Tot dl " Amno Acid # Residues % Tot al

Al a WO 98/13498 (3.9) " Leu . 4 PCTUSYINIEHP3 1)
Ar g . 2 (1.6) - Lys . 8 _ (6.3)
Asn 6 (4.7) =39~ Met (1.6)
Asp ‘ m,%s}- -trans

os phospho erase II (nptll) a.%mg négaalme synthalgg) ?’enon lated regxon descnbed (l%og% b}
Gn o104 (3.1 ser - (7.1)
Gu - (10. 2)
Ay RNAl polymerase trq.q;cm es a codppg DNA sequence 3through a site (\Qhaq
:_I: Z polyadenylation occurs. Té%eaiiy, DNA ces located & few hundred (bai pgjrs

g@ di c downstrean% o &e@(@éﬂenylanon site serve to temnnate transcnpnéﬁ Those DNA séqi;én&% |
asic rg

Ar onat iace refe(rBﬂletome'Eem &s lem$cnpt10n-temnnauon regions. Tho}se regions are requ@ted ﬂt}‘

Hydropg%(Arorrat I C'?‘F-Ey . {5?‘%? M‘il(}“RNA?gThe i n\./ent oﬁgth/e |
arbi trari |y 389960 drdifaridl Sebto¥d bfe WA ilovm! 31 he. e Expr
& nveﬁt | i&ﬂ t

novel proteins of ew se, e arbitrary de5| ghatio

cr y ET33tramsformnation3ectors) usemaymah&maphhtgrmﬂ tretlidde ofomakinguthbsd tveam‘sdare
sequences whi ch_encode t hese ' respectivel For mal

1 gnidesartos 14 & S Mop o B LEBE. 0815, 4782.061 9Ra e 7,01 e isclostres of
ROTENG| G G OGS el B RRAOL 0T3S TN B ol A5SAF Lol

conmtt nonen ure of ringiensi

syst enelfetck ¥n 6¢cosdanty whth thé prdsagtiivertdoncr ystal - - proteins. The
inventors contenplate that the arbitrarily assigned de3|rﬂgat i ons of the.
present A varede rafi metheds IhaBeb@&pé'F"ﬁ!‘HSé Eyopmtlmlm link; DN vion veetorsr wa

TRANACERPEIRDAAS SSRIRR Rhnini Pl s Fob TRORIeET SREPIBIEAT h CRHR

bast er iypets anyRisddedeb the BNA 8éimét/tb beGhseftd and to theVéckdreDNAR MTheWrddtorQind
or nore expression vectors conprising a crystal protein-encoding gene
WO 98/ I3N@ssegment are then joined by hydrogen bonding between the complementary homopolymeric

PCT/ USQ?[ 176f%rm recombmant DNA molecules. : : - -4z
A coding region that encodes a polypeptlde havmg the ability to confer insecticidal

activity to a cell is preferably a CryET33 or CryET34 B. thunngxensm crystal protein-encoding

20 - gene; In.preferred embodiments, such a polypepfide has the amino acid residue sequence of
SEQ ID NO:3 or SEQ ID NO:4, or a functional equi\}alent of those sequences. In accordance
with such embodiments, a codmg region comprxsmg the DNA sequence of SEQ ID NO:1 or the
DNA sequence of SEQ ID NO:2 is also preferred.

25 4.5  CHARACTERISTICS OF THE NOVEL CRYSTAL PROTEINS | _
The present invention provides novel polypeptides that define a whole or a portion of a
‘B. thuringiensis CryET33 or CryET34 crystal protein. _
In a preferred embodiment, the invention discloses and claims an isolated and purified .
CryET33 protein. The CryET33 protein comprisés a 267-amino acid sequence, and has a
30 calculated molecular mass of 29,216 Da. CryET33 has a calculated isoelectric constant (pl)
equal to 4.78. The amino acid composition of the CryET33 protein is given in Table 3.



segnment are further aspects of this disclosure. A transgenic bacterium

yeast ceglo !ﬂ@ cell or- pl ant derived from such i ansformatl on
process Of ? ogeny and seeds from such a transg are

al so further -enbodi nents” of the invent#dn. Means for
transform ng bacteria and yeast.-cells are well known in the art. Typically,
5 means of transformation are sim | gagig3 hose well known neans used to
transform ot her bacteria or yeast 'such as E. toli ‘or Saccharonyces
cer evi si ae. Met hods for DI\lAAW&QQfQBﬁQMEQSI'UDMBGRYEB3 cell's include
Agr obas et B3 on,
gene © i ; ! #, injet 5 FYE %uct’f’?@%rgans

i Nj eCt{ I Tt O T TGt UT & EMT Y8,y artd— —partistehonbeat Aat—+Each of
theseAr%t hods hasi stinct- a nt ages a%d di sadvz!l%t ages. - ﬁﬁéj ~ one
parti Agar net hod ®f mtrodqqyp genesLyit o a pagsicul.ar pkgrg) stral n may
not necessarily be the nost effective for anothér plant strain,  but
it isAs | known WRich nethdds2are useMet for. a 3 par(ild)l ar plant.

strain Ther e many pet hods -for.introduci transform ng
DNA séb"f?ent s into lgel l's, bute(‘ﬁ@t ﬂ"s al1l ar eagw tabl e {gg!)del i vering
DNA t | ant cel | sp Sui t abl t.hods a%ﬁ, bel i evegyto incl uq

virtually any nethod by mhlc can be |ntroduced into a ce I, such as by
Agr obd&lner i um i nfecti(@6) directSarel i very 22 DNA sucii8®, for

exarrp by PEG iated tr or mat i op, of protopl asts. (Om rulleh et
by dg§Sccat| on/ ?@%%l tion- i at ed DRRA upt ake,

eI ectr oratl on, agitati th sild4gon carbi fibers, accel eration
“of DNA@‘?oat ed par ??cl es, %” etc. | nﬁ)certal n ?n’bodl ment éwgccel eration
nmet ho@isare prefer3ed and i ndl.le, forTyxanpl e, 214§ m cr @) ectile .
bombardnent and the |ike: Technol ogy for i nt roductl on 'of" DNA
into d81s is wel known to (t@@se of s¥al| in th&3art. 8.6)Four . gener al
met hods for delivering a gene into cells have been descri bed (1) chem cal
met hods (G aham and van der Eb, 1973; Zatloukal et al., 1992) (2) physical

met hoggci@iech as - (AspHoGhj)ect i on ( Capecchi, 22980), F0.0ppor ati on
(Wng _and Neumann, 1982; Frommet al., 25 - 1985 u. S at ent -No. _
5,384 B%® and the genelAf@tk¥®hnston and Tang, 1894: Fynaf7éd) al .,

1993 viral vect 1993; Lu et al 1993; Eglit hs and
Ande%son 88a; 1988 §+(’E“BalpPyr) (4) recept o? medi at_eg(m&iani SNB
(Curi GHycBbpliﬂblc waiomam.@newame#maaval) 1992) g2 (3asy. 1
ELECTROPORATI ON 3 The application of brief. high-voltage _
electric pulsestoavarlety of ani mal and pl ant cells -l eads to the

f ti " qf t k
iroetly In SRIRGEHRbAdERE, B8\ Fienthn ASePay Axth AAER %eg@"@)' 8d B
PC'rI]'/S 689 /E‘}?g rotedf. T TR CryEPSd Ibtet comprises a 126-aminhG &8/ s@éﬁ&'ﬁe an_d 4§as_ a

menbr aakutaeh crodertdart ass afcbh§2aDacsThd calculetedfisbeiectsio rpeh'zt (PDesft COET34t ison
can be tremel : eftLC| e be .used bog r transient
expr es%f%n a’Ei;Gr?é’éd %ﬁg{] FH%F&EIBFH n ab e4.



cell lines that carry integrated copies of the gene of interest.

El ectroporation, in contrast to o cal ci um phosphat e- nedi at ed

t ransf ecWOA¥13#8 prot opl ast fusion, frequently gives rise RCIGANI76G0nes 5
that carry one, or at nost a few, integqated copies of the foreign DNA

The introduction of DNA by nmeans of electroporation, is well-known to those
of skill in the art. In this netfgﬂiEgertaln cell wall -degrading
enzynes, such as pectin-degrading enzynes, are enpl oyed to render

t he target reC| pient cells mmosyenﬁoombngnmmmmtl on by
el ectr ;

|
made nAmnemmdapt |#)R581d06810 %Tomhnsfoﬁmmpo%ﬁldbﬁ ithaesi ca¥ Tetaindi ng. To '
effec 25 '

friabl &12issues s or kb S»Ogem c

cal l'us, Iter nat i v one npy.transfor |rrmat ure ryos or. .
A’% e@tﬁ/ o L¥s | g | |(y&§)2 |

ot her ©Organi zed ti ssues dir woul d partia grade t.'he -

~cell .walshs of the ghosen cel(&7py exponag them t® pectin- pepding .
enzynes . (pectol yases) or nechanically wounding in a controlled nmanner. Such

cells Wspld then 1% be rd8-B ent toPINA transfér by el ecé3dporation,
whi ch be carrl d out at s- st agey_and . transfor cells then
i denti ﬁiyéd by a s tabI e sel g)l on or gﬁ eeni ng p?ot ocol degéghent on the
natureqyh the newy |ncorpor@gg;i DNA. Ser 4.g.2 M CROPRRIFCTILE
BOVBARDVENT 20 A further advant ageous nethod for delivering
transf &wi ng DNA skgnents t o pbhant cel Thr i1 micropro(l®R)il e

bombar nt. Int |s nmet hod, ticles y be coated with nyglei'c acids and. .
del i veigg into cellls by a pr(ongl i ng faﬂﬁ Exerrp}sary parti€§€§ i ncl ude

t hose gggprised ofy jen go pI atin and the |7§e ' '
An advant age of m croproj ectlle bombar nt ~i'n addition to I't"being an.

ef fect illee neans 258 of repf@d)ci bl y Mahbly t ran3f or ni ng neASYots, is that
neither the isolation of protoplasts (Cristou et al., 1988) nor the
susceptibility to Agrobacteriuminfection is requi red. An illustrative
enbodi of a delivering ‘DNA into ge cells ccel eration
is a Blrm{itﬁlstl Cs n?klgﬁqé@zrtl cle Del i-very, System Whl ch can?%‘ used to _
propel Bmicticles daaged.yshth DNA or cells 10 hrough a(3®)een, such as
a stainless steel or t ex reen, onto a filter surface covered with corn -
30 P@“&ultur(gbe”‘ rﬁd‘sf)@' sion. The screen dlkﬁ)erses th 4p%)rt| cles so
that t reci pigpt cells rge

aggr ega es (%?Mlé@éﬁ‘h ha elé-'-shg?te*-ey%nt er venﬁg bet vvee?btba

projectiTe appar at us and the cells to be bonbarded reduces the size of

projectil es aggregate and WO 98/ 13498 _ _
PCT/ USa#é 17QI§QMENCLATURE OF THE NOVEL PROTE]NS -44 -

1 Foren onierbeRolt ARG RbRRRT AeeRl b5 URRERN @yﬁ’%&w&t@wﬁﬁaﬁe

For t heyRepaiélA® BF theCitvbritidn) BHEREERS usmm%t@ar? 'debighaidng FAUIFENST AAEEnET34
filters or solid culture medium Alternhatively, inmmature enbryos or

ot her thavecheenedssignadiyto bibe enavgh gudleim acid| sequences which encode these polypeptldes

|ls are

respectively. Formal assignment of gene and protein designations based on the revised
nomenclature of crystal protein endotoxins (Table 1) will be assigned by a committee on the
10 nomenclature of B. thuringiensis, formed to systematically classify B. thuringiensis crystal
proteins. The inventors contemplate that the arbitrarily assigned designations of the present

- invention will be superseded by the official nomenclature assigned to these sequences.

4.7  TRANSFORMED HOST CELLS AND TRANSGENIC PLANTS
15 . Methods and compositions for transforming a bacterium, a yeast cell, a plant cell, or an

entire plant.with one or more expression vectors comprising a crystal protein-encoding gene



5 culture nmedium The cells to be bonbarded are positioned at an

appropri aye sghsfegnce bel ow t he .macroprojectile stoppj
desired, one or nore screens are al so pgsitioned between t?b‘iﬁlsmn?-kﬁo

accel eration‘device and the cells to be*donbarded. Thr ough the use of
techni ques set forth here- In one may obtain up to 1000 or nore foci
of cel smmm dunther aeptpntsgeﬁﬂngdaclmuﬂee rA gmnsgenﬁmctenum, yeasn&l, phint ¢6ll b

in a focu gng 'gln the e enous gene prqduct 48 hours post- 10
bonbar 8%t e6'va P atign py, °%§§e‘?fa§\? proggny and seeds from such|a
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are t h&&ans R Bnationare similasite thpse el Duown means used ¢o Mansfoﬁn other bacteria

Py oF ok Jedit Sl SORScol Bl ahb el ot FHholE sR DIk, P 'rta?q%%gio%%sam
i nvol veeld indfadé DiErabadéridh-nstidted Rk’ Safhna BR g?&tgf, ﬁf?ew a& gene,

bonmbardnment, the osnotic adj ustment of target ce
t r aunm transfer intoepplien, injectignt intd eepedubtive torgansg injéctiont into mmuh&ecémﬁrbes and

H o BettclobbiRel Ao s th3e B3 Hodhas fistnct sdveptaes Fshdisaantagss cThUS
| BRe Phﬁi&lefr%etﬁb@ 6f ﬁﬁlfddhc gé ALOIS G Q{/hc\%fag I‘ﬂ%ﬂg%g%ﬁj:gg? \1}\§f ﬁ%c&gsa&ly b

Accord| ngly is contenplate at one

bonbar dmma effective for anntherrplaritrstraimg bt itds wellstnotirewhich rhethbis et isehial Fof e
condi tions. ma ,Rart icularly wish to adj ust physi cal paraneters

such a?a'é’&ﬂlaéhp flight distance, tissue distance, and helium

o yi g com?@?"gﬁ*;é%ﬂ*ﬁ%?& g R TN R =

reci pi elitare esuitablarfir delivdringeDNA 5 plait Q:ellflf ISuétabie methods ard belisvea! t8BihtRe
d integration effloﬁl encj es._For exanple, the osnotic state, tissue

dr at | dmy method byhwhichJONA eancbe Fﬁﬁ%‘umd into |a csllc seckoss by et grebagiramt

gtelhlef Fout né a(f ustgl(rilrveér? fmﬁ% \/\fﬁr eé ﬁlSs y Ionq‘atFa%f%E’%%%{’g‘P&f )

art i npttgplastsf (omaunele&e nél., d1993)p by elesi@Ehtion/inhibition-mediated \BINA/ &&é}?@ by
PCT/ US97/ 17600

4.7.3 mlerkpperation. by agitefionrwish sitigenmerpide fibers, by accelera&l@n(ﬂfdﬂﬂArqoatadl]mmcitsed
t f f t roduc
bl ant £l | In eettafiC ehpRBRG AcfeiFUROR ToRbn, el RetTielondly Bhciude for coraiiple,

t20er ebynityopasieitilg bombardmenhand@edikeor regeneration of an intact plant from
a protoplast. The use of Agrobacterium 5 medi at ed plant int egratl ng

vectors to ikechuploge faNptrodiction lofMNAdntosceils isvatll-knoemrtoithosehsf skill in the art.
o 18095 Eeel et T W ey ) g it FeU e %enaéiﬁgedam&%@p&;@;,
' Leﬁésﬁﬁdﬁmﬁiﬁ?‘%é’??é’ﬁ“&i‘“?”ﬁ%?’&‘%?r@%%ﬁé% 5@ physical SRs e
i s microirgeetiony (Capseehic d980); clectroppiiation (Yéomgnand Netasmnn] 1982 Brinshnamil, et
1?6@5, I}O s9Bakal N%. 5?3J84,253_) and the gene gun (Johnston and Tang, 1994; Fynan et al.,
1993); (3) viral vectors (Clapp, 1993; Lu et al., 1993; Eglitis.and Anderson, 1988a; 1988b); and

(4) receptor-mediated mechanisms (Curiel etal. , 1991; 1992; Wagner et al., 1992);

4.7.1 ELECTROPORATION
30 The application of brief, high-voltage electric pulses to a variety of animal and plant cells
leads to the formation of nanometer-sized pores in the plasma membrane. DNA is taken directly

into the cell cytoplasm either through these pores or as a consequence of the redistribution of



10 1987) . . Modern Agrobacteriumtransformation vectors are
-.capabl e 0&6 Liggation in E coli as wel | as Agroba(é%?fmgﬁpnﬂol OW ng
for conveni ent mani pul ati ons as described (Kl ee et al.,

Moreover, recent technol ogi cal. advances4¥n vectors for

Agrobacterium nmedi at ed gene transfer have.i nproved the arrangenent
of genafierab@ne esmpontrits that atcempaniesvhosurcofithe pores! Eledtiopotation Tan be extremely
construction of_ vectors capabl e of , expressing vg]pl ous pol ygeptlde codi ng

genes. cffieienicandysan be used bq%&rrmm Rwasssorbp nes gengy pnd fon
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)

£r ansgaPRarRy SEARIPIE °ﬁ§“’k§*§o°oa£ spBie cehs Brlxpoiles them g posti-dgrading

typical éﬂtymes (pectolg sk Poimechanically SvaiRbmedn adatreeDIRARIE Susl eklls wamadRei C
plants can be referre to as_being heterozygous for the added gene.

Hd%everbe recipinnicty BINA dwnsfer bMeelvmqporme maishy 3y beyearried put at this stage, and .

