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PCT/ US97/ 17507 -1- DESCRI PTI ON
BACI LLUS THURI NG ENSI S CryET29 COWVPOSI TI ONS TOXI C

TO COLECPTERAN | NSECTS AND CTENCCEPHALI %Lf)ﬂ 5 1. BACKGROUND
OF THE | NVENTI ON The present application is a

continuation-in-part application based on United States Patent
Serial Number 08/721, 259BafiLLusiTiBsverixsis CyETIDEomrosIBonNs Toxaont ent s of

which is specifically i ncorporated herein by reference in its
entirety. 10 1.1 O EPEEQSTERAN INSEERSANR CTENOCEPHALIDES SPP. The
present invention relates generally to the fields of nol ecul ar biol ogy.
Mor e particularly, certain enbodi nents concern nethods and
COROSig i 0Ny, COMBAGtEKO N OB $HERRVENTION and proteins derived from

bacterial species. Mre particularly, it concerns a novel cryET29 gene
from Baci |l | us tha?herpge:sensapphcmxoods neorinsati@eiptiErtapplicatbndmsed drebinitod States Patent

crystal protel i 0 ods for and. usi ng thes

segnent s, §Ie§W€ F%@%%b&?%&'@% ;%6”@95%‘ the' e Ryient 6 wpicpis srpcifically
proteins, a gﬁqi" p‘,_tfg?;] proteins are disclosed, such as,
for nlgcxog’?r‘br%n\éght Eze 0 m&q{s%%kgéﬁ s as di agnostic probes and

tenpl ates for protein production, and t he use of proteins, fusion
protein carriers and peptides in various inmunol ogical and dlagnostlc
appl i cld i ond.1 Al JUELP OFTHEJYVENBIONt hods of naki ng and usi ng nucl ei c acid

segments in the 20 devel o t _of ranselc nalnln t
DN%\ segments di scl oself HEPAY A BVEHbn Felale gfn% lly %&ﬁ%‘ﬁcd\# ’&9 T REQ IR %ore
ART particdladly. &ﬁ@ld—érh&d-ﬂﬂbﬁk R6Adef¥Sinet HoltyY MOrEM@nN%ompnsmg DNA segments.

Baci | | us thur| ngiensis is a Gampositive bacteriumthat produces
[err]-endot ard pmtcbmmdmveﬁffrom bacienat smteal Mboretpeitivslanlyi arcoacm‘nspaovéImszT.?ﬁ gene
toxic to certain order fferent

t
strains of Bom HdfilHs K’zﬂé’igée’ﬁ ec'cg B8 %4935&%%‘%“‘%&3& dlep ﬁ%@etcntsraaarotews‘{’émws
t di
pro e'lr:') dfa BT ns’?ﬂﬁm NheddODRA @cgrﬁémg 'ﬁﬂAegﬁnzﬁng Eﬁdoﬁﬁ]g\é\ﬁxﬁﬂtmgﬂy-

produce |nsect|C| een aval e an
used as envimadifiehCalAT2%amroepisaidnativeenidi synthetic bss&wﬁ)mheweadxeclosed such as, for
quite toxic to the_ sp eC|f|c target insect, but are harm ess _to plants and
ot her non-t §¥yBpledthe 3@3 of DNy s5gRiesisgs diagnostic probes and templates for protein production, and

the use of proteins, fusion protein carriers and peptides in various immunological and diagnostic
applications. Also disclosed arc methods of making and using nucleic acid segments in the

20 development of transgenic plant cells containing the DNA segments disclosed herein.

1.2  DESCRIPTION OF THE RELATED ART
1.2.1 BACILLUS THURINGIENSIS CRYSTAL PROTEINS
Bacillus thuringiensis is a Gram-positive bacterium that produces 8-endotoxins known
25 as crystal proteins 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 insecticidal proteins have been
commercially available and used as environmentally acceptable insecticides because they are
quite toxic to the specific target insect, but are harmless to plants and other non-targeted

30 Organisms.
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The B. thuringiensis crystal proteinis toXc in the insect only after

I ngesti on when the al kaline pH and proteol ytic enzynmes in the

i nsect mid-gut Jhkubithirirgichsés cryyiel pfotginas &dxic imthe insect only aftdraagestiphevhen the
t oxi ¢ conpopnents. These conponents disrypt. the mi,d-gut l1s causing the

i nsect to alkaline pH; 8’9‘%‘5@?‘%6%3 By Bt insgot ymigdes i58¥u(f’ﬁf'|‘°f‘§€t°,ry%@l protein and
t huri ngi engj v, |\ s aenyvi tally.

I nsecti ci dgél?ar‘?gg%af&?(%ggdv?\?écﬁeggr ??)’Sgé ‘?(ﬁg%é:nt ﬁtpsgds?%g?tsthe mid<ghl cgl@%&%%¢%§%?°
by Hofte eteast feediddBf), evérruathy wrdity hofact, & ahimingichsis s provén pdbecatSéffective and
strains are active agai nst insect of the order Lepidoptera, i.e.,
cat er §i | | agnvirenmansallyQafinseggticideun daglingritly various inseckpests. ns ar e
Insecticidally active | nst_ins f the order Dipter j.e., flies.and
nosqui t oes, or As noted by erfd @ bgﬁ@P gf:ﬁ il ‘g‘F aﬁ"ﬁﬁﬁﬁ:ﬁ%%r’% Inghests Lrams,pre
recent yeaps;,a o iHa06RBS 1 Spidbpieials o 1 Qaterpill Y Redis e " bifingfnsi
pr oduci ng é?ti/‘{set %4"?'# (?rt’seelans t}ﬁat ar eéll?.loxlisc af oei nggg%ls o#ﬁ %‘ﬂe (rg)rtgﬁfg Mzﬂm@énw
Col eopt er astrains are insecticidally betéitcl apainsTmsetas of the loeder Dipeea, iee fliewandeposquitoed, or

B. thuringiensis strains active gon fleas of the Genus, )
Ct enocephaPgaibg bath lenidorieran and;dipiersngnescts. In recent years, a few Bnguringiensis strains

di pt gr,an- agti ve t [ | e | gl i
nocddc; agrve BeerorbpordiAbstichy ory i BrRs e 0o el drthE d@) CORGfrere.
share consggVegktl 0Tisdald, 115eEIHARCReA R0 reportkUTR. QRYFingt HBECSURIML RS on fleas of the
denonstrate broad cytolytic activity in vitro, yet are specifically

toxi c to | Gienas (Genaiephdidas, in thyeerder Siphenaptera.These properties have been

descri bed el sewhere,. . | ] cott,.and Ellar 988 o 1.2.2 ..
GENETI CS OF m@%ﬁ@@?{'@?ﬁc}%‘g Gl o' aifto srom oy L?g}ﬁféer i B ohuangireBisgericida!
crystal pr@fﬁiaﬁ‘?rbéﬁ% Hﬁ%ﬂh@?eﬂefgﬂﬂé%@ra& ridh FhhftS cOfiseRred blocks of sequence
t huri ngi ensi’s. review by Hofte et al., (1989) describes the 'general state
of tHé& art hamblogyesfibese proteins derhonstiate bmpdrdytolytdd actingeciri eirdalyeBare specifically
thuringiensis strains that have been i dent,i_f ied which are acti ‘\sfe .

agai nst i n&¥ge 40 darvam Of GiRferan iBpRctiopt ¥ive, These PreparbeghPYeaPesnndeserited gigpwhere
treatise alsp: | t huri ngi ensi s strains having

I nsecticid "T‘S'R'ét%ﬁ%\%l{dt}??az’ggsr%t I nsects of the Orders Diptera (ie. flies 25
and nosquitoes) and Col eoptera (i.e. beetles). A nunber of genes encodi ng

crystal proteins have been cl oned from several strains of B.

t huri ngi endiZs? HegNET1ES OF CRYSTABEROAEMSysses t he genes and proteins
hat it ed. oI At : 0 _
o atur e and: B0ty Reat! UlcoBhe TR, RO Hhle Bt eloRAN ARyl s M 2.

to B. thurimghai@lss. A review bg@ltde caafl, (1989 Ldd36rib@Ithé p@RRd StRNEDMR art with respect
| epi dopteran-toxic Cryl proteins. cry2 genes encode %0 . Cy2 proteins
that are t&xthe majopityt bf insgsitigisial 8r dhsingicdsidisppaiag shat have hangderitfiednvhigh are active

col eopteran- . . . t OXI roteins, while cry4d genes. encode .
di pt er an- t 85}?‘85‘&?&%?@){(‘5?}{%‘)’ }g?;fé)doptera, re. caterpﬁlar ifsec@C Y iTs FOMRE Glso describes B.

thuringiensis strains having insecticidal activity against insects of the Orders Diptera (i.e. flies
25 and mosquitoes) and Coleoptera (i.¢. bectles). A number of genes encoding crystal proteins
have been cloned from several strains of B. thuringiensis. Hofte er al. (1989) discusses the
genes and proteins that were identified in B. thuringiensis prior to 1990, and sets forth the
nomenclature and classification scheme which has traditionally been applied to B. thuringiensis
genes and proteins. cry/ genes encode lepidopteran-toxic Cryl proteins. cry2 genes encode
30 Cry2 proteins that arc toxic to both lepidopterans and dipterans. ¢rv3 genes encode coleopteran-

toxic Cry3 proteins, while cry4 genes encode dipteran-toxic Cry4 proteins. erc.
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Recently a new nonencl ature has been proposed which systenmatically

classifies the Redently a new hBhEhdIRuAGRbLAR oIS U] & REANEORFHOTRLIARY Cry

rat her than upon 1rnséct target specificiti assifrca

schene is proreify based upbn kiliheacid sequence homology rather than upon insect target specificities.
TABLE 1 5 REVI SED B. THURI NG ENSI S [ err] - ENDOTOXI ‘l)\l

NOVENCL AT URH stassification schpgis summarized in Table 1. ad
GenBank Accession # CrylAa Cryl A(a)
ML1250 Cry1Ab TAELY 1 A( b) ML3898
Cry1Ac Cryl A(c) ML1068 Cry1Ad
Cryl Abd) REVISED B> gﬁunmamv@sﬁ&@oroxm NOMENCLATURE*
NEEALDD el Do Crazl
%%;?(16) Newry v 1Rh T T eTe GenBank Accession‘ﬂ_&égzo
Cry1Bc PEGS 746442 Cry1Bd
CryEl CrylAa U70726 CrylA(a) Cry1Ca M11250 Cryl C
X07518 Cryl@ty/ 1Cb CrylA(b) CrylC(b) M13898 MD7880
g %%Da Cry Ac zzz%%l@ym(c) Cryl1E MIG8150 g y|1[E)b
r ylEa y

X53985 gry }Q‘f‘é/lEb Cwiﬁgd) Oyl E(b) M73250 M73253
OryiFa ry c:rylgfy e) M63252297 Ory1Fb
PrtD CrylBa 722512CyIB  ory1Ga X06711 PriA
722510 CrylBby1@b ETS CryH2 132020 U70725
CrylHa  CrylBc Prt @EGS 746432513 Cry1lHo
u35780 Cry18dy 1Ha CryEl CyVv U70726 X62821
ngle CrylCa Lszgrlg\éryrc Cry1Jb X07H414542 E‘rri/lJ :
U31527 ggi :le Cr”ig(b) ;459 71880 ‘ 28801
ay2ha oY Cryll(jr% WQ?BB Cry2Ab
CryllB ry Mp3724 1t Cry2Ac 222511 ayllcC
x57252  CrylEay3a Cryl CrylllA  X53985 MR2472
Cry3Ba  CrylEb Cr y QryIE(b) M730158123 Cr y3Bb
Cryl11B2 CrylFa MB9794CrylF  Cry3C M63897 Cryll1D
X59797  Cry1Bpy4A PrtD Cryl VA 722512 Y00423
Cry4B CrylGa Cry MR 799509423 Cry5Aa
GyVA(a)  cry1Gb L07025¢,ypy; O ySAD u70725
CryVA(b)  Cy1Ha L0702 7 Cry5B 792513
U19725 <2

CrylHb U35780

Crylla CryV X62821

Cryllb CryV U07642

CrylJa ET4 L32019

CrylJb ETI U31527

CrylK U28801

Cry2Aa CryllA M31738

Cry2Ab CrylIB M23724

Cry2Ac CryliC X57252

Cry3A CryllIA M22472

Cry3Ba CryllIB X17123

Cry3Bb CryllIB2 M89794

Cry3C CryllID X59797

Cry4A CrylVA Y00423

Cry4B CrylVB X07423

Cry5Aa CryVA(a) L07025

CrySAb CryVA(b) 1.07026

Cry5B U19725



WO 98/ 13497wo 98/13497

PCT/ US97/ 17507 PCT/USpI7S07
New ad -4- GenBank Accession #
Cry6A G yVIA L07022 Cry6B
CryVIB  New LO702ad Cry7Aa GenBank Accession #
Cryll1C Cry6A V644 Gy VIA Cry7AD 107022

CylllE Cry7Aa U043 1IC Cry8B M64478

CylllG Crv7Ab U043 ' Cry8C

ayll1F CY7A u04368YIICh o yogn U04367 Cyl G
x58120 Cry8A cryoB CryllIE ayl X  U04364

X75019 Cry8B CryoC CryllIG CrylH U04365

Z37527 Cry8C Cry10A CryllIF Cryl VC  yo4366

ML2662 Cry9A Cryl1A C Cryl VD

MB1737 ngB Cryl1B ngﬁ Jeg80 ﬁgggfg

X86902 CrvoC Cryl2A CrviH CryVB

Lo7027 S9C o y13a ry oyve 237527

L07023 Cryl0Ac y 144 CrylvC CryvD — MI2662

u13955 CryllACry15A CrylVD 34kDa  M31737

M76442  Cryl1BCry16A Jeg80 cbnvl X86902

X94146  Cryil2ACry17A CryVB cbnvl L07027

X99478  cry13ACr Y18A CryVC CryBPL 107023

X99049 Cry14Acr y19A CryVD Jegb65 U13955

Y08920 ;5 Oyt 1Aa 34kD CytA

X03182 =Y12%cyt1ap a oytm  M76442

u37196 Cryl7Acyt 2A cbm?71 Cyt B X99478

714147  Cryl18ACyt 2B CryBP1 Oyt B X99049

U52043 Cryl19A [err] Adapted frouoegés Y 08920

http:// epowil Aabi ol s. susx. ac. uk/ idgg®/ Nei | _Cri cknor e/ Bgdiijgslcx. ht m

1.2.3 1| h KLCATI ON OF CRYSTAL EINS TOXIC TO O%ﬁ%; ERAN | NSECTS

The cl oni nd expression of a gene encoding a 26- 1 squi tocidal toxin
fromthe di pteran-acti vegg. thuringi ensi s var,’ igael ensi s has been
descri bec1C d et al., 1984), Pthe nucl et} sequence of this

gene was ¢ .

rted (Mard and El|5¥B1986). The nol eciZP4dmss of

t he

toxin prqtein,

Cyt A, calculated fromthe deduced am no acid sequence was

det er mi neddaptegdrom: http://epppi;zt[jolggusx.ac.uk/Home/Nei}_Cﬁqlgmnm;‘Bdimdbd.bUeleq uence of

the gene for a 27-kDa nosquitoci dal

t huri ngi

L1 4 OB G
PP R O e ot SRS

by only one a

norrisoni st

t huri ngi ensis var.
25- kPa prdipteran-dcniat Boxhrigionssyan) igtdelznaid thay besh déschbéd OVWiEd al, 1984), and the

roteolysis_fromthe nosquitocidal B.

rain

Cyt protein isolated 10
s been di scl osed (Earp and

PG 14 t}a
1oPROTEINS HOX16 T GOLEOPTERANINSEETS 0 di f fer
{Bc‘f)cfal ?0

ation

t huringi ensis var.

from B.

xfin grom the

activat ed b?/ ) [
kyushuendiu§ e@gge geanehResefythis gene was reported (Ward and Ellar, 1986).” The molecular mass of

10

the toxin protein, CytA, calculated from the deduced amino acid sequence was determined to be

27,340 Da.

The nucleotide sequence of the gene for a 27-kDa mosquitocidal Cyt protcin isolated

from B. thuringiensis var. morrisoni strain PG14 has been disclosed (Earp and Ellar, 1987). The

sequence of this toxin protein was found to differ by only onc amino acid residue from the

CytlA protein of B. thuringiensis var. israelensis.

The identification of a 25-kDa protein that exhibits cytolytic activity in vitro when

activated by proteolysis from the mosquitocidal B. thuringiensis var. kyushuensis was described
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earlier (Knowes et al., 1992), and the nucl €ct i de sequence of the gene for
this protein, CytB was reported (Koni and Ellar, 1993). The

predi cted notasken Genoveseionl., 11992n\and the sueleetidessequence of the 2ene3er tis protkin,EytB,

Seduced <\ \GuP SR AT S iy 1950 el BRUADY 253, RSP, e i

var. israel 523 Da and the deduced FRfoChaA! haki ih&aty i
gene for a 30-kDa toxin protein with acétq?vgi&tq‘;@rg% fs eﬁl&%ﬁhhé&)l%@%‘f‘%{ éttnggensdsmre
di pt eran i nsgnificirasedqwane siesiaritpweith thaCitA Patein ABB 1mPingienN va¥¥RrasiRn 93,
1995). Jhis gene,_jsolated fromB. thuringiensis PS201T6, encodes a protein
of -29, 996 Da The clonipg; and c8amRrisTization eahe gene Erae30-kBattoxip protein witk agyjvity on

N doltbphehh SR ok indS 8IS StescribelUin. Py apal i RE: Fo Boas03,

| NVENTI ON resent 1 nven

t huri ngi ensi 1995Ns eRtié gkl isslatea tirdm B, Oh@iRgiensis PS20( 96 Simaated )

t hé gene which enco_d_eg it (designated cryE%'29) whi ch contai n arﬁ%%ﬁ‘ 8?&9,@6@ Da
aci d and nucviick exkibils & 64Uesequence idanpitye withahey Cyth oniimgf Bi thtikiggilensiovagsradensis.
the [err]-endotoxin proteins and genes of the prior art.

Surprisingly, the CryET29 protein of the present invention 15

denonsig at esz_rerregmgkﬁyid}s%%wlﬂﬂmact ivity against not only insects of
t he order Col eoptera, ut also against fleas, and in particular

larvae of the catTHd presefit mivemphplovidess heldvel B. thuringiensis inseclifid®@N@rystal protein
i nportant enbodi nent, the invention provides an isolated and purifi ela’ am no
aci d (designatad Codipo aadhipegeps Whinhrangedas s (designyted 2o/ ETRS whichi aatain amino

1 st rat ed ri PIETElER i Ptequensss. ssnBeRaln PPuiE i Ponglosy i dhechymdargni

protein is fpraBingunkeRhbsISr B9 prior 231 Sirpikdly DN ETED Sr GRS ' i
exhi bits insectici da?g@act I Vi tfragai nst lPpOoI eogt er anl;sy sucﬁ’rasxﬁe g%‘%ﬁgﬂrﬁwenmn

corn rbot wordamongtzatey remarkable inseetinidel ragtiving mgain@otarandp igsettatod the etdee Coleoptera,
Japanese beegt and r floyr beetle., In relate . enbodi nent s,

net hods for %Hg%‘ﬁ@g%{ﬂﬁ%[jfgf’r‘?@gt‘w’?’ﬁ?lﬁf larype afdas %$e9&’eéwphﬂf%f§‘-% her eof ,
and ant ijRQgk BRp&thdrR eh®ddiREAL AL i KOs i@ ' ind-aci
25 I n anot hgr | mpor t ant enboar%vgrrgt?\(?’, p{oﬁéﬁlkﬁeé%tlﬁ%cﬁgrgoﬁ%\%%?sggﬁg acid
i sol at ed andegyoeritfdoamprising @i® thuringiensis &lry BT3@ gneoticidainprysal pebréiie(SBY ED2R0:2)

gene whi ch encodes tﬂé CryET29 crystal protein di scl osed herein.
The nucl eot FORPRYRE LT BMYP 19 sequsrepdlugiaaied i Fifiy b apgd FEEQ! B DT ocading gegion for

i | ustypat edtﬂe”Cﬁl}ﬁ"zd &ﬁgﬁtig lrﬂ%m HBclebflad 9b %%16‘5@969%‘5?@: ] .rregEleg gfr?']{i'g%? I%otein

maki ng, using, I ng. mutageni zI ng, assayi ng, and

t hese nucl eexhibits thseeipidaitastivityeagdisg Gileopterath Shasafe shhihén Hose FRRAKImA! Restern
di agnostic nmethods and assay kits for the identification and
det ecti on ofOieloptwarmy Colprado petitebeetde.i Jepanesar bastly, afd jred \flaurobeztid. i in related

vivo net hodgl,ag4i&sents. methods for making and using this protein, derivatives and mutants thereof, and
antibodies directed against these proteins are also disclosed.