\AVC::)T? ?J/Sé ;'ng%mfd cells then identified by a suitable selection or screening protocol dcpendejfx% on the

I Mpl i espdti® JFRS REW] ?ﬁ&oﬁoﬁmmnt ary gene at the sane |ocus of the
second chronbsone o pair. of chronpsones, and there is no such

gene in a pIant cont ai ni ng one added gene as here, it is believed

that a- Yo e ch | ant is an i ndependent segregant,
because ICRO @dﬁ%ﬁ' mgﬁgne segregat es i ndependently during
Mpposi s and PEfiphe? advantageous method fB‘PH@ll\R-EﬁEQfah%nhﬁxg%NAa&‘gﬂféﬁtsCtoﬁhﬁﬁtcells
that is honbzygous for the added structural "gene; €., a transgenic

pl ant t isamomprbmtlk-. Yombaxdiiext. darthrs methed, particiest mah be saated mothumicisic ecidh and

chr onos a chromysone hono tra em C t can be

obt ai neg‘geﬂ?red nto c"g'éx}Walalpr H%l ing OSel éi\‘(‘F f gﬁ{e 5‘? &gmppised of

transge t [ single added gene germ nating sone
L

of the se analyzing the resulti ng pl ants produced for 10
enhanced car Boxgdvantageof micioprojedtie bmbmvdmm;omhduhhoﬁ naitibeing an effective means
ngon-transgeni ¢) . or an i ndependent tl}q? nt. transgenic pl ant

if

| 231 s t of Frpreskigily stably ranstormipe Mmoppets, mecrs atipm of prtoplpsts (@rdstou
rrat ed t? : B Oqggg ! nor_the 519; %ét%xh f@ﬁ?&%ﬁzﬁ? lm‘tlbﬁ'qg R‘gﬁkﬂ%t ' Yan illustrative

segregati ng’ a exog gerfes.
embodiment of a method for delivering DNA into maize cells by acceleration is a Biolistics

Particle Delivery System, which can be used to propel particles coated with DNA or cells
through a screen, such as a stainless steel or Nytex screen, onto a filter surface covered with corn
30 cells cultured in suspension. The screen disperses the particles so that they are not delivered to
the recipient cells in large aggregates. It is believed that a screen intervening between the

projectile apparatus and the cells to be bombarded reduces the size of projectiles aggregate and



appropriate progeny can produce plants that are hormzygous for both added,
exogenous 15 t hat  encode a pol ypeptide of intere - Crossi ng
to a par‘é{ﬂt%gag‘gﬁsant and out-crossing with a non-t.r%%ﬁ%%@’%’f’ant are
al so cont enpi at ed. 4.7.4 OTHER TRANSFORVATI ON METHODS
Transfornation of plant protoplasts can be achieved using nethods based on
cal ci wiRy2ébntributh a6 R BigheP fregudncy Vi teimsfopmation by redecify yaahade’ RAidtBD on the

el ectroporation, and conbinations_of - these treatnents (-see, e.g.,

Pot r y kepipient cells by pyojsctiles that ane tap large085; Frommet al ., 1986; o
Uchimya et_al,.,,1986: Callis et al., .1987: Marcqtte et al., 1988). .
Aopl | cati OB he hAEBRKpERL, el 3n sfmesiER Ao praTiraly cBperoudisd.anlcrs or solid
abi I i di NPV, Srminkilre Ry 6 drHithe i &dllsdhdy B¢ A ts.
IIIusrtcylél{u?vnée n%ttnho s for the regeger atton 25  Of cer?ea‘fysﬁfrom p%’?%% asts
& e desalhturelmedi@un. | Theicellscto bel hombbédtd ard positianatd attancdpproprixdEdisténcabielow the

et al., 1986; Abdullah et al 1986) . : _ To transfaqrm pl ant

st r ai MACTRIPIcEkl ROPRIRE Pifte: oY desired, ang nx Maors SETeeRs 85 alscpositioned betweencdhe

oxanp PR BB HEAeF i ! b B B hotiBiiaB Db P wfet ihpbles st S il
can bgn ohé esdycebtain Gie ¢ 100®6r déee fdci of RS trahsiently exprésditigtd fiarker pahé. The

gun" or high-velocity nicroprojectile technology can be utilized. (Vasil,
1992) number of cells in a\focug/mildglyexpress the exogenous gene product 48 hours post-

PCT/ US97,17600 -47 -
L?grng H%hﬂ’ ?’fttgﬁe?mﬁfoﬁ%tax},todﬂﬂd§v8’3§?ilé%l?’through the cell wall and into
the cytopl gaMbombardmeédft &ARfciHatidhe ofk MmAH! bptithize! ﬁﬂabﬁwmme&ﬁﬁﬁggd
(Klein et al., 1987; Klein et al., 1988;. ) McCabe et al., 1988). e
net al cpnditions eandodhet bembardinent giaramstensato |yigldr theofmaximhm amthberauof stable

Zl\i/:E!I'OW t he trahsf r{ﬁ@lﬁgn!.of. 5%&@?‘@%@# tissue gi.%ltoaat SEI- ent are-impoftz'mst lBy
tr amftﬁfs%élﬂjo?o Ui RNl Btérs Gfé those s ifvolde Rlaaul&fild me%ﬁh/ﬁi&@ﬁeﬂbﬁ f@ant.

cryET33 nd/ or cryET34 gene-containing segnent, the expression o

" the ermecipitate oy thade thabaffeat the flight and velocity dfagither itld macxos toxl misragprajectiles.
pol ypept | de ving Jnsecticidal,activity agaihst cqle erans)-.can 10

Posul Iiolosnl Heiproraas il rhs ol bimatpyRam of cof vehore sha Satesglinigly o
exanpl % _ e . o . .

For " der S8EbARA dhy S6mall, BGALARDE PPt oolls GUNTHINIRL: LAY iPERRT, |
mar k erwitly borbarfmerin) and alspdhe nature of the trasfermding MNA, phchnas Linddrized DNA ars
wheat or corn cell s using et hod ch as_ particle . bonbar dnent _

( Madddatecksupsreolied qyasmigh i lsga?eﬁavss? thag Pr5-bpRbardment manipnlasions 258 egproially 1 5
M Crony 'togtg}dritog%xéc@&éhf@&sf&ﬁfaﬂbﬁB?ixﬁﬁ%ﬁeemﬁﬁ%@.sge”' ¢ plants are then

regener

Accordingly, it is contemplated that one may wish to adjust various of the bombardment
parameters in small scale studies to fully optimiz'é the conditions. One may particularly wish to
adjust physical parameters such as gap distance; flight distance, tissue distance, and helium
pressure. One may also minimize the trauma reduction factbrs (TRFs) by modifying conditions

25 which influence the physiological state of the recipient cells and which may therefore influence
transformation and integration efficiencies. For example, the osmotic state, tissue hydration and
the subculture stage or cell cycle of the recipient cells may be adjusted for optimum
transformation. The execution of other routine adjustments will be known to those of skill in the
art in light of the present disclosure. |

30



transf.ornmed enbryonic calli that express the insecticidal proteins.

The for ' transgenic plahts nmay al so be acconpli she | ng_ot her
met hods”ﬁég@ﬂ%s transformati on whi ch. are known in tﬁg&l&h’%y{f% as -
Agr obact eri um medi ated DNA transfer -45- (Fraley et al., 1983).

Alternatively, DNA can be introduced into plants by direct DNA transfer 20

i nt o pplzlen AGRBRMCEERIBM-MEDISPED TRANSFEIP87, Luo et al., 1988), by injection
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or by di r ecdgraljasterivnmstiatedatiansfer iha widelysapplicable systemyfiort introducibg \genes
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PCT/ US97/ 17 §8demn Agrobacterium transformation vectors are capable of replication in E.“goli as
achi eved by nmethods well known in the art such as describéd (Horsch et al.,
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of a sglection agent and i.n.a diumthat . Lnduces the regeneratign
of ShoBepYER, B teridopicelpdyaness T vl foreAErgb ot BESiateR, e, opter
al ., 19?@ improved the arrangeltn® d3' P&féiuﬁrﬁl sl ¥itdy fduR S\reﬂbggta Biciifthe -
two to ftour nt hs and those shools are : then transterred to an

dSpr opcomtmmctiomof ivediors aapabledofl sxpressing wanapst frodysepitide tdiodingagenes. aFhd eectors

antibiagtic,_t revent pacteri.al growth. Shqqts.that roofed ipn the presence
of t he dewsribed ifﬁeeegaéhf'}it {987), have%Peml?ﬂtaﬁﬁ it ea%m%éiw&#%ﬁx mm&rtaaﬁ _
soil o = ch gl eodi . '
o oceda oD EnIRGNE Aol drbl CpfealloR U ihicifd PoIypeRidt coding gened BAF e sutable
vari at femngresdht purposesi glnvealditidn) clgnobactérfien eortaining both armed and disanhed Thhsnes
the regenerated plants are self-pollipated to provide honozygous tranggenic
pl ant s palaéoedu%eéugget&e mgx@m@mr vpsthose, plapt ﬁP'B@F aVpeEg 4sre§fl€tﬁréum-me3ated

, . )  cal Ly
Aot SAREgRaRH & cEhO AT he fethod of chORE HlARLI AR Sha BEAARARAR o
of thoslge gdfieardnsfek. | i nes is used to pollinate regenerated plants. A

transgeni ¢ plant of the 15 present invention containing a desired
pol ypept i de 4gobegteniymmariliated ntransformationof | legfodisky cand other gigsuesk puchechsi n

the art : LG .S 4N tion thus ha

e 2 oo Sppacor RGER B et Ak ok APSRH i SRl Bl

the Cr Ygpobidierpim dedddted NkRisfSrinatiOn Pise infst REfidiea SHCdicStyRidenéus plafls. Few

| ndependent segregant and can transmt that gene and its activity to its

50 genymonkcotsr appear to be natural hosts for Agrobacterium, although transgenic plants have been

' produced in asparagus using Agrobacterium vectors_ as described (Bytebier et al, 1987).
Therefore, commercially important cereal grains such as rice, corn, and wheat must usually be
transformed using alternative methods. However, as mentioned above, the transformation of
asparagus using Agrobacterium can also be achieved (see, for example, Bytebier et al., 1987).

30 A transgenic plant formed using Agrobacterium transformation methods typically
contains a single gene on one chromosome. Such transgenic plants can be referred to as being

heterozygous for the added gene. However, inasmuch as use of the word "heterozygous” usually



20 preferred transgenic plant is honpbzygous, for that gene, and
transm t sydbgisegne to all of its ) of fspring on sexygleailh Seed
froma transger#c pl ant may be grown in the field or H'elrgreé*l‘)ﬁg‘hs

and resulting sexually mature transgem4§’p| ants are self-pollinated to
generate true breedi ng ptants. The progeny from these plants becone

true bimpliisrthe presesce ofd complementanagen at the same Joous ofthe w8oondf cheorAdsehfe of a
|ncrease_dofpgect|0| dal capacity agaj nst col eopteran i nsects, mgr eferably-in

25 osomssy and there s ngrsueh, geneinraplant containing; oneaddeth generasdhers; it
cont enpy @é]ﬁv&@ﬁia’c%}}? ot deeiidle nagge, for su gﬁ\ﬁgﬁﬂt%aﬂwﬁ&p d gart | Cglb%gau%te Iﬂllé t_y

in the creation of transgenic onrer cl
i ncl udaddedy exdgensus pére ggﬁga%mdwaﬁienﬂ%aﬁﬁngﬁmsis aﬁéﬁﬂe%(ms oats, a variety
of ornamental plants and . vegetables, as well as a. number of nut-

afd fruit- bM‘Prlerlyequ@éslS arfeensgenie plant thay is hogrozygousXakmieadded structural gene;
The foLI ovm exanpl r ncl uded t m)nstrate refeyred enbodi ment's of
t he d Hpnspenie plent ﬂta?gﬂsﬁff{? Bee ﬁ%?‘ﬁgweanw S FAMR | Ippus; op

art t hghrolfiRo ﬁﬁcbﬂ'a%lﬁ%nﬂb&ﬁé%ﬁd | A HoMozygous transgenic planweag %éaé%d by

PCT/ US97/ 17600

exanp| ssxualy shating QSelfmg}epm mdependbnt kagreganﬁtrdmsgemi\tqﬂaﬂ that doRtainsw singleradded
t he |nvent|on and t hus can be-

function well [n t e 0
consi d8FR% &esn%ngs.smeeofpﬁhase%f 4\*55%@4 gralyzigg the resulting,plentseprogyssd fer |
g0 ke eatn} e Skl e s b Gt SRS TS 5F hP kB, <

whi ch eeg'eghmu‘anm@ﬂdntstl Il obtain _ alike or simlar result-
wi t hout departl n fromthe sp| rit and scope of the invention. - 5.1
EXAVPLE 1 - Iyisde BR'P Niffersg) ansganig plants can also be mated:rtmprqsﬂuse -

| t the U S ,
yp caP e, iy %‘?%’g‘e bRy B EBHE PBE Bodelbos geles [ Sy SR
spr ead approp@ate grbgémscdnOprodice plants aha!die lhBﬂio!jréBiﬁ' foBP®6iH added! é’)@eﬁ&lsoék'n

as described in United States Patent 5,264,3 cl ohed
ckdy | | | HhagepeoderpokypeRtidernfiintesest-t Becls:rcwlgsm@ammmlmmnglm:ossmg mdthna

E62158P°9kno elﬁgésjplaﬂtgggﬁ%é%gmgﬁgﬁt?% (1988), and the cloned cryllIB2 gene,

former gene of B. thuringiensis strain
E&4961, described in Donovan et al.,. 1992, were. used as probes in
col ony bridi zati on procedures. The cryl Il A gene probe consisted of a 15
r adi oaét{“/el W%Mswmkﬂmmﬂ'ﬂmibal DNA rest riction fragnent as
descri bed i

1988, The. cryl| J B2 d
of a radi oaﬁr?’%szo ’a%’e?%ﬂlaﬁt ﬁ“%‘?l%? Famybs ac ieved ?’gﬁi"ﬁﬁ) er%g%‘(;rgglfl R
dgscri bﬁssphateDgfb@mﬁnsﬁ gély_ethixféa@ gy_&ﬁ iR, Ry gbﬁﬁbh,oandﬂ BmBHALiBRs of

were perforned as descri Patent 5, 264, 3
Appr ox these dreatments 03eBae gl |Resrykyp et oadl, 010855 Taroretf ak t Y9850 UlFroom pet dals t 1986;

S N abol U B RN ) 0, e ,
Apphcatlon of these systems to different plant strains depends upon the ability to
regenerate that particular plant strain from protoplasts. Illustrative methods for the regenerétion
25 of cereals from protoplasts are described (Fujimura et al., 1985; Toriyama et al., 1986; Yamada
et al., 1986; Abdullah et al., 1986). | |
To transform plant strains that cannot be successfully regenerated from pi'otoplasts, other
ways to introduce DNA into intact cells or tissues can be utilized. For example, regeneration of
cereals from immature embryos or ékplants can be effected as describéd (Vasil, 1988). In
30 addition, "particle gun" or high-velocity microprojectile technology. can be utilized. (Vasil,
1992)



crop dust sanple -fro,m G eece contai ned approximately 100

natural |l y-occurring Bacillus-type - colonies that hybridized with the
cryl 'l A WQI98/13¢98 | B2 probes. Anal ysis- of several of these PCT/US97/17600
natural l y-occurring, wld-type coloni gg7.ndicated that they were identical
B. thuringiensis . col oni es, and one col ony, designated EGL0327, was.
sel ected faoy, fur r.stu l.ngi ensil,s 2 rai GLO327 was '
deposi t ed oHSHBE @?erltﬁc%fm Mt’ igFﬂﬂéb?‘ tcﬁ@ A %Fgg{%plasm -
wth the d aﬁﬂles'\meéngéé; ein et al., 1987; KleinHASAHREL Y -
appr oxi mat eﬁhﬁ %SﬁBam |1 u -type col oni es mm 105 ¢érop dus?msarrpl es :
f r om vicCabe el‘ alal 9331)S The ene:hlsmrhc]es epeirate tthrougle sevataloyers\fl gells aind| thos -
crylllA.and cryl I B bes, but w thout success in identi fyl ng any
ot her -slhvam%maﬁpngfﬁ?}lﬁew@msm explantyenes. ' - _
t Ruringi ensi s st ra| n EGL0327 was found to be i nsect | cidally-acti ve agai nst:
the | arvae "of col eopteran insects, notably, the red flour beetle,
the bolls weRpttHOBE¥LOR Pﬁoﬂﬁeﬁf@mmektﬁsrmr TRANSEENRIPLAGE0327 di d not

have neasurabl e insecticidal activity with resPect to the southern-corn.
WD 98/ 13498By transforming a suitable host ce , such as a plant cell, with a fecombinant cryET33 .

PCT/ US97(,176

oot oY BR SORT36AeDr SRR B 1 SRESFiopRS e Sageded Y RrlpRIS Lif- &
hligﬁgé t ﬁﬁnﬁs b{eﬁdzﬁ

2228327 and S nuf:olkggt?rgﬁm ase ds?:aquencggse‘mwaﬁ %tgﬁg?m nedi%'?lhe cryl ? vy

-wrunca&sahlnyﬁleéomstlémuﬁmwwmm@mt&al with the first two-thirds of the

crylll A gen (descgl bed as the cr ene in Donovan et al, 19%?‘?l but dj d
not cont ai nBYhWay pfgxample, oneowgy ap £XprgEsien W‘it?‘Ac‘B’é‘ﬂBmgﬁ%p g Fre

cryll 1 ames cﬁ?’ rgr erid SlyStafHib8eR ond "a?@#?ﬁ)gn‘é@s‘électable mali g} td ﬂandf&n‘?ﬂ%u?ensmn

i nsectiCl otel n“and was not r-characteri ze
EXAVPL bf Zmbryénic/ plagiN ceHs, T siichlag\Gizh¢aA RorSEBSIT Bls GsingGaOfthod such as particle

To characterjze strajn EGL0327 [ st ud re co duct ed One st udy
was. 10 bomb pmwn@eaq@cshgra 1950 Vet ¢t o P4 We therPNA eosted e

vid h ag r tﬁé{ %En'e:@él?
des?erm%ﬁ‘e:%ﬂ(ﬁ%ees Ilg or at orre§lp(’)?n-{ te'e'lH\/l ?Hﬁémﬁg }%%eca the Pasteur
I nsti t gitafisfoftaéd émbﬂfommcalhiﬂmwprbﬁmpénseén&w@aﬁmsas det er m ned
according to nethods descri bed bi: de Barj ac (1981), and was found to

Baci | lus~  The fopmetiomef eansgeni g 2y glsg easwmﬂeahedpﬁ@almmlos d

%, L BT L e OO U, O e e R Lo

ser ot YI(Frald?ﬁ ayulL, hl983)$t Aﬁbﬁaﬁ@?ﬁﬁm B be Inlﬁg)diﬁ:yd int8)plant by directt DNA transfer-
kumanot oensi s (st r ai EG4961 cont ai nlgg @él 11 B2)., (Rupar et _al.