25 In another important embodiment. the invention provides an isolated and purified nucleic
acid segment comprising the cryET2?9 gene which encodes the CryET29 crystal protein
disclosed herein. The nucleotide sequence of the cryET29 gene is given in SEQ ID NO:! and
illustrated in FIG. 1A and FIG. IB. In related embodiments, methods for making, using,
altering. mutagenizing, assaying, and quantitating these nucleic acid segments are also

30 disclosed. Also disclosed are diagnostic methods and assay kits for the identification and

detection of related cry gene sequences in a variety of in vitro and in vivo methodologies.
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Anot her aspect of the present invention iséa Bacillus thuringiensis cell

t hat produces a CryET29 crystal protein. In a preferred enbodi nent,
the cell is a Bagdthérugspediufi thgipesentsSinvention iskaBédiliBlnsingfnsis ¢ei itBAre8ucss a
t huri ngi ensis EG4096 whi ch has been deposited with the Agri cul tural
Research GvEdRR apstlepratein, Kbt peferadeginbedimenbsibarcshl isapoBanilbusy thuxigionsis

on 5 May. 30, 1996 .an i gned t he. i on,.No., NRRL B-21582. B.

t huri ngi er?gftgylééﬁ_@l@, %QS’gnaqeéa?li?Jr é?”&f&'éf?@%@% nw’Eﬁl\gn%Se eep - dsposiigdy with; the
a_nat ur al | AgrRGbiifdl IRkGedats CRfth T oIt of ONBYtheth ReBional ReseafchYEabdfutS§&KIEERon
I D NO 1) of the present invention. E&4096 produces a novel insecticidal
crystal prMagil0, d096a@pd cassigatdithe AgecdsBimn Mbi DNRRINS-21682nt Br shivinggensis EG4096,
desi gnat ed, CryET29 _( SEQ | D.NO 2).. Most preferably, the Bacillus |

t huri ngi erfﬂﬂhefc‘tqumPﬁilsmtmla%&@si’dﬁ arpatally-pocurring fhpgtesum thatocomprises a
A further as f [t knventlon. | I ' c 1d, _or.vector.
that conprTBBLeY efhe (2R B5 RS o BBl i Bnfiod P0G pFREL 4 o) ¥FEH g
the cryET29y@aGoleREEY hpprdkindatsly 26-kDa, whith @sinoemBes Bagtdesighhted THETSY ISEQ
native or reconbinant cr ET29 gene, a culture of a r econbi nant

bact er i umlbr N@s2)or ibast wrafbrablye they Bacifug thurfngidraist eall ban the SNRREbdcgedsminnyguriber

15 t huri ngl [ uch as the reconbi nant strains EGL1494 and EG 11502,
desct bed ﬁﬁﬁ@%?%f? and nost preferably a biologically-pure

cul ture of such terlal i ERRLA94 i : I
1996 under the %&ehrlﬁsﬁé}oagﬁ%‘ﬁgf u{jgﬂggbéntt Tr egt&;/ l%/l\n\@? }]as%de °ﬁf§gﬁ£§?ﬁ%§§§/§%‘ mpﬁges
t he Accessh®muoigitbecid NRRienBe 2F58 vhold be anmiriiveloy thé leyFT29cgdne (SECPADI NANt), a
strains EGL1513 aﬂd EGL1514 conprising the novel cryET29 gene, are

al so prefé rmgd 1 Rost fellokIpRLEng 7 G 1yq1@r2q9combmewygpﬁ3ér5qr@i @ culture of a

2.1 CRY . e [ i.0 :
concerns s%ﬁ@%ﬁm@gﬁmﬁlgdi 48 astuggeglfg%n?inav %? ﬁgf[ﬁggﬁ‘l“ BrC?érﬁ%Xybcmg B
sourt®, thRGridgiendis a&hfdsahe txbalbig@ondifs VA 189 ak I BG 1 €500 desdrided W Bxemple B
portion of the 25 novel peptides disclosed herein. The cryET29 gene

( SEQ | D Na@nd; mppiGpreffgxablyda fhigiogically-pure cultuspcrfdsusht hdapggriplDatrainy EESQ 1494 was

(50 1 D neleby oo Hef e 105 REGHTRE el ot B, Fafl i NRIT: Tpg Ben

encode  the AcPésgioRi dignbed NRAIEH-D 1533, ASlhhdtivesy, thd!ACEd/ORASMERER FinsBT1 118

9 98/13497 PCTIUS97él7507

| i ke of crystal protein-related or ot her non-rel ated gene products.

I n addi t i cadilifebl [bdampeigingrihe nores) cezEaPrgenesare atsogmeferred hostgor expreasion of the
usi quarret d;r_{ﬁgat are well-known to those of skill in the art.

As d her®t ~” PR er m "DNA segnent” refers to a DNA nol ecul e that has
been isolated free of total genonmic DNA of a particul ar species.
Therefore. a DNA segnent encodi ng WO 98/ 13497

PCT/ US97/ ZIB07 CRYET29 DNA SEGMENTS -7-

a crystal protejpn or peptide refers to a segnment that caontains. crystal
protein coding he p’csg“é’é‘ffﬁé%é OyfonceIgs P%af@geféwa&%rﬂe 15?‘a‘§arfr9méfe|ﬂua“y
free from g ] f, i i dp{&n
segnent isang%{og%cﬁ'eg’,gp%eicfé mlﬂtt%tt‘élh?er@énggwgs%d ithsat t'a ﬂ‘ge({dgg}r‘\%\%sgf&rm ar?{ the
posi23j ve hretkpemidegisitosedderdin.ustheangETRY osnd (SEQAD N(he, Bliacl £ andnol@) 138y

B. thuringiensis.
encodes the 26-kDa CryET29 protein having an amino acid sequence shown in FIG. 1A and
FIG. 1B (SEQ ID NO:2). DNA segments encoding these peptide species may prove to encode
proteins, polypeptides, subunits, functional domains, and the like of crystal protein-related or
other non-related gene products. In addition these DNA segments may be synthesized entirely
30 in vitro using methods that are well-known to those of skill in the art.

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 encoding



5 | ncl udeWOd13897 t he term "DNA segnent”, are DNA segnents BGEUSIAI7HEY
fragnments of such segnents, and al sp. reconbi nant vectors,
i ncluding, for exanple, plasmds, cosm ds, phagem ds, phage,

viruses, and th i ke.. . Si iy ar a segnment ¢ riskn .
an i sol at ed*of” ﬁfr Pﬁqﬁ’_& & ?g?téc}e f)ef%rtsetf’_né ;E‘?‘\Ig%d{s%ﬁne_m B & EliiS cpés?angrofeb“ g;odmg
DNA segnent sihie6lesRY ié Nolaiee alviy Jbet, tdrQurified ARR! fr88, RANOSENBAIS DPNK HEQRe sPdlies
certain other elenents such as, regulatory sequences, isolated

subst ant i al frypmawhichfthe INA [segment is obtained; whhliy thecinstani cage gethe genome of the Gram-
prot ei n-encodi,ng sequences. In this respect, the term"gene" is used = =
for 'sinpli cP?i}“Y‘b%P&FB?I 8BS &?ﬁ@ Sofld 1 PaTtiaularn, the pResias: knpwn gs B. fhuringiensis.

pepti de- encodi bk i1 | " t 0, i art
Phrs. f onott iipdte Bidhin Bt DAGA sepment, 8T9A. BN dndSRalle? falipels of sy
ext rachr onmoggiRéntMAd 26D ULESRBinamUiecRrs endiREhS) fof ELURRIE Ssladiids WosAids, PREJRHAS,
gene 15 segnents that express, or may be adapt ed to express, proteins,

pol ypept i dephage, pirpses sl the like. "I sol ated substantially away from
ot’her codi ng sequenges” t hat the gene of . interest, inthis
case, a gene encgéﬁ‘ﬂ%j%r %@ﬁ@#&fpe@rw sing- gt dgofated g HE“{E coystahipFotei@rancoding
part of the i i R Qf: o Qﬁl@
segnent doe erﬁaoxiefecr(s) r%"? %?%%a%%gﬁ%é rﬂl%}%gﬁy%ﬁ@g—g?@%g?ﬁ?g %i?&oec%:r{}r&ril g equences,
codi ngODNA, catih caler! elegents hvuohas oragulatsragrguéres)risolatedr substantialBnaway from other

genes or operon coding regions. O course, this refers to the DNA segnent
as ori gi nal hsturally occurringgeneeer, prajein-erpedingoiequsnses ok thisimespect; thedetin hgane" is used

genes, synthetic li.nkers r _¢odi.ng .regions ., later.,added.to t.he .
degront by R HRNGBSR i 2 a 13l Fole i polvmeptipe- o iePligERHARE L “pparit be
i nvention CERdeR§Bsd IbyOts€dn A FARBMuhcANhl term includ&CAGDLAMFNEenvRfiE Feguences,
incorporating DNA sequences that encode a Cry protein or peptide species 25

t hat i ncl udeshwinghextracheomesonal BN Al sequgnenscut afsoaznperan seqiehcseapdéomengineered gene

essentially as set forth in SEEFSn‘lD NO 2. Mose PPrefer.gbl ._the DNA
sequerice coffETIESIAT eXRIPSS; o MRy Be adapirio &xPIest: proteins, polypepHaesOrpeplides.
protein or peptid L Al | itabi gk ) aG|

bt | east RoRRAr ba ol A B0, BT Dl SOl ™ Hegs e 8l of
The term " aintestpinCtisaise e gemk leyicading @ badteril lery stal PrédeinDfd¥is2he sigridicant guat of the
t he sequence 30 . Substantially corresponds_to a portion of the sequence

of SEQ I D NyIn&Frpieme! e laNA wgnenk gnd that the DA, segrosri Slophagt eanéain farge portions
i dentical t ' icald: td I [ fi ' j :

of any of 1 PenibrRytibate iy DXL 5RBRs 15 HEbrEBlontl sk el A hiStiona
wel | goder sgéned drnoperon coding regiondO O8/cbdrk®,7this refers to the DNA se%ment as originally
PCT/ US97/ 17507 the art and is further defined in detail herein
(e.g., see isplaigsh and idpes Babexilndmeenes. meewbiiangggnes, syntheticdinkgesn e sodingt regions

have between, abqut, 70% and about. 80% nore preferably between about 81%
and about 9@%""8&%\%‘ °ﬁ‘éﬁ"é“’§?’¥fﬂé‘i %dqu‘rﬁ‘%at'\heen about 91% and about 99%

am no acid In SRAHQNEE entiRAirhénts, Okhd URdntioR akoR@HsV MRNe® DNA NRgARhRO and
acids of SEQID NO2 will be 5 sequences that are "essentially as set
forth i n SBEEcoDbi@npyectors incorporating DNA sequiehdes shat @nbedeum Bey ptogein or ipsptidenipecies
aci d Sd nucl ei ¢ adci d .agquences may, i ncl ude . addi ti onal reé' dues, .
such 43 addPft BITLACRWIEHM &5 ABHRP ASH SeAuaST 48 jagung Acig segyense esseptialhcas set fpgh in
yet still S b3l | [ [
lorein so TanganNGZ, Md préitrabl b DNERERhod BomBRMATRERCE SF) SEfiSnes
i ncl udi ng tdirodes nCenprineinek pbpidengpeciat that fichides Athin 1ta6iing dgyd yépesce an at least
protein expression is concerned. The addition of term nal sequences

parti cul ar | {n amino acig spniigupus sequeareeicSER IR N@Zuences that nay, for

exanpl e, includewyarious non-codi ng..sequences., . l.ankj ng either..of the
5 or 3 porti onE¥%¥°%€ €dG e?%ﬁ%’%fr ﬁseﬁg‘i}ﬂ} Wc$%(aéb\)_§¢rj0u efny Bpt ik sequenice
sequeBges, dubStantially ESHSpoNdY B Poiok HTMRe SQues@Usr SEQNTDNNBENESd has relatively few
The nucleic acid segnents of the present invention, regardless of the

| engt h of tdmmnoadidsghat are not identical to. or a biologically functional equivalent of, the amino acids

of any of these sequences. The term "biologically functional equivalent” is well understood in



15 sequengs oshishf. may be conbined with other DNA sequepgpgssofihsby as

pronoters, pol yadenyl ati on signals, additional restriction enzyne
sites, multiple cloning sites, other codlné segnents, and the liKke,
such that their overall Iength may vary considerably. It is therefore

cont enpl at #e drhaid B fanidrelefinat irdddtaihbereitt (eqf, sterdbgstrativg Bnahogiments)y Aecordingly,
enpl oyed, with the total

of prepar a$qayeneesdhatdave hetvgen F?ﬂ%ﬁgséﬁa%% é%?rb‘g@pegprle 5‘9&)’ g?%‘?é&? g‘.’“‘%ig°
exanpl e, nucc{ Iah?%taﬁg‘%t SHW%&C Q&I?rﬁe?@ééfaﬁmt %Cidaggbcﬁlt Y, Lamino acid

conti guousa'é 1 ng 1 on O t he e sequence
di scl osed idguelde identity or fundienal e@mvallaﬁée & ehd deriid @idstéf SEQCUDPNOIENilr be

to DNA sequences which encode the peptide di sclosed in SEQ I D NG 2,
and parti csdqmehgestthas am%smgar&ms ihtim‘lﬂbmeS:EQhDMﬂ'b NO 1. For

exanpl e, DNA sequences s s abqut 14 nucl eq and that are u

Sbout. 10, 000, aBotll 2o be Ugdetyod dyel Fmiioaa oIS s ScaBies: Fighnclude

about 500, ﬁ?&ﬁ@#ﬁ%%@gdu baih a]s%d RN ngtﬁﬂﬂmal amx o aﬂ&obFS It Pag eﬂ@ésf §nd

in length |nterms|atelen are so contenpl ate
useful . yet still be essennallfl anidet foreh fireade lof théldeditiénOMdishlated heres, rsedloag els the
| engths”. in these contexts, neans any | engt h between the quoted

ranges, sumuaacelmeet_’ESIhe 1c@ter1a7set1f9rth1=9>ovz,omcadwg themaingenapee of biologigal pratein

AN EOR N N W P
500-1, 000; é)lggQO %ugﬂgy ackd SQfdesocd ARt rﬁayoqgr xdaifle, iaadds Daﬁ&xs@ﬂﬂ-codmg sequences

i ncl udi ng sequences of about 10, 000 nucl’eoti des and the Iik

WO 98/ 1349Manking either of the 5’ or 3’ portions of the coding region or may mclude various internal
PCT/ US97/ 17507 -9-

It will al seavsecasniier SHons YWiHeh aeknewni9 SRtUr SR 8FRSS- | inited to the
particul ar nucl

resent | nventi ahe iElelcid sopmen St E RSt Ve G TeLRRERS HE R SR soding
| D NQ52, i geduediaditieie Bi¥p dequembinedhivith i stherarDNAul seqligneek, sshdseat |mo:35@rs
I D NO 1. Reconbinant vectors and isolated DNA segnents pay therefor

vari ously ipalyadenylatinn signals, aé@;‘)‘?!‘%’é’cﬁfﬁﬂi'%eﬂzé@ecﬁh@&trﬂélﬁﬁﬁi ering sHiegs. Qiier coding

regions bearin ?elfﬁieg‘ S}g&l éﬁéha |20 5ei O Ly R 1Ed F%%Hagggary considerably! h hﬁ fedkdre

codi ng regF nco e I"ar ger “poly at neve ess

i ncl ude contemp‘laﬁ@@ﬁm@@ﬂh&lg@ &Qﬂﬁrﬁ@nérﬂ@)‘f @hifos? anyrhngthigay de bm@l@@dmlthyhe total
functional equival ent proteins or pepti des that have variant am no

aci ds sequésngtls preferably bemg limited byHbe Epsa @égm@wdtm 1p tlaes ytended \resambipant

Soqudloes TAVACRPERoLY Fot HaruBiadiei, peid CANPLE HinyoRC prebifa Bl thclude a short
functi onal cSHﬁ'édb%E%{}E%hfea@édxﬁg ﬁemmow S&ioHof dp@’gﬁlnﬂ:)teduehfﬂ disEl18€ddeinSEQ ID

acid sequences and th pr ot ei ns hus enco Al ternatively,
f unct i onal INO&gor wiaaham xqmncaéutusar complsméntiay tnﬂngesequences whigheencede theapeniide

| f nbi hnol h ch
SFructure. Mg %éegrﬁaﬁ' N2 i S0 e ddy S eeme SO RSRa R SRS B0 For
the am no %‘[iﬁrgg ,ﬁ s ci:enfes%ﬁ%ggﬁgul @ﬁf@&ﬁd@@%gm ¥ up RS aBBYt 1000, about

i ntroduced Ication of site di rect ed mut agenesi s
t echmpsjues 5,6009 aboﬂit03 000, rabduthD@rmbouemﬂﬂﬂ,sauom 50@, aboti 2ehiabouy 1@, abhut 50. and
protein or to test nutants in order to exam ne activit

}31/ at the m)lec;ﬁlar b
| evel . about 14 base pairs indsngtBdinchisingral) InleBediate JeRaing) Af SHoBiEn ated i be
peptides, e. gﬁ% where the peptide- coding regions are aligned

within the' expression unit with other proteins or peptides 20

havi ng desired flRghi RN%adidH GHdedStob® tha Wirtérntsdidt® Ter@ths! NMALMEsEEE@REXSmeans any
pur poses (e.g., proteins that may be purified by affinit

chr omat ogr eigth badvaenzbﬁwdtmahgmmqhgpSrlégiimls’), 17.d8pd2130v ety 21, 23-/ 23, etc.; 30, 31,
Recombi nant._vectors formf rther he pr.ese e
Part i3l ar I3}’ g&ef o 51, 52, 5 VéétIQSS P@ pévn‘ff t1§§ ?%1 g\é Rgg etGed?%V%'n$ 3l
whi ch t he G L A

Rtgfgot Rk gr sn%(fq b4 peptl ,,rf%b 2,000; 2,00 d?‘@@é hegoe5.006! 4 b to and

full length i's positioned under the control
a including sequences of about 10,000 nucleotides and the like.



25 pr onotved 98/T387 pronoter. may be in the form of the pronot @CTUSAT11587
naturally associated with a gene engodi ng peptides of the present
i nvention, as nay be obtained by isolating the 5 non- codi ng

sequences | ocated upstream of th odi ng. seqnent or ,exon, for exanple, .. .
ding o T e Blsha erig g i BT ot BB P 4B PARUIAr Rcleic acid
\‘j\%ngg;:tlgzg _;%ﬁéﬂc&ﬁ%h%na%ﬁé IgePSdddl SCIHRSHEsent inventioR®bEwhict3encode the amino acid
PCT/ US97/ 1&b§uence of SEQ ID NO:2, including the DNA sequence which is particularly disclésed in SEQ
2.2 DNA SEGVENTS AS HYBRI DI ZATI ON,PROBES . AND PRI MERS . I'n

addi tion tdDiN@il Recombinant veetersigddsplated PINA segnerss may\thergforg variqushisinglude the

ot e at B8PH-eding regi M Qb Roai bl hAHRe Sefec ol RS OF Foifications
they al so havge whiik icb&in@ﬁre@ii’o?lpﬁﬁt}% Mhy @‘lﬁe&dei mr%a;tca%@gaésdzﬂay he&&i&&k% Hklude

5 enbodi nents. As such, is contenplated t Ic acld segnmen

t hat conpr itbese apepeideending regions oregiagnericodt biologicaily fuhctidnal egeivakeni froteins or
nucl eoti de | ong conti guous sequence that has the sane sequence as,

or is conplPERB¢RSARYt haye variant aiRg ads QUENSRS conti guous DNA segnent of SEQ

| D NO 1 -l lwfin | C LLLEY: er Lauous i.d kcal.
or conpl enent ar yaflﬂseeunl{eI‘l%Cg%é,m‘é&t%.(,yé Hhe Uﬁr%etn &o@_g&g abeél(é?lp’%s,% %@ogﬁgl% ,nc{mnal,
100, g9P0, 2QQivalklDPeptid2Q0, SEBOLqueRLY At rise( hal doftsefietidd ofi Godon redundancy and
internediate lengths and up to and including full-length sequences) will

al so be of fusmional epiivaléney that are knowdé nequriaturally within nucleic Bhiel segitricey and the
such nucl eic acid, probes,too specifically hybridize. tpo crystal proteinpn-

encodi ng @ERIEHS b PFodsan A svEDo Hactignalitsapiyalral qtPely o pepidiscmey be
Of cOMpl eMRRLAIYyia the gopfGHUETTEcdbifiatl WA ERERLIBgy. BVSNEh chahfIRI inARE Brotein
are envisioned, including the use of the 15 sequénce informatton for 't he
pr epar at i ontrafturaumanbe spginearsd,fhasercorms conmidegpationsrof tho propseies of the amino acids being
preparing ot her [ ons. Nucl ei ¢ aci d, _nol ecul es

havi nkp seq&éﬁ*&@ggigieéﬁlgggﬁgéirgggdﬁby dnan say; Qaaagomﬁéﬁfwé the application of site-
tretch 3 - 20, . , - | j des. . ,
et oy Qb Vol SR oMol o, 1 FRled SRR BOM AR MR, of e

par ti cul ar Ipyotei@niresRdsein@ehn®sSin2fder to ByAthindiag@dityos the aligeculplevese in, e.g.,

Southern and Northern blotting. Smaller fragnents will general ly
find use in hybdf desieedi ene Efyosherepace ipendirateinseandeprptidesfe. g havherenthie regtide-

conpl ement ary. regi.on may bhe vari.ed. .such as_between abo -14 and_ about..
700 or 200 codink “Peiths Y ahgnd” Wilfh 1R Siine BpEhiEE oo Bt dirmrgPits 2P Bebrices
stretghes KBYinkUess&H furRE6AY, BLEID ad Gort PiRification or iMREINGdSRERICPRBbASY 6. 2., proteins
sequences one W shes to detect. 25 The use of a hybridi zation

probe of alanmaydbemurifedthyddBnitnciremgtographly and entyené tababeddang regions, resgectively).
dupl ex nmol ecul e that is both stabl nd sel ective. Ml ecul es havin

cont i guous  RecOmBIRRPBHERRIA -G dn cSRocs, of the; prasent devegfian driqularly useful
bases in | : : i

i ncrease s? g.%lt) 'ét%%gn H@‘eﬁdc%()i %?&%?%rg l%ygrl?hdt,hreggr%g t edrrg%ig[)?ﬁ%r%&éq % én ent,

qual i ty anaviddgr eacafing pdull flerptinpboteid orcnediet peptids, 38 pesitiorfadeundet khe control of a

generally prefer tg, design 30 nucleic acid nol ecul es havi ng . .
gene-onp| EFUARISF-y Th¢ pramgiesmay bgan thy %amc,qf 1h¢ grasnater that 1s nagyrally gssogisted with a

even | Ongerge%@rﬁc%d(ijr?gsbépqglbs of the present inveation, as may be obtained by isolating the 5’ non-

coding sequences located upstream of the coding segment or exon, for example, using
recombinant cloning and/or PCR™ technology, in connection with the compositions disclosed
herein.

30
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Of course, fragnents nmay al so be obtai ned-BY- ot her techni ques such as,

' PCTIUS9'_I/17f27 ]

e.g., by mechani cal shearing or by restriction enzyne digestion.
Smal | nucl 22c abDINA Segmmnrs ASIHYBRIDIZATION PRGBESIASD PRyMbes r eadi | y prepar ed
by, for exanple, directly synthesizing the fragnment by chem cal

means, as is co xgxow%lmrc'&ﬁ ip shiregting, ths pxpressien °§ICD§%@€¢¢E‘@§ jog @eptides of the

syntheS|zer nt,s._.may be obt ai.ne | i,cati on of

nucl ei c acPrﬁs%ﬁP\g"d’lﬁ'ﬁ’ﬁ g‘ﬁ Q%E%‘gg?gﬁfiqu%‘ﬁ%ﬁwcon emplateg tﬁge’?ﬁ OPaYE & Ygricty of other
t echnol ogy, Q. L#or%xagﬂ)tl@ hey ﬁls@&?&vé%lﬁﬁ% PrétR3 2 YAk GRGH nuBRR! RIA q{y@oﬂdlzanon
her ei n by reference), by introducing selected sequences into

r econBi nantmbveditnents. f s suoahc arib coatemplated that nypied acitli segments dhay eomiphise a sequence

reconbi nant DNA .t echni eneral lX known tf those, of skill in thg
art of nol @Glﬂ"thaE)lCBP% least a 14 nuclepfids, long¢aniigupps ssayencsothia das the same

el'ect  vel PR dgEXfétdoﬁf&lecu 35 e bt 16n Bt BA segmesiaf SEQ ID
fragments. NO:] will ﬁnd%mu%rmm@;n mﬁgeae&mg@:aﬁs menﬁéwbﬁt&ﬂﬁdmeﬁ@?y yuqlubnces eg.,
desire to enploy varying conditions of hybri di zation to "achi eve

varyi ng dethoseof m‘boseIZQCBO,v#O,yS@f 1451, G298, t560a 6B, t%QOQetSOQ@:qlm}ﬁ)@eetc F@including all

applications re ulr hi sel ec p|c re to

ol 49" r ef Mseipee lsnghgand updo S inshuabig BREIepyhrsiiRRER il oo ofasg n ot
will seleci, B&ilg'febiéel y low salt and/or high tenperature condi ti ons,
such as provide y about 0.02 Mto about 0.15 M NaCl at tenperatures of
about T8¢ ebiljt¢ o0 sathonicleio| axid ]pﬁ)beSuohspeeifmally \hybrdizdi tbi agstal protein-
tolerate little, if any, m smatch between t probe and the

tenpl ate o¢nq0érrtgech§mcaﬁdwllaﬁﬁ'ab%mra tﬁéemirqss-: oy Fiatpptgngsmemmeecer of complementagy
crystal r.otei n-enco se Det ect.i.on ment s
o2 hybr i creEns Rt BT e e B g SRR ipefuhaBiATENE B e
t eachisngs gubhcesmf&aﬁﬁﬂﬁlsfcﬁ ﬁé%r&&aﬁat@dm ob .rdutbrtOYecles asitiners, or primers for use in
i ncorporated herein by reference) are exenplary of the nmethods of

hybri di zat Ppasmgpigegenetic constructiqusachi ngs such as those found in the texts

f Mal | 1 k
e oaryi ol ari DEBE o MBlecttéd Having 3Bencs “2gions Bonsiging, of, siliRkond Aif lsgude

for exanpl gretigr ¢ 017031419%1265 300 $U,eB8RIReMANDS-208 SnucleotREP| RYkH I identical or
mutant primer strand hybridized fo an underlying tenplate or where one

seeks to complememasyoltat the cIBW’t aeqqyngec oif iSEQ clbYiNG: 1s e paviesildriyonontenplatad as
speci ctj.onal | ents, or I k | ess stringent .
o 20 7ot PTG, PORE T i .2 OYUBE sk NeahrR WptEE: Sralld gipements will
formation generally fid W€ iRChPERARIEX em'odeHEﬂf%e »cnhéremna{ca%g& dNfhe TBYntiguous
desire to % f )7 condi ti1ons sucn as about about O.

salt, at teusmplleateutaeys regiogimay be omriabosich28y betwieeh taboath d2H1 4 SndeabiouE. 100r ars 200
30 hybr|d|2|ng speci es can thereby be readily identified as positively
hybri di zi n@“"é?‘{:} Fsby farger °°n“g“°‘%se%‘§%l?m?’@)‘aﬁﬁn§"F‘?§Pheﬁny?X de Asedoprsording é‘l"\)ﬁhe

case, It I RngfNGRlibneRBR SGLAIES ohd HshEORUetd.LNS can be

25 The use of a hybridization probe of about 14 nucleotides in length allows the formation

of a dupiex molecule that is both stable and selective. Molecules having contiguous
complementary sequences over stretches greater than 14 bases in length are generally preferred,
though, in order to increase stability and selectivity of the hybrid, and thereby improve the
quality and degree of specific hybrid molecules obtained. One will generally prefer to design
30 nucleic acid molecules having gene-complementary stretches of 15 to 20 contiguous

nucleotides. or even longer where desired.



rendered norewsyodsgent by the addition of increasing anounts OPCTUSINTSAe.
whi ch serves to WO 98/ 13497 _ ;.
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destabilize the rid duplex in the sa nner. as increased tenperature.
Thus.  hybr i di zat neotst Fagehe? malf R Re HEG, B5, GlREF TAARIes EhGes 1 by
wi Il generallthfificd SREARE &f bf hediRgidiERARFhO Wigestion.  SRAN A&1&lESidi® Segments or
results. I'h certain enbodinents, it will be advantageouS to
enpl oy nucl éiagmanisdmag dhee naddy qirepaned by, for exammsentirectiyegyrithesizing the fragment by
conbination with an appropriate neans, such as a |abel, for, determnin

hybri di zat i ehemigalymeans, 35 it SPIRRoRly Prapgedt \Sipg, AP RO ligoRpECRiS R Athesizer.
th , i ngliudi f i i . i
oanas, s meats ay Ok R, sof AUGRCE ARy B dchn dihbioey. suh

detectabl e g GRACRMIBRRI] y@ﬂuesrfq%xﬁ?%sz,19ﬂan@f4!dss,lzlo§qéaeh0médr§smiéa herein by
enpl oy a fluorescent | abel or an enzyne tag, such as urease,

al kal i ne phefefeate)s ebyorinpedusiigl aslected nsdquemtes Ointo  reodmbimdntoxettovse for re¢dmbinant
envi ronnment al undesirabl e reagentg_. ln. the case of enzyne tags, .

col ori et ri Eradugtienagf by erber Eeeebinant RN iechmgyesgenerslly dngpaytedhess ofrskill ipthe

a neans Vi sm!oﬁ%oq c%?ribé?lgg?'e human eye or spectrophotonetrically, to

i dentify speci ion with conpl enentary nucl ei ¢
aci d- qont ai ni ng YaRPidingly, the nucleotide sequehdes ENEE Blventidn hfayedevised FBE cheihdility to
t he hybridi zati on probes described herein will be useful 15 bot h as

reagent s i nselestivelyonfompbrduglexatmalecudes \iith egmplamentendi sistabss eabH| BYiAn gfragments.
solid phase . I n herrbo i ments i.n.vol(yi n% a. 04 i d Qhase t he t.est ¢
(or RNA) i sDERESIDEPROCOERRUICH) YL cnvisioned, ¢ yé@ °1T 18 SSHRIPE 0V ARHP R Sngitions ©
surface. _Thz idiba R & AM&eSlakAR %e,%,ree%#gacéww} dfSprbbe owatbi %g&dscquence. For
to specific hybridization with selected probes under desired conditions.

The sel ect edpplmatioss mgwiring high salectivitde paedwibintypirallipalesire td ampéiyr mlatstebnsteiggent
based gn the particular criteria required. (dependi ng, 20 f X | e,

on thd SGHC COMTERRS, 1o G B 1Y i ¢ 2ol A%y relaBihiy, B aln goflor Bial ferperavure
si ze of . d, CH ' r ) (o) ' '

hybri di zed g%’?*%ﬁ%pssg&{aé@ %Qihgﬁob&g&ou?bsz Mntg’nidﬁgicﬂff)??cw?ﬁ%‘u‘%ﬁ“’%&&'&s of about
mol ecul es, $SPRCitd iabolty PDICi Bath gelettivededriitican, tolerate Mittle Oifainly| hriifragich between the

by nmeans of the | abel. 25 2.3 RECOVB| NANT VECTORS AND PROTE| N
EXPRESS| ON probe and the templateify taiggfitangn agd souldl e persiculagh guitaie fgr igolating crystal

conposi tion ri Si r . 1.0. . I L4
o conr SRS Sl s TR SRRl on of P s BB PRAGR Pk B,
protein, i Nfd Hivk®Bf BRI RS therart randtthé ScaeRMEiofiUNGS. Plterfes WIOBZ 88" Aides 176,995 (each

cul ture supernatant, ) disrupted cells, cell extracts, |ysates,
honmpgenat esincambrathd Herdin. byTrefersoepoare t ¢xemplarpyofbthei methods of hkydurislhzasion oanajyses.

or alternatively, in dr sepi-wet.. or simlar for ch a |, _past .
el | pel I ot Teachiigs'Sicf gy thos Faiin e toxp oL Mooy e ad 93 vereb T P 92 end
evapor at ed, kQiby Of99a WeSfartiduldrlyarelevair epar ed in dry form Such neans
for preparing crystal proteins are well-known to those of skill in the art
Of course. for some applications, for example, where one desires to prepare mutants
25 employing a mutant primer strand hybridized to an underlying template or where one seeks to
isolate crystal protein-encoding sequences from related species, functional equivalents, or the
like, less stringent hybridization conditions will typically be needed in order to allow formation
of the heteroduplex. In these circumstances. one may desire to employ conditions such as about
0.15 M to about 0.9 M salt, at temperatures ranging from about 20°C to about 55°C. Cross-
30 hybridizing species can thereby be readily identified as positively hybridizing signals with

respect to control hybridizations. In any case. it is generally appreciated that conditions can be

rendered more stringent by the addition of increasing amounts of formamide. which serves to
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of bacterial protein isolation and purifithltion. In certain enbodinents,
the crystal proteins may be purified, concentrated, adm xed with
ot her r eagiestabilizethehylrabdgdex i the e nmednér asahcreasedhtemperature.  Thuwy, b bridipitipn

t he conposition wll conprise fromaboyt, 1%tp about 90% b i.ght. of, the.
G ystal T conditions g bereRaiy TRTHREE S ABH ah sy B FGTAILA meiote beist dsteiing
wei ght . 5 . n a preferred enbodi nent, the crystal protein
conpositi O%th&de?lheg lrF%u\}{es'nti on may be prepared by a process which
conprises the sfyeRsalf eibddithehtadit wvilBdeiadlatftagdous to@hplosinticier) dcidviéquibnees of the
expresses a CGryET29 crystal protein under conditions effective to produce,
such & pr giresent imvedtion in combtriation o¥itte amiappropriatepneansi suchrasn 1absl, fer deterrpiging
obt ai ning ,of such a crystal protein may. further incl ude purifying;
concent rathﬁi’é‘,‘hzﬁp%eséi”ﬁﬂ? M eté@ﬁi%%ﬁemﬂf%{o&’ﬂew e gﬂ%w%rm T & ticllding
reagents. 90 Shzyfnlific 6F ¥iRER HakddiS hith R1a01d/Biokid, WRICH A8 dapdbleA6t
amount of qlgogerrsic %‘(’E\Z/eogzr’l&glgo’uétm{%t% g about 90‘% by vvleilght and rmrlbe

pr ef er abl ygilingna aletsetabitsighanb dntpréfedtel yermodjinents, one will likely desifbido employ a

invention also relates to a nethod of preparing a CryET29 crystal protein
conposi ti oftuorGisent kabeleemarengamertag. such @ orsase, alkalingibigsphatase OF PEFOXIipse, instead

Baci | [ us thuringi ensis . cell ich expresses.a GrygEl2 r

prot éPn un‘bf:Fadé‘??ﬁH?’?i%ngthglf fegﬁlf?%eqt%ynﬁ?%aﬁg © IREE<TL T E‘F 0 aesl8 n(,yfs%’?\%'r?%éa 5
obt ai ni ng {fsrMERicShBica®r Buitdf8 Gre kibven Bae kel be dmpoyed irdprividen® nidass bisitte to
thuringiensis cell s an NRRL B-21582 cell, or any Bacillus thuringiensis
cel | whi chthe dwtranreye @r spectrophotomgEiraiyctodderdifirepecifighytridizationevith complementary
reconbi nant pl.asmi d vectors of the invention may be used to

t r ansf or m BiddF 2eidrRAIRING SAPRIES-al or eukaryotic cells to produce the
crystal protein;0 s i r i : i

G am negat i ve cli pitebflyj ingnisiohd At by pRIURARGN Gl BOTEEFbLRin AR B ySétl
Ent engbact sthae aeageaits iar spiatipadiybridizatieh las weticds iasnitmdiments esyppoyifg acblidiphase.
B. megaterium B. subtilis, and B. thubi gi enm and. the |ike nane
al | cont enisl embedimengeinyobying 3 splid phase, thepiest, é‘{}hr(%'t Jots #95arasdy e gjnerwise
proteins of.f{he.inyenti : . i - Sacilitcd iected
Gont el at SEPhst & SEPREF e orputpee. This folsd. SHPRFERRA TR acil s subjec
the codi ngidNAciFRAYBAUIZ4iI6 ithhelecratprobesaindar desiredrodmiinions. Ofhetseteeted| cogditions
25 pronoter. As used herein, a reconbinant or heterol ogous pronpter is

i nt ended t wilt dépendian the particular cppwngserges baed qrsthp partisalapsarifeyia jeauiredddepending,

wth DNA_segnment encodi ac t.al protei L. . i kN, LGS

nat urd| en(ﬂrreg‘ﬁﬂ’(?#t’.O“Sﬁ‘(?ha'g?o%{eéf’st?ﬁ%@ f?%gfﬂ?fgd%? Kot g?%rgﬁc%trfnrgﬁeif adilisize of

associ at edhybridizationv"EHBepwbﬁ)f FONEHingA REAIIAg PEORE BytFidifd irfdefdooas anyremove

bacterial, Vviral, eukaryotic, or plant cell. . Naturally, it will be

i nport ant henspegifiogilya bpurshprobe mdlegulesi spasific, bylyridizationtis detsstedx py eves grangated,

the 30 DNA sg_gg%gé in the cell type, organism or even aninmal, chosen

for expresEYB??."m thg dabeky pronoter and cell type conbinations for

protein expression is generally known to those of skill in the art

of nol ecul ar biol ogy, for exanple. see Sanbrook et al., 1989. The pronoters
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enpl oyed may be ThgHigvsntion; )% disrlosssyand plebms 3 fempesitiga cl?%’d”smgd%rcr?'ﬁiég crystal

appropriate_condi-i o s ' ' wa]BX j tal
'ﬂiﬁns élt nﬁﬁ'x}ﬁo%mo# may Ic%hgng’és 13k Q@Ral ﬁd’s? %elﬁ@ﬁﬁﬁ%xﬁf&s?fa EHET29 crys

i nt r oduced? sSuc vant ageous ar ge-scal’e

pr Oguct | 0N pRftein GANTREBA BodisObLIchtd¢ dORRINIAE Xhe ADIYETRY | roimr ouinirersupematant,
systens
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disrupted cells, cell extracts, lysates, homogenates. and the like. The compositions may be in
30 aqueous form, or alternatively, in dry, semi-wet, or similar forms such as cell paste. cell pellets,
or alternatively freeze dried, powdered, lyophilized. evaporated, or otherwise similarly prepared

in dry form. Such means for preparing crystal proteins are well-known to those of skill in the art



contenpl at ed W0 983897 n hi gh-1 evel expression include, but are warnswirsed
to, the Pichia 5 expression vector system (Pharmacia LKB -
Bi ot echnol ogy) . In connection W th expression enbodi ments to

Pt S SR BB e B S SIS e e
encodi ng t hepeLRlrkfied, %Héérﬁﬁteﬁe(wﬁf‘f& Qﬁhrlﬁhém%%?ﬁ?fcﬁ' rBEkss OY@Xq{es tréc{ I{;Yi’hll form.

be appreci ated that the use of shorter seg nt S I rec

expressi on direfetatdy,ahe pemposiaen ovill cdlhprise frpint auwcrmro&bbeggm%y Wit GfhéBdystal
be used to generat e anti - stal protein antibodies, also fall

within the Jueistn,gnd mr!ep NchFPmBhWtSSe/g#E?h%ﬂtSﬁ%tb)ewcmhb pept i de

antigens from ab t t..50_a cids in nor.e
preferably, f r omoiﬁb%l?fefg"fd 65%388&3’3’ g’ﬁ]%@ﬁ%{’@gﬂi’ rfmmp“‘mm%J 82@'??1 Invgption gaay be
nor e pref er ahbpared bp Mppbdd whichonkiidbs e 00 cafthdis 4

contenpl ate to be part i cularly useful. Sljgér?spegt | de ep??glg[gg}%ﬁ{ Eenm C“c“ whxch
aci d sequencxprekses a c«wm cxysfat pexeinamidey canditions effectiee to prfiues 66ch 5bﬁmam and
SEQ | D NO 2. 4 CRYSTAL, P EI N TRANSGENES AND TRANSGENI C HOST
CELLS then obtaining ﬁhfyBEOt%mcff% theyeelbctThe tqbéalwnss@rﬂmh ﬁmstalopropm@wmaye@nher

nmet hods for rticul ar a plant

or ani nal F{lggﬂﬁ “m’"%p%[e’@és}z‘gggﬁ% FOE F%m%\c&& dgne'glrrﬁ rliﬂt1 %’l&)?gd%l ARG P Jiore reagents.
novel yET%eﬁfM ahe OrPEERR c@rfstal Peoté1h 8§ 8Btaided R Ahi adibunt BE fiBhPERWeerPhbout 1% to
produci ng transgenic cells 1s well-known in the art. In general, the

met hod conprabgeisIA fbiaveightiang reors prafeiably fierstaboed 3% to about 50 by weighin
segnent which contains a

ot er erativel edtoa regi on
t hat enco é"‘fém“Bﬂu? %delé’g% L& )}Eﬁ%@é Hy SIRRTIPE o e‘grﬁfg% %u%‘B!S'é' protein
codi ng regi Q@ erQlch¥a meth
transcription- Pg?l%eﬁatsﬁjﬁg rlgatr 8% ge\/\ﬂglr?%%%\{ﬁégy ‘BJF o%rlgtg g’? tcﬂltr?nn ab%aa”m Hﬁ'gmgle"m
driving thecel awhlchlcptprmesofa LbeEmdmrygtaﬂ qgo®in |undérheonﬁedrdns efficttive neeproduce the

provi diﬂ{ the cell éhe ab%‘g produce the reconbinant protein in
vivo. N ter PEQIFiReppd thep p tfa%&e w%qr% SPtPr?%uca@sﬂrlaaop@fqr@d embodimeghtheoBacillus

regul ate, Orthlgggﬁ%ﬁ'ecéﬂhﬁ a"ﬁm @El%?gérl o ‘Ahgﬂearcﬁ%%’ rlrrlr%'r'{rﬁ &3 Rhich contains a

protein expre par t ‘transgenic e Tnventt 58

al so provi desyATRYgtREsepAPBNES s\rh@maui/elgr Metratontifimi plasmid vectofdéfi 1HE r"r’@\%nflﬁ?rlx\lﬁiay be