12301) . isc1pdlen Zéwe@ea{t,sl %83 Hess,s1983; Liugues Dsby mJecuorkgf theaPNA fintgj n

EVAL UATTRIRE v eb e A bty Kl 808 5559 Hrect infébrion of DivA g o bt -

vas f uriiehn@Vehbigbs dolfowsd 8y Aké éHydrdiibn! HRd&sictaiedl eribi9bs (Neuhdus R A111987;
These studies weré. perfornmed by gr oW ng EGL0327 'in DSG sporul ation medi um
[ 0. 8% Benbrook et al., 1986).
The regeneration, development, and cultivation of plants from single plant protoplast
25 transformants or from various transformed explants is well known in the art (Weissbach and
Weissbach, 1988). This regeneration and growth process typically includes the steps of selection
of transformed cells, culturing those individualized cells through the usual stages of embryonic
development through the rooted plantlet stage. Transgenic embryos and seeds are si;nilarly
regenerated. The resulting transgenic rooted shoots are thereafter planted in an appropriate plant
30 growth medium such as soil. |

The development or regeneration of plants containing the foreign, exogenous gene that

encodes a polypeptide of interest introduced by Agrobacterium from leaf explants can be



(w./vol.) Difco nutrient broth, 0.5% (w./vol.) glucose, 10 nM
Klerr]H 9810 vaKH[err]PCIerr] 1 mM Ca( NJ epdpesh %
MySq err 101 err]MMC [err], 10 [err MFesqerr]] The sporulate 08
cul ture contai ni ng 25 bot h spores af “crystal proteins was then
harvested by centrifugati on and suspended in dei oni zed wat er..
Cryst alchm/ed bynmetheds veal] kivivn e the anrsuch es slesqyibed i (blorssh @) ABB5Y.pdnehisand
crystal s

St Privadbirey reps{opiRbaih ot ST B resence B SeRA peent 8nq Bpe e that
g://\f / vo{m‘ae;br o eno?ﬁto?gﬁ]ﬁ&ts %&%Oéler rﬁnéﬁfte&gw%hgéd %‘ﬂe&rﬂyé& (Ftheé' et

sol ubigdzi,3e83)crystal proteins were size fractionated by el ect rophoreS| S
t hrough an acryl am-de gel (SDS-PAGE analysis). After size .
f% act i onat i Bhis proreduresypically mradsces shoatsi within yo to four menths mdrgmap shpots are

VC\%O ggftﬁ' egngefergP %o PA%plao%%'la esxl'o% B %\é\f}l% Itnh ;[Jmacon%gmgctixg Sselaectlé)er géeei‘llt nan8]c '

PCT/ USRiGibiotR38 frevent bacterial growth. Shoots that rooted in the presence of the selective a ent to
approxi mately , herer nafter referred to as the CryET33 protein,- and a -

mej or formsplantlets are thenotratisplantedatepsaik orwither ymddia kDmlloke thei mﬂuenorr ef eooted

to as fhe Cr ET34 pr ot solu |I|zed fromt e s | at ed
103 Fkse Fefeduces” vary “dependiSE Spon tbe egticelaye Sriplayed. weh Mangions
%y %%1!%%%3'1:50%15@1@5’1@7 were further 5 char acterl zed by determ nation

herr term nal amno acid sequences as follows. The spor.ul at ed
EGL0327 cul meaablgs thenegewerated pidnts ael selfrpollheited o bmfvi@rhmlzygohsr luiai&gmtb
crystal protejns were size fractionated through an acr%ﬁam de gel

SDS- PARENtEAS 41§Q‘§SCWOE9F &¥theryase, pollen ghtained fiom therregeneratediplants igerossed @

ni troc ﬁ_#ﬁ ?@h ni

Cr yET3§ %'W 3 andg{?éx%?{]i@w{ng?o e?’rﬁ : %E*M(g’gebee%‘l’e |°0°"!‘S’r§’581yo%’? ?gmt he
i1t erplasts &f Rose impostanl lideeds hyedstooliinige fdgendratetl Hlartd.t A CR58S iptart OF the
Portrons of .the filter contai nrg& t he CryET33 protein_and_ the

&P y ET 3erepand dRYemtiQe containing ajdesired palypsptide is e&@va% using methedewellHmown to
CryET3 the CryET34 protein were obtained in pure fornms as-

pr ot ei neo%cflgﬂ@&ﬁ separate pieces of nitrocellulose filter.

"The purified fandpésd plaﬁt ¥ thisT 3veffiot @RSha80i RicR@ded AmBLSICEH a Woding region
nitrocellulose filter 15 were subjected to a standard aut omat ed Edman

degr adétg oncprasaelithabengodey e Cry polineptide plintarest. A preferrgdransgenin plantif a1

acid sg uen e of each praqtein erm uenge_of _
the G oA Aok et f g oot Boavity 15" groRa "B 1
b 12 felrfbd ﬁm@eﬂa@ piéntli3 hozygous for that gene, and transmlts that gene to all of its
GyllelleAsnll NAspd ul | eAsnAsnTyr Met Lys uVal Tyrd yAl aThr ~20

( SEQ | ¢ff$y@min®) on sexual mating. S¢rd fiem taetrmsgamlcsre\qmem b¢ grown Gnythe3field or

E;Otlgl gxgolglso%feéo ' V\Ql L %ggtgalltyomgture transgenic plan%s are selllf-pahnated to g8ener%te t}'ge

(T/r;dr V?I B¢ediRB Yhntsr 'T*&%B}Béér@%‘&ﬁﬁﬁé@érﬁ&ﬁ@vé@rﬁ%yﬁ?@dﬁ ¥RéLthat are e\zaluaéed
NG 6) for, by way of example mcreased insecticidal capacity against coleopteran insects, preferably in

0.5 MM

11

25 the field, under a range of environmental conditions. The inventors contemplate that the present
invention will find particular utility in the creation of transgenic plants of commercial interest
including various turf grasses, wheat, com, rice, barley, oats. a variety of ornamental plants and

vegetables, as well as a number of nut- and fruit-bearing trees and plants.

30 5. EXAMPLES
The following examples are included to demonstrate preferred embodiments of the

invention. It should be appreciated by those of skill in the art that the techniques disclosed in the



The anmino acid residues listed in parenthesis bel ow the sequence of the
CryET34 protein represent potential alternative am no acids that my
be preseWO8A3498e CryET34 protein at 'the posi ti on i HeIE8Y743600
Alternative am no acids are possible dge-to the inherent uncertainty that
exists in the use of the automated Edman degradati on procedure for

det er nd ni : ; : ) '
a1 gor FEAREs RABCE AT ARty (ool ERUNRASFEY the ioventor to Agetiol WAll il he
sequepgRdicofoft the invhtich; anddthis Wah3¥e pondidéred toi ¢onstitite) preferrell aeudes foe tsOf

all B : WD 98/ 13498 L _ ] L
PCT/ Upsactice.c dfpwever, those of skill in the art should, in light of the present disclosgxe, appreciate -

t huringi,ensi s,crystal .or in f ; he. | nve S _ane e J ngl udi.ng N
| SRRl SAEL b bRl b S 0 o AL RS, .
publ i $had drididfaaekil Withbitl RpadtingSrorh Wit A ®ope of theRabedBibn,aPp! i cations;
or issued patents.” A list of the crystal proteins whose sequences have .been
publ i shed along with the source of publication is shown in Table 5. 5 .

TABLE 5, . - B. THURI NG ENSI S 1) PROTEI NS DESCRI BED | N
THE LISFERATERIMPLE 1 —- ISQLATION OE%JWWNGENS’S%E’QH Source or

Ref er ence ohtai o ' +hBtok. 4 Dood
De0: Baba. 5P dulst Xa?r%l;@/%x\lfgs_obtmned from various sources throughout th% a@'%a@, 14
Cr y 1A(tgpically grain storage facilities. The crop dust safiples wet6 1r289d afid spread on Gt Phates to

Nucl . Acids Res.,. 16:4168-4169 Crybleg_ .
Nicl . ipelatgdndinidual Baciffysrtype colonigsasdegcribed in United States Patent 5,264,364.

Appl . Envir c%gqgﬂ%% peoned jfﬁljﬂéi'f / known S the AP gene of B. thuringiensis strain

Nucl . Aci ds” Res.,

Nucl . PGRIS8, described §n Boddvan er al.,{1988), and the cloned cryllIB2 gene, formerly known as=PO
358 557 A2 Cr\élF . _ L J. Bacteriol., .. |
~ 173: 39becBdiiE gene of Bophpringiensis strain EG4961, described in Donovan ef al 5932, veygussl 28
? y\B/i & palpgﬁn in 28135“% 6Ey|§%')d/ization prﬁeglérﬁsm ‘I%%/ %:% gene pr%é’ 2c'g‘nsistéd of a
J5 Baciagioastively JabkledGho kbHindlll-Xbkl DMA restriction fragment as described in Donovan et
FEMSM crobiol . Lett., 81:31-36 Cry3A. ' .

Proc. alat1988acTde mllfmspn%@rqmeom@m{ of ‘a radipagipely labeled 2.4 kb Sspl DNA
Nucl . Aci %E R

hool | TeREERER TgneRte dgscribed,inDGhdvR 24 al., 1992. (Flye golony bybridization procedures
U S Werkfrfofmed as described in U. S. Patent 5,264,364, - |
- Approximately 43,000 Bacillus-type colonies from fifty-four crop dust samples from
20 various locations were probed with the radioactively-labeled cryllI4 and cryllIB2 probes. .One
crop dust sample from Greece con_tained'apprOXimately 100 naturally-occurring Bacillus-type
colonies that hybridized with the cryllld and cryllIB2 probes. Analysis of several of these
| natufally—occurring, wild-type colonies indicated that they were identical B. thuringiensis
colonies, and one colony, designated EG10327, was selected for further study. B. thuringiensis
25 strain EG10327 was deposited on December 14, 1994 under the terms of the Budapest Treaty
with the NRRL under Accession No. NRRL B-21365. | | '
| Subsequently approximately 84,000 Bacillus-type colonies from 105 crop dust samples
from various locations were also screened with the radioactively-labeled crylli4 and cryllIB2
probes, but without success in identifying any other strains containing novel crylll-type genes.
30 B. thuringiensis strain EG10327 was found to be insecticidally-active against the larvae
of coleopteran insects, notably, the red flour beetle, the boll weevil, and the Japanese beetle.

Strain EG10327 did not have measurable insecticidal activity with respect to the southern corn



WD 98/ 13498 . PCT/US97/ 17600

-53 - WO 98/13498 TABLE 5 (CCNI' | NUED) qﬁiﬁ%@s&f ein
Source or Reference Cry3C 50 nviron.

M crobi ol ., 58:2536-2542 Cry3D -V Gene,

110: 131- 132 Cry4A Nucl . Acids Res., 15:7195
Cr y4B rootworm or the Colorado potato beetle undermise My r@ﬁdlﬁogmﬁsed A gene, des1gnated

81 J.
Bé c'|[3 gﬂ‘ g;w]ﬂ Hégai 01 lgo(fra\éé cfrom strain EG10327, and its nucleotxde basq\/geq;@nce

M cro.
AT det&ni:lﬁéé Thd Z‘tj@!])ﬁ%&ed gene was found9 /bf é‘}%gxc&wga the fﬁQt %6 %‘hx 8% ofthe
J . Baccrarﬂil.élgene (d’etcﬁhéﬂ 85the @ry@Q@eRe in Donovan et al 1988) but did not contarﬁ the ﬁnal
Bact eri ol d174 549- 37 Cry201T635 WD 95/.02693
517one-th1r of the cryllIA gene. The truncateq] cr)é@ﬂ gqnpcqfcstralm_ﬁg}mszzg)rﬁgcadmm

WO 94/21795
BPOAEW"E} &yﬁiw&em and was not %%ﬁ'?%"???‘&r yAB78100kD

V\D 94/ 21795 Crybt pgs1208 _ EPO 382 990 Crybtpgs 1245
EPO 382 990 _Crybt s02618A ' ~ WD 94/ 05771 CryBui bui
WO 93/93154ESAVEPEE 2 - EVALUATION OF THE FLAGELLAR SEROTYPE OF EGBE327687 Cr yETS

PO 238, 441 CryHD511
8' g g 3523623 8@%{}%&%fttam EG10327 several studies were congu tsg % was
Qoy! Plperformed to characterize its flagellar serotype UThese B R%&ggﬁg%g{s GryPSL7B

JP 6000084 CryPS17A

U. S. 5, 350787 flageliariserofypesfstraimEG10327 was determined in the laboratory of Dr. M. -M.
Lecadet at the Pasteur Institute, Paris, France. The serotype of EG10327 was determined
according to methods described by H. de Batjac (1981), and was -found to be Bacillus
thuringiensis kurstaki (H3a, 3b, 3c). Previously described B. thuringiensis strains contammg

i5 crylll-related genes were found to be serotype morrisoni (strain EG2158 containing cryllid);
serotype tolworthi (strain EG2838 containing cryllIB); ahd serotype kumamotoensis (strain
EG4961 containing cryllIB2) (Rupar et al., 1991). EG10327 represents the first B. thurmglen.s'ls
kurstaki strain that has been shown to be toxic to coleopterans.

20 5.3 - EXAMPLE 3 -- EVALUATION OF THE CRYSTAL PROTEINS OF EG10327
Strain EG10327 was further evaluated by charaeteriziﬁg the crystal proteins it produces.
These studies were performed by growing EG10327 in DSG sboru]ation medium [0.8%
(wt./vol.) Difco nutrient broth, 0.5% (wt./vol.) glucose, 10 mM KZHP04, 10 mM K.HzPO..,,. 1 mM
Ca(NOs),, 0.5 mM MgSO,, 10 uM MnClz, 10 uM FeSO,). The sporulated culture containing
25 both spores and crystal proteins was then hervested by centrifugation and suspended in deionized
water. Crystal proteins were solubilized from the suspension of EG10327 spores and crystals by
incubating the suspension in solubilization buffer [0.14 M Tris pH 8.0, 2% (wt./vol.) sodium
dodecyl sulfate (SDS), 5% (vol./vol.) 2-mercaptoethanol, 10% (vol./vol.) glycerol and 0.1%
(wt./vol.) bromophenol blue] at 100°C for 5 min. _
30 The solubilized crystal proteins were size fractionated by electrophoresis through an
acrylamide gel (SDS-PAGE analyé'is). After size fractionation, the proteins were visualized by
staining with Coomassie dye. SDS-PAGE analysis showed that a major crystal protein of
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Protej n WO98/13498 Source or Reference &JE%US”’“‘DS}

WO 95/ 00639 - CryP18 -51- V\D 95/ 00639

CryP66 WO 95/ 00639 - COryPS33F2 .

V\D 92/ éﬂ:} %Da5 Hé?éinM referredCio/ BSAROCryET33 protein, and a major crystal
273, 746 WD 93/ 04587

Cr yPS ﬁﬂ:&m of apprommately 14 kDa, hereinaftexprefemred; 39 7as the EPOETS4, pootein were

CryPS 5 WO 93/ 15206 Cryps52A1 - i

0’s. aos ?°mth°SEP9¥ﬂ§,%%§Gw3z7 culture. - Do 92/19739.

- CryPS69D1 |
V\D o5/ 02694 The 29- IEPa S&%E}JB protein and the 14DR CryET34 pfotéin of E%ﬁ%ggv%@%nh her

Cisy PS8 ¢hatacterized by detemnnatlon of their NH,-teimifial &miti63cid BequencesCay mmwm The
EPO 405 810 EPQ 401

Cr y PS8 spaulated EGI(B%? culture was incubated “’WB splubjlizatipn buﬁ'er@rﬂ:ggyp d crystal
U S 5,273,746

Oryps8 €ins were size fra%&?a?gdl{brough an acry%mlge geg bér7sép§ IeAGE analgg?p;l‘&b% rPQ

EPO 40%yefe/ Fransferre@f¥difi 8ié\kel to a nitrocellulose filter by standard elédtroblotting Géchafues.
CryX FEBSLett.,- 336: 79-82. . CryXenA24
WO 95/ The4ryET33 paoteiry tand the CryET34 protein that had been elecu-ob{qu tonthegfiligrowere

035 Fisalted oy, teining: e SHF o SoBuiBhie SR8 BfioRt s A B,
_tgg}’ 5;28%‘99%§ protéil Ald BeCHETI4 Ip?&eﬁi Weetbrcited Witifa RazoPblade. In this manne¥@e
PCT/ USTHYETBB @rotein and the CryET34 protein were obtained in pure forms as proteins blotted onto
* separate pieces of nitrocellulose filter. | _ _ |
The purified CryET33 and CryET34 proteins contained on pieces of nitrocellulose filter -
15 were subjected to a standard automated Edman degradation procedure in order to determine the .
'NH,-terminal amino acid sequence of each protein. ' |

-The NH,-terminal sequence of the CryET33 protem of EG10327 was found to be:
i1 2 3 4 5 66 7 8 9 10 11 12 13 14 15 16 17 18 19 20

GlyIleIleAsnIleGlnAspGluIleAsnAsnTeretLysGluValTyrGlyAlaThr
20 '~ (SEQ ID NO:5)
The NH,-terminal sequence of the CryET34 protein of EG10327 was found to be:
i 2 3 4 5 6 7 8 {9 10 11 12 13 14 15 16 17.18 19 20
ThrVal'TyrAanalThrPheThrIleLys_PheTyrAsnGluGlyGluTrpGlerlyPro
(Ala) (Asn)
25 _ (SEQ ID NO:6) _

The amino acid residues listed in parenthesis below the sequence of the CryET34 protein
represent potential alternative amino acids that may be present in the CryET34 protein at the
position indicated. Alternative amino acids are possible due to the inherent uncertainty that
exists in the use of the automated Edman degradaﬁon procedure for determining protein amino

30 acid sequences. |
Computer algonthms (Korn and Queen, 1984) were used to compare the N-terrmnal

sequences of the CryET33 and CryET34 proteins with amino acid sequences of all B.