The use of antisense nRNA as a neans of controlling or decreasing the

anount of a ugrrd/@rrrqasfqrm th@rr suitablerbasteriphoreukatyotii seligetol prkrmmnhtr crytstrabpmmm of the
ent onpasses ch has

In a pref err 0 C

been r ans ?J tfchﬁloSt ¢l } gﬁ‘% dg%g g“%’@diﬁéﬁlfv o"fe“tgr‘?@a? i\ nf?)/\,n sexgymonas
whi ch 28X pr espgsand rIR0R! BhreBFBiReraceae, or Gram-posilt 28I AfR s Bacillus spp. (zncludmg B.
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segnent encmfgﬂ'grl@ne Byrsubtihis apfl B. Héuml@gwlzsqioinsipbpﬂrkder&:dﬂrpomemptmm to be useful in
di scl osed hﬁg ein. .the term"transgenic plant cell”

i s intended COPIFW@FOII 8{3&%}7&5}&' p&cgpr,ns Phﬁlﬁ INOUORC or por at ed DNA
sequences, inclugj rkﬁcﬁl&n%?ﬁmkﬁ@‘ fed E&t&ﬁ@ﬁéd%hf@eﬂlﬁ DELNAPS O be gained by

normal |y present, DNA sequences not norma t'Fanscribed into
or t r ansl at pdsiiioging ahprevdeign DN A segmestediider the conﬁol of aare¢ombimant, gank&emlogous,
% uences whi ch one g sires to |ntroduce I nto the non-transforned
pI ant , suchpﬁ’émlj%'neﬁ‘svrﬂ'ﬁe eﬁ%{y A GRPRT Wa%érdreé%'emovmptqr@trroﬁ-mreaﬁgd 9 rigfgr to a

pI ant but \é\’g anﬁ\at lS not norqﬁ“a?li)I gs%oélgtegl\kﬂ? S Cor;\eé nixeértt eac Iggn %ec:{y%rghgrotem or

have al ter expr essi

i nst ances t peptigleriane r&'tural ¢rvardagRAt. CStEHhaﬁrbnﬁferi hRyRh&8& bromoters nonhﬂ Bisbéiated
w || have been augnented through the stable |ntroduct|on of a cryET
t ransgene, With other genes, and/or promoters isolated from any bacterial, viral, eukaryotxc or plant cell.

Naturally, it will be important to employ a promoter that effectively directs the expression of the
30 DNA segment in the cell type, organism, or even animal, chosen for expression. The use of
promoter and cell type combinations for protein expression is generally known to those of skill

in the art of molecular biology, for example. sce Sambrook et al, 1989. The promoters



10 eith L cryET29, or synthetically nodified or nu 129.
In sone i nsf‘gﬁg’g}sl?%ﬁnre than one transgene wll be i n%oré%?ﬁé@

into the genonme of the transfornmed host pkéht cell. Such is the
case when nore than one crystal protein-encoding DNA segnment is

i ncor por at &flplogéd nialpbe constitutive & riticitle, aHé Ba@ b hdt undeNtheappipfiate conditions to
situations, 1t may be desirable to have one, two, three, four, or
even rore dreqt fhigh iryek axpression of the istiodusedsDONG sepmmentasicheasgs advantageous in the
reconbi nant | y-engi neered) 1 i,ncorporated and stably expressed in the

¥ anef of nodaer S BAREin, A recqmiFRy BoRLg of Beptdely) ApRidRERie Blomgler Hstems
i ntroduct i oim@hpfaf@ frafRIS N highfedelt 'é‘)?%rgﬁﬂf?{r%cmdé 'b%% pir@f}f?t qﬁhitec{ 6 UHeS Pichia
a stable I ntegration ereln the offspring of such plants al so
contabn a exppyssivin vebrisyaendBhamavia LKB Biotetlanlsgyyenome. The inheritibility
of this genetic_elenent by the progeny of the plant into which _the
gene was ori gi nHi [9pPReRtiosdwtBd eXryessiqn embodivpenss; Ja cprepiret racembinashtnretsins2and

A preferred ne yhjch Wt C iKkncl udes, . f,or exanppl a Grysta

or ot oi . -peptass, il SHpARHIE WL IGRHEIINA SRR, whf oS BB e e WAbTDNA
particul arfegnafs eficodmige 1l edtieSRpHas GeqikAbe being mosth BFefirfedMiLfdWelE it will be
obt ai ned from Bacillus spp. H ghly preferred nucleic acid sequences are

t hose appreoétedithee the ussmfBhott¢niDNAgsegments, to dlirectnthe ekprebsiere of enystahpegsides or
whi ch _have heen geneti_call engj neered to decrease aqr increase the

i nsedPi ci dEMNIORiG FIUF F5EIBRS, stih Ay qay ke uﬁg%toewemﬁe anfichrygtap protein aphpies hedalls

host cell . i : f 1 cel.
preparat i o\rulnt(}ﬁn t(l;llets‘r:o r?s%fetﬂf gwca?gﬁﬁnl |Br§1\1édE g@é\}\g{ {E%P&,c%dp bg&fﬁﬁoﬁ#ﬂ%@%’? Pt 810
(as exenpl adouedOidinibo abidsRatlemgtk, &, mbtk préferatily SR6mAdbdut 8,14 &Bo8520 amino acids in
5, 384. 253; 5,276, 269; and 5, 225,341, all specifically incorporated

herei n by leagds ediceyen apprc apefasablpf fipm about 8 ¢ sbgusel Aming acidveint dangth are

| asm ds, Co30h dhted s @A Cily oh d DNA.30 _
Ceqments' 1 SrBRRet i SYORTRnG br " Bien RRET SATeh oTc b M Al srauences
conpnikse ejvhicohlifise contiguoud BRI id EE(??&%csWonQSBQ'I@ermd sequences of

the present invention, either native, synt hetical |l y-derived, and

particularly those encoding the disclosed crystal proteins. These

\Ié\gr/gﬁ/sé‘;’f'%.gm CRYSTAL Pnon:fN TRANSGENES AND TRANSGENIC HOST CELLS - 16 -
DNA constructs gafeddnbiHaPhspeBC tttdreSdt USVeHi 6P Wﬁﬁv&ﬁés {FetRS2BE ffoducifp harm8Echic
pol yli nkers, or even gene sequences i ch have positively- or

negat i vel yeelbgod at pargcdet 2 planyorymamalt dedl wlach expresses a nucleic acidgegeenoéncoding the

interest as desir The segnent or gene may epcode either native or .

modi ?5_ed Rovel dryﬁf??mﬂﬁmx EF tf\mreq?%wnw%é-e%? SEAEE PhPrRecPeTAEERRC

reconbi nant.) gl %H_@quyl tl\{@ér@.hlnv\ééngral, tRe method B3, tris@f'tréﬂ?ﬁ:rrﬁl\{'ﬁ%da BRERN ¥REcell
pl ant. S ¢ pl'an

to the regenerate uch transgenic S may be
desi rabl e Wwith a VA atgmgnt hidhnemtding iadpdomoessi geenielyofinked to a coding region that
nonocot yl edonous or_di cotyl edonous_plant, by incorporating_ into such a
plant, a t¢usedeed & fhwmgrenwrxggg%rﬁry%ﬂcamtfﬁg a Seel prsodigg yregian iy geasrally

which is toxic,. r Jnsects. . . Partcul arl referred {
el ude  cof sl AMER IR 3 Ribsclfie-rminatine bRl bRHLPY she RiGnSlt IF clbadff 57
treegs shrghding (RISARRLBSon Of theREdink @EEIOR $n thRNEII! &1 hdnke pravidiap YhePdedinthe biligy
whi ch introduction of a crystal protein transgene is desired.

I n a rel at wipredpescthe reenmbinaryanoteimineyive.o Altgimativelyic bninaesess where ddisplesizhie tp
by the

ransf or ne | ant,, a pr ny from such,seed nd a, seed .
o7 oduced b§PIRY THETAENGT SHTIARE s, AuRART & baricdlat FRBERIINE P ANRIOE SeRrcisad in
i n accor dapcaividt IReARO RN PIRCESSntictunl RFOGERY (RN He $85Ssi¥A Idf crystal protein
antisense mRNA. The use of antisense mRNA as a means of controlling or decreasing the
30 amount of a given protein of interest in a cell is well-known in the art.

In a preferred embodiment, the invention encompasses a plant cell which has been

transformed with a nucleic acid segment of the invention. and which expresses a gene or gene



15 have aworsgas®tr protein transgene stably incorporated i NtPCTUS7/17507
genone, and such progeny plants wilksinherit the traits afforded by
the introduction of a stable transgene in Mendelian fashion. Al l

such transgeni ¢ pl ants having incarporated into.their genonge transgeni c DNA
segnents  SeEment ghtogE e e podecye] ol emiceitAmppsifaR Siaslprdcherpin. As used
aspects of L:S AR, i 2% 1ant ceB? Bs inteNdEE s

In parti cullgér?%lﬁ’sf}{éet-g{s}%eg??slggmnﬂ?{ %ngecﬁes?ssml S a ta:?: ni g’lu%p %@%Nﬁﬁhﬁ ]ilxencorporatcd
prepar at i orDNfA sequences, inttidihglbal npelimidéto gehedinbiahgire gierlaps Uitk triopmally Tpresem,
equi val ent proteins or peptides, thrpu%h specific . _mutagenesis of

t he "under | yIBN@ soaences aot sermilly ienseribeldntogfidd ardeanslatedztp aprokdin | expressed”), or
pr epar and test guence varjants, far exampl i ncor,poratin ne
or- morg of WY Othet BgNsSY D Sequeﬂ%eﬁs‘?’%f@sa%eo‘#g‘,resoi}’ W’E@Bﬂ%&‘?tﬂégﬁﬁ‘gnﬂ{ﬁﬁ@@ed
nucl eot i de gequ REOGRich M4y ddtmalibe pRédefr in the non- hid hich
nmut agenesi g“lﬁf g&mngeq[s e prodﬁcti%n of mit ang?és t }nouaﬂo?ﬁ%aﬁ%ggh% Slsagfag‘inf‘ivcm one
ol i gonucl eddsdsites magithengastiodliycéngimeeo detot liave BNéred egpressien.of the desired
mitation, as well as a sufficient nunber of adjacent nucl eoti des,

to provide a priley comsemplated that ig spmednances itheogengme of a transgenje plast ©f the present

bei ho' 30" Ve BVl BaR ben WBarfehnl amBieh, Me R0 jofeofustiph Sy fpl2/R5 tblgenc
nucl egd i deseiffer ARGV /P ETER O syntheBEallye foltied or mutatedWEr%ET@ﬂD.QHtsoirQ nStaA&QUmore

25 or nore residues on both sides of the junction of the sequence being
al tered. than one transgene Wil B8jnt@rporated into the genome of the transformed host plant cell. Such
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In general 15 fhfecase ¥hendqneredhan pre.cysat Proteinenrofing PVA spamepsis ingogad inta he
art, as Ld -] | 4 | N Sesi |

appreci at ecﬁe“?ﬁ‘é q%%gﬁé] ?c? &%ﬁi.t ;% i ngzﬁx 3H§ar$p%g’ylg %gaty S‘mﬁﬁgé‘ (Law%g%ct’ éyo%hlr%e}:' four,
exi sts in hotéven sionglB® siuringidess asrgstalo pluteins t(eitng eghtiver 6 rebppibtimintly eipinesred)
useful in site-directed nutagenesis include vectors such as the ML3 phage.
Theselphagenegrporated  ande stablY, cxprasesdcilal the draasfosmed wmscemis; planse jla preferred

general |y vgenllqumgg{@ {h?niep§&‘gcrtr%hi)gyﬁ éggit}naﬂs#t{ﬂg iflo! the gegome of tggg}ﬂrﬁ il Cﬂﬂfsdin a

pl asm ds are al'so rou S I'rect nit agenest’s [

el i m nat es stdife itefralbn Wharsd e dffipringeofUnioR plintd BsEIcObtai & @Bp oIt fraskgkfc in
a phage. In general, site-directed nutagenesis In accordance

herewi t h i shgiegenemed Thy inherigibility of this gengtisi elementabystha giregenyrafritie glapg inte which

or nelting art of twa rands of,.a douybl e, stranded vector 10 whi ch

el udes. witbhEnna ves el 050k Sagtined Sl B SeLine desi od
peptigte. An A prefetiedOgune ! GRIER dRayP bl MRiroARRA | iRBLELE HeskiRplemdt @y adl protein-
sequence is prepared, generally synthetically. This prinmer is then
anneal ed wienbodihg afdPN4 seqednca fidatbacteriad origam dnd parjiealady one or more of thobédescribed

ol yneri zi enz s such .as, E. coli,, pol .ase | Klenow fra nt, in order
to q%tﬁw Igh M5 m%ggmsé)f@f”lgrﬁ@%mgﬁlms@éss¢ PHE}C’&?tat%gdnpiﬁ‘l“‘FFﬁi’§ are;those
het er odupl [: d | ; t LI :
non. mut at euified HAHRCRI0A Bl or BRF oB! B0 SEARMOES WHifh, #al6! Bh generically
nmut ati on. Ehgmebedetoodegpéadr oreinteasd thel Insectictdndl dedvity afisherarysmal proseis fiectuch a

appropriate cells, such as E. coli cells, and clones are selected
whi ch?d ncl daestosasdbpst£sll: vect ors bearing the mut at ed sequence

o IS el o REndiRg s R SR SBT R ROR ot Bt Ras b Pl gt -
Al ternativ@hjwntiiahe'af @& ekédmpiefidd in U. S. Patents 5,550,318; 5.508,468; 5,482.852; 5.384.253;
5,276,269; and 5.225.341, all specifically incorporated herein by reference), and are briefly

discussed herein. Vectors, plasmids, cosmids, YACs (yeast artificial chromosomes) and DNA

30 segments for use in transforming such cells will, of course, generally comprise either the
operons, genes, or gene-derived sequences of the present invention, either native. or

synthetically-derived. and particularly those encoding the disclosed crystal proteins. Thesc
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pol ynerase may be used to i ncorporate a nutagenic ol igonucleotide

primer into an anplified DNA fragnent that-tan then be cloned into
an appropriate cloning or expression vector. The PCR-nedi ated nutagenesi s
procedur es DNAToonstruets aan. fufth8®O jchaiedsthipauree sudt as pronfdt®85 pnlpmoersd pollylinkers, or
exanpl es of such protocols. A PCR err] enploying a thernostable
li gase in SYENEFBHSaaYences ferchlavamoaitiyelyy A pegativoly -regulating activity upen thepartigplar
i ncor porat e iAC. i i i n Lt .
e PO 3 e HORCE e BB KRISICep PO R 1ol D AIRLE G e
expr essi on ¢¢pgiloprotelfewhich will beTuke€8e 9h Ihe FARENM colRbiG AR s Dindbrchwarh will
(1994) provides an exanple of one such protocol. The
pr epar &t i orimpartsadmpneedphenetyps toothe r¢generatedtland. pept i de- encodi ng DNA
site-directed LS .S provided as ans of

segnent s si.n nut.agepes
produci ng potent#‘éﬂhl %%E?‘Glpl%rﬁ%e?aé’sb%éesgragg‘ T j1RCrR ng.[gxgn‘psqcacﬁér%s;ﬁtqqcﬁ@f a

as there ar NS | It ri tides :
t he DNA seq‘ﬁgﬁ%cg?l%nco I r?g %ﬁﬂeﬁf&%&y g?](g)rgt g' nlgg%érggt%ggﬁp%‘gﬁ arg}:agﬁb? rtl%ﬁggemc
vectors DNA segment &0o8fhigl34AFET29 crystal protein which is toxic to coleopteran insects.

PCT/ US97/ 17507 _ S 18 -
encodi ng t HRardeanhy preferped plants depledeceoreyyhasd soybeansdturdi grassen, oompaental plants. Stuit

h h | ami,ne, bt ai ' . 1 .
s usT e, HWe: DERHOIBY e SRR SN BE o i sl insa i nrmion of
refers to crystal prb@RiPlrAisgemeRRsed processes and vector - nedi at ed:

propagation which result Iin an increase in 5 the concentration of a
speci fi c nucl ei cinagirelamsl aspette the lpatsenteinventidrs alsni dnicainpawsec e ndeedtprodycedrbyi the

an increase,in the concentration qf a detectabl e, signal, suc s ..
Aol i1 cat ESOABG PR L PO oy Such Secd o Sl Hraybiced P A Rrae v atdpe ariginal
nmut agenesi Y ASdyl . S ; < wi
varves:t rAEERIA, prodddl SRURSeAoE Sl 1k A8y PRRICERS Subfiprogeny and seeds wil
tenpl 4§ e depeBdeniystal proteinfansgs® statfly iscorsorated ligloCitngémbntey ahd 88¢ls prfgeay plants

RNA or a DNA nol ecul e wherein the sequence of 10 the newl y synthesized .
strand of ndd] Bheripthedtraits efferded by the intrpsdugiion ok Atably trrrsgeryt in Mendelian fashion.

conpl enent aA?f e%@ﬁ Qrdﬁ@é&f#‘; ?}]agx:? £ avifx 9 rin&ff@tgfpl!eﬂ ' i{\ﬁh}%ﬁ?geéléggnransgﬁﬁk tclﬁlg!Ay segments

vect or nedia ol'ogi®s 1 nvolve uctron-o

nucl ei ¢ acighcbdiag By ET20 @rystdDivfotein drigAlypeptide are aspects of thie irtenticn.
anplification of the vector, and the recovery of the anplified nucleic acid
fragnment. Exanpl es of such met hodol ogi es are provided by U S.