- 55 - EXAMPLE 4- CHARACTERI ZATI ON OF THE CRYET33 CRYSTAL
PROTEI N OF %}%ﬁ) : I't had been previously det eig.&g%yg t the
68- kDa P4 otein of EQ159 (referred to as the einin
Donovan et at., 1988) was toxic to Cold2ado potato beetle, but no

protein had been identified in the strain which had | epi dopt'eran or

di pt er ggrmgienyiscyystdl proteins of which i invexidrsofte Wvard! Richidnth fh&%@@pﬁnces of all B.

thuringiensis strain E&158 by curing of a 150-NDa lasmd from
EG2158thutisgiensiscrystal proteinsiiwhich have besgpyblished 18 scientifid diteratuae, imerﬁmmaB

except that EG2159 is nis 1 resent, in EG2158.

e © vBAER, appliFations, Sr FsgLaieaty, Aditten thy SHEA SEPteis dYhose gedicesssihave been
pr ot ei t was cloned and . .- °
Sequen@m%ﬁﬁé%%@@k?%gﬂPfgﬂag%gfgggg?F§ﬂ§9§$§€1%%Eﬂﬂegy the i nventors: 10
(Bonovan et al., 1988). A mnor protein species, a 29- kDa proteln of -

E&159, was not further characteri zed. - This exarrple
describes the characterization of th| s FABLES CryET33 crystal protein from

R

suspen@ypeaPPotem!| ai €d culture of Sourcto¥ Referenge al N1.NY SPOF €5 p| us
crystal proteins in protein sol ubi-Iization buffer at 80[err]C for 3 o

mn. TQeykA(aybilized crystal proteins Jdiel €hem.,[268c6264+6202d by SDS- PAGE
and prote in the - SDS- PACGE ge [ i.syal irzed by staining with
Coomasg:ﬂé{‘%@é slices containing t é%ogé"lg’ kDa protein were cut. out
of thecfﬁ% GE gel ‘W th a razor blad ein was separated
fromthe gel”slices by standard el ect reco;e u??%gg’{d(%edur es. These st-udies

resul t GylB a purified pr epar atNm‘i Aézdklkes CleBETEB4p6Dt ei n: from B.
thuringiensis strain EG2159. NH2- TERM NAL SEQUENCI NG OF THE
29- KDA EIN 25 The NH2- t@#fiﬂaﬂsgﬁfnbﬁéeﬂb sequence of the -

purifi ET33 protein was determn t
S?Y](E 'gpffhe ﬁﬁﬂ ?‘x""%jhmpor |on of t he

degr ad on. The am no acid sequence 0
29- kDaQpyre@)n was determ ned to. be: Nucl Acids Res., 18:7848 4 5 6 7.8 9 10 11
12 13 14 15 16 17 18 19 20 . Met G IIeIIeAsnIIeG nAspQ ul
| eAsn CzpiD TyrMet Lysd uval Tyrd yAI a Nucl. Acids Res., 18:554FQ | D NO 7)
(SEQ TR Mg® . . EPO 358 557 A2
-CrylF _ : J. Bacteriol., 173:3966-3976
Cry1G SR FEBS, 293:2528
CyV - WO 90/13651
Cry2A J. Biol. Chem., 263:561-567
Cry2B : J. Bacteriol., 171:965-974
Cry2C | . FEMS Microbiol. Lett., 81:31-36
Cry3A _ Proc. Natl. Acad. Sci. USA, 84:7036-7040
Cry3B | ' Nucl. Acids Res., 18:1305
Cry3B2 Appl. Environ. Microbiol., 58:3921-3927

Cry3B3 U.8.5,378,625
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Dashes (w 1?39 tion 12 indicate that this am no aci d residue could not
be determ ned for the  CryET33 prdtein of EG159. - 5.4.3
RESULTS 5 . Conmpar i son of the sequence of the CryET33 protein of

EGL0327 (SEQ ID NO.5) and the TABLES\{(¢ONTENUEDR sequenc'e of the'
previ U?ﬁﬁ”é@g@gue” Zed 29-KDa protgéd}céapmy@enes al., 1988)"

observ
29- kDa Ap;d.tﬁmmrwi Micobid. ﬁﬁﬁﬁ&@ﬁtﬂcal to

NH2- t g_ en
the CryET33 proteln of EGL0327, with t E&'&éi B of an initial
met hi oG@ry@D (Met) residue present in th 3%3 ‘B 8tein of EGR159. 10-

55 EXAWLE 5 | SOLATION OF A DNA FRAGHE CRYET33 AND .
CRYET34TY#NES FROM EG2158 AR d555 ove, strain EG2159

was de@' @él fromstrain EG2158. Therefgpe,30§g&958 cont ai'ns- the
identical gene for the CryET33 protein, hereinafter referred to as the
cryET3%rg40e, 15 as strain EG2159. JiRackriale 166:8048}ET33 gene. reverse

genetics was used. A 33-ner 0. (desi gnat ed WD68)
encodi §gY4i no acids 1 through 11 of tﬁgﬁac'zle"oel Hkﬁéﬁ%’?@ﬁus of the CryET33'
pr ot ei s synthesi zed. The sequence @fpidD8fickes, 6:1211-1217 S

5 -AT TTATTAATATTCAAGATGAAATTAAT- 3" (SEQ I D NO 9) 20 VD68
was usqg{-yngm)pr obe in Southern hybri dWQ94a3785udi es as descri bed bel'ow i n
attenpts to identify a DNA fragnent fr%ﬁ%% that contained the cryET33

gene f @ry33@kD 29--kDa CryET33 prot Pal. DNA was extracted from"

EG2158 t andar d | ysozyme/ p t‘qu 49bss7ext ract ed DNA was
"gest SRR - JeBatteript |

di gest DNA restriction enzynes H ndi'I'i™and EcoRl, and the
di gest. was size fractionated by ¢ Batrerdphdi7ds549-33% ough an '
agarose gel. The DNA fragnents were bl otéed @@gﬂhe gel to a : _
ni troceCly@DbEE3Y il ter using -~ preWw b5 scri bed net hods ( Sout hern,
1975), an he filter was incubated wt 0 gLge} eoti de WD68 t hat
had beeﬁrygégl oactively labeled with T4Jﬂgﬁgsﬁglcgﬁdh??grr -[err] P]ATP. No .
uni que 7a@siriction fragment from EGP356y853 Bdund to which the W68
probe 3 specifically hybridi Zed. A different appr oach was
then us@tyAR78QRFify a DNA restricti oW UYAEIN that contained . “the
cryET33. g 6-mer oli gonucl eot i de i gnat ed V\D73) encodl ng
anm no a rﬁ 86%& WU%Z{%S

CryAB78100kD WO 94/21795 :

Crybtpgs1208 EPO 382 990

Crybtpgs 1245 EPO 382 990

Crybis02618A WO 94/05771

CryBuibui WO 93/03154

CryET4 U. 8. 5,322,687

CryET5 U. 8. 5,322,687

CryGei87 EPO 238,441

CryHDS511 U. S. 5,286,486

CryHD867 U. S. 6,286,486

CrylPL U. §. 5,231,008

CryMITS JP 6000084

CryPS17A WO 92/19739

CryPS17B

U. S. 5,350,576 and U. S. 5,424,410
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t hrough WP NH2-termi nus of the CryET33 protein was BERAUSSHIT68Q. The
sequence of . WD73 is: 5 -.54- : g
ATGCGAATTATTAATATTCAAGATGAAATTAATNNNTATATGAAAGAAGTATAT GG 3

(SEQ I D NO 10) wher e therkﬁfg(& fesponding to ‘am no acid 12
of WD epr-eseft—thr-ee—Rosre A6 : Re-—tesidues_were
used aWRRAEESEI | on (o encode the coPPWESANRAETER Rnown 16 anino acid
at po . T T P protern—+t nosi ne

considered to be a neutral igé,_ and neither pronoteés nor

hi nder €rpPI8li ng of DNA strands. ' WiDD3/00639 r adi oacti vely | abeled with
T4 kinase_and [[err]-[err] P]ATP and used to probe a .. nitrocellul ose
filter ®&i ni ng size-fractionated Hi Wﬁﬁf‘{éﬁaﬁ EcoRl restriction fragments

of 8 total DNA. WD73 speci §i brigi zed aHndl 11
fragmanryl(:) approximately 7.9 15 kbwqwlpgggﬁn%oéig’#gﬂignt of
appr oxiGrgps40Db. 2- kb of EG158 DNA. .  U,8.5279786 FEXAMPLE 6- CLONING OF
THE CRYET33 AND CRYET34 GENES FROM EG2158 - To isolate the

5. 2- kb QegBB43K r agnent descri bed in t heWO&3/04687 Exanpl e, a plasnid =

|'i brary_o ain EG158 was constructg i.gati i ze- ect ed DNA
EcoRl &&4’??@ on 20 fragnents from %@i@ﬁ@%’ﬁ@fﬁ . coli -
vect or pP§3gchThi s procedure invol vedw'd)rgghsz 6 ~obtaining total DNA
fromstrain EG2158 by cell lysis followed by. phenol extraction of DNA,

t hen diQyepsS2Ad the total DNA with EcoRU.8ed4849,2170on enzyne, ' . '

el ectrgph i ng the digested DNA .. through an agarose gel, excising
a gel _?’V@ég%nt ai ni ng EcoRl DNA fragnW§2ﬁ§ﬁ§ ng in size. - from
appr oXicgpepgsopst- 0 to 6.0 kb, and el ect | Rty 'he size sel ected EcoRI’
restri g’??on 92% fragnents fromthe a%?b%%%%?by i-ce. These fragnents
wer e mCrgps7M3 the E. coli plasmid  WO95/026040r pBR322, which had al so
been di eg%ed wi th EcoRI. The pBR322 vector carries the gene - - for
Arrp[errﬁgry 80Whe vector replicates in WO®3(160794 DNA |i gase and-ATP were -

added mﬁ%ﬂi&l% anm’ xture of si ze-sag%’gg%gétricti on fragments of DNA

fromstrai d of digested vector to allow'the
pBR322 GtgPS811IAX |igate with strain ECEPEB40sesIy i ction fragnents.. 30
The plasmd library was then transforned into E. coli cells, a host
or gani &PEé2g t he cryET33 aB8OA8IE 4 genes of interest as
follo ligation, the DNA m xtu i ncubated with an
Arrp[e\rlvr%]ryégggc% i host strain,. HB101, tﬁg?\éﬁ;lésﬁéen made conpetent using

CryPS81IB2 - -U.S8.5,273,746 o

Cryps81f _ o U. S. 5,045,469

Cryps8lgg | U. S. 5,273,746

Cryps81m] EPO 401979

Cryps86A1 _ U. S. 5,468,636

CryX - FEBS Lett., 336:79-82

CryXenA24 . WO 95/00647

CrycytA | Nucl. Acids Res., 13:8207-8217

The N-terminal sequence of the CryET34 of EG10327 protein was not found to be

homologous to any of the known B. thuringiensis crystal proteins identified in Table 5.



WO 98/ 13498 : .
PCT/ US9 7440/ §d3498 - PCT/US97A %500

standard Cadl 2 procedures. E coli HBl0J, was used as the host strain
because these cells are easily tTansfornmed with reconbi nant plasm ds
and because HB101 does not naturally contain genes _for B.

t hur i n§idens EXAMBIE 4 - GHARACTERIZSTHIEOF EAE CRYET3Z CRYSTALBROTEIN OB EG2158t

[ ansf or mi nlt PGPSRty RSt ol R BENHE o R bt of bRlsg efeed

spr eadgphs wcriecbrafaﬁ RRDoRevRENBL, A98B) Whs Bixit b6 oéra8d potato beeth HBubngt
at a tenperature of 37[err]C, several thousand E. coli col on| es grew on the

Anp- COpTCTlelTllhag b];agmdenaﬁ?dum%etram wMChéladécmdetengnmdlmaan activity. .
Pééfﬁéﬁt.ﬁe%b&ié%a?@mmm@ ME};’QN S S '%@é&bgswanmﬂpw@g@ |
{r ansr bibsmid FREHBGRLR (akitae/ & DoASvi'a 41,008, FEREE Rfehtich b AI0s°

of DNAeké mznsseam&wmaom plasthid prebemiin £G2158. Ongefitici ool dr)'stal '
hybridized to the V\D73 robe. One WD73- hybridi zing col on desi gnat ed
col i  proteins mdms@ Zk&%mee@-mﬁ@fy 1A protein, M@@ﬁq!ats& gnwerasodm

ET, Bl S e, TR S, e

H@158 (Dsnmamzmbsty Enaxdsb profleinQpeties!d POKIADrofeid 6EBER 159, WHOHG fufther

FIG 2. E. coli stral n EGL1460 cont ai ni ng pE&46: has been _
deposi tcl;araonenzcd he Agricul tural Research Cul ture Coll ect [ on R
Nor t hern Re onal [C. bor.at or RRL r4h

Budapest Tr ?e’ﬁﬂvfﬁ? §§??eoﬂ‘aﬁf‘¥'fégﬁ 8} ﬁkﬂa&ryﬁ Wﬂ&emﬁom |

nucl eotB(j Ens3E€AGRNse of approxi mately one- th| rd of the cI oned 5.2-kb -

EcoRl ragnent of pEG246 was deternined using the standard Sanger °

di deoxy nmet hod. Sequenm ng reveal ed that the 5.2-kb fragnent

ta| acent en reading frane di ng proteins : and in
t| C&e‘g? VBW ?’M ﬂ“ iéﬂgﬁupst ream open readi ng frame,, :
desi gnat ed pFong%s ?@f{?ﬂ%@ Werd' 2t ,;, ding a1 pbgh
mat ched t he NH2 l?’er gquence ' f‘ %@g ‘ngE protein o?
str ai nﬁm&mmmm;ﬁﬁﬁplufmndmmitmm gmtexn swubxhzatm buffereat 80°CHIBA

encoded a ei.n i Nno aci d seque atch -ter.m nal

am no dei i%ﬁ@ﬁb'glzai m}ema TR, S12¢ n 9%@%& and preignsdp the
The Qi f _
(rom t DS PACE JEHUER Fiublzch By ififly IR Coolielt (8! GdMIbed/odihifig 3Bt 29-
t DOiIr i ndkRaprioteih iveere dut dsut'BﬁldleeSBS—PAGE gel with a razdhbla@ddnd diprotein ohs séparated
cryET33 gene (SE NO 1) . and. t he deducedq?gm no ,acid 30, sequence of, _the

or yET33rgsndbeigsl 8&0@ bypstagdasd elegiraeitionpre uﬁsy Eitpse ghpliespesuligdoipna pyrified

gene ( SEEpigion SF B CRETYS pldein i f PhFHGAPRARORISE 01 {10 o

posi-tion 136 and endi ng at posi.tion 936 The size - WD 98/ 13498

PCT/ US97/ 17600 _ -59 -
542 NH,-TERMINAL SEQUENCING OF THE 29-KDA PROTEIN

25 | The NH,-terminal amino acid sequence of the purified CryET33 protein was determined
by automated Edman degradation. The amino acid sequence of the NH,-terminal portion of the
29-kDa protein was determined to be: | -

1234567891011121314151617181920
MetGlyIleIleAsnIleGlnAspGlulleAsn---

30 TeretLysGluValTyrGlyAla
(SEQ ID NO:7) (SEQ ID NO:8)



~of the COryET33 protein (SEQ ID NO 3) as deduced fromthe cryET33 gene (SEQ
IDNG1) is 29,216 Da (267 anmino acids). ‘Also shown in FIG 1A FIG
1B, and WO@E8/13$83r e t he DNA sequence .of the cryET34 BEHESY#¥I680 D _
NO 2) and the deduced anino ‘acid sequence of the CryET34 protein (SEQ
| D NO. 4) encoded by the cryET34 gene. <TR® protein coding portion of 5

bost | BRTES (I978 dosfen' £ Aiicle ke (5L hD b FARBNOL ORI Wb e T

pr otelﬂq(BaEQﬁrBteﬁ&ﬂEGassgleduced fromthe cryET34 gene (SEQ I D NG 2)
IS 14,182 Da (126 am no acids). - Conputer algorithnms (Korn-and
Queen, 1984; Altschul et al., 1990) were used to conpare the DNA:

sequenégé oim%ﬂg,rgyETSS and cryET34 genes and the deduced amino acid 10 :
- sequen yET33 and CryET34 proteins. to the sequences of all B

tjuri ngi ensCampadison of the séflithse aﬂdle@régq'éﬁ PEHtéihQif'BGHBZWSEQ IO )Rk S

are aware (desCribed in section 5 and | sted |n Tabl e -

5) andNih-tetminakssquencefdhe prdwqgsbemdnmmeé Zadcuaprmmﬁhbnman IaEaKBel%B)a

?ﬁgui&‘ie el piEod159 CrG B y GrsEQ IR MR gestsé)%we o U goeh sodpt the

sequenss.Pla frbi by EG31sPual ReRatTOMITHETS e o BN wi iR ckétplitn

relate nown genes or protelns séquence

of theoﬂaxyﬁ“ftw mm&nmpmmmwmmmzm dentity wth

only one known gene and the sequence identity was very |ow. The.
quence of -the cryET33 gene (801 nucl eoti des) was 38% i denti cal

\rllmuzlr]et) |des%erﬂ&sﬁ‘;rﬁ"§ E\I‘Aﬁwbpﬂwme ey (Eb%&ﬁa& ucé"a| sequ(eﬁc.(e)20

of the 20 CryET33 mmHﬁGﬁEﬁmmcﬁlssas found to have sequence
identity with only one known proteln and the identity was very |l ow

The conpl et AsaieseripedsbavestainBE259 wasdeived faan strain EGA58: diherefor7 EGR1AB

o a oot Hitehled Reff K BRSBTS Plclo isin R Elefef Tl B0 T
dgscri geduin &cms%ndro clone tWidrpEE33 gt Zelérbe Spemsti® RVas! aded! OXA C33-mer
protein. 25 he DNA seﬁ ence | medi ately upstreamfromthe

cr yET38ligenuslqotide, proke @e@g@gd 68) engading| @mina acidsc|ledhtopgh 11t of 1ths)
hed | | ]
or or v it etpisds o SR pteth P o/ helld The SEeRR o WDSBisi.onan

t he - CGenonme Sequence Database (Table 5). DNA sequences imediately
upstream from codi ng regions of genes often contain pronoters for
expressi on &-AT@G&AEEAMM@A@EMGMMMMM' (SEQEIIN®®) in no

nol ogi es bei ng found. . WD 98/13498

/ US97/ 17600 -60 - .
5.7 EXAVPRDRs JePREISEY SELEERIGHANNTERYEERs AR Ber bR low in
Experi ence has shown that cloned B. thuringiensis crystal toxin genes are
poor | y attempts toerdpntifyse DNA Eagmmitl fromt EGR £5® that rvohtajieldythe xqpy EE3® gene for the

nbi 4 th ET33
5B oot R S0 e we b, Bt BB TRy 5o
t i T
QSyEITg | gg#ggfpggxg&l%éﬂﬁd. ?hQ Q&ﬁ-h&e& PNASWadl Sl WilIDNRE ré"éuéﬁ?@xz‘eﬁ’il%
25 Hindlll and EcoR], and the digested DNA was size fractionated by electrophoresis through an

agarose gel. The DNA fragments were blotted from the gel to a nitrocellulose filter using

ﬂ

-

previously described methods (Southern, 1975), and the filter was incubated with
oligonucieotide WD68 that had been radioactively labeled with T4 kinase and [y->PJATP. No
unique DNA restriction fragment from EG2158 was found to which the WD68 pro_be

30 specifically hybridized. '
A different approach was then used to identify a DNA restriction fragment that contained
| the cryET33 gene. A 56-mer oligonpcleotide probe (designated WD73) encoding amino acids 1



capabl e of replicating in B. thuringiensis, a Bacillus spp. plasm d was

I nsert eq,, 533‘% (246 as 'descr’i bed bel ow. pPCT/USSYA7ERC | | US
spp. plasm 101 (Norton et al., 3?{ capable of replicating in B.
t huringi ensi-s and conferring chl oranphiericol resistance (Canferr]) and

tetracycline resistance 10 (Tet[err]) was digested with BanH and the

di gesteoyghasriof thaNH;-terntinist f theaCryET 330m@iein twi synthesizedhaTihe) eequence of
digested with BanH . The two plasmds were ligated together with T4 |igase
plus WD73isnTP. The Iigation nixture was then used to transform conpetent
E. coli DH5[err] cells. After incubation with the plasmd mxture . °
the cells were plated on agar plates containing Tet. It was expect ed
that cells which had taken up a plasnid consisting of pNNL1Ol |igated with
pE&46 15 woul d be Tet[err]. After |ncubat|on fo pI‘OXI rratel 20 hr

BHGATGAAALR falf

séver aATGGGAATTATTAATA Mﬁé?“& SATHG ”9.,

Tet - Plasm d DNA was i sol at ed from one Tet[err] colony. The
pl asmi & was di gested with - BamHl, and el ectrophoresed through an
agarose gel. The plasm d, which wa(ggdymmmp - pEGL246, consi sted of

two BanH DNA fragments of 5.8 kb and 9.6 kb corre&nndl ng to 20
pl asmi d\&)efé\ll‘tlmé&hr&nw’gﬁiéﬁﬁpondmg)aot amiloy acid Adsof 73n repapseot tb@@lmmes
shown in FIG B. thuri.ngi

t ransf @ﬂﬂé@l‘l@ﬁ? dingsips sesidugs e iS¢ abﬁ’éﬁgﬂsg e QHEGNSGS ’é‘ﬂ)}ml?‘%‘)