Pat engO glgt iﬁgfi?sg%ﬂs?ﬁs&ﬁ%iM‘ﬁ'%h’\éﬁ%ﬁb i ncorporated herein by reference

in itS"e . er of tenplate dependent processes

are avail abl e t oppapRhichiar! BRe-5pHcHR! nfRARLABHESs a techniquef udeRfleme e PrPafion of
in a sanple. One of the best known anplification nethods is the polynerase
chai n r eactindiviquaCReptides) ombioldgi¢atly fusatidnbbequivalerst mpleinsror (pepdespshrongh Bpesific
4,683, 195, 4,683, 202 and 00,159, each. of which is _incorporated
ner oi n by (EPBEEHSE 95 paderhing BIVA F by S fudher Providesss aqaiy aopgy 1o prepare
Primer SequRACesst AbuBARP Hafnt¢Nifeh e@cﬁﬁg&?”ﬁk&‘ﬁﬁ%iﬂggyoﬁ@ drédidrESoPthe foregoing
opposite conplenmentary strands of the target sequence. An excess of
deoxyBficl easingidetatiopkdsp imitodaciag @ne or more mditetid¢ scqueneacianges it ther BNl oSige-
with a DNA pol ynerase (e.g., Taq Fol ynerase). | f the target .
sequence | SSPSFiESe mutagenesiSaallPws thee N5PQuetPR @ | mulAnty through e thearyggr ofinagpecific
t he pol yner R : [

targor sequaneathisbudfiaGences which diBaBHe TR ucie BLAEBRRT AR wellos 2
t he t enper ajufficiest| nirhber’ faljdcen Miciéotides, tbiRodut anstaflernéeqi®ice of ufficient size and
di ssociate fromthe _ target to formreaction products, excess .
prinmers wildeqiéncd camplexity 40 Jetm anstable duplex @achkdtbrsides of the gdaletdhrcjuncting being
the process is repeated, Preferab a verse anscrj ptase PCRl.err] .

anpl | #9 cat rtgversed ef?p_wa}lksczberemsr ol Tiorabgr w«ﬁe%&da%?r WB’%G&F&B‘%‘@SE'E@"C‘L
anmount of Waﬁwl (f foeaﬂxouP 9% % e Fesidues nboﬁhﬁhgﬁ SERE 'ﬁ&ﬂo%?@ﬂp%qggﬁc‘ésbeing
are wel | known IR the art. —Another nethod for anplificationis 3 t he

| i gase chaialterehicti on (referred to as LCR), disclosed in Eur. Pat. Appl.
Publ . No. 320, 308, i ncorporated herein by reference inits

entirety. In LCR, two conplenentary probe pairs are



prepared, aW@BA3¢He presence of the target sequence, each pdGTUFIN7H7nd
to opposite WO 98/ 13497 -17- '

PCT/ US97/ 17507 _ - 19 -
conpl enent ary r t . ar.g I -hat Ut . Ll Lesen

a ligase, the f& w&g Hgﬁl’%e tg%(g‘[epgf rsgty\%P T‘{lﬁ?ll}l\l&tgg%mg gﬁ%n ‘g{égi ng%gptﬁrhi%% %gy%
t enper at ugxentplifledrty, vatous pubiiddiiens.] Asbeilirst djpgeviated, the techniqubitysicaliysanglons &
fromthe target and then serve as "target sequences” for ligation of excess
pr obe phage visgior svhich exgsts papethta singlestesded/sel doubdostpandad dormhe Typicabyectors
reference in.ts.entirety, describes an 5 | ternatiye,neth of

b 11 colieDH 16, Ve PeERisisoRRMRR yiopn s bW 1§ PER o her plage e
Qbet 3 Repleafity Bomffer&allPethilaBlenl théll hse B el illed i

PCT/ US87/ 008%,0 )P i rllgorepor at ed ﬁ%rsg%ege%gpr‘%efler er‘n%ne{x?trllmls? gkﬂel?l frlrteef,n'
may al so Deubigesiranded tpldsmidsatdatsoargutinélycamploged in site difeditdth dmitiigdnbsls which
present invention. In this method, a replicative sequence of RNA which has
a eliraigiates thosipp ehwensiaming thergeae obinterestfraye 8 plasmid eaphagea sanpl e in

o prssence o s A A B RN, PRI SERGA | ARy s
i sot her mebpiaiailg 4 isld-QmndBd Redor bP meRidNagaPSof twd biPdhdS REANEGIHEASESdRA ector

| i gases are used to achieve the anplification of target nolecul es

t hatilOcont whichrniucludes mithin its sequenée a [[PNNAr equérice] which lras@izatths desirednpepside anth
of arestriction site (Wl ker et at}lgq) 1992, incorporated ~ herein b

r ef er encePligPnueicoddn | PISS Dearine s, desirgd oftated) peaReR| isf iRFaRAreh @enerally
nucl ei c ' i h : ' 110 ol Strand .

D1 <l acenat el T primer B SR MnbdIUE WiliPlhe single-randed yectorphd ibiected to
| sot her TDNA polymeriiid ichiyraés elichohs nmick&i Cpo%ﬁhéi'ﬁse\’\ﬁlliKﬁnbﬂVﬁh%ﬁﬁntmhtérﬂbreto
rounds of strand di splacenent and. . synthesis, i.e. nick translation.
A si mi | arcompleiedhe synthesss elipaimutaion-heaRagctiand TRERp Heteroduplex is farmmed stherein
met hed of _anplification, whi.ch be useful in th resenf inventiop and..i
"vibues 98 rand i Tnd O el Bon BunlEE Stanebliy el eioeReyl stAnepigit e aieed
ampl i fi cahh@bfion! ThisoReoYpiék V&G i§ then used to rBRESMnPBr irdhsfddh GPp@PlMelcdls, Afich
the four bases are present. The other two bases can be added as

bi ot i ny| aaseld apéi ¢ellat andeglohesrare aglpcted mdhich imalude redomtizant apgtoradaring thes guitsted
SDA. Sequences can gl so be detected uysin cyclic pro
Cenct i on CEMEC HIEBRING Aagpie selecion fehmsgvis devistiaby Kitkehencls (98T to
non- CryE NN ' ET, : ' M
poci 116 TRAS P REpaRAcE G i cRe iR anR 1ectde Witertively, Rt Qb PCR"
hyb20 di zawitlorommercially dvhablesiodrinostable érzgaicedusi bh 7oblasdyinerwe midyebe used to
products of the probe identjfied as distinctive . product s

gener at i H§cPYTmamuyipgens aligonugleatideprimer rio gn gaplifisg DNAcragmept that can then
tenpl ate ¢ s : t 21 1 ng., br oRe mi e keaction |s.
repeat cd. beriipned inigeaft A0BRpAEe ot b Bhpreisior DeigY! 2R BORDLREAFEE M PRehSis

hybri di zgirbedtiutds &f Po@Reet & @190y ahd Usapaet fdr G/ epPner pRAidRUEHE eRardples of 36kh
Still other anplification methods described in Geat Britain Pat. Appl. No

2 202 32grotocols. A PERIiempiying atthermpgtabledigase ipadditionts, a freTosbleqpiwperase
each. of which is incerporated herein b reference.in jits entiret
may“be u c | ,

Ba 384 Fisb e BFALD HCIOrHC arhoSpRYted MyB G RERTRClsatide dRipen amplifed
\#C::)T??J/S é;@%oi;agmem that may then be cloned into an appropriate cloning or expression \écocnzr. The
appl i cat imwutagénesiproeediirgdescnired byrMdiahaeld 1 994 )prédiied dnkexamipberpf aiecsuah graromy.me
dependent

P The preparation of sequence variants of the selected peptide-encoding DNA segments
using site-directed mutagenesis is provided as a means of producing potentially useful species

30 and is not meant to be limiting as there are other ways in which sequence variants of peptides

and the DNA sequences encoding them may be obtained. For example, recombinant vectors



synthesis. Whsod{lssers may be nodified by labeling with a cam@,gsg}Hb@t—,y
(e.g., biotin) and/or a detector noiety (e.g., enzyne). In the

| atter application, an excess of |abel ed-gBobes are added to a
sanple. In the presence of the target sequence, the probe binds and is
cl eaved cahedding cthe| desiréd peptidé t equaiceamagebe tthetedarvgdt rs@tagenic eagests, such as
rel eased intact tq be b und b excess probe. C eavage of t he | abel ed

probe si grli‘é{fiéox@’}?émﬁﬁ”égé’ P’F’F€ YagAlEt sequence. O her
nuclei ¢ acid argl 'ugédcﬁ&'eﬁxn tﬂé Qﬁﬁ & u@%bﬁg@ df&@t@ié@hﬂ%é@%s i‘?éiiulgeat refers to

anplification et a

Appl . PUb|temﬁl@te-N@e8@éleﬁd&ssds %ﬁrmtoalnwﬂxated pro (j:aﬁﬁﬂiﬁi Whith fe@ﬁlﬁﬁ@ﬁﬁ%tr@akhﬁ
entirety), including nucleic acid sequence based anplification 10

( NASER) anbe G8RentratiayAsBspecific migleicedcid moilatylecitative tpite fritisictohoentration, or in an

anplification by standa henol / chl oy of or m ext r.actj on, heat
denat ur af RS 1B BEARRERRag e Artovire 1g7al. Suth it amolifigation. ' As Siad hegpipibe
coI ums f )

Um0 ek Rkofle YEciEA tn TaRhrtis BHGGRAhSR MR M FerBrhd 200 My
has cryst aghvglvest the merﬁplaw-dependem extensiex|uLa peimer hodlequlé. nThe edryiniefmipkad dépendent
DNA/ RNA hybrids are digested with RNase H while 15 doubl e stranded DNA
m)l ecul es pa@@swé@rsa@na%lmcwldawﬂwsw|qf| ap iR ror @3N A mélcgulﬁgvfeer@p thgh speppence of

ould n”‘iﬂﬁiffi’%“'é o$tResToed SRR AL MRS 28 Tis icddiES s ShY “YRlikpgum, goles of

stranded e@as@rﬁmtiﬂ% (seBU fdr' Qla\zhptlé' a%?srothdSD T ichly, aviidry FRARRE
such as T7 or S n an 1 sothermal cyclic reaction, are reverse

transcri benbthmdcﬂogieubivel\&tthamdum ofamlmuqlanscndl ﬁm;thmmao adVAgir RINAlvegtor,
pol ymer ase, such a r The resul ti n rod et he,

truncat ed B¢ c@aﬁlpefa%'éﬁcqnﬂa.ocfé*eeevwvsﬁ%fr thgyrgpaueRy OF e amp éfiféicrf < 26 it
Eur. Pat. Pupl r byg I af e
ontiroty, Diples P ol hetebidfis, ok DOt TR E% o
cycl ixal | insyrpériardiherdig by iréfgtefesinriayhtitety. RNA ( ssRNA"). ssDNA, and
doubl e- stranded DNA (dsDNA), which may be used in accordance with
the present |nv‘émlm9ﬁr ofrwglﬁgfmpqnéﬂa HfP?eéﬁe‘t"é‘FrﬁYf’dlaéleft@ran?splff)' riag tapget ggquences

ol i gonucl %?Hhtgf‘es né\‘éké}ﬂ ih 8 fﬁ%ﬂ%@rﬁdofq % %@s‘rfghng\&ré %ﬁf#c& ﬁ%ﬁo&%@&hﬂ%&ﬁ&%%

dUpI ex by dhhm x&ﬁétldNI(REfRTM) which is desé@¥bedahealres] il YRSABgtehl Na§ 438395 pesd3{a0e
for RNAin a duplex with either DNA or RNA). The resultant ssDNA is
a second tanpt.80%15%reagh oécwish py ineernoraipd derein b rﬁff@fmsaes itshentgety. Briefly, in

S B0 e FERAD Wb el SRR B Blangied SR R, couRPlelienfoly vty B GRRSHy
DNA pol ynebaiferh&iSyiiahiesr M target sequerich® Alrﬁé:&@ss & %Q%ﬂé&ﬂ!&ﬂﬂbh@iphﬁes are
coli DNA polynerase”l), resulting as a doubl e-stranded

WO 98/ 134%dAded to a rcaction mixture along with a DNA polymerase (e.g., Tag polymerase). 1 f' the target
PCT/ US97/ 17507 he nal I

(" ds DA SFBFRREE FEreRRRy i P RIE S REE T tind o 16 iRsh endhthe RRVEIEFe A RiGK

bet ween thg Prlmers to B Eﬁ@ﬁ&d@?&)é‘ﬁ%'t&%e@%h&ﬁtﬁw Jidﬂmgg‘Bn QAueleStdbs. ByHaRiY A1
sequence. S pronoter sequence can used approprlate RNA

pol y2®t as do“avenﬁ@kht teBIp¢ratiié of e eactitn ﬂhh&ur@[\hhc e'iihﬂﬁled primers wilt diss&sate drom the
then re-enter the cycle leading to very swft angllfl cation. Wth proper
choi ce of tasget to émrregcnoamrgd%ﬁnqpr%amramc\aﬂ indgton thej t@pRet Anflalo] he reaction

W thout a%@h&ﬁc?nar?é tﬁen;zay Eﬁsg 8l af %(fela Ci‘%‘e?abl a revers %&;bzgseoﬁcgmaﬁ%ﬁhhﬁwn

nat ure of rocess |ng sequen e can

form of eigrb@iduld\Nha® beFefformed in order to quantifyGhe | |aﬂ$dunt FBinRNMR Rplified] PolNanerk¥e

89/ 06700, i ncorporated herein by reference in its entirety,
di scl ose ahaincleadtonauetiodeggienars venirkitnofwrclatlh@msché\rmthm&mﬂhmhfmhmphﬁcanon s

hybrjdi zatjon of a 10 pro ter/pri u a tar
si ngd®- st rtAhdgaserain f%m( ﬂl%\ﬁéiﬁrﬂv ﬁﬂ‘& E‘f?"pg%ﬂ)a‘- Ppl' Publ. No. 320.308,
incorporated herein by reference in its entirety. In LCR, two compicmentary probe pairs are

prepared, and in the presence of the target sequence, each pair will bind to opposite



of many RNA ¥Ri%84347 the sequence. This schene is not cyclic; RCTAUSIFATY
tenpl ates are not produced fromtheigesultant RNA transcripts.

Q her anplification nethods include "RACE" (Frohman, 1990). and
"one-si ded ' [ I t hlloal w
Paart Bk R MR R 098, (R BRATBRE: B e o
ol i gonucl eoprobe pairs wilh éinkne $emc & sivigleugit.eBg temperature aydlihghas/innRCRME bound ligated
sequence of the resulting "di-oligonucleotide", thereby anplifying the

di - ol i gonuctmts digseciaframdthpeargetiandghen seave poriateetisaquerden’ Ky ligatien ehexcepyprobe

Its entirety). y used in the anmplification.of .
sequences. oFth ey oA Yok B, IRcespbiael MErdBY reief it " iebmitelr desgeibes en
AND NEFHODS, fdrmdtRelhEthd0f amplification similartd LR FdrOihdihg BrHDe phi¥®et Srarddi Sequence.

i nventors contenpl ate the use of antibodies, either monocl onal or

pol ycl onal whi chQbetad Repli¢dse, descsibed jor #CHi dstldiPat| Appld Prbleido. PEINISEH00880,
preparing and characterjzing antibodjes are well known in the art (See, i
e.q., Harl o\camgrates aerein by referenemin its aplyelye Mayealshbe uped 25 stilbargthercamplifiation

net hods for ngr.at. DO | ant j.bodi 2 . ener begi,n
al ong the sAe ixﬁéé@%gé@_.%()@&?rpgorn : pﬂleglgsr g‘ﬁg"%gb?ﬁrl’lbc%g{?g§2rﬂu|%%ed9§wA WiH has &
Briefly, a pglonCtemplem@itarp@ithdtSofPd @RBELH SddedMoOURisdmplR MNthRNpreBdnck JfarARNA
i mmnogem c conposition in accordance with the present invention

and cdP| ect pelgmgrase.sEhepelymerashatill copy the repligating sequened which can tiedderdgtegtedof
ani mal species can .be used for.the producgtion,of ant.i sera. .
Typical 1y the: anfRdro R AgPUSERRRIE RO in RAT BrrFaS Sidopusiepses gng ligases are
nouse, a r a jha a0l @uibnea i g a e se 1 h :
relatively saeggellablr%%hgévveol {Jh;rére %er lrng‘gittf{a? s,(pﬂa trag%%i trg?%&z]ale'g it %O?fé?;ér sleugleo‘lde
choi ce for Pf[adhidjtriphosfhaps| ycomen sdraraindf Badsidstion site (Walker et al., 999 8inkd4drated
PCT/ US97/ 17507, .. . . ) . - 22 -, .

As is wel | Reieifrbyireierense dn its entigix)emay: alep &8 jussighinthy amglification efgucleic acids in the
often necessary therefore to boost the host

! mmn?geni C;}Exreyem Hve.hﬁo . . . .
| mmune” syst'em as may e achi eved by coupling a pepti de or
pol ypepti de i mugegenDisplaemafit AsplifitxtesiiSa) iddohee iRt fearyingr sutdsédthermal

keyhol e __linpet henocyanin (KLH) and bovine serum al bumin (BSA).
O her al buramplification 2of nugeic acidsamhich anvolvessemuliipie roundsued strend diplscement and

serum al bum n,.,can al so. be, used. as garriers. ns . for.cqnjugati .
ol oot + doRgRRR Ty Pisk wpion” . P st nalR faned Renit i RERsHERL (RERT is
gl ut ar al dehytdeher ThétRdE bMapRaEARN witchYHEP¥Y B6&TE] 1 (HeqReRfl Riventicd Redid MivEles
and bi s- bi azoti zed benzi di ne. As is also well known

i n th0 art ,annkalingrsavemal uebest thrayigheutpa regien kargetednfomamphification, folloovedoky eirepair
can be enhanced by the, use of non-specjfic stinulatars of the,i nmune
fesponse. | reaction yhich only Gt G theIRUT basks R AE e B SFGF PG DT 9 he added as
i ncl ude co : | : o - | £ i ator of the
| une. r eopieEhlaEl Qiarives fin e dtion, A similloApSRECH fo e SHA

I nconpl et e Fr eunSéqueachswaariiss B detattadiuning ayybiioxprolee sdptin(@TPR). In CPR, a probe

The amount of | i nogen conposition used in the productjon, of polyclo
ant i bodi 6s MBYIng & g o@ahs %?BB‘FFCFﬁ@fL ReR-GneE 549 fwélficnﬁm«fbg%nﬁ IGerquegse 9E§WBT29

ani mas USEdprBan EIFQEH"W AR ﬁrhybﬁdized to DNA which is present in a sample. Upon hybridization,
the reaction is treated with RNaseH, and the products of the probe identified as distinctive
products generating a signal which are released after digestion. The original template is
annealed to another cycling probe and the reaction is repeated. Thus, CPR involves amplifying
a signal generated by hybridization of a probe to a crvET29 specific expressed nucleic acid.
30 Still other amplification methods described in Great Britain Pat. Appl. No. 2 202 328,
and in PCT Intl. Pat. Appl. Publ. No. PCT/US89/01025, each of which is incorporated herein by

reference in its entirety, may be used in accordance with the present invention. In the former



variety of Y b 345N be used to admi nister the i Mmunogen (SuReHigsaess,
I ntramuscul ar, i ntradermal , intravenous and intraperitoneal). The

production of polyclonal antibodies may be0- nonitored by sanpling

bl ood of the immnized animal at various points follow ng

i mruni zat i applictice conallifictfoptimers areg vead o anBGRallike, knpjateeand Eheyme slgpensent
of boosting and. 20 .titering is,repea .unti] a suitable titeyr.i.s

achi eved. Vwthesis dbsipriseers By P &OQIM%E@%%% Wi'iascapmfe m°‘%ﬁbk%¥-n@'8}m¥ fgior a
i mruni zed api nal e, b d i Lo lA&ed
ani mal can@eﬁeecq%stgg?et@oPeg%hé‘%gpge&n%?fe fafier 4P HEg i gqr%%\g% s?r)ggél%qejedr%ggésﬁfc
prepared t{rPusplélSH e preSehceksOhe tdrgasagubnes, the pdbe dindsiddds cleaved catalytically.

exenplified in U S Patent 4,196,265, incorporated herein by reference.
Typi cal | y, Afibr sleaaige, the tasgeirsicquence is/tsieased intaetitn be hound byiexeess profai fdsavags ¢f
a selected,i ogen, conpgsi.tion, e. a purified or partially
purified cﬁl’ﬁg;%?edg‘f&%?lggﬁf)g}eﬂﬁgﬁpfﬂgf%? taﬁ%%tsF%‘é?m%he i muni zing

conposi tion is ag-nhRI&E Geid AnplifiBRRA" protddards' MRhide ®ddsBliptidrebaed igification
produci ng cells. Rodent s” such as mce and rats are preferred

animals, h (TAS)(Kussh exfalr, 4689 PCTE HimbPatr Applc 8hbls No. WO 88/163 14| sworporated

possi ble. The use of rats may provide certain advant adges (Godi ng, . 1986, . pp.
60- 61). bubere®Oby reférerceain lisr entiretyad InGhpding myslesn asid spangnge el ﬂmig'tﬁcmn

15 9, 545037 SRS PASAREhY M s = B RELS Bl

PCT/ US97/ 15!5913]/_chlorqform extraction, heat denaturation of a sample, treatment with lysis B8ffer and
Fol | owi ng 1 nmruni zati on, somatic cells with the potential for producing

ant i bodi esminispin colurspefoir fiscdatidnyofEDNyngrbBYreer gmnidiniugy chigride syireqtioaPfiRNA.
use in the generat.in rotocol . -These .. . cells be obt ai n .

from bi ops?gé%szﬁpé\éfrh%a,mf‘g fqueg anyalye, ANREARg @ RIFmFY S’rtHcgn%ér FHRa B'I'OI%F%B%PﬁC
sanple. Sp I ' io?) /RRIA efigésir withRNAQY FEWhil
because thl‘ée&%g?%gé if‘l)lgﬁqng%Olﬁéﬁﬁég%ao?ggngﬁﬁog¥%§o§ﬁcilgg ceiwlls that are v
in the di videuble sphededadDNas moddcalps ara helatt depatuedd again. 1n either taseghe gingle stranded
peripheral blood is_easily %ﬁcessiﬁ O ten, a.panel of ari mal s w |.l. have

been DNA rifmpdse dolhindovte steandech byraddiidrapl wpeand; sl PRISI-SRREIE Jfimer
titer wll r V, j ; ibed
nomogent zi KONt B yRBlizAdR, The doubleSRaRRR DMANRARKIEE o 1k RRAEY traneeribe
i mruni zed BPUSEol9MREAE RECIARPTIXGrNSRE| ¥n GnXsctBfratat kytla: Raxtidl)[tbe RNAs are reverse

| ynphocytes. 10 ) The anti body-producing B | ynphocytes fromthe
i nuni zed transesibed intodeuhlefstreaded PN and transcribgd jange ggaingi ‘V‘%‘?TB rPPIMm???-‘é?l Yy as

mit0Sed. Ty Shar ot ‘P RDE HofREG RS chltEatll orbilet, Wafens corsel grain-

procedur es specific sequéMicker ably are non-anti body- produci ng, have high fusion

efficiency, and enzyne defi ci encies ~ that render then incapable of

growi ng i n cert &un Bat tpplvEubledia 339,822, Jugsperatednkerginoby Hefgrenes in ity gRirety,

the desired. fused cell.s (hybridomas). . . . one of. nuRb

yel ona. celiscliag BEIGS b aepIEREORA argeess, vpbine gyoeall Tifefiol SRSttt

art (Godi ngNRPe<GONRY). 4HMA, GRIPESILIe-sPihded DR (AI6NN), REficieXAsplte: used in
e

where the I mmuniz animal 1s a nouse, one nmay use P3-X63/Ag8, )
X63- AFS. 653ccdnrict. With 4hé , pr&efd Gavenlidn. FThe ssRNA is mSrsttemplatel for a first primer

MPC11- X45-GJG 1.7 and S194/5XX0 Bul ; for rats, one may use

RO10. ROv3, oigonislesiicg. Whibadr SIRIENES 10y TR DBESCHRIES00Cidependent DNA

LI CR-LON- H'}%%'merase). The RNA is then removed from resulting DNA:RNA duplex by the action of
ribonuclease H (RNase H, an RNase specific for RNA in a duplex with either DNA or RNA).