CL B SR HRGRL50 O REicinal Wiher W18 ?%Fgﬁﬁ’r’?%?ﬁ Rk
Bnd e 8 o “é‘e“‘??ff““né?é‘w Pt anindere biding o DR S dEan
pEGlZ46VDr7§nMr¥?é€Pa€8Y¢E \RbﬂF@yYﬂg{ df kin a&@‘@aiﬂ%ﬂﬁ CBPQ)n‘Fedd@s ipg?,l}ﬁ &d.
rBést ri éli?'%‘% %]ﬁé}%&m&d '%t | cal(ﬁj#'ﬁgﬁe(f %ﬁhﬂ%ﬂaﬂﬁ?ﬁn S fragments of

Cell's @Gﬁss%m Eﬁammrspeamm,: hybifiged poa LHzadlIbﬁagmdnwﬁ apprdxiinately) 7Gam
- at 22[err]Cto 25[err% until sporul ation anggﬁ | ysi s had
otEur r deb, and B ambeoRI fkagment o5 pprroximatelyx2-kh ofEG215 Ated that the

sporul ated culture of strain EGL1403 contai ned spores and snall. free

floating spi ndl e-shaped and irregul arly shaped crystals. The
crystalggr eSEﬁhM@ﬂE 6h0ER.oNRSE DY SHEEHIETS3 AND cersznan FRoMEG2158 of
strain EGL032 WO 98/ 13498

PCT/ US97/ 176])0) isolate the 5.2-kb EcoRI fragment described in the previous Examplegp plasxmd

S t al deb f t
EG1 1aodilgaz of & Fraft BEH158 VR cBgethisid by Cigfile, Sk RActil B, FeoRl | @totion
wgghed @ e:WS tfﬁnﬂl St EGQISI@hﬁé th@'B coli vector tPBRI2 | Ehlsspt&aalilﬁeﬂwomed first

der oni ze ystal proteins in the EGL1403 suspension
wer e chamm:g tozaadam fron dhiain E&Hléﬂ lam@blblysxs follewed dy pheapl extractiopol BREA,

anal ysi s reyeal ed t hat duced two f
26 kin. then digestimi theAotal BINA vt Feai s sRo8 FEane, Adflopheresine i SR DA,
strain A E£citifls A fAAlick RoRlatifing EcoRE IIRAKFPEgREMEFR & size
and to ?’ﬁougﬂmg%%ér&gi ising gp olt ein, I‘ES%EC'[ ively, pr oducedﬁ%;/ﬂgst rain
EGLO327frofp rappmxﬁﬁﬂtélafoa W\m 610 pkis,i and lectibehtimgethe size selacted RyoRl sestrigtione
Agricul tural Research Culture |l ection, Northern Reg( anal Iﬁ gar CIh
5 fragments from the agarose gel slice. ese fragments were mixe th the E. coli plasmid
vector pBR322, which had also been dlgested with EcoRI The pBR322 vector carries the gene
for Amp" and the vector replicates in E. coli. . T4 DNA ligase and ATP were added to the_
mixture of size-selected restriction fragments of DNA from strain EG2158 and of digested
pBR322 vector to allow the pBR322 vector to ligate with strain EG2158 restriction fragments.
30 The plasmid library was then transformed into E. coli cells, a host organism lacking the
cryET. 33 and cryET34 genes of interest as follows. After ligation, the DNA mixture was

incubated with an Amp® E. coli host strain, HB101, that had been made competent using



10 Laboratory (NRRL) under the ternms of the Budapest Treaty having

Accessi %Q ygﬁ% ' B-21367. " The geneelg 18d| ng the 29
kDa Cry ein of EGL1403 is the cryET33 gene and -th
encodi ng the 14 kDa CryET34 protein of-3831403 is the cryET34 gene. B.

t huri ngi ensi s strains EGL1403 and EGL0327 produced approxi mately

equal sERAEE T4, ProdedtresPReliTHBI 01, Moas used @8 theRést sﬁ*mnt MM@@&&IS are
strain EGQ158 produced approxi mat el y "1/ 10th the anount of

Cr y ET3éasly dragisformedewithenecomnbiaant plasmits andrbesaussi HBEOJLG!B@ not naturally cotafh -
EXAMPLE 8 - THURI NG ENSI S 402 Al CRVI | | B3, CRYEI33 -
AND CREERESAf 0253 #urmgzens:s F’EYSWESP"B gg‘i‘\"l;r? EW tq’Fersﬁ?eAB‘P ¢ 8l hosticells; s

crysta R Opbar it
Sopan R 4 ‘?Eﬁ’?‘?‘éﬁh@?"éﬁ%‘@pﬁ%én% s AN fahffbinfink?podtl ¥ Brinl e
esanpl fecohibﬁuﬁt ylasafids eellOwpefelshtest ot agaranetiurn tﬁattmﬂtaixiedbexnpo mﬁertlﬁcdbﬁﬁbn

weevi |, and - Japanese beetlg | arvae. The Cry3B3 proteln shares no
ami no Qveraight qak it ctemmemtergy ofi B°C, severakthousend hE. @@B@emm oslﬂwn . thére

JapancbutitSufsiling hedh §id F6R {doRief MG Bl R 14 HaScilmips? BEF v

gene subsequém@ﬁ)]ﬁﬁgbl ned in one strain as fol | ows. Strain
EGL0364 is a wild-type B. thuringiensis strain containing ‘the cryll1B3
gene. (Bd&@@ﬁl‘mlbmw oligongelsatids WIhEewas ther used- asm(DNkrp;&RBunder
r.otein. 6, (Fl G he cr ET3 and
s usEond! imsFitied s corob; 16,804 shesifeally croad 54 Dot calnifl that
strain &Q&&éﬁ%h BE3kB08cdr fralantitCor DNA BohP364n t rﬁGgl
cont ai ns pEG 1246 (bearing the cloned cryET33 an c?f?IgTB enes é&?c@hﬁf&s

conseqspetificaligahfbeidijed to the WD73 probe. \\One 8VD33-9§bridizing colony, demgnated E. coli
PCT/ US

Strai n%é{ﬁ'fg&zwem‘"&i%ﬂfﬁhﬁf D&ceeh §Gh 1460 &ﬁnmewblr@aw&m%&W@#ﬁd '
or ot ei REG2A6, MR GAHSRR FHBIER plhd Bt BRI kg emédticTINA from

tlse s obuhnlEGEtﬁ&oobapprmmamiye 52 ke WEsmmmh@ BSR4 Ghown in FIG. ZhiThe
70 kion s P9l Smim 51 1489 Sorniwng, PECSAS A Reen Eé’a«%sﬁé%%ﬁ{ feoAgrbitars Research
29-k

Da(ﬁﬂtYl?é gollg{:t‘? A ' Nofthérh eﬁ%&gﬂ nﬂesteQrcP bgat%r?(?,g@ﬁ(g}qﬁldgf %ee 'lé?ms a(ﬁdthg

14- kDa cryst protéin corres Ing to el n.

SDS- PABmdapest Teéaty hivving AccéssiorsNo ANRREB-Q3864. whi ch had been grown in an
i dentical manner as EGL1402 except w t hout chl oranpheni col r oduced

the 70-kDa GhgInycieptiderase sequense af| approximately grerthird of shecipned 5.2-kb rEgoR]

Wiaporitpa BE BRCARS, b SEEREE] ity b8 sholCarkebeleBHAT oo SenisiBng, .

geg Ilgggévealed that tRe SEBKE Hframeat eorivied NRARjadky bpén RdRgShrafes\thcobiBglproteins

and, in particular, two novel crystal toxin genes. The upstream open reading frame, designated

cryET33, encoded a protein whose NH,-terminal sequence matched the NH,-terminal sequence
~ of the 29-kDa CryET33 protein of strains EG2159 and EG10327. The downstream gene,
25  designated cryET34, encoded a protein whose amino acid sequence matched the NH,-terminal
| amino acid sequence determined for the 14 kDa CryET34 protein of EG10327. The DNA
sequences of these new genes are significantly different from the sequences of the known crystal

toxin genes of B. thuringiensis listed in Table 5. |
The DNA sequence of the cryET33 gene (SEQ ID NO:]) and the deduced amino acid
30 sequence of the CryET33 protein (SEQ ID NO:3) encoded by the cryET33 gene are shown in
FIG. lA, FIG. 1B, and FIG. 1C. The protein coding portion of the cryET33 gene (SEQ ID
NO:1) is defined by the nucleotides starting at position 136 and eﬁding at position 936. The size



5.9 EXAMPLE 9- TOXICI TY OF CRYET33 AND CRYET34 TO JAPANESE BEETLE LARVAE

The t oxi g dgriageg) apanese beetle |arvae (Popillia japoni ca) perAisswimoesi ned
for three B. 15 t huringi ensis strai _n§9'_(1) strain EGL0327 producing the

CryET33 and CryET34 crystal proteins; (2) strain EGL0364 producing
the Cry3B3 crystal protein; and (g} strain_EGL1402 produci ng the C
Cr y ET30f ther GEyELA 3apraten (SEQ 18 NQ:3) apdedused from the cryET33 gene (FEQITRNO:1) is

oo t S990P Ao esT 3 sHaRer AR Sl VLG, FRCFRGIH, hd BROTHC. o' B pra
0CCUr T Gelfeflod of 8 ry 104 e (SECBEDND:2) B HReBORD anithd SEicEsdoiEF A e

Cam The fernentation bro was concentrated b centrifugation and

t he pelOrgET34 proteini (SEQIDR pNO4) encaded byl the copwlid 3fsgenad Ths! pro@bcbtgnwpaiqn of

ei t her freeze ' i el owders or re resuspended .i.n

dé oni shejcnildé S@eﬁsgdﬁ&qﬁgéés‘s gef&e%u%eng%@_es fﬁ@&rﬁﬁﬂ?@t‘% 96qeand
Cry3B3 A3 t t & ' ' . i

17 o clihe g Hoditon 1348 Theli ot HE CETIE pIoiERTREYIIFNO:A) as dedjitel Sfoi B
densi t QRFETEI4 gine (SEQIXNOR2)i6 1401820 s (1262imino acid9DS- PAGE gel s with purified
and quantified Cry3A protein_as standard. The anmount of the

CryET34 pr otCompwigs algarithms <Iomy “ands Queen.n19%4; t Alsehyl ebtlnpl80) were used to

st ai ned SDS- P, I his | ect L neli : .
& yET3 £ORRBTHE DA Seaubiles of R LTSS b chrRY ochlh shd fd BBid Bl e,
PI®t €i Rehikndbd of B ESIIPLY and €134 Qloteins to the sequencesIfaldi R ahariMgiensis cry
proceduré for Japanese beetle |larvae was carried out as follows. freeze-.30.

dried [genesearsl gystehpioteins of which theinventorsiaraamars(desaihed dn sectiondi. 3 J/éxample A,

aqueous lutjo ntai ni ng 0.005% Triton.X-100[errl)._and wer

cor pamadisied f Table arade s Seflatescrion] SR g et Containd] iy ! Grnome
diet, bﬁaﬁgnéybiﬁ%ds@mﬁoﬁl enlir F¥t Géfbnic FRSOUCRS Sahtadtd NMY.8The sdfience of
m Xt ures re Co WO 98/ 13498 :
PCT/ USQH¢ tnefl84 gene (SEQ ID NO:2) and the deduced sequence of the CryET34 proggin (SEQ ID
allowed to solidify in Petri. dishes, and 19- nm di apet er pl ugs ,of .t he

S1§ o 1NOHP Ve gk Foundy o e related to,agly SO G587 B PIONIRS, TPPEERYel, The Sequence
Japanes ' . Lot ; 3

cover o TAE RT3 ISHOND) MO FEHAE e 8 1P Secitce kbt with P SndiRhSom
nort al i genevarsl the sequenoe ddentifyowas pleryc dowon Tbof segusnceent Ithe \capEERL lgene (801
carried out jn this_study. .5, . : The results of .this toxigity test
are showeleatidss) yas ?fg%‘l %.%Bt}cav)\/l’f@pbmerr’se@&?qcfi il gaﬁ}f'ﬁr {Rsfepsis Suosp. thompsi 8epg
as perc rﬁ%%g 8 o _ alq | t

for eon@f 0 ﬁu&éotﬂﬁggg%%?%?:ﬁey‘é%%ﬁ% Fﬁ%%ﬁéﬁ)ﬁ I(Egeg;lz?' oﬁé/yd?ﬁ%:cgg p%gg{:%g (ff(r]\t?%
t 2@ di eCryBTA3. protein (SEQ ID NO:3) was found to have sequence identity with onlyABhdkfiown 0
ACTIVITY OF CRYEJ33, CRYET34 AND CRY3B3: TO JAPANESE BEcFTLE LARVAE

Strai n protgin @nd; the dylentity suan veryHopt. o Thegogeplete amino acid segicace qet}h? yEY33

ErG)% g’?’% Zpro%ix '[:{637'3 a.minol\?ﬁf%sp P‘jas le&iidd t%l%%&g E@hﬁ&ly% the complete ar&ﬁ?{"acigosgq\é%lﬁqe
38%  ofa B. thuringiensis subsp. thompsoni crystal protein (340 amino acids) described by Brown and
Whiteley, 1992 for a caterpillar-toxic protein. _

25 The DNA sequence immediaiely upstream from the cryET33 gene (FIG. 1A, FIG. 1B,
and FIG. 1C, nucleotides 1 to 135) was searched for homologies with all known upstream DNA
sequences of crystal protein genes and with the DNA sequences of all known genes in the
Genome chuence Database (Table 5). DNA sequences immediately upstream from coding
regions of genes often contain promoters for expression of the corresponding genes. This search

30 resulted in no homologies being found.



EGL11402 Cry3B3 560 ppm : : 58%

Cr yET33 wo 98/13498 [err]1,000 ppm . O yER®r/osome0  ND
[err] ND, not determ ned. _én_The results shown in Table 6
denonstrate ‘that the CryET33 and CryET?X prot ei ns have significant

toxicity to_Japane etle larvae. EGL0327, ' roduc he CryET33 and
15 56)/ yETBXA wizent‘gfxnwmQraﬁscmmaﬂf%m@%@mm whi ch-
pr oduces thﬁ“l%;é ' el € LAl I %@ﬁ . b e, heet e.
When the cry ggﬁdhacsrf/gi&tgéetng@ng?eﬁa é' risis 9’#%‘?@@3%%&%%’%@% _
I N EGlehppsisediin [E. odid boe sret SfterChjghly expredsed #ETebdnibindnt i B)SthuFingiensis strains. =
addition to the Cry3B3 protein, an _enhanced toxicity to Japanese beetle

| ar vaepEfa246; sentaining the cryET39 andsunldB¢ genes (FIGxRLis sepableitveplizatingiin Eroaliiz4
TO REQ ELOUR BEETLE . . . L, . s LA . The
Sl 1 00 B Bygfensise To.obtain A plaseid eoptaining & PREATE pod s BT gemes el
P i Eraa
aﬁ{j Cy '?'?Z ocfrr;gltl%% pro{%?ﬁ??ﬁ%%')@y@BaﬁugG%ﬁ(%a prgﬁfj%{lﬁg.th% SB%JGIES :
cryst adespribecebelow( 3) EGL1403 producing the CryET33 and 25 -~ CryET34 -

' \c/\;)y;ts;alll?,ggg -!e SEz;ci ur.}dsp&;})plalzs%&llp%‘l%lq(zﬁgxl'tg ett.rclz?., ?9§ Bgépa eyo ?e%liggtgngqlry EI'34

PC-I_/ U (3 » ) . . .- R . - -
cryst arrPEers andconferine shlommpbeniool tesiganes (o) ang, tfroyin esistance
gpor ul @et wardigested withBanHI and the fdigestedoplasneid, wasntibeed uweithplasmibpBG 246 1 that T

freeze dried powders were prepared as described_| Exampl e 9. The :

t ox: ci had beenodignstsd witlh BegtilnsThe dwomlasmids dere éfggf&ﬂ\ﬁasethﬁswabﬂa Hesreplyy
ang. 1 cBaPng {BR WEgfEp tibxedt, vl Sief bhet, fh BRBRARE cpiiPclel ol Dridt ot “er

resul t fc@batidhl Wwith aké plasthid Bfiktuds thesdellviverd) plhedd 6n garpiftee conmaiairgl Tétddt was
activity is _ reported as percentage I nsect m)rtalit%__vvith.the
nor t al expectedi that eells wi e Hp reoplagmist eonsistiag of pNN1Qbligated with pBG246

Vsl e would Yo TP RRENRE vaBhtot SniSEarely 2 b prveral e B afisalamios greptom
FLOUR Bfefabhfplatts\¢Ohtaining Tet. St rain : Protein .

Prot ei n Dose . _ | nsect Mortali ty
Plasmid DNA was isolated from one Tet

colony. The plasmid was digested with
BamHI, and electrophoresed through an agarose gel. The plasmid, which was designated
pEG1246, consisted of two BamH1 DNA fragments of 5.8 kb and 9.6 kb conesponding to-

20 plasmids pNN101 and pEG246, respectivély. A restriction map of pEG1246 is shown in FIG. 3.

. B. thuringiensis strain EG10368 was then transformed by electroporation with pEG1246
using previously described methods (Macaluso and .Mettus, 1991). Untransformed host cells of
EG10368 are crystal negative (Cry") and Cam®. After electroporation, the transformation
mixture was spread onto an agar medium containing Cam and were incubated approximately 16

25 hr at 30°C. pEGI1246-transformed cells would Cam®. One Cam®. colony, designated B.
thuringiensis strain EG11403, contained a plasmid whose restriction pattern was identical td that
of pEG1246.

Cells of strain EG11403 were grown in DSG sporulation medium containing Cam at
- 22°Ct0 25°C until sporulation and cell lysis had occurred (4-5 days). Microscopic examination
30 revealed that the sporulated culture of strain EG11403 contained spores and small free floating

spindle-shaped and irregularly shaped crystals. The crystals resembled those observed w1th a

sporulated culture of strain EG10327.