The resultant ssDNA is a second template for a second primer, which also includes the
30 sequences of an RNA polymerase promoter (exemplified by T7 RNA polymerase) 5’ to its
homology to its template. This primer is then cxtended by DNA polymerase (exemplified by

the large "Klenow" fragment of E. coli DNA polymerase 1), resulting as a double-stranded DNA



and UC729-6 awe ashbB4garseful in connection with human cell fusi orBCT/US97/17507

One preferred murine nyeloma cell is the NSi nmyel oma cell line (al so

termed P3- NS- 1 Ag4 1), which is readily available fromthe N G5
Human Genet | tant eposi t or ng cell Line
repository (n E‘Wei“ SRRLEE g %‘}tlfﬁg“bé@ t qf ‘h@ qrigipal R Ap between the

be used is i ISt
non- pr oduc jrnxg%rg aﬁﬁgﬂUﬁi@ aﬂﬁntfoﬁﬁl’lf atBhe @ﬁg%%@!r{dft e&ﬁllecgat Ih%gﬁxlhy oter er sequence can

ant i body- priedusedrtgy tiel sppropriatd RN polytice: asel tbsmﬂ&dmany RNA regpies et tﬁe|DP$A These
usual 'y conprise mxing somatic cells with nyeloma cells in a 2:1 ratio.
t hough copiestaanrthen ge-gaigr ther gycle leadingdgt very swift gmphifigation. 1 With proper choice of
respecti nce of an,a ent hem cal or

L opeTh bar \hmas. g BAAAGS fin G P?mr?é%w}?@iggcﬁhgﬁl bf st e cycle.
usi ng Sendaﬁec\é{ﬁéjéf ﬁ‘ﬁvﬁcf? Matlfs 6f ﬂ@@ﬁrdcgﬁh bR stadinh |¥E 7 3 ? %}i 3&%%@:: in the

and those using et hyl ene gl ycol (PEG.
(CGefter et fahn,oflzﬁﬁér)DNNmRNA of electri caI |y | nduced f usi on

met hods is al so aggr opriate (CGoding. 1986, 5)8 71-74). ) W
08/ 13497 Intl. Pat. Appl. Publ. No. WO' 89/06700, incorporated herein by reference in its

Foai on br o EBiHferu. dislgss p pusleis asid seqsaseamplification sehems, pased anehe hubridizaion of a

1 x 194 err Jprbfoter/primer séquené®tes tak dget SR Stkanded 'EN;Q‘P'QQDM") PSSV By ﬁQﬂxs‘%anon
as the viable, fused hybrids are differentiated fromthe parental,

unf used ceIdfsmgruaRN/bLdoarebwftth@smlfedehgsesctmecelnbscycﬂm xmud:\d tmphsdsl qre not
continue to divide |nd fini culturln in a ectlve

sel ecti ve rPéBﬁI*‘tﬁ‘Fa 0““5t he fesuétea%ﬁsf%aa%f@%a ﬁj alpp nl“dﬁl M
the de novc{Fﬁ*ﬂﬁzﬂfﬁ@@OP‘(an@“&lceﬁaéde@R" :qOBQ% 1988)7 %1%}1 are welﬁkﬂ&vbﬁ g) {1 &f skill in

Exenpl ary and pre erred agents are am nopterin, otrexate,

azaserine. the art. A nopterin and met hotrexate bl ock de novo synt hesi s of
bot h purines and rimdines, wher eas azaserine_bl ocks only purjne
synt hbi s. V\hereMg odls fpassd; on bigatientaf goeker meoresoligaaycleptides in the presgage-ofj nucleic

suppl ement ea‘lxd"‘ﬁa%&y &ﬁé‘a&hﬁé&g 8Pt h%%ﬁhge"@ ol frontid] HESRIOT Y F%%@g@mgt the

(HAT 10 ere ‘azaserine i s use a 1s 'supp

hypoxant hi rit-oligonucleotide (Wu andBeap[1906] iredrpedted herein bpdeferoncs itlAk. erfUnéty), may
cells capable of operating nucleotjde sal vage pat hways are able to
survi ve i n asebesedumthereplificational PNA sequerceg of therpresent invratjon.

enzynmes of the sal vage pat hway, e.g., hypoxant hi ne phosphori bosyl

transferase (HPRT), and they cannot survive. The B-cells can operate
this zpthways bUANFhRIYEYRPBsITIoRS £ MEBIGIRSF PRodcING Ul ture and
generally die within about two weeks. Therefore, the only cells that can
survive in In pamiguke|esghadineentadihe mventokmsenﬂqmiatdshcﬁ arseeef nbodies, either
nycl oma and B-c This cul turin r.ovi de ulat n_of
b i dorms TRRSFGRR A BeJeeiPRal whigh g s ey ayoal Brofeiny elasga Bope o Mg for
sel ecti on. Qhrediiel HRTHardcRerlifyf RtBBLiOUrL Wl WnbRA thithe GRI(bEe, e SHALLE A Ae,
dilution in mcrotiter plates, followed by testing the |nd|V| tal cl onal
super nat anti988aircerparedthe?in by refaverice).t ITiheemuthods forf gunetalnagdaenaaé@al antibodies
reactjvity. The assay shoul d be sensitiv npl e and rapi such
as radfl oi nﬁmg& 3 eperallynbspin ajapgy E“e%ﬁ dhesgi @rm}emyeolyﬂpae}uémcbodles
assays. dot n Kk

Selected hy ﬁﬂamg%%f)%%‘ﬁ*dﬂqs?ﬁﬁ*ﬁ? Sihiilg i apimel qvith 2 immudifenic
i ndi vi dual compositionait ideeshdanveOdatdi i q:eéskml limentioMdndh c6llafing atisetd drorh ethat
propagated indefinitely to provide 25 mAbs. The cell |ines may be

expl oi t ed fimunigedannatt Aovide rangeeliratne spegiss can b@nqﬂdefoothet preducnon of antisera. -

m’g{ L)ggrrm];at ymcgﬁaﬁ%%ﬁx&v&? gq%];ttor prold%t?org gF arﬁxe-frnllt}sgpaexgla rab Vx% ta ousc S rat a hamster, a

30 guinea pig or a goat. Because of the relatively large blood volume of rabbits, a rabbit is a

preferred choice for production of polyclonal antibodies.



type that wasygsseded0 provide the somatic and nyel oma cel |l s f grctidi®7/17507
original fusion. The i njected ani Hzl devel ops tunors secreting the

speci fic nonocl onal anti body produced by t fused cell hybrid. The
body fluids of the animal. such as serumor ascites fluid, can then be 30
tapped to provi d isell know igHthe ertceStveatdosposition mavary du s imsiunopémeity. Itis
could al so Qe culture in uwitro, .where the mAbs are naturally .
ceor et od | ARG DHESHET eforin bt Hioth R sysiemnan ey be achieved by topgling o
obt ai ned i Beﬂlidgkbr%?fﬁﬁiﬂétiﬂnﬁﬁﬁo%éﬂ%a RERIHC Ekepl?) hE preBIfS cdMi¥rstie keyhole
further WO 98/ 13497

PCT/ US97/ 1litpét hemocyanin (KLH) and bovine serum albumin (BSA). Other albumins2Such as
purified, if desired, using filtration, centrifugation and varjous |

chr omdt ogr AYAbEMIFe MEE seuBhalhymin or rabbit sequm albuain £ 2lyo be pesdeasagrrigsmy Means

The pr ecent PTG ATODMPON (B cHEbIrPIeaharc sl kiomy i e e ppg include

screening Fluta_raldehyd“e@”H-ﬂ%le&ﬂﬁil@_ﬁ@ﬂdés’l—mhﬁﬂi}%h&iﬂﬁﬁae Cest&e] 2&arbodiimide _and  bis-
[err]-endotoxin or a gene encoding such a crystal protein. Such
screeni ng hiagotimedhentidineed on sanpl es such as transfornmed host cells,

transgeni c pl ant,s, . progen r seed thereof, or |aborat.ory_.sanples. suspected
of containing oftS is als wéll g‘d‘HWnﬁ’ thte Afte U I BIBOBRIECIE; Ofufcgg'i“&ulﬁﬁi‘ unogen

segmypt . Af&hhom CRAHR1eBhahcB@ S thB WSt & %oﬁ-%hgciﬂip stimuBREGE P th@ imfAfine response,
or t he kit ca

ant i body e present invention. T I contaln reagents tor

det ecti ng Rkfiown as adjuvantbl Exemblaen aidkprefatedoadiavaptscinolnde sompietecFreund's adjavandta
anti body of the present invention. The provi ded reagent can be .
radi o-, f| Der-sResdlic tymulgror o shemmueg responss sra@ining, kilkd tMycafad ey itupesculosis),

known r adi Hcégﬁ’;’,&gf%%% aﬁfmﬁﬁé%né’glumiﬁg*%ﬁgﬁ{ﬁ%ﬂ%ﬁ‘%ﬁi ng with a nucleic

acid or an . e presen nver . The
reagent of the Kk aginbef Rh@Vh6lRH cdtpdsitiodUiséd s0iheipréductiah basbI§elonal dntibodies
solid support or as a dried powder. Preferably, when the reagent is
provilded | mages uppn thesnatutei ohthet immunagghcas well as the ghimal gssed Jommagowaten. A
sol ution. Preferabl when .t he r.eagent.provided is attached to a solid
suppor t,  t KETLH) Sariipp6R BEalsetie o A BifiY B 5 AriRapes™ UPeuinests, IURySRE
a plural it ynRideMBall Mitravenous and Ghtrabefitdife@BC ORR Oﬁ'bﬂtﬂﬂion\%%_l)klftﬁ)af gRdiYdies may be
provided is a dry powder, the powder can be 2 reconstituted by the '
addi ti on omomiteradt dlyl samplingnbloodhaf tmay ibmupizedi deichal at various points foljpwing
still further enbadi nents, %hgocgi esent .invention, concer n,?]Pi mrunodet ecti.on

e

methods ~ IMMUMZEHAN. & 840 S IIGCHON Ny AR LE L Hat | PHETUFSsPiapoosting and
pr ot s Oiiéé?gn%tikg aftll Jrlfi® a RLEAAO titer WY 5HidvRH. When a desiRY 18%] 8 BhYRSkdnRity is
detect antibodres having reactivity therewth, or, alternatively,

ant i bodi esobtained, thirapanhidd i anirasiccand b ddedvahd thdrgemire sotuted amestorah), anday the

be enpl oyed to detect crystal proteins or 25 crystal protein-rel ated

epi t ope- coAbimal car be asad gesneralt MAR®ral , these methods will include first
obtai ning a sa i aleln, L&le s0Lh as th
anti body, cont g@%&%ﬁ%&:&é %Adﬁ{, pg%p%e%mag%l?g%qgﬁ# 13%‘%\;@? teg@g%l? ’es?n as tose
accor dance ex¢rhplifidie i@ s SntPaeny el 96)265, ainicdiporatal derehy byereference.  Typienlly, this
conditions effective to allow the formation of an i munoconpl ex, and then
det edd3 ng teshnique involygscigumwziog atsuitablenanimed ovigh @ seleged immunogen compogition, e.g.,
?ﬁge;?{ ’ a;gepﬁjr? e tolroganqzﬁl)! %rflx(e)' Ocr}?slztglx p;o%ig?tplo?y%ebtsldeq%lrtl.'?ep)aﬁel:.l Jfﬂg VWnnlupnizing

composition is administered in a manner effective 1o stimulate antibody producing cells.

Rodents such as mice and rats are preferred animals. however, the use of rabbit, sheep frog cells
is also possible. The use of rats may provide certain advantages (Goding, 1986, pp. 60-61). but
30 mice are preferred. with the BALB/c mouse being most preferred as this is most routinely used

and generally gives a higher percentage of stable fusions.



may be achi Ve@AMdugh t he applicati on of nunmerous approache¥CTAEP717507
exanpl e, the present i nvention contgnpl ates the application of
ELI SA. RIA inmunoblot (e.g. dot blot). indirect WO 98/ 13497

CT/ US97/ 0
rmunof | uor osc Rl YRE HAHTEESR. SPREtS oells widh b Rojential form BEasivping attibodies,

formation yedifichfy B lymphocy%t(gcéeﬁ@ Exrérs@l&fédtfti?uééslﬁ tRd m‘?\H Qéﬂ@}a’tmglﬂﬁ&o@ﬁ. These

radi ol abel "or an ‘enzyne (such ‘as al kal i ne phosphat as
hor ser adi $Iall;)magmedﬂ:saaned)fromkteo;bsxdcbspleen@‘ toosils srdymphenodesy of froth ageliiphenal dllood

advant ages 0 t he use  of bi ndi ng || gand such as a_ _second
ant i body éﬁmafe gbgpqeen % latampav&eﬁrﬁch?wﬁﬁ S BTekTess FierfgERehecauss they aig@vich
int art PH BRS osed t

i |y BHre of tbody eroddeiy BRTHR LM Bl rrRBBSCSEE ) the taer
protei n obepRRE sigipherad B6YE ifleafilyohodessibR)! at@&:peptphﬁa & aﬁmdl.@%m BRI BLen

to be detected, as the case may be, may be énpl oyed
cont enpl atisahunized glslbﬂleeip[mdqufam:aalm;th the hlghebammmﬂpltltaamlblbe|rambhe:l and the

titeri f | e t he sel ect f hybrid 10
and t ho 1 SRIEER RYAPRMSEeS PR P BT EC A GBI o SYORES, o VBB A iplen
the pr eparfﬂ)tﬂ]l uﬂifnumztea m usg co, tBlHQEP@XIIﬁ)ﬁ%}?@X (?M'Eg i)g lgeﬁ’ﬁ'l%gmégg‘f presence

of crystal pro el ns or ate pept S an ant

sanple. Sanpl esrhwantllbbdprﬁtﬁluemlglE lyngsHdcy ey FRin shedittrfiunie&] dniSidp %rtﬁerpﬂﬁsed with
cel | extracts, enzyne fractions, protein extracts, or other

cel | - f r ee celbsrpben timarnstal uryriome gelbf generally ongoef thersamy speviss ab thy atigiahshasrwas
peptldes General,ly &%’é akl []ﬁ% llél ts in,a cordanc Y h t he rese t. 15
et © on MANAHe | MEE i i ParEN “f e Frtdomat PaaboRe dtiaf rrageses

directed pdtmsly #éChorfantibody- pr&ﬁﬂh%' haQé Fissish etf&%weand%ﬁiyn?@deﬁmenc.es
i rmunodet ecti on reagent and a neans OI’ cont ai ni ng t he ant i Ody or

anti gen amhhtreadperthen ifh:apahivmﬁgdm:egtm eartaioaggbactivevimddid ywhichadyipport ahp preethaof
| abe] SsocCi e anti body or antigen, or associated with a
secolnsdaryOB]Yn‘SFr‘?SSlfadgé Ceﬁls (hy ”dEQ@ b ary ligands night include a

secondary anti Pﬁﬂb’ 4 r% %?}rﬁ%fcsrﬁz{‘&lf '8 b ML e RhoreS to th s?@%&ﬁﬁ"‘b&r

a biotin or av streptav havi Nng an aSSocl ate

cour se, aart (Goding, ppo6%66 am\ze(:ampwmp@r 7614’83BX98m| aFor dxahples wiiege thaQikininized
the art and aII such [ abels may b oyed in connection with the

present i AYEHjiHA mouse. one may use P3ﬁ@/66?rt¥iﬁ}ré\rg 33 Ngdhetgl4 ¥ $pdi0otiel 4 FO,

vi al intor}ég@ gt i n t reagent I

pl aced, and préfera Iy sl\alpgyhl ?giuol?{ eag]% ﬁbh& ox?mt for %gSSeﬂ‘t’e %ay use
| nveot i onRALOIRCH3, Y3-A4 B2.3 mmldmd 4B YUSRd B-7651GM § 500- @;Rurtzauncn@LcDNEHMyq
antibody, antigen, and reagent containers in close confinement for

comer ci aknd BICY295uare ablaise imecannactioni wich buman nglébtsians. or bl ow nol ded

| asti c contai ner to.which the de ed are reta
BLISAS AND | MVOIdER I FSE FAFREN St 28 eSS e ﬁkaﬁﬁ@%“fg & felsg tepned P Ealb.

conj unct i @ra -t §) wiign ideaaiy %xlabﬁ: BEmEht RAGMS 3¥umd 6LRR_MEBfant Cell Repository
peptides incorporating crystal protein antigen sequences are inmobilized

onto a sebpetpusting cell linsiepbsivey npmbércGMASY3 a Anatiiexomousk hiyeldman gelhlipe tiaeimay
gfcfl-} gg% / gg?ﬁﬂalg tkt\ehg-a\éa\eqlulagmgfres?s C{',%’gl}s% rmeur}xene myeloma SP2/0 non-lyx\gdt?ge/r %:gl?lgxgq

Methods for generating hybrids of antibody-producing spleen or lymph node cells and

myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2:1 ratio, though

the ratio may vary from about 20:1 to about 1:1. respectively, in the presence of an agent or

agents (chemical or electrical) that promote the fusion of cell membranes. Fusion methods

30 using Sendai virus have been described (Kohler and Milstein, 1975; 1976), and those using

polyethylene glycol (PEG). such as 37% (v/v) PEG. (Gefter er al., 1977). The use of electrically

induced fusion methods is also appropriate (Goding. 1986, pp. 71-74).



mcrotiter plat ter washing to renove inconpletely adsorb
RkB qu%@% e np y ?érﬁﬁ%&ﬁfvs@ﬂ

it is desir i nd or coat the assay plate wells wth a
nonspecific protein that is known to be amdi-genically neutral W th
regard to the test antisera such as bovine serum al bumin (BSA), casein or,
sol utions of m Fision procedurp®usiaaly p'FbahsccahébiMybmg fol lowkfrﬂgxeotlemarbgpem#l(b to
adsor ption si tegs on the i mmobilizing surface and t hus_ reduces Ee
backgr ound! sd@sedibycveoribiscdsies net possc PIGLISH, aﬁfhcs\éﬁ%leoﬁlﬁ%ﬂ brkgl%slm gifferentiated

Aft er bi ndj f antigeni to the wel oat ihn

non- r eact |’{F‘é‘%n‘§f’ gareqt tan%sg]a éils @gﬁ{f&@rl@; @Ed\nh‘{fﬁ M5 (Hgv\églltlﬁ H’gt vpuid, pormally
unbound maéo%rt at o HF@ hhltbl}) '8? RHLARE & h%electxve mediu@{!t JhE %Qleﬂﬁé"rrieﬁﬁlm is
antisera of ClThica o ogical extract to be tested in a nmanner

condusi ve g@erally one thatrmummmmgbmhgtabiocl@ehd dnbavioogpdhesis ofrmudlestideSire the tissue

conditions preferably_ include dil ut| ng, the 10 antisera wth di | u nt s
such as BSmltusewmasa. ggﬁrﬁlﬁpbﬁbﬂﬂﬂl PRI FERATS REUPPRIERN DRF Rl expte. and azaserine.