EGL0327 CryET33 . . [err] 2,000 ppm

100% WO 98/13498 CryET34 EGL0364 PCT/USS7/1760QCy y 3B3
448 ppm ) 74%  .61- EGL1402 Cry3B3
448 ppm 97% CryET33

[err]2, 000 PPEPores, ¢ Cr?gﬂf and cell debris ffom t}xez %%ﬂéﬁéd culture of strain B11403 were

EGL1403

39% harvested by centrifugation. The éanyifugd pellet was washed NfAce with ddiofizéd\Ratep Odnd
det er m ned. The results shown in Table 7 demonstrate that .
t he Oyﬁhsne]éﬁcﬁuﬁpmémﬁl@ﬂmy%ve a 15  significant Ievel of toxicity

;[/\II(”)Ii Ezﬁdp]; l)gﬂzzeg %%‘ gﬁgﬁ@gﬁﬁ%zf%l ﬁ(‘:(r:?gewr‘rflsil‘%f%iﬁrﬁ%g? ':E%]ZW and

f1 ogr beSDS-Q’A@EVﬁﬁlysxs SDS ﬁﬁ@@&ﬁl sé»eﬂe@dmes%aime@m@w & tWo A

toxic to red flour beetle |arvae. 1403 whi ch produces the CyE
and t he pRoteiiscaf 25 kiDaiand l#édlaoms:emcteddhd 29kDa ipeattinandhe d4-kDalproteinhof stram :

cnhancediOy1 40 s SEBERl R Saf s St R0 GO Cerolald abi o the kT SR
511 ”S@’ﬁ&?ﬁ%‘“ ?’5%%%3&! TR BSIORE W T AR 5 RSl B Desorper

WO 98/ 1314181994, with the Agricultural Research Culture Collection, Northern Regxonal Research
PCT/ US97/ 17600

EG19 1403L§hqserear (YREJo upderithe tgrms ofytheBudapes: Treaty mgmgrémsagn No. NRRL
describ E protein crystal was washed, solubilized in carbonate . -
buf f er, yzed and filtered through a 0.2 U acrodisc. The toxicity

of the sol ubi fThe généJérﬁioaiﬂg&th&Daf@meB?féﬁﬁﬁstmm&ix@ﬂ\eacdﬁﬂwm%ene and the
amount of the proteins to artificial diet _and feeding the diet to :

veevi | | gengsncoding theddi kl2a 6ryET34 protein of EGL1403 §s the sy BI 4 genewrB.biningiensis

hor 1o |1 95t BEA3H% Bhd Yitib307 pEGRBER SPpRRERAD Sl A SEE TS g 1n
bufifer cestitfadt,: BOFkrBigiensis strdifirEGR15 dileed ¥ ﬁr&chﬁa@@r GAth Yhe hAoUAE of Ghe

devel opi ng beyond first instar, with the m)rta : agai n bei ng
cor r ect eETYEF3piotein s eisharistrai Gl bﬂQiﬁﬁ%‘ﬂntEﬁW?tm The
results in Table 8 and Table 9 denonstrate that Cry ET33 and CryET34
proteins .0 have a significant level of toxicity to boll weevil |arvae.
TABLE 8 58  EXAMPLE 8 -- B. THURINGIENSIS EG11402 CONTAINING CRYIIIB3, CRYET33
AND CRYET34 _
20 R was previously shown that the B. thuringiensis crystal protein designated as CryllIB3

was foxic to larvae of the J apanese beetle (United States Patent No. 5,264,364). In the following

example, the CryET33 and CryET34 proteins were found to be toxic to boll weevil, and

Japanese beetle larvae. The Cry3B3 protein shares no amino acid"sequence homology with

- either tﬁe CryET33 protein or the CryET34 protein. In an attempt to produce a strain having

25 enhanced Japanese beetle toxicity the cry3B3 gene, the cryET33 gene, and the cryET34 gene

were combined in one strain as follows. |

Strain EG10364 is a wild-tirpe B. thuringiensis strain containing the cryllIB3 gene.

EG10364 prbduces the Japanese beetle larvae-toxic Cry3B3 protein. pEGI1246 (FIG. 3)

containing the cryET33 and cryET34 genes was used to transform EG10364 by electroporation

30 to give rise to strain EG11402. EG11402 is identical to EG10364 except that EG11402 also
contains pEG1246 (bearing the cloned cryET33 and cryET34 genes), and is consequently Cam".



(1) BOLL WEEVI L PERCENT MORTALI TY ) :
[err] g/ nWOAXMBE t al ity - PCT/US27/17600

>0 ‘ -62- 20 46. 67

10 11.76 5

6. 67

1 25 Strain 6‘E:%I]MOZ was grown in DSG sporulation %e%mm plus Cam at reogltemp until
3\0 08/ 1s Zléuglatxon and cell lysis occurred (4-5 days). (Q’y&&l proteins were sohdbilized from the

PCT/ usspemiated EG11402 culture and the solubilized protems were size fractionated by- SBS-PAGE.
TABLE SWALJ TY + 1ST | NSTARS

et of His aopiygis svealcA thatsipiny BGALYGH prodited ice Systal poteins: » 70-KDa atysabyo

}89 ~ protein correspondmg7to the CryllIB3 prote%? a 29-kDa crystal protex% %o%?éspondmg to the

40 CryET33 protein, and a 14-kDa crystal?pfotein corresponding to iHe ]CrsyET34 protein.
1.25
5 88 SDS-PAGE analysis showed that strain EG1 03$4gwhich had been grown in an lentical manners

T caat1400 except wit il Qehiefifof, FrSh288 e 7080k Fth Bl APk o

set f oramoﬁm gi }16144@2 sesinBGH402 WMpﬁﬁitc’ﬂt(ﬁﬂDBéHn%e? lh%’Jl 9%f ﬁ{&?ﬁfe terms of
u. S Patent No. 4, 196, 265, issued Apr. 1, S. Patent No.

41%54, the BudapgstdTresly with thedepriculfural R;segch@um mzwgﬁ,lgmoggﬁml ggmgmal
J . 2 198 Pat u
! 2redihygbomon Mg R Aot g B a0 11 ¢ 28 1987

4 766 203, issued Aug. 23, 1988 U S. Patent No. 4,769,061, issued

Se 6, 1988.
- 5.9 EXAMPLE 9 - ToXICITY OF CRYET33 AND CRYET34 TO JAPANESE BEETLE LARVAE

The toxicity to Japanese beetle larvae (Popillia japonica) was determined for three B.
15 thuringiensis strains: (1) strain EG10327 producing the CryET33 and CryET34 crystal proteins;
(2) strain EG10364 producing the Cry3B3 crystal protein; and (3) strain EG11402 producing the -
CryET33, CryET34 and Cry3B3 crystal proteins.
Strains EG10327, EG10364, and EG11402 were grown in DSG sporulatxon medium at
room temperature (20 to 23°C) until sporulation-and cell lysis had occurred (4-5 days). For
20 EG11402, the medium _contéined 5 pug/ml Cam. The fermentation broth was concentrated by
centrifugation and the pellets, containing -si)ores, crystal proteins and cell debris were either
freeze dried to yield powders or were resuspended in deionized water to yield. aqueous
suspensions. The amounts of the Cry3B3 and CryET33 crystal proteins in the freeze-dried
powders and in the suspensions were quantified using SDS-PAGE techniques’ and densitometer
25 tracing of Coomassie stained SDS-PAGE gels with purified and quantified Ci'yBA protein as a
standard. The amount of the CryET34 protein was estimated by visual inspection of Coomassie
stained SDS-PAGE gels. This inspectidn indicated that the amount of the CryET34 protein was
roughly equivalent to the amount of the CryET34 protein in strains EG10327 and EG11402.
The bioassay procedure for iapanese beetle larvae was carried out as follows. freeze-
30 dried powders of each strain to be tested were suspended in a diluent (an aqueous solution
~ containing 0.005% Triton X-100%) and were incorporated into 100 ml of hot (50-60°C) liquid
artificial diet, based on the insect diet previously described (Ladd, 1986). The mixtures were



15 U S. PatentNo. 4,771,13%, issued Sep.13, 1988. U S Patent
No. 4, 7W098/83498ssued Jan. 10, 1989. U S. Patent NRCT/USTUGDLE,

i ssued Mar. 20, 1990. u S Pat_qggt No. 4,940, 835, issued Feb. 23
1990. U S. Patent No. 4,965,188, issued Cct. 23, 1990. 20

e e e A P35 sk ok Bhneer a5 oA dfggwe‘ies@%d

Feb. cel%3fo 5/8 ounce pléstiSeup3a G Jaanest b38fe bvac WasaddN intheack 298, ‘the |

vo 98/137%08
PCT/ US&ips Iwér@ covered with a lid and held at 25°C for fourteen days before larvae mortalify was
U S. Patent No. 5, 0Q6, 336, issued Apr U. S Patent No.

5. 024, Sc@ted. .E\ywplwanon&@ sixtegsylarvae eac We’fe @mﬁ‘%l%trmtﬂémémss 293, i ssued

35" bt ongBsgssuis g5 s By, EflerbRpooin Pifnd b, SheiipeciuigtPiciicy s

5, 176, RPerted %%e@ﬁdge df5deallAivae, with thelperfent Rabrality Neings cdiieote for t&ﬁi&d -

‘Qct. 15, 1991. S. Patent No. 5,264, 364, issued Nov. 23, 1993.
U S. ¢ealyibe pentrad bzggdmsnt only ingorparptediptothediet plpg. U S Patent ‘No:-

5, 384, 253, issued Jan. 24, 1995. U S. Patent No. 5,441,884, issued"

Aug. 15, 1995. Eur. Patent No. 0308199, published Mar. 22, '1989.
Eur. Patent No. 0318143, published Meyagike 1989. Eur. Patent No.
0324254, published Jul. 19, 1989. 15 Eur. PatentNo. 0382990, published

Alg. 22, 199ACTIVITY OF CkmETss,F@xYEIﬁﬁ |AN1FGRY3BNG‘O MABESELBEBTILE LplBMAES hed
Nov . 15 1990 ol . _

May 3oStr11991

July 25=7%95 ; N .

Cct. 3 %EBSI ntl. Pat. Rpp . No V\D 93/ 03154, publ | shed Feb.
18, 1993 CryET34l . Pat. Apm* PubI ‘No. WO 94/13785, publi shed Jun 23,

1994. I ntI Pat. Appl. Publ. No. WD 94/16079, published Jul. 21,
1994. EG10364 |Guy3B3pat .’ Appl . S8EPM No. WO 95/ 02693, publ38%hed Jan. 26
1995

. | Qt LynaPat .  Appl No. WD 95/06730, publ ed Ivar 9,
1oos. 5611402 (ry3B3 Appl . paﬁﬁfppﬂb WO 95/ 30752, publ i s #ﬁj Nov.

1995. |OofyET3Bat . Appl . ...Iﬂdgb.ppyp. WO 95/ 30753, published Nov. 16,
1995. .
CryET34 ND .
“ND, not determined.

The results shown in Table 6 demonstrate that the CryE'f33 and CryET34 proteins have

significant toxicity to Japanese beetle larvae. EG10327, which produces the CryET33 and

15 CryET34 proteins, is toxic to Japanese beetle larvac, EG10364 which produces the Cry3B3
protein is also toxilc to Japanese beetle larvae. When the éryET 33 and cryET34 genes are added

to EG10364, resulting in EG11402 which produces the CryET33 and CryET34 proteins in

addition to the Cry3B3 protein, an enhanced toxicity to Japanese beetle larvae was seen.

20 5.10 EXAMPLE 10 -- Tox1CITY OF CRYET33 AND CRYET34 TO RED FLOUR BEETLE
- LARVAE
The toxicity to red flour beetle larvae (Tribolium castaneum) was determined for four B.
thuringiensis strains: (1) EG10327 producing the CryET33 and CryET34 crystal proteins; (2)
EG10364 producing the Cry3B3 crystal protein; (3) EG11403 producing the CryET33 and
25 CryET34 crystal proteins; and (4) EG11402 producing the Cry3B3, CryET33 and CryET34

A
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The results shown in Table 7 demonstrate that the CryET33 and CryET34 proteins have a
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si ngl e (D) TOD Y: |inear (xi) SEQUENCE
DESCRI PTION:  SEQ | D NO 2: GTAT ATAA TTTCA IT JTTCT ATA '
ATGAAGEN®A apd Bootititss A simple E’G 0@2&@!&9@& %&Pﬁ\ %Mﬂ eroteindahTC
CAGATCATGA T.IT,TGA ) CAAG ATGATTGGGG GAAAAGTACT CCTGAGAGAA
GTACTTATAC MA%E’I(D 10%-@32 TAAGTA GCGACACTGG TTCCCCTATA AACCAAATGT

GITTTTALG® ). C?f‘momol MOOGMA@&&G TAGGAAATGC AGATGATATT : CTCGCFTATC
CAAGTCAAAA " AGTAT ACACCTGGTG TAACAGTACG ACTTGATGEC GATGAGAAAG
GTTCTTAWBMMIIAPGEmzmmMCrWMMA A

se1 (2 F | | SEQUE CE.'J
C'(FERP ‘tﬁgwge"e’u%ﬁﬁ(gg)?g%H 267 am §1|0) amgsJ ¥ S (B)

TYPE -
ABE LAl Proc. Natl. Ack@)ScE N EERE (D
TopoL oGRnefidgg el bfll, Proc “lfCSEQUcENCE DESCRI§§TI d\lms?zqm NO 3 (D Met
G y I ELde|e@ aA;SBzolchan(BiDphﬁ'pR& (Canire., B36:306312y199kt Lys G u 1 -
val Tyr Ay Al
VaI Lyilwﬁ%thiyarD%&meﬂmfsge"m@ I1_§/§6& 1990. a o 2% ' .a T Thr
25 .

Lorz et al., Mol. GérGenet., 199:178, 1985. o
10 Lu, Xiao, Clapp, Li, Broxmeyer, "High efficiency retroviral mediated gene transduction .inio
single isolated immature and replatable CD34(3+) hematopoietic _stemlbrogenitor cells
from human umbsilical cord blood," J. Exp. Med. 178(6):2089-2096, 1993. |
Luo et al., Plant Mol. Biol. Reporter, 6:165, 1988. n '
Macaluso and Mettus, J. Bacteriol., 173:1353-1356, 1991.
15 Maddock et al., Third International Congress of qunt Molecular Biology, Abstrai:t 372, 1991.
Maloy et al., "Microbial Genetics” 2nd Edition. Jones and Barlett Publishers, Boston, MA, 1994.
~ Maloy, "Experimental Techniques in Bacterial Genetics" Jones and Bartlett Prokop, A., and
Bajpai, R. K. "Recombinant DNA Technology I" Ann. N.Y. Acad. Sci., Vol. 646, 1991.
Maniatis ef al., In: Molecular Cloning: a Laboratory Manual, Cold Spring Harbor Laboratory,
20 - Cold Spring Harbor, NY, 1982. '
| Marcotte et al., Nature, 335:454, 1988.
Masson et al., .J. Biol. Chem., 270:20309-20315, 1995.
McCabe et al., Biotechnology, 6:923, 1988.
McPherson et al., Bio/Technology, 6:61-66, 1988.
25 Mettus and Macaluso, Appl. Environ. Microbiol., 56:1128-1134, 1990.
. Neuhaus et al., Theor. Appl. Genet., 75:30, 1987.
Norton et al., Plasmid, 13:211-214, 1985.
Odell et al., Nature, 313:810, 1985.
Omirulleh et al., Plant Molecular Biology, 21:415-428, 1993.
30 Pena et al., Nature, 325:274, 1987.
Poszkowski et al., EMBO J., 3:2719, 1989.
Potrykus et al., Mol. Gen. Genet., 199:183. 1985.



Val Phe Asn Qu Ser Val Thr Pro An Phe Thr Qu Ile Pro Thr Qu

35 3498 40 45 Pro Val ﬁﬁ‘m@?ﬂ ﬁup Leu
Thr Thr ;psg%lrg Val Asp Asn Thr Ay Ser 50 - 1

60 Tyr Pro Val GQu Ser Thr Val sé2-Phe Thr Trp Thr Au Thr H's Thr
65 70 75 : 80 WO

98/ 134918:u]sen et al., Mol. Gen. Genet., 205:193-200, 1986. PCT/ US97/ 17600

- 76- e Val Thr. Val Lys Ala Gy Thr- Ser Ile Ser
85 Prokop and ga_;pal,g%yn%alf Acad, Sti, &é’ lggg Thr Lys A@n Ser Phe Lys Phe
Gy Phep, r 105
110 fs A, i MoV For bnt-iglecylar Bjology, A. Weis %haFﬁHWW"‘s?‘?ﬂ‘h’rﬁ‘f's |
115 Acadermc P38 Inc. SanDlego, CA 198825 ~Thr .G u Thr H's Thr. Trp
Ser Asp Ser Thr s, Val Thr |le Pro Pro 130 135

149 08_%311145 k. indinzynel. ,AS3:2832T7y 1987 11e G n Asn a y Thr .Tyr -Asn =
145

pro valRREn e\ Agpl Bron isaobick, ST RIS ene s mg

165 Sambrook et al., YA® Molecular Clonin : M7 Laboratol§ Wdmhlal A&ld“"sﬁbrﬁgy HirBor
Leu Ile Ala Al a Val g Val Ser Val

185 Laboratory, SpnnglﬂiapbdrfNYAl%S%sp Tyr Asn Pro. Asn ‘Leu Asn Leu
Thr

Gy 1 eseRh Bpcheial Gulentagong, 2od Picion John Wiley %Synmq*gw@fﬁrl@ 197%6.

10 Sekar et al., Proc. Natl. Acad. Sci. US4, 84:7036-7040, 1987.
Sick et al., Nucl. Acids Res., 18:1305, 1990.
Simpson, Science, 233:34, 1986.
Southern, J. Mol. Biol., 98:503-517, 1975.
Spielmann et al., Mol. Gen. Genet., 205:34, 1986.
15  Toriyama et al., Theor Appl. Genet., 73:16, 1986.
Uchimiya ef al., Mol. Gen. Genet., 204:204, 1986. . - -
Van Tunen et al., EMBO J., 7:1257, 1988.
Vasil etal, "Herbicide-resistant fertile transgenic wheat plants obtained by microprojectile
bombardment of regenerable embryogenig: callus,"” Biotechr_zologz, 10:667-674, 1992,
20 Vasil, Biotechnology, 6:397, 1988.
' Vodkin et al., Cell, 34:1023, 1983.
Wagner et al, “Coupling of adenovirus to transferrin-polylysine/DNA complexes greatly
enhances receptor—mediated gene delivery and expression of transfected genes,” Proc.
Natl. Acad. Sci. USA, 89 (13):6099-6103, 1992. '
25 Weissbach ahd Weissﬁach, Methods for Plant Molecular Biology, (eds.), Academic Press, Inc.,
San Diego, CA, 1988.
Wenzler et al., Plant Mol. Biol., 12:41-50, 1989.
Wolf et al., Compu. Appl. Biosci., 4(1):187-91 1988.
Wong and Neumann, "Electric field mediated gene transfer," Biochim. Biophys. Res. Commun.
30 107(2):584-587, 1982.
' Yamada et al., Plant Cell Rep., 4:85, 1986._
Yang et al., Proc. Natl. Acad. Sci. USA, 87:4144-48, 1990.

205 -



210 215 220 Leu Arg Ser Ile lle @n
Val Thr W@ o |eu Asp Asp Asn Lys 225 PCT/USOTIE00
235 _ 240 Gy Arg Se?3Fhr Pro Ile Thr Tyr Leu Ile Asn
Gy Ser. Leu Ala Pro- 245 250

255 ?ﬁnk "

265 NFCRNA% N Fmﬁ}épélbﬁ% SRihleR, lc%‘?l)ef)hglmel Tt ré“r’lg‘h“é% &s
(A LENGT H )aeﬁﬁnmnawamo express gene chB)ruWIi’Eeulearym calls! Ann. N.Y. Acad 8yi.,

STRANDEDNESS; (D) TOPOLOGY: linear (xi) SEQUENCE
DESCRI PTI ON: 6§E§¢g'ﬂ>§%ad993 Met Thr Val Tyr Asn-Ala.Thr. Phe=Fhr Ile Asn

Phe T 10 |
15e_ yrZ@,‘p @l“ﬁ%tﬂadém%%m%pﬁy F;r l?y? S/ Tyr Ile Lys:A-a Tyr:. Leu Thr _

20 30 - "Asn Pro“'Asp H|s Asp Phe: GI u
Ile Trp Lys GI n Asp Asp Trp dy Lys -~ - = 35 - 40 -
45 -  Ser Thr Pro G-u Arg Ser Thr Tyr Thr. G n “Thi 1 e ys- IIe Ser Se,_r
50 55 _ 60 WO 98/ 13498 ' '
PCT/ U897/ 17600 - - : ' - 77- -




Asp Thr Ay Ser Pro Ile Asn G n Met Cys Phe Tyr Ay Asp Val Lys 65

70 WOos/13de8 75 80 Au Tyr Apprkabmiese ASD
AIaAspAspIIeLeuAIaTyr Pro Ser Gn N%/ﬁs}fn
90 95 Lys Val oy$%sr Thr Pro Ay Val Thr Val Arg Leu

Asp Ay Asp Gu 100 _ 105
110 7. LysSMEsﬁﬁhVHNVaI Thr Ile Lys Tyr Ser Leu Thr Pro Ala -

(2)
STRANDEDNESS:

120

125

(i) SEQUENCE CHARACTERI STI CS:
ceneral BhrdniBiEzogIi N0 aci d

(D) TorG S

Trp Ay

near

Ay Pro

(xi) SEQUENCE DESCRI PTION: . SEQ I D NO 5
IIeIIeAsn(I_-LI,eAQﬁicA@pGuIIeAsnAsnTyr Met LysGuVaI
S (n) NAGE: ECOGEN, INC. _
| NFORVAH) OSIrRedt : SE6dsl Badée BBulevard wddt) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 20 am)nerpgi danghorne e
Si ()| 8TATE: Pennsyl{&lial OPOLOGY:
DESCRI PTI ON:  SEQE)DCMMITRY: USA
Tyr Asn .G u Gy GiuPOSTALICODE (ZIP):

Thr

15

(B) TYPE: amno acid

Val
19047-53032

Tyr Asn Val

(2)

| NFORMATI ON.-FOR SEQ | D
.(A). LENGTH: - 20 am no

(O STRANDEDNESS single

Tyr Gy AIaThr

| i near.

Thr

Phe Thr

(xi) SECUENCE
Il e Lys Phe
10 '

(9

(ii) TITLE OF INVENTION: BACILLUS THURINGIENSIS CRYET33 AND CRYET34
COMPOSITIONS AND USES THEREFOR

(iii) NUMBER OF SEQUENCES: 10

(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 #1.30 (EPO)

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/718 905
(B) FILING DATE: 24-SEP-1996

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS: _
(A) LENGTH: 807 base pairs
(B) TYPE: nucleic acid

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

ATGGGAATTA

ACAACTGTTA

CAATTCACTG

AATACGGGTA

GAAACAAGTG

TTTAAATTTG

AGTACAACAA

ACTATTCCTC

GTTCCGGTTA

GGTGCGCTTA

(C} STRANDEDNESS:

(D) TOPOLOGY: lineaxr

TTAATATCCA
AANGCACATA
AAATTCCAAC
GTTACCCAGT
CAGTAACTGA
GTTTTGTTAA
ATACAACTAC
CCAAAACTTA
ATGTAGAATG

TTGCAGCAGT

AGATGAAATT

CGATCCCTCA

'AGAACCTGTA

AGARAGTACT
GGGAGTGAAA
CTCTGATGTT
AACAACAGAA
TGTGGAGGCT
TGATATGAGT

TTATGTTTCT

single

AATAATTACA
TTCAAAGTAT
AATAATC-AAT
GTATCGTTCA
GCCGGCACCT
ACTTTAACGG
ACACACACCT
GCATACATTA
GGAACTTTAT

GTAGCGGATT

TGAAAGAGGT
TTAATGAATC

TAACTACAAA

'CATGGACGGA

CAATAAGTAC"

TATCAGCAGA
GGTCAGATTC
TCCARAATGG
TTTGTAGAGG

TAGCAGATTA

A&%TGGTGCA
TGTGACACCC
AAGAGTAGAT
AACCCATACA
TARACAATCT
ATATAATTAT
ARCAADAGTA
AACATATAAT
GTATAGAGAT

CAATCCAAAT

60

120

180

240

300

360

420

480

540

600



20  (2) | NFORMATI ON FOR SEQ ID.NO 7: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGW® 9834981 no aci ds -(B) TYPE: am no aci dPCT/US97/17600 ( C)
STRANDEDNESS: si ngl e (D) TOPQQGY: |i near (xi) SEQUENCE
DESCRI PTI ON: SEQ ID NO 7: WO 98/ 13498 _ o
PCT/ US97/ 17600 -78 - Met Ay lle

Il e Asn | . : - 10
2 N G tihcs Spiaerr obroacmra aageTToGce FRITATMGRG 1, &80
A) LE oy

S ANDE SR cREA Y RAratuiiE c’“‘m%"“ SERCRREE AR A tinpa ‘)*A"SE@E‘N@E

DESCRI PgbfddcrSE dnOchian®: rrarTTaddd aNetcirtaT GascNodashy fotaataftd 7do

5 (2) I NFORMATION FOR SEQ I D NO 9: (1) SECUENCE CHARACTERISTICS

(A) LENSHAAATAGCA) IRATRAANTT TTAATAA . S oBoT

(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 381 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

ATGACAGTAT ATAACGCAAC TTTCACCATT AATTTCTATA ATGAAGGAGA ATGGGGGGGE 60

LCCAGAACCAT ATGGTTATAT AAAAGCATAT CTTACAAATC CAGA?CATGA TTTTGAAATT T 120.
TGGAAACAAG ATGATTGEGGE GAAAAGTACT CCTGAGAGAA GTACTTATAC GCAAACGATT 180
AAAATAAGTA.GCGACACTGG TTCCCCTATA AACCARATGT GTTfTTATGG.TGATGTGAAAIu: 240 
GAATACGACG TAGGAAATGC AGATGATATT CTCGCTTATC CAAGTCAAARA AGTATGCAGf '.i 30d
ACACCTGETG TAACAGTACG ACTTGATGGC-GATGAGAAAG GT?CTTATGT GACAATTAAG | 360
TATTCCTTGA CTCCAGCATA A . o | 381

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
{(2) LENGTH: 267 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

Met Gly Ile Ile Asn Ile Gln.Asp Glu Ile Asn Asn Tyr Met Lys Glu
1 5 10 15

Val Tyr Gly Ala Thr Thr Val Lys Ser Thr Tyr Asp Pro Ser Phe Lys
20 . 25 30

val Phe  Asn Glu Ser Val Thr Pro Gln Phe Thr Glu Ile Pro Thr Glu
35 40 45

Pro Val Asn Asn Gln Leu Thr Thr Lys Arg Val Asp Asn Thr Gly Ser
50 55 60

Tyr Pro Val Glu Ser Thr Val Ser Phe Thr Trp Thr Glu Thr His Thr
65 _ 70 75 80



(B) TYPE: nucleic acid. - (C) STRAMNDEDNESS: single

TOPOLOGYy 0l gsnsds (xi) SEQUENCE DESCRI PTION: SEQ ID N@C]\QHSWMWATTA
TTAATATTCA AGATGAAATT AAT 6- (2)

| NFORVATI ON' FOR SEQ I D NO 10: ('|7) "SEQUENCE CHARACTERI STI Cs:

(A) LENGTH 56 base pairs (B) TYPE nucleic acid (O
STRANDEDNE ngl l.i near FEATURE

(A) NAVE/ K%? ?‘?’bd i e%tlabgg’e mz R ol ‘% DA SN Thr Sgr le sz (D)
OTHER | NFORMATI.ON: / nod_baSe= OTHER . . / not e=%%N = | nosi ne" -
(xi) SEQUE ; '%%g%#ﬂ'A TTCA AGATGAAATT
AATNNWATA%G%?@Q ﬁ'ﬁé‘% it N‘Py va = I‘SP%A ffros

PCT/ US97/ 17600 - 79- '
Al of the 1ena0Siski-ON% ang W& §&J @ﬁPq'hQ”ﬂsrP'Tﬁ&- Fﬁ&%t k- can.,

made and . exesut ed mnthout unRgdpge experinentatigg I n of the
present disclosure. Wile the conposi tions and nethods of this:

i nvention Mavecheahr descrhbespl Sed Qkpbsd TRE @8I &0 Thr 11 pEFHAY MENLS, it
wi |l be apparemoto those of skidg in the art thgdo variations may be .

applied to the 5 conposition, methods and in the steps or in the
sequence ofLystWps Tyt YaleGhetMadAlle Syri Hed Ihe @nnasn 1y THY trie Wsndepart i ng
fromthe cdéept, spirit and59cope of the inasstion. Mre specidacally, it
wil | be apparent that certain agents which are both chem cally and
physi ol ogi daft| 3¢ E’F‘bt%ﬁd‘ ?q;e Cys Asp Mgth§er (QlyeThy deutPre gyerfizy descri bed
her ei n mhlle t he same or 1€% ni | ar results aﬁﬁld be achleved175 '

Gly Tyr Arg Asp Gly Ala Leu Tle Ala Ala Val Tyr Val Ser Val Ala
180 _ -185 ' 190

Asp Leu Ala Asp Tyr Asn Pro Asn Leu Asn Leu Thr Asn Lys Gly Asp .-
195 ' - 200 ' 205
Gly Ile Ala His Phe Lys Gly Ser Gly Phe Ile Glu Gly Ala Gln Gly
210 ' 215 | 220 : S '

Leu Arg Ser Ile Ile Gln Val Thr Glu Tyr Pro Leu Asp Asp Asn' Lys -
225 230 _ 235 240

Gly Arg Ser Thr Pro Ile Thr Tyr Leu Ile Asn Gly Ser Leu Ala Pro
245 250 255 -

- Asn Val Thr Leu Lys Asn Ser Asn Ile Lys Phe
' 260 265

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS: )
(A) LENGTH: 126 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

Met Thr Val Tyr Asn Ala Thr Phe Thr .Ile Asn Phe Tyr Asn Glu Gly
1l S ' 10 15

Glu Trp Gly Gly Pro Glu Pro Tyr Gly Tyr Ile Lys Ala Tyr Leu Thr
20 25 30

Asn Pro Asp His Asp Phe Glu Ile Trp Lys Gln Asp Asp Trp Gly Lys
35 ' 40 _ 45

Ser Thr Pro Glu Arg Ser Thr Tyr Thr Gln Thr Ile Lys Ile Ser Ser
50 §5 - 60



Al'l such simlar substitutes and nodifications apparent to those skilled in
the art woosdsesed to 10 be within the spirit, scope aRETHRNAPEO00f t he

i nvention as defined by the appended cl ai ns. Accordi ngly, the :
excl usive ri‘ghts sought" to be pat %ed are as described in the clains

bel ow. WO 98/ 13498~ '

PCT/ US97/ 17600 “ - 80 -
CLAI Ms: A e £ y SR s,d}eat ed Géflldmf)turc |Y e mlslrugs t Xﬁ%lg@ ensis .
CryET33 or éryET34 crystal pr ot ein. . The protein according
to claim 1,5G08pF 'zébnﬁai le8y AN 1 £ Gis@ ﬁ%ﬂliQQCﬁeuOfxlaS | R NGed @ . |
SEQ I D NC 4. 385 An i sol at ggd purified CryEBg3 or CryET34.
crystal protein haV| ng insecticidal activity. - against the boll
weevi |, theydapanase beetihe ¥0piy [Vad Tapval calg Déut]!b@ end abpasiu beet | e
(Tribolium castaneun) 100 15 4. 1d%e protein- of ci:eo m 3, wherein sai d

crystal protein is isolated fromBacillus thuringiénsis.. .~ - . .

EGL0327, EGAkb8lyHa21%9r Vel TR 11€3Jys Tyr Ser Leu Thr PrOThIa prot ein of claim
4, wherein said cryast al protein is Hout 29-Da or abb@®t 14-Da as 20 -
det er ni ned by SDS- PAGE. I L

{2) INFORMATION FOR SEQ ID NO: S:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
{B) TYPE: aminoc acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID No: 5:

Gly Ile Ile Asn Ile Gln Asp Glu Ile Asn Asn Tyr Met Lys Glu Val.
1 5 10 . is

Tyr Gly Ala Thr
20

(2) INFORMATION FOR SEQ ID NO: 6:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

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

Thr Val Tyr Asn Val Thr Phe Thr Ile Lys Phe Tyr Asn Glu Gly Glu
1 5 10 15

Trp Gly Gly Pro
.20

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acids
(B) TYPE: amino acid
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:



6. A purified nucleic acid segnent encoding a CryET33 or a CryET34
crystal : 7. The. nucl ei ¢ aci d segne 6,
wherein S’gﬁgé }éﬁaﬁent encodes a [err] endotoxin having Q&Tﬂfsy‘fliﬁbén

i nsecticidal -activity against the boll wevil, the Japanese beetle
(Popillia japonica) or the : : redflour beetle (Tribolium
cast aneun) . Met3@ly Ile Ile 3sn IleTHhx Asp| €l Iaell’@nsegment of claim7, further
defined as encoding a protsein conprising tRAe _ ~ . ‘anmino acid
sequence of SEQ ID NO 3 or SEQ ID NO 4. _ V\D 98/ 13498

PCT/ US97/ 17600 - 81 -,

9. TH®) FAFORYATION HOR SEReFR MO &1 aim 8, further defl ned’ as conpri si ng
the nucleic acid sequence of SEQ ID NO'1, or the conpl enent
thereof, or &) sERRIENCE Wﬁ ? %es to the sequence of: SEQ ID NO. 1, or
the nucleic acid "&% , or the = . conpl enent
thereof, or a se Fl dirzes to the sequence of SEQ:I'D NO 2.

10. The nucl ei fm% aim 7, .further defined.as an RNA

segnment. 10 Anlrlles?gl ated and purified DNA segnent conpri si hg

a Bacillus hlll)II’EMI &ﬁgﬁl’% ggﬂf ID NO: 2% 12. The  DNA segment of
e

claim11l, conprising a cryEl33 gen hat encodes a crystal protein .

or peptide t.lqg.t Mt Glyddesu q,aﬁl-ﬁg. @m,rygaam d contiguous sequence from SEQ | D
NO 3. .

(2) INFORMATION FOR SEQ ID NO: 9:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:. 9:

ATGGGAATTA TTAATA’:!I‘TCA AGATGAAATT AAT - ' 33

{2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
" (A) LENGTH: 56 base pairs
(B) TYPE: nucleic acid ’
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ix) FEATURE:
(A) NAME/KEY: modified_base
(B) LOCATION:34..36 _
(D} OTHER INFORMATION: /mo‘d_base= OTHER
/note= "N = Inosine"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

ATGGGAATTA TTAATATTCA AGATGAAATT AATNNNTATA TGAAAGAAGT ATATGG . 56



13. The DNA segnent of claim 11, conprising a cryET33 gene that includes

an 18- bageyssins49s0 contiguous nucleic acid sequarCHU$Y7ATEd0Ct Wween
position 136 and position 939 of FIG ldfg_ FIG 1B, and FIG
1C.. - 14, An isol ated and purified DNA segnent conprising a .

Baci | | us thurjngiensis cryET34 . 5 5. . The DNA t of
Sec 114 (N G153 YT e 2t bt AR RO
ﬁa gépté%@%iﬁ&ﬁl s %@@@f&gi@%&tceﬁw Ustdsent e&iyﬁaﬁﬁe.f roWhﬁEQhED N
PCT/ USQbimipb6itions and methods of this- invention have been described in  terms - of - Fidferred

16. The 'DNA segrment of claim 14, conprising a crelET_34. gene that includes
an 18- embadiments, it will be apparent:mhpw:@ﬂhubthéia@t that variatignemay berapplied tavthen

R - T
por ti ong@haR &{)&gﬁé%@? e ‘spirit and scope of tRCRReAtiE. MO 5iffcallyy filvill
eptide-of from about

protein or p 8 to about 100 am no acids in N
| engt h. be apparent that cerfain agéfite which sregbnth tcherhicallyiand physiologicallyirelpteal may theon

of a cryET33 aor_cryET34 ne.that. . . encpdes g cryst.al pteyn
of pept FHBEBIed:fop e s SEBerieed Besein Willsuths SR of GHAGA, silis Howd be AEbicvEd.

All such similar substitutes and modifications apparent to those skilled in the art are deemed to

10  be within the spirit, scope and concept of the invention as defined by the appended claims.
Accordingly, the exclusive rights sought to be patented are as described in the claims below.



15 The DNA segrrent of claim 18, conprising a cryET33 gene that

encodes a cr | protein or peptide of ab an no
acids i ™ ﬁé?‘i?% or a cryET34 gene that encodes a crystal %’6&%’“‘“

prot ein. or peptide of about 126 amino =#ds in |ength. 20 20. The
DNA segnent of claim 1l or claim 14, further conprising a reconbinant
vector. 21. The DNA se@mMSQf claim 20, further. conprising
pEG246 or pEGL246. 25 22. The DNA segnent of cl.aim 20, wherein
said DNA segnent is operatively linked to a ~pronoter, said

Cel T canpr | ARRBORE BRETIEREAT D'grzgsrrraﬁgw‘ﬁﬁorcrvﬁ‘f?f%&% oo

PCT/ US97/ 17600 ' o 83 -
24. -The reconbi nant host cel I of ¢l aj m 23 furt her defr ned as a
prikaryotic cell. The :recontii nant host ekl -of:claim24,
further defi ed as ri aI L . 5. 26. -The reconhi nant host _
cel | . o2-cl ai egyot% ;qu%rm;m@a (compgisingdhe amino.acidsequence of SEQ ID NO:3 or

t huri ngi_ensrs%Qﬁijrr li's, B. megaterium .or a Pseudormnas Sp.. cel I

10 - 3. An isolated ex_ld purified CryET33 or CryET34 crystal protein having insecticidal 'activity
against the boll weevil, the Japanese beetle (Popillia japonica) or the red flour beetle

(Tribolium castaneum).