| PBS) /. T . :-
;adueti on H‘\?Aﬁﬁ ] etlireta B G AR SR SE ot TRBnES Anf, bMfpidines,
al | oved 1o, ?z@erﬁ&r blBél&@r@Pﬁéﬁn@syb&e@*@o%e’k HL%H terin or methot@éxate is used, the

terrperatures pre on the order "of about 25[err] to about 27 err C.
Fol | owi ng inediabat sxmplemdmd with hypoxanthinsr andc thymidine chssarsbuzse ¢fsn s {HAT

o 0caBur o mediRleSVRHSREGARS Frissabs mefiis Stbtermed %@ﬁ#&igﬁ%ﬁ?ﬁ%gr ate
buffer. lg f 8XSxucleotid
bet ween the testhe greferrgﬁ) gﬁ%&grﬁeﬁfl{mﬂé gnng q (Zxﬂ?:‘dggh Qaﬂ;dﬂ"@lgg(gggﬁg{c}eg cleotide
washi ng, t Eﬂi‘vég‘ccpﬂm\@m&ralbﬂe&u gorvivein AP medinmn dthenpyelama cells are defectine imkey

may be determ ned by subjecting sane to a second anti body havi
speci fi ci tynmest ofethgpalvage |Pﬁ§MaYT6gprlB\PPH@“éE“Ié&héﬁhoﬁeo%éf?élspegﬁé (EERFAgand

anti body WI}%I re‘]éfgﬂr}’g‘fb’lﬁ% r‘r&ﬁ -ce %%ﬁ %eﬁ’ns %}th\ﬁaya b%pmé?glabp@thr}%éd life span in

generate at i ncu riat

chromggeni gyByeSha FeferailPpdfe wftﬂirn aﬁ%}@ﬁﬁ‘/cﬁweﬂ{se Wekéfod:emer @iy celtihiancdn surdve in
i ncubate the anti sera- bound surface with a urease or

per oxi dasetheoejegtiue sdimare thegerbybridsdosraed inlBéPYQi@méﬂ“@ Bn‘i.f“énd under
condi ti ons which.favqor the devel o t.. of oco

; ; hfso? (?télrxﬁémrgvx ¢s 3 89)%? %llr}al %maq Ex% \%éxf?@h bridbmas are

i ncubation 25 al ni

sol ution sygR.g@g, Fllgglc N‘F%@l)ectlon of hybridomas is péfdried |b@Q"ﬁh§ilhg3fhth|ell|§ bt/hﬁxgle-clone
second enzyrme- tagg antib ) subsequent to washing to renove
unbound maddoiiend jn trhaouuoptattesofollqaewl by @St:puaﬂ'tq !ﬂdl@diUByChOnélLﬂyaFman (feyabout

o oo dfwp 80 dieey B Jone st reeieagvin The sSRRGIER serRiE frle did ravid,
IH[Ser rjder %chh L0 B AGirk Eﬁoa‘ggaggu“ n‘?@%nﬁﬁoiﬁ@yse@Z%’ﬂ@(ﬁl@b@&%ygﬁﬁédé aéshpd”l dot

en achreve g the degree of “col or ‘generation. e.g.,

using a vi lenh'hﬁloBﬁﬂﬁigrzﬁsays and the $ikect r ophot onet er . VO

98/ 13497
PCT/ US97/ 17507 The selected hybridomas would then be serially diluted and cloned into_ mggvxdual

The anti-c aéﬁ{,é‘ Eﬁoﬁbglpgt%ﬂt BRRALGR P lJnP? cBh QE%P t;ﬁ&rﬂga{egnmaEﬁmtcl to provide

particul arl atron crystal protein

anti gens byn ABIUTROEACTRsnRdy WprlélmﬁﬁfﬁﬁﬂpmdﬁdMQﬂ two basic ways.nodawede oftbe
separation of the target antigen conponent froma conpl ex mxturethand 1
used to  hybridomdicae b¢ injeried(afieniiniolthe peritponeal éd\deu'ﬁ?@ hastospmpatible ampal phthe
i sol ation of nbr ane pr,.oteins. ce

det er gent rYR%efatgvas o}Ri RFO¥igE é‘e aFPE‘aBFeaPSY'}J@%P’%? S@é%g{ k%?gg an{ ‘?usion. kp 10
22,[ |b Iolng Salx}xﬁctegraeﬁ%gl' béeforRiuAbldsditg the sﬁaﬂhé’rnﬁﬁx%eﬁﬁaloimmodw ;ﬁ&‘luced by the
fused cell hybrid. The body fluids of the animal. such as serum or ascites fluid, can then be

30 tapped to provide mAbs in high concentration. The individual cell lines could also be cultured

in vitro, where the mAbs are naturally secreted into the culture medium from which they can be

readily obtained in high concentrations. mAbs produced by either means may be further



In an al t er naMQ¥B/BAYBOdi nent .t he anti bodi es of the present invePET/URITANTENT
useful for the close juxtaposition,9f two antigens. This is
particularly useful for increasing the | ocal | zed concentration of

ti WESTERN BL
The compos: PRARED Y SRR RiBReh, SRoristetion nt AHo s cpmetea nins meORGB PYb
or western HPLC or affifftpth@dftoptaphy, The anti-peptide antibodies may be used

as high-affinity primary reagents for the i dentification of
proteins inmmobilized onto a SO|Id support matrix, such as nitrocell ul ose,
nyl on 15 or onblna I ons ereof. In conbunction wth

i mmuno- prectgita RtYﬁTAF RO ‘E&EF@@FG AND IMMUNORERECTIONKETS s, t hese may be

used ag a single r | t i gens._aqai pst .
whi ch- Secondary Maagsidr HuioR oik3 rbder oS NoRE" lfidge FALRRL iy seresning
adver se bacimgleduspected of co-ﬁiiﬁxﬁmFSa mﬁ@-éhdblﬁﬁfrpbr ‘Q(“Eéhet é}?coafhgl a crystal
studi ed are inmunoglobulins (precluding the use of I mmuno n?
bi ndi ng bacpmtdial Saeth smedehmgonpmnmtpsyfpnntda ansagples suchdise dransforfied ehaset cells,

with 20 t he deteictln ent tEhheey rrilg te at the sane relative
mol ecul ar WERRFRENIGPIANTEy ye%f‘?eﬁlg ereof, or labgratepy| samples suspected of containing or

| munol ogi Cﬁﬂohﬁcxﬁg%ﬁf‘n ggiog,ﬁkb% ?%Igﬁ?&é at:far ﬁﬁen{jnﬁcmkm&tm Pob Ot YeR1S Ria

bl otting

f1 uor égcent segnicageedn &ﬁﬁbﬂ@%ﬁﬂhﬁ@tds&ﬁdh@&t@ﬁalwm B contain reageRid fbr 'Héte‘éhb(g an
are considered to be of particular use in this regard. 25

EPI TOPI C con@rsE@Meen a sample and a nUdefﬂﬂ@ldpPlesIenntleWewﬂﬂigrprcssnaimnnon The

directed to | .CO 05|t| free fro cells
and ot her dtggsrea f gﬂpéo RS s 3r°B‘ﬁﬁn| ?’l Bt eppYERal cﬁm() %ﬁg“ﬁt i e biticen contain a
i ncor por at exa,ow radiolabele® Bidn@ REpdbabf bﬁxdid@mnﬂké?%ﬁ@ With GrRAR e %eatdr\/ﬁt%w of

one or nore anti-crystal protein antibodies. In particular,
i nvent | on ctbapegsast ippentomi c core sequences der| ved fromCry protel ns or
pept i

497
PCT/ U 97 /17507 The reagent o\?q)e kit can be provided as a liquid solution, attached to a solid spgport or
As used hergi ?’drf‘eggxok\?d'em Pr%&rbgprv%énn@xeal@%%% 59 B%v?aedt s ltq?nd so]uporlu the liquid

i nmunol ogi cally cr reactive w one“or nore
protei n antsobatibres"an squestebslador.o Prefembly, Qvlﬁ:nnﬁﬁtrtztkent)browded is attaphied & A solid
antigen which includes a primary, secondary or tertiary structure simlar

to an epi t op@por, the solid ISBEFé)c‘b‘EP“vﬁet‘Fhf?fnatOSF%tfH?dlfrr%teéi Wakﬁhfm)‘?&/b@b{fﬁ’d'é ofTyells,
| evel of sigp £%|ctré/ Cc shgﬁ??@"ﬁg{l ﬁlslpgle%%c $Vvided is @ gﬁe%‘?s%g F1 © 79 wder can be

nonocl onal or d agai ns Cryst

pol ypept | deremdshtmécs meruadmn ofeaaitable kGlverat! that Aay bk pRovid&ogni ze, the
cross-reactive peptl e or pr ot ein ant [ gen Various i munoassay

met hods may be emtdy&mhen embnfligents. dre piesént Soredmtion concemanhniuoddasqncmumhthods
gf e for exar‘r%l kocW% 1ts Ptl i§ E);olpggéd tll:iat t écryF\;ItaAl\ pr&gglsto?'epépln gs o? the &Lse\g@ m(i/réntion
may be employed to detect antibodies having reactivity therewith, or, alternatively. antibodies
prepared in accordance with the present invention, may be employed to detect crystal proteins or
25 crystal protein-related epitope-containing peptides. In general, these methods will include first
obtaining a sample suspected of containing such a protein, peptide or antibody, contacting the
sample with an antibody or peptide in accordance with the present invention, as the case may be.
under conditions effective to allow the formation of an immunocomplex, and then detecting the
prescnce of the immunocomplex.
30 In general, the detection of immunocomplex formation is quite well known in the art and
may be achieved through the application of numerous approaches. For example, the present

invention contemplates the application of ELISA. RIA. immunoblot (e.g.. dot blot). indirect



known to th%ﬂ‘u@}(i Il in the art. 10 The identi fl;ccl%égqn.,ﬁt, Cry
i mmunodom nant” epitopes, and/or their functional equivalents,

suitable for use in vaccines is a relativ#8+y straightforward natter. For
exanpl e, one may enpl oy t he net hods of Hopp, as taught in U S

Pat ent 4. indduidiiorésoertepeciatiqets hewdethi like. r Seatralig,eimmunocomplesh fertatiea alitisbe
the identification and preparation of epitopes fromamno acid s@q(igences on

t he detectqsh&ugu@? thweﬁeo%ii label,tsuchAse mdiolabel Arasicenzyes tag (§ es"aalkalme

h 15 h
?E) Ie(rjelr’l)?l ﬁ'&psglbq% r%eé?({i‘%s [fgﬁ@gg e §eé € lé-l?ea dqgéérg%’n gﬁgi a‘g‘ﬂ?f ﬁnd addmonal
1988; Wl Jdvﬁﬁtaéés thrégég rthéJuseSof RadcRBhdN Hisding  1Rzaftd K84 - Tzh§e n&hti&%{ig or a

sequence of these epitopi c core sequences" nay then rea

i ncof por abietin/avidin heptd kisding errahgementrasugkndvrein the art.  appl | catl on of

pepti de synt heéi s or .reconbi nant, techngA ay.. Preferred .
peptides for uB¥ 355%iRE BHEPRRTSe NS PFPROS Mwmaﬂwmﬁﬁmaw sHspectesbpkeamprsinge

on 20 %}&Eﬁgfﬁﬂiﬂo rofe P HE paRt [ &0 O%sl%gpmlﬂq %?eddpscp} 9% SF ﬁgnlfqdya.go%ggp {o°be

pr ef er abl no acl

proposed ddidded QQEﬁeeéasél?Ady%nhﬁ GeXpifbydd at & ébn@k@ﬁmytesl zMB&étﬂ&ﬁbleems may
provi de advantages in cerfain circunstances, for exanple,

pr epar at i kaveaipplicationainale titering of antigen ecamdmdawmpks E»(ﬁaﬂpbbcyoradﬁhmwcgmms
incI dethe re ation and purification, relatively, .
| owttlos: aRkRE Hheo e BFIRER cBROmS LF B SRrstherom melaies s PRgRRliEh obkit
bi odi st 1 i i il loyed to detect tht préscREQRPIEGL r

of the present |kr)ﬁ/§1n %yed 2 eeCtrtga I%rzse tﬁfouﬁ]ﬁlh&%t&% bt %ﬂn"é &%rlgﬁt gﬂ@gﬁ‘
synt het i campibptiedda aveamplei nSémlpies reayi inchde aetls Occlmepemimins cell suspcrmons cell
epi topi ¢/ i mmunogeni ¢ core_sequences which result in a "universal™ epltoplc‘
pepti de dxi@etsecengyme fractions, PrajeinafXimcsy, e‘an§‘hean‘€F”rffﬁ°°p&PmP@ﬂFlaﬁs Gu§pesisd o

G Y- o Ao TSR SRUOR AR BN T o AP

pol ypept i i@ention will irtMidedesuitable drystalr mmﬂbebhaé of BR SRtBERIY difsetddespadfeBich a
those whi ch are nost |ikel pronote T- cell or B-cell

sti nul at i pFRteimQd pepdds éog%ﬁ\/qrcwh apemmunedelsetigompepitdad means for containing the

\Igg.r/gg/sé‘;’f'%nggaéy or antigen and reagent. The immunodetection reagent will typically comprise éabel

An epi t Opigo&iNe8 @ﬁﬁuﬁﬁcﬁatxﬁbﬁyu&e@nhgéne'& aésdcidtede hithi xedeyoﬁaeytblﬁaxhgt l‘é@m@f
am no aci ds that onpl enentary” to, and therefore w

antigen me!npigryshgm;lsamghhenaiu@esa asbcqmdextyeam;body directedigainst the §mt|alncuq>dasor

d S osed her ei n ddi ti ly or alte t an epita ore uence
L >3b % antighf of iiofh (o Suidin or Pl et Ravirtcan, el 1L SIEARRCSs
antl bodi egoteld raSG‘Peeqa AARLESSE &g Etlhﬁﬁs are knowfs MRRShd 'aﬁﬂ%llo;i,uc%hﬁbﬂg B Nbe
invention. It wll be understoo in the context of the present

di scl osuremploled trewmméammhrﬁhrﬁntmespht metmian.t 0 am no aci ds or peptides that
exhibit an attractive orce towards, each other. Thus, certain

epi t ope core s@ﬁﬁéﬂ’é‘é@eb?"”ﬂ H%“eﬁ?‘@s’é‘ﬁ’c“dF ddak inthWhisy thgantibody antigen or detection
aperal | Onghbdh el &egﬁko{;éb h&d H&fé?%thlgﬁghaiblfgld&ﬁ&%dt @rhmplsggﬁvisvak{w InRRPRR

di spl ace t rotein an

cor 28s pomismgymdiﬂlyeinlﬁhﬂbl’deﬁxtﬁii phtcofraimng 1K antibody. antigen, shdyssagém contdivgers in
size of the p n§_peptl de antigen is not believed to be particularly crucia
so | ong a@\omcq tnenb&gtcomqg@d)ewﬁjgﬁuqlbcqmwsm inglie infecsoncesrhiow-molded

sequence gr._se nces mal | est use core sequence

anti ci pat@BStbcyc nﬁﬁé%‘Bm%‘%h @Eldfiﬁ{ﬁd %63{80’ S’é’?\egr ally be on the

order of about 8 amino acids in length, with sequences on the order of 10
to 20 being nore

2.8 ELISAS AND IMMUNOPRECIPITATION
30 ELISAs may be used in conjunction 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



preferred. Th¥we 981349 size will generally correspond to the sm#tqTEE$97/17507
peptide antigens prepared in 15 accordagge with the invention. However,
the size of the antigen may be |arger where desired, so long as it
contains a basic epjtopig core.seguence. . The identifi.cation.
of "epi t opt cPEapieEBlatterh e VEsarthiens vt isomplatelygrarord mairgiah i degfabie & bind
exanpl e, as, A€ tHeQRehy Matd wells Wik a@{ronﬂoe‘éﬁﬁ- protein [HAE O IBRNA BbeBhigkMicRYy neutral
ref erence, which teaches the identification and preparation of

epi t opes f rwith aegand tcathedes aqusent sachas bolwvmelsagins albumizd) (BSA), legskio phsdlutornsyof milk
Mor eover, numerous_conputer, pr o%ams are available for_use in predicting

ant i-geni c pRAWdesnsThis allows &prmilogidng of ngnspegificeadsarptinn silgs pn theyppmolilizmgeturface

al ., 1988). j i ; | ysi s,:0r ,
NSt a1 s Pk e R bikgf iRty R T o R e b
desi-gni ng synt hepifgr BRRIALEE antikeARCARGARCS the tvkell, t3atE $4thta non-reactive material to
di scl osure. 25 Syntheses of epitopic sequences, or peptides

whi ch i ncl uddueen backgropewd, and pwashireg W trémove unbound makerial, the girench)iziap esurface is
readi | y achi eved using conventional t.hetic. techni ques sych as the solid
phase et hoePriasteg with ﬁl?eo%rgﬁe&awéc Bicabgr slegicak Fxiracy toRealepta® ina agneigeonducive to

synt hesi zer, : ﬁgm p sy i P

Synt hesi zer@“%p%@gﬁﬁﬁ%gﬂ/sa nslyn Z%ll@g ﬁi ?u?]ﬂlﬁ gMg&J’S &ggﬁéhdgﬁngI&rf&%ydl%%@ﬁ the
be al jquot t gfistra Wwitkdiheh el RMBSAL bovine gahmiegldbilis (BGFY A hosPhaREHSffered
30 such as in aqueous solutions or. even nore preferably, in a powder

or |yophil isabde {PBE¥Tpean®nglhese added ggaatls also tend to assist in the@ed@tibBa Mmonspecific
PCT/USQ?/lﬂ?Og 4 . . dtai for. f b g% -

In general ,Pah&ropgdy Al larersd eisgp b endlowpd fe picrbus for iy Ryt Hie 2kt hpurs.
stored in afyefperatures preferdly Whi 188 Srdeplof fa@éﬁt'Z_S°|tQ"Alg(l)lﬁeZP@‘.j%d?fov@ihQ‘?ndufoation. the

desired, e.g., up to six nonths or nore, in virtually any  aqueous

sol uti on widrtisera-cappctd alrfaec degwasiat | sonaoto Iremsve fnoanmnyencomaleked ihaterial. A
However , i wher e ext ended. agueous St or ag‘e i's, cont enpl at eg it owill

gener &7 | y pRyetsaed ashing; prossturg, ineludge myaghing avith a splybipy gpaiyas BB pdmeen®s r erate

Tris or phﬂﬁﬂﬂ?te buffers to maintain a pH of about 7.0 to about 7.5.
it ma

Mor eover , y be desirable to include agents which will inhibit
m crobi al growt hFoltdisiig adrmation of spevificimddindCopleMey bltwekatthe tésdrsampleadedhe
storage in an aqueous state it will be desirable to store the

sol uti ons choundqntieg].cand] subsegueppvashing fthe gpeurente gré §verORMEBNY afeimmpppgomplex

my. be st oraRgRen maY g derBlER Y dpfie R Hrd 6o Bon P BYIHEHT RaPihE el O for the
may bgy rehyfsat 99 wolideda ae&émﬁgemhﬂ@cth@wazﬁfﬁw & gd%éﬁwag%ﬁlan associated

ill
distilled) or buffer prior to use. CRYSTAL P

COVPCOSI TI ON®zaBe| NBECMICI pESradD: MBIIODSvEPpi8R upon incubating with anThappropriate
inventors contenpl ate that the crystal protei onposi tions di.scl.ose .

ner of n i | |SHIeOBeniq Syfstats, 1l o Pl Rl IS CPHES Fr REURG e antisers
and/ or  Systiyuhg saftRld Fhth!Ofteds@ dr' p%l‘dj(i@isggggjgggtgd anti-HufzhYg86"Br BPeriB@lof time and

limted to rice, eat, corn, soybeans, t pot at o, Darl ey, canol a,

rye, undeatenditarist whichsfandrl theeleyelgpmestasf, ingnartocasppexsformnatiamn ¢e. g .y iricubation
grasses; fr IFnI%% citrus, nuts, trees hr ubs, . and veﬂstabl es; as

vel | or riQFé RPRIS 3bregh semperaiure ing RBSreenppingsoiutionesurh pePBS Tween®).

Di scl osed and cl gj ' ikl i .
Precer et oanty” R REEelBuBp TR LA SOMELBLRH lvoay, ard subsausn g yasing
The conposiremore RbBdRIdMateriaR T meent! dT8abeNif quatifidd by incubatidf GME & &hedmogenic
CryET29 as disclosed herein or biologically-functional equival ents thereof.