15 4, The protein of claim 3, wherein said crystal protein is isolated from Bacillus thuringiensis
EG10327, EG2158, EG2159, or EG11403. o

5. The protein of claim 4; wherein said crystal protein fs about 29-Da or about 14-Da as
20  determined by SDS-PAGE.

6. A purified nucleic acid segment encoding a CryET33 or a CryET34 crystal protein.

25
7. The nucleic acid segment of claim 6, wherein said segment encodes a & endoto_xin having
insecticidal activity against the boll weevil, the Japanese ‘beetle (Popillia japonica) or the
red flour beetle (Tribolium castaneum).
30

8. The nucleic acid segmént of claim 7, further defined as encoding a protein comprising the

amino acid sequence of SEQ ID NO:3 or SEQ'ID NO:4.
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10 27. The reconbi nant .host .cell of claim?26, wherein said
bacteri alywo®bit3a498 E. coli NRRL B- 21364 B. POTIUSOMEI6B0'S| S
NRRL B-21365, B. thuringiensis NRRL B— 2183

t huri ngi ensi & NRRL B-21367. The recombi nant host cell of

claim 23, defined further as be| ng a eukaryot ic cell. 29. The
reconbi nant host cell of claim28, further defined as a plant cell. 20

30. The reconbi nant host cell of claim?29, wherein said plant cell is a
corn, wheat, turf grass, vegetable, fruit tree, or

or nanentgal plpset mecdit -acid 8égment of claiait 3, furllte defmedsnedprisafy teShhclt acid

claim 23, wherein said DNA segnent is i ntroduced into the
cel | by meansegienge péSEQbﬁlmﬁl 1,vadhe complemegtothereof, 3z a sequignse mémmmhndms to

hosi cell of Ia| m23 cell. expresses t

to 5i)roduce a %@4%@351"5 ¢ melgic a‘gﬂ §5apsacs (IEE% NOZ, °" the
\Ié\gT? E/Sé‘;’fig 5 6:8mplement thereof or a sequence which hybndxzes to the sequence of SEQ D Ié!? 2,
33. The reconbi nant host cell of claim 32, wherein said CryET33 crystal
protein or peptide conprises a five am no-acid contiguous
sequence from SEQ I D NG 3. ' ' — -

10.  The nucleic acid segment of claim 7, further defined as an RNA segment.
10 '

11.  Anisolated and purified DNA segment comprising a Bacillus thuringiensis cryET33 gene.

15 12. The DNA segment of claim 11, comprising a cryET33 gene that encodes a crystal protéin
- or peptide that includes a five amino-acid contiguous sequence from SEQ ID NO:3.

13.  The DNA segment of claim 11, comprising a cryET33 gene that includes an 18-basepair
20 | contiguous nucleic acid sequence from between position 136 and position 939 of FIG. 1A,
FIG. 1B, and FIG. 1C. -

14.  Anisolated and purified DNA segment comprising a Bacillus thuringiensis cryET34 gene.
25

15.  The DNA segment of claim 14, comprising a cryET34 gene that encodes a crystal protein
or peptide that includes a five amino-acid contiguous sequence from SEQ ID NO:4.

30 -
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5 The reconbi nant host cell of claim32, wherein said CryET34
crystal JbgO" Pept | de - conprises a fi ve g ’Q%J

contiguo sequence from SEQ I D NO 4. 10 35. The rec

cell of claim32, wherein said CryET33-8 ystal protein or peptide
corrprl ses an am no acid sequence encoded by an 18-basepair contiguous.

nucl ei g6aci dfhe DNA segment of SRt eldg eoﬁapﬁsih§EQdaET3the that ihBludes & 18-baseplir
reconbi nant host cell of claim 32, wherein sai ET34 crystal protein or
pepti de contiguous nuclisrasid sequenea from beswaen npsgmtiﬁﬂ?@@d@nquedswofﬂe 1A,

t host

18- basepa| r uoQ ei.c acid sequence from SEQ ID - .
NCG. 2. ﬁ?‘ﬁé?g ajil(ﬁ'eﬁod of using a DNA segnent that encodes a CryET33
or CryET34 crystal protein or - peptide, conprising the steps .
of : . (a) prepari ng a recorrbl nant vector i'n which a CryET33
or5 a CryET34 crystal protein or - - o peptlde encodl ng DNA

a py onot er ;

segnent_.is p oned und t.he_ -cont.r ol

i nt r odudt ng e DN Segmsnigl g bt oF Clge 9 Sompeeined norﬁon of a cryET33 or cryI%Téf
et 19 e i enilel o G pERBH AR SF REEL AT 18 PR BOBEREAGA B
pept i de; andength, (d) collecting said expressed cryst al
protein or peptide. WD 98/ 13498

PCT/ US97/ 17600 - -85 -

3&1 The met hod of cI ai m 37, wherein said reconbinant vector is pE&46 or
24 _

The DNA segment of claim 17, comprising a portion of a cryET33 or cryET34 gene that
encodes a crystal protein or peptide of from about 100 to about 200 amino acids in length.

15 19. The DNA segment of claim 18, comprising a cryET33 gene that encodes a crystal protein
7 or peptide of about 267 amino acids in length, or a cryET34 gene that encodes a crystal
protein or peptide of about 126 amino acids in length.

20 20. TheDNA segment of claim 11 or claim 14, further comprising a recombinant vector.

21.  The DNA segment of elaim 20, further comprising pEG246 or pEG1246.

25
22. The DNA segment of claim 20, wherein said DNA segment is operatively linked to a

promoter, said promoter expressing said DNA segment.

| 30 - 23.  Arecombinant host cell comprising the DNA segment of claim 20.

A



5 39 An isol ated nucleic acid segnent characterized as:

(a) W?ﬂlgﬁl d segnent conprising a sequence region t o9t s of
at | east conti gugus nucl eoti des t hat ave t e same
sequence as, ‘or are conplenentary to, - cont i guous
nucl eotides of SEQID NO 1 or SEQ ID NO 2; or 10 (b) a

nucl ei c24ci d Thegeecombiovéntihostreell 8f ¢laina B3y furtb@alefined dseoprokiaryotiocellengt h t hat
hybridi zes to the nucleic acid segnment of SEQID NO 1 or SEQ ID NO 2; or-

t he conpl enent thereof, under standard hybridization
condi tions. 15 40. The nucleic acid s'egrrent of claim-39, further -
defined as conprising a sequence region that : consi sts of at

Ieast 185¢ ontThgecombinatdobt cdlt of tlainh 20, fusthérdefinedas skhategiabeells, or are

quenentary to, 18 contiguous nucleotides of SEQID NO.1.or SEQ ID NGO 2.

41. The nucleic acid segment of claim39, further defined as

conpr|5|ng a nucleic acid segnent -+ of from 18 to.about 5200
nucl eotides in | ength that hybrldlzes to the nucleic acid segment

of SEQ b NOfheOfecoRBidant Pﬁ@s@eelplbftdwmpgspwépéﬁ shite baGdrial Uelefs £ a048lid B,

hybri di zati on conditi ons. A met hod for detectlng a
nucl ei ¢ acid tbnq@aw,@nwtdmgi? m@a;eﬁmonamamysﬂhl
protein, conprising the steps of: : (a) obt ai ni ng sarrpl e -
nucl ei ¢ aci ds suspect ed of encodi ng a CryET33 or a CryET34
taI protein; - WO 98/ 13498 ' T
P Us97/ 17600 -86 -

27. The recomblnant host cell of claim 26 “wherein said bacterial cell is E coli NRRL B— -
- 21364, B. thuringiensis NRRL B-21365, B. thuringiensis NRRL B-21366, or B.:

thuringiensis NRRL B-21367.
‘15 _
28.  The recombinant host cell of claim 23, deﬁhed further as being a eukaryotic cell.
29, The recombinant host cell of claim 28, further defined as a plant cell. -
20 ' | | '
30.  The recombinant host cell of claim 29, wherein said plant cell is a corn, wheat, turf grass,
vegetable, fruit tree, or ornamental plant cell.
25

31.  The recombinant host cell of claim 23, wherein said DNA segment is introduced into the

cell by means of a recombinant vector.

30 32.  The recombinant host cell of claim 23, wherein said host cell expresses the DNA segment
to produce a CryET33 or CryET34 crystal protein or peptide.

S
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(b) contacting said sanple nucleic acidss with an isolated nucleic acid

segnent &MOORM3IGS - said crystal protei mg-ﬂl-moo
conditions effective to allow hybridi za§4 on of substantially

conpl ementary nucl eic acids; and 5 (c) detecting the
hybri di zed conpl enentary nucl ei ¢ acids thus forned. - 43. The

nmet hod of claim42, wherein said CryET33 crystal protein conprises an am no

75 Uy 1 T reomSAPIGR ) 9 Mt R CORRD R Gele fiE

cryst al protmmprmesralﬁlveaﬁmaﬂacﬁdrbmmﬁequenceﬁ'omSEQIDGN’@@E“CG of at | east
five contiguous am no acids of SEQ | D NO 4. ‘The net hod of

claim 42, wherein said CryET33 crystal protein corrprl ses an amno acid
sgg]uence encoded by an 18-basepair contiguous nucleic acid sequence of SEQ

20 46. The nmethod of claim42, wherein said CryET34 =~ -
cryst al 3r ot ‘PhdreeBbinahe Rost eeR BfPaiMC3Z wherein said 4 f}g&e y
an 18-basepair contl%vous nucl ei ¢ aci d sequence o (f: ETS W ﬁPSPQ%dQ
47. The necomptise$ a fiva amintRacidbentiguous sequénee fameSEQIPENO3. or  Cr yET34

crystal protein- 25 encodi ng nucleic acid segnent conprises a
detectabl e | abel and the hybridi zed - - conpl enentary nucl ei c
acids are detected by detecting said |abel. 48. A nucleic aC|d

detection kit conprising, in suitable container means, a CryET33 or a 30,

CROET343%r ysThe regontbiviant host @sll of chaiml 33, owleeréinl saﬂgﬂwﬂmrdyﬂal%b&ﬁi bP Peptide

r eagent .
d comprises an amino acid sequence encoded by an 18-basepair contiguous nuclexc acud

~ sequence from SEQ ID NO:1.

15 36.  The recombinant host cell of claim 32, wherein said CryET34 crystal protein or peptide
comprises an amino acid sequence encoded by an 18-basepair contiguous nucleic acid
sequence from SEQ ID NO:2.

20 37.° A method of using a DNA segment that encodes a CryET33 or CryET34 .crystal protein or
peptide, comprising the steps of: '

(a)  preparing a recombinant vector in which a CryET33 or a CryET34 crystal protein or
peptide-encoding DNA segment is positioned under the control of a promoter;

25
(b)  introducing said recombinant vector into a host cell;
(c) culturing said host cell under conditions effective to allow expression of the
encoded CryET33 or CryET34 crystal protein or peptide; and -
30

(d  collecting said expressed crystal protein or peptide.
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WO 98/ 13498

PCT/ USO Tl o PCTUSIITE -

49. A peptide conposition, conprisi n <2 CryET33 or CryET34 crystal _

protein that-includes a Ve am no acid contiguous sequence
fromSEQ ID NO 3 or SEQ I D NO 4. 5 50. The corrposition of claim

49, conprising apeptide that includes a 5 to about 50 am no ‘aci d

Comsos 581 on e csBedh LRI e ST vertr 8 PRGUAREIEOIZMAS aboue

150 am no 10 acid | ong sequence from SEQ ID NGO 3 or SEQ ID NO 4.
52. A purified anti body that binds to a CryET33 or CryET34 crystal - :

protein orpeptide. 53. A nmet hod for detecti ng a CyET33 or.
CryET34 crystal rote| n or peptide in a bi Iog| cal sanpl e,
cdmpri $Png tAseise wgleic acid segment charact ‘g obtaining a bi ol og| cal

sanpl e suspected of containing a CryET33 or CryET34 20 ‘
crystal protein or peptide; (b) contacting said sarrpl e

with an antigpdy 4 hadleiel 4 sdgtnenf cmprising al afcelr i1 tiRf [ohslsts of at least 18
under condi t(lgjc))ns effegtlve téc%ﬁzatl ? Mﬁ%orserrgitil on o conpl exes; and 25

(c) detecting tdontigeonsimugleotides thatrhawthe same sequence aspay. are cgmplementary to, 18
| munodet ect ! on kéénu(égo mutleaaes ot s fifRiGh §08EG B3RS an anti body
10 '
(b) a nucleic acid segment of from 18 to about 5200 nucleotides m length that
hybridizes to the nucleic acid segment of SEQ ID NO:1 or SEQ ID NO:2; or the
complement thereof, under standard hybridization conditions. |

15 _
- 40.  The nucleic acid segment of claim 39, further defined as comprising a sequence region that
consists of at least 18 contiguous nucleotides that have the same sequence as, or are

complementary to, 18 contiguous nucleotides of SEQ ID NO:1 or SEQID NO:2.

20 :

41. The nﬁcleic acid segment of claim 39, further defined as comprising a nucleic acid segment
of from 18 to about 5200 nucleotides in length that hybridizes to the nucleic acid segment
of SEQ ID NO:1 or SEQ ID NO:2, of the complement thereof, under standard
hybridization conditions. | '

25

42. A method for detecting a nucleic acid sequence encoding a CryET33 or CryET34 crystal

protein, comprising the steps of:

30 (a) obtaining sample nucleic acids suspected of encoding a CryET33 or a CryET34
crystal protein;

l * c L M S *



a CryET33 or CryET34 crystal protein or peptide, and an i nmunodet ection
reagent . wi®9s/13498 WO 98/ 13498.

PCHU&WHW@&
PCT/ US97/ 17600 - -
55. A transgeni c plant having incor pbpgfed into its genone a transgene
that encodes a CryET33 - or a CyET34 crystal protein or .

pept i de. G Cmﬁngﬁgﬁsgmmﬁmaq%?mhhmiwlmm$mw&&dmg
transgene conprises,a c or.a cry . transgene,
57.  Progeny of tH& %S%Pm BP%‘?WPB%E%S&E“"V“O allogghybridization of substastiall

pl ant. of clai m 55¢omplemen mgl:?eicaciﬁ‘s;ﬁf}&i | lus thuringiensis cell that
produces a CryET33 or a CryET34 crystal protein. 60. ~ The

conposition of claimb59, wherein said Bacillus thuringiensis cell is an
NRRL B- ,21365, NRRL B-21366, or an NRRL B-21367 cell"

61° A Baci Qus @ hxbridized qomplemenary mucieieracidsdeusformed. nunber

B- 21365. CT : ' - - :

43.  The method of claim 42, wherein said CryET33 crystal protein comprises an amino acid
sequence of at least five contiguous amino acids of SEQ ID NO:3'.. .
10 ' '

44, The method of claim 42, wherein said CryET34 crystal protein comprisés an amino acid
sequence of at least five contiguous amino acids of SEQ ID NO:4.

15
45.  The method of claim 42, wherein said CryET33 crystal protein comprises an amino acid

sequence encoded by an 18-basepair contiguous nucleic acid sequence of SEQ ID NO:1.

20 46.  The method of claim 42, wherein said CryET34 crystal protein comprises an amino acid

sequence encoded by an 1 8-basepaii' contiguous nucleic acid sequence of SEQ ID NO:2.

47.  The method of claim 42, wherein the isolated CryET33 or CryET34 crystal protein-
25 encoding nucleic acid segment comprises a detectable label and the hybridized

complementary nucleic acids are detected by detecting said label.

48. A nucleic acid detection kit comprising, in suitable container means, a CryET33 or a

30 CryET34 crystal protein-encoding nucleic acid segment and a detection reagent.

A



25 62. A Bacillus thuringiensis-cell having the NRRL accession nunber

B- 21366. WO 98/13498 63. A Bacillus thuringiensis cel | RGAPIPUIAGONRRL
accessi on nunber B-21367. 30 -894 A conposition conprising .from
about 1% to about 50% by wei ght of a CryET33 or a : CryET34
crystal,,protein

PCT/ USQ? .y 17&)Bept1de composition, conyggsg% alé%%gf% or CryET34 crystal protein thatg’gcludes a
65. A CONRgiahiifd)adi Eblitighblgsequénics FHABSBO B m)ﬁ:smmw@u protein .

prepared by a process conprising the steps of:

(a) ~ culturing a Bacill us thuri ngi ensi s NRRL B-21365, NRRL B—21_366, or .

NRRL B- _ 21367 cell under conditions effective to .

- produce a CryeET33 or a CryET34 crystal protein; and-
E?I%Rﬂ L&D m

sa 1 d cepl TheQ:B)nposiﬁB%%fﬂbﬂ#ﬁgadgmggﬁg t1o &?& Ellar%ﬁ %gdrogpﬁgstep %cﬁd)

further conlongsqueliiedtom SEQID NO ¢iSEG ID NO:4. or CryET34 in an

anmount between about 1% and about 50% by wei ght. 15 . 67. A net hod
of preparing a CryET33 or a CryET34 crystal protein conprising: : '

51.  The composition of claim 50, comprising a peptidé that includes a 5 to about 150 amino
10 | acid long sequence from SEQ ID NO:3 or SEQ ID NO:4.

52. A purified antibody that binds to a CryET33 or CryET34 crystal protein or peptide.

15
53. A method for detecting a CryET33 or CsryET34 crystal protem or peptxde in a biological
sample, comprising the steps of
(@ obtaining a biological sa.mple. suspected of containing a CryET33 or CryET34
20 - crystal protein or peptide;
(b)  contacting said sample with an antibody that binds to said crystal protein or peptide,
under conditions effective to allow the formation of complexes; and '
25 -(c)  detecting the complexes so formed.
54.  An immunodetection kit comprising, in suitable container means, an antibody that binds to
a CryET33 or CryET34 crystal protein or peptide, and an immunodetection reagent.
30
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(a) culturing a Bacillus thuringiensis-NRRL-B-21365, NRRL B-213665, or
NRRL 20wo 98/13498 B- 21367 cell under conditions ePEEUSYNEIGHO
produce a CryET33 or a OryET34 crystal protein; and

8-
(b) obtaining said CryET33 or CryETB%f crystal protein fromsaid cell.
2D i w5y A Gansgentt plot TRRg kicTpoPaeed 1t 1 g2 orﬁeraegagsggm%sezso I 2 et

or a CryET34 crystal protein or peptxde.

5  56.  The transgenic plant of claxm 55, wherein saxd transgene compnses a CIJIET33 ora ctyET34
transgene. ' o

| 57.  Progeny of the plant of claim 55.
10

58.  Seeds from the plant of claim 55.
'S 59. A Bacillus thuringiensis cell that produces a CryET33 or a CryET34 crystal protein.

60. The composition of claim 59, wherein said Bacillus thuringiensis cell is an NRRL B-
21365, NRRL B-21366, or an NRRL B-21367 cell. '

61. A Bacillus thuringiensis cell having the NRRL accession number B-21365.
25 62. A Bacillus thuringiensis cell having the NRRL accession number B-21366.

63. A Bacillus thuringiensis cell having the NRRL accession number B-21367.

30

64. A composition comprising from about 1% to about 50% by weight of a CryET33 or a
CryET34 crystal protein. ' |

e
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- 65.

66.

67.

68.

-89-

A composition compnsmg a CryET33 or a CryET34 crystal protem prepared by a.

process compnsmg the steps of:

‘@  culturing a Bacillus thuringiensis NRRL B-21365, NRRL B-21366, or NRRL B-

21367 cell under conditions effective to prdduce aCryET33 ora CryET34 crystal

‘protein;and -
(b)  obtaining said CryET33 or CryET34 crystal protein from said cell.

The composition of claim 65, wherein step b further comprises obtaining said CryET33
or CryET34 in an amount between about 1% and about 50% by weight.”

A rﬁethod of preparing a CryET33 or a CryET34 crystal protein cbmprising:
(a) * culturing a Bacillus thuringiensis NRRL B-21365, NRRL B-213665, or NRRL
B-21367 cell under conditions effective to produce a CryET33 or a CryET34

crystal protein; and

(b)  obtaining said CryET33 or CryET34 crystal protein from said cell. _

The composition of claim 64, prepared by the method of claim 67.

I