The i nsect isubsteate suposist unea andy broimasresohpuiple awn?, 3azmo-di-@dethyl-banathiazoline)-6-

t al . ' k t f.skill int t, th :
SIS ol SRS HRD 00 G Aol ad 1S Bk B, BRaS0n i
conpriges gpbh LA I Helsrfily theOtiegte€ Wt 16 BendrAESGE £8! lRing®h fisible spectra

spectrophotometer.



more of the TP yera T C ' proteing of the invention. TRUESYLART

aspects it nay be desirable to prepare codpositions which contain a
plurality of crystal proteins, either native or nodified, for treatnent of
one or nore The antitcyyssl ppbtemuanidpdieb o€ tHensrewhs invention are particularly useful Ifér the
i nventors _contenplate that any fornulation nethods known to those of skill
in 30 isolpsiogy of ratherp erveiabI BFY\EH @8HaePSt e iMrBuRIpIecipitaliono s dmmunopresipiiation
prepare such biqknsecti conposi tions esirable to

cid It may be d
For mul at o HoNeS RERPAIAHERAT b res! plEsT RonpCliom g fomplex mixiuis, &pd i b0
cell homg?seamte 6E1sblate/ BhRS amBGhts oF YRAEHAFRR e is6Btibn bf kehrEt pBleif®ells
pellets of a WO 98/ 1349
PCT/ 8S97/ iitfsObe solubilized into detergent micelles. Nonionic salts are preferred, since other agea® such

cell culture (preferably a bag tarial cell culture such as a B.
t huri ngi eAsbHe salts) pregipitatect agid @H 95ag the presence of bivalent gationax pr esses one or

ET29 : : ded, Cr yET20. : t e
or pept] de(s) . Tt EvRYds CRPARIETe AFIBN b ronuentioo ahoRcl B the
those of close juxtafdsition bf thd@ntigns. ATRiSTRY pArflEhIHAF usefud-for HRFASMR! th8Nocalized
| yophi |l i zati on, honogeni zation, "extraction, 5 filtration,

cent ri f ugaonaenirateuo famigens, e, enmymeesubstiate gairon of one or nore cul tures of
bact.eri al cells, such as B. thuringiensis cells described in Table
3, I ch express the CryET29 peptide(s) of interest.

I n one preferrgge B&R . the bioinsecticide conposition conprises an

oi | fl owabl e suspensi on conprising |ysed or unlysed bacteri al

cells, spores, The competiabas ahihelprdfent investiol ailhfiad@rdat usdireintthuidboti@edstern
crystal proteins disclosed herein. Preferably the cells are B.

t huri ngi ehiftgnglgsiss Thp ankepeptidegniibodien maychecysed as high-afisity peinpane sesigerys forghe
novel nucleic_acid . .Se ts, di.scl osed herein _and produci n

crystal  piErafiaien of prpisins Pt oS spfif sugipr fauiX. Such & miggeejufose. nylon
SppP.15 i NCbHdidigbiBatidisg @ieeédfUM InB.conjiktibn SwitB. iBRURGSrecdESBliBh] GhilGwePPby gel
i ncluding E . coli, and/or Pseudononas spp., including P. cepacia, gP
aer ugi nos glecppharesis, these erayehpsuscd Bs a singlg seprraagentfop use e defcting awgloneagainst
suspensi on consi st of conbi nation of one or nore of the

o ows ng Wi sEonTtsNgesepBoagn ik BsRem 8F dhe anCibrsabise 8 guese tpgkerapng
and/ or purphfd g&ssdctabyalseful when th@hRigh8Studied are immunoglobulins ( l‘é@:hﬂiix?fﬁﬁnﬂe of
preferred enbodi nent, the bioinsecticide conposition CTonpri sgs a water

di sper si biramynagiobelirs bipding dactefiali celigwalh obrepamenpyiie rantipgnsconied srosd-geaetdwitln
unl é%ed b ctﬁri al 20 cells, s&ore{g, or cryst al s whi ch C.Ol[;lt ain one or .
nor é-of t [3EEInEAEF 8 F ‘E"ryo{“éf%’ﬁ i DE spog Jetative moleqplarayveightasg gFqsggeacting
sources fgpphhese conpositions include bacterial cells such as B.

t huri ngi ensi s cells, however, bacteria of the genera Bacill us.
Escherichi a, aimnRmelogiratipdasahdatéctivaviaethednfor use in cofjuanhowite AVestérh blotiA
segnent discl osed herein and, expressing the crystal protein are also .

cont enpl afsdudeocymatistity-, rﬂl?légedat ory Bpgresqently agesd | econdapoaadbodies, agains j the
of a conbj Lon..of . r : fol |l owj ng conpositions: |ysed
or unl yse%éﬁé?t' éfez‘%é’F’ldST"gggé’?ggggﬁ:‘?‘fg{ ‘éﬁters}? thi3 reg%\%‘ and/or purified
cry$tsal proteins. In a third inportant enbodi nent, the
bi oi nsectici de conposition conprises a wet t abl e powder. spray,

enul si on, 28| | &PITORIGCQRISSEQUENGFSNi ¢ sol ution, dust, pellet, or collodial
concentrate. Such a c osi.tian . ain_either U'It’il(:i%SEd 0

t t N d
bactorial cel | 4 ReEHERLHVeRion 15 aipisireaied 10 Jrotei|or PGS Earapsiqnsoites fem totel

above. thﬁlﬁ 5&95@!5? g?&‘?de@,r ecd?ﬁprfslggaepﬁffﬁéd gf%éiﬁﬂ]r u{?ap(ide whid{ ﬂ{c%Hb%ates an

di scl osed herel n. erred bacteria s ar I'nglensis cells
however, bpiedperthat is immunologimally asods-reaeiyatveith oig oBmosuiniti-tiystal Proteif natibodids.

coli.. or Pseudonpnas spp. cells transforned ) .
30 In particular, the invention concerns epitopic core sequences derived from Cry proteins or

peptides.
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with a DNA segnent disclosed herein and expressing the crystal protein are

al so contenpl ate -t useful . ch dry for f . the insecticjdal
conposi ti ons rray/q%éls?dopﬁ{ﬂnaﬁ_}égqfr&n df'fgfﬂo\%mg an %pnoﬁeﬁeﬁf‘bfselerHBBlr‘?gmai'y Cross-
vetting, Ofregthiverigh ovielor méteSalotostiNptiRbtiBbdied- 5GhRAS&S 10 refer to a peptide or
sustained-release, or ~~ other tine-dependent manner. Alternatively,
such a compeetein antigenywhiohdneludesfa primeryisectnidery or @rtiary sufictareesiarilanos @n ebitope
the follow,ng c sitions: |lysed or, unlysed _bacterial cells, spores,

crystal s, ]ogatedo “niﬁgmpxaﬁmbaqq¥qlp &F pe#yyggtﬁe. glfltﬁa]@yﬁsqf similarity will g%nerally be tp such
a fourdh i (N =Ygqelolel : h Ql AN . 0.t conpr.ises .an
Bacous sol R EE uhaTBRALERAAL of HELRIGHaT SRbb e HRATHCRAY Ink Bl BrodR or
bacterial golypeptidPaiRalso bind to, regétywith)| & othérviseteebetige, ahe lyREedtive @Ep!&&edor
bacterial cells, spores, and/or crystals, such as those 10 descri bed
above whi clpretetn aitigesne Vavioyspiemunoassay metheds anays belemplaytedi inscontjigctios exith such
herein. Such. .. aguegus_ sol.utipns o us Lons _may provi ded as a
concent r at 8812dig% sueh gf’ﬁgﬁ XamRlF %Stem gl&“f‘%ﬁﬁﬁ#%ﬁ%i G‘FJD&G liksomll oA twWhyeh are
or alter natk'hg@hﬁo tiose dF kil iuh @k Sp! uti on ready-to-apply.

For these methods 1 nvolving application of bacterial cells, the cellular

host 10 C Oiiteaidentiftratibe of Cys iramupoddminantgeyipes. an@r BRidfug¥ioral eqilYalents,
convenient nutrient nedium where 15 t he DNA construct provides a

sel ective &W3RE SQyaise pp ¥ageHeads ¢ mlativebpsteaightiaswardmatsrs & or gsample, one may employ
substantia r f ot I ebal thuringienpsi s. gene,
These cel | Rt orNibndas' i3 13 SCRRD: ba3aiiL MG BRSUP Y Gaterence.
ways. Al 't emiadh wathes thbedentificatichipanddgrepirafibedf Bpitdies M amino aci 3bYRAEES N the
VWhen the insecticidal conpositions conprise B. thuringiensis cells, spores,
and/ or 20 basis of hydrepbilissnt dibaimethedsedasotibdd indseverpbothkr papstiand spftehire programs
i ntergst, suc onposi ti ons nay, be. . . formulated in a variety of -
They ey b ERFOTEY b PRt abre Rridseifyepigp B oo aamata s, ¢ 6. Samesdn gt Wor,
m Xing W t NOFRr WiSer AIST 9ZFRLEK! Phifent MisdbeR 3 ISRAVIRN The Brdlfb AL sequence, of these
(phyllosilicates, carbonates, sul f at es, phosphates. an tﬂe rfl ke)

or bot ani ca¢pitepiecom| s£qupmasiemay ther e obadilyr incerpomtéd intwgleptitles, either through the
shells, and tlhe A kﬂ1 ‘.I%e f%r nmul at i onlg. mai/ I ncl ude spreader-sticker

adj uvant s, 2BRIGBHPD O Rgpuss synthesys ap fecombinant tebhnglogy- qal  addi ti ves, or
surfactants. Li gyid-EoreatalirnsseR% 1 - : :

on- aqueous. and roT ey Bop s fB e AN uRRB P tnyeption il geperaliy be on

or tI2® |i kehe oftier of about 8 to abse @eintiao avids iim tdngthe and awre gi«terhblagdOLES to about 15
surfactants, .enmulsifiers. dispersants, or polyners. ) ) i ]
Al t er nat | vBIYRO 34ids iggagthalyspropesed thas shorar aintigenie pevstal ppteinederizedragptisies will

pr epar ed . I . T ' t I al. ression _systens i,n .
U tro and Py 2/l Y Eatln (REANRLRAN, S SLRIG, i P i ar B En g Ooc
may be eit Betectioh adsuge ERemplays ademiages SRAEdd hieSeas€ oF |/>9ép@$atioﬂtéhd, putfication, the
alternatively nay be purified, refined, buffered, and/or further processed,

bef ore for FaktiMebhglaw cost and dmpsetedy areprodusibiidity f of npraducton. lankdevddyentageous
underﬁcertg{ogisgriiguct%rrr)stances, It may be desirable to WO
98/ 13497 :

PCT/ US97/ 17507 1t is proposed that particular advantages of the present invention may, be real?]ze%‘{hfough
i solate crystals and/or spores from bacterial cultures expr esgl ng the

crystal prteei prepamtiapplof synthetic spdptiiden nsyhishis paelad®nsnodified oland@ir al extended
preparations of such crg/st al s and/ or Sﬁ_o es as the active . . )

epitopic/immunogenic core sequences which result in a "universal" epitopic peptide directed to

crystal proteins, and in particular Cry and Cry-related sequences. These epitopic core sequences

30 are identified herein in particular aspects as hydrophilic regions of the particular polypeptide

antigen. It is proposed that these regions represent those which arc most likely to promote T-

cell or B-cell stimulation, and. hence. elicit specific antibody production.



bi oi nsecti ciwglogga@posi ti on. Anot her i npor of
the invention is a nethod of controlling coleopteran 5 |%§2@Pgﬁ%ﬁ:h

are susceptible to the novel conpositions-¥-sclosed herein. Such a nethod
general |y conprises contacting the insect or insect population, colony,
etc., with an An epitopit nerecequsndeldsysed hereini, sca miavivaly shbrtatréick bf afhing ssdsthat
protein canpositjon. The netho .. . utilize CryET29 crystal )
prot ei ns s‘ﬁcﬁ"‘&glmg’é}’ dit%&"gs‘garré?%egﬂﬂ Pindnenydgencpingding sigs ol l¥19 crystal protein-
functi onal g;RE1GVARLBHES ™ fernativel v, the nethod
may utilize one a?)’rlsgr%lr %H E{(/)Eél'gzléer%@ys/t\% ltl%?acl) e?rnashe\r/\'}%\:n%ﬁly ah eplFOPY‘aF%reéﬁ%‘g&g%ls
by the nuaineithataeilidelitairibodies thaberR drbsshiCudtiveOwith n FEURiR1dir¥Ble8 aBHiRkEhE pasidd
sequences whi ch _hybridize to the sequence of SEQ ID NO 1, under conditions
of noder ate@mpgsitions of the pregens investionndewtly be Tindenstoor dbiat if she catexti dfithe gresent
sequences ibch hybrjdize to,those di sclosed. ) under conditions of .
roder at o S ARG {er SR R CToTErR o AP R B dashRt it soaetive
and 15 fofteQoWhRIS LA ST GthBRT Fhits, certain eﬁitope care se uencég%%edérg&ﬁn Hvehllbn may be
met hod of application, the amount of the active QCOrrponent( ) are

appl i ed atoperationaléc déftredah tgrmsfof eladir atelignm wotnpewhivith onbdrhapsatiypl RO BiddhgOst
such factoys  as, for . ) exanpl e, the specific coleopteran insects to
be cont r olth@desized pratpincantigen pithihe eprrespepsling prseinrditseted antisera. t he

envi {@nnent al Ll d_rate .an antity of | i,catio
oL IEnTEN el o BRI ISRURY 8L AR B Dbl fBRMALSALRY
i nsecti ci de l6AEROM Isi ANeast &EEE chQLhRY kS RRAelificddon! E&{d«:ﬂ& &t §Ja;i%5née*§.e The
bacterial cell, crystal and/or spore suspension, or isolated protein
conponent sfallgst ysetu core sqfjuence anticipatad by theuprabdny dischospteabbwd qenetatly . beTorethe
conpositiagn be orrmlatec%.rior to.adm nistration i an |

appr opr i atoég%%%bo h%ha'ﬁgmli‘/‘b h'i%I leggth, “’Fﬁgesgﬂl%g’lff’? Qa,tgﬁéé‘gi" ©ft10dto 2} beinggpore
aqueous Cayéfebd. ZRus, thisTBAIWiM Al (B3RS k! i

buffer. T%Z f or mul a?sed 1gorrposi télé?)lﬁs kay b% tH%sT%&Eﬂ%d%?g?%h% 3?{56 stmiglg'
granlf ar mecedarde, with the isvesyions Howeivar, dhid sitevefye abtigenanaynbaarger Wheed dasireérso
or oil/water enul sions, or. as.a wettable powder, or in conbination with any

ot her car 1PRg as it contains 2 hasic eRjtoRif CPEINCAUENEE- agri cul tural applicati on.

Sui tab l e agri cupfelid@htifhioh s %E'cb&ré Q%x%llgng& ils'l&gkvq to_those of; ﬁ(rl]ﬁi iR tfe % ! kor
known in the art. The term"agric 1tural -acceptable carrier" covers all
adj uvant s ex@@ple, as desgribed indd 1S. RammoASHH 3 01 dinsmrpomted Isereis by réfetendé, Svhich teaches
tackifiers, hinders, etc. that are qgrdinarily used in i nsecticide
formul ati &% d IGRIRRy -anl rsRarahion Rk | apiRPRVTOMD aptieRs @cislk paquerces non the basis of

insegdici i f [ raul ations nay be . mxed with one or
i :quol ! gﬁgl;oplhlﬂa:&tlyd g}fj u({’/%%‘t gﬁ}g%rglp%o&%u@ pr})gramsvw: ggﬁlia?&g@r use in pr.eralctmg,
PCT/ US97/ hififflehic portions of proteins (see e.g. Jameson and Wolf, 1988; Wolf et al., SB88).
prepared by various neans, e.g., by honogeneously m xing, bl endi ng and/ or
grindi ng puterized peptide sequenrel analysisnposgrams fe.gi tINAGar@bHofivadi, IVEASEr, Inc.,
usi ng con .1Lon formul ati on & echpi ques. . . The.
et | of SHUAGRILIATHAS be SRR ORI HRRR symihetic gppsides i prsordmace Ry A
of the disclosuret ar get col eopteran insect, typically onto the foliage of
t he gslrant or crop to be protected, by 5 conventional nethods,
prefar ably by symthesesyol epitopicssaqeenyteh, @npeptideatvhizh influile s ahtiganiakpitope within
applicati (,I)I'E]WI || be set wiith regard to conditions specific to the .
parti cul afestqueRce. argpradily pghipyed using conventignalsynihgtc pechniques swch as the solid
envi ronmeniale Gendhtd.QF - I At ctive inaredient to
carrier wll enat ﬂ'?gﬁf?]' csi%f)o-g%g tg%%tg‘ﬁg Igﬁ@%e&i wn%fagi;ag,% ésegpg%f‘*"?‘@f/s,lzeér‘isd‘c as an
st abi | i ty Apipliet Bibsysesthd Madiel 430A Peptide SypesizeON, Paptidéahligds dyhthesized in this
particular fornulation contenplated. 10 Oc%er application
t echni que&angenmay dbent bagliquaster Ak Ipredgterminmdi amguneoind stojed an iconyensional manners,
30 such as in aqueous solutions or. even more preferably, in a powder or lyophilized state pending

use.



tilling, seedwoosus4sg, seedling .coating, spraying, aerating, MKITUSY7/17507
atom zing, and the like, are al so fgeasible and may be required
under certain circunmstances such as e.g., insects that cause r oot
or stalk infestation, or for application to delicate vegetation or

ornament al pl anti® gengrabguc 1o the 'ela'éb‘bft?’é‘é’fx %P%‘@E%dhﬁye@aérbé regdily siered incaaugpus
to those of rt C al

compos: ¢1 oreapopn LI porkds ol ime i dosred i LFRIRORPS B goove, in virwaly
i nvention sinpGiquedis sotmzmmm@m?premabﬂt ﬂééi@datmrﬂ}oluﬁﬂsf ahtigenitd hAAB/iGN OHOREver,
limted to other estici The method of the invention may al so

be used in Vdmiﬂ: gxfenciqdraqmcws enaee lammﬁmeé it will generalijcbe d&!@b}efmcndnds agents

det t t I f tions. . The i sec
AR, S R U T
t opi | 0. d
oo Mafrd0 ooy . e I’yr%ng%ﬁ&%m"%‘ BRG] P, o
appl i cati ogotiuld azide yr Wiettiylae pRorcixiended Glorhfeiman Hg dﬂE state itP@11L b& dkdifable to
i

fornmul ati on, nmeans of application, environnmental conditions, and degree of
bi oci dal astare itheysolunons at abqtm°§apr {nore pecferrblyn frozen. codabunsgnwbssnhmpemdes are

east  aboustars B AsPphite & %‘y te3 8 ey o e PG WBBEL SBiEys e . i
wei ghip Dhét&@ﬂlﬂlﬁhbﬁnt%apfna ?ﬁ&%&d LWAMSa THRY d&aﬂ]ﬁm@%& gé%até? @PHably

99% or nore wel ght of e conpositio

formul at i omstumagt) greneffealptigr wowspr i se from about 1% to about 99% or
nore of the active ingredient by weight. Fornul ations which conprise intact
bacterial cells will generally contain fromabout 10[err] to about 10[err]

cel I's/ng. 241 CRYSTAL PR(TTE!N DR dsTRBNRG A lﬂﬂcﬁ?f lg?-ég Eﬁbﬂ/ﬂ: SO USE

adm ni stered to a particu ant  or target one or
appl i cations as neEHedmvemofib(ﬁ:téry;ﬂaseahatftheb@sﬁpp}dtﬁatcbﬁfpoﬁxﬁbﬂs, @BEIOE@D&@E@ will
rangi ng on the order of fromabout 1 g to about 1 kg, 2 kg. 5, kg.

or norde of findt pargcmwgpgmyem insecticides for topical \and/og/sysiegtic apphcatlon to ﬁeld crops,
PCT/ US97/ 17507
2.12 PHARNH&%&‘H‘%RE‘ PEAPEIEEY PrECe AR R FRIBDS O RGN HE basse A PRERGr ‘235“"#1_%&@13 Iye,

Since the gaxedoohySirflowet Qirgises, RlicH AepdiRe 8nd mrﬂgﬁeste'somﬂzss chAR, fbi§ Stees Uéhlﬂubs
B. thuringiensis Terr]-endotoxin identifred which has insecticidal

activity agoed megetdtlesags welas omagrental plaatss cacti, succulentsg and émiikat e the

f | ati f ph i cal t whi ch 0 t I

5 B oyl axt o DITGRGH (PEaE IR o § HPEROPBnSBYPRTBGeIn drtporigaalcitective
tingul ar ' | I

partixpu aﬁ%gf&ﬁﬁ%r@%@?&o@m E@gﬁ%ﬁon The com?cf)%lfl ?@é}gﬁlégoﬁ{b‘?ﬁg?{?@ a‘nﬂﬁé acid

such as Cteno elis n nane,

(common naseyuetagoff Cro&T294k k:llseldshiébﬁemrcﬂ' Mngcaﬂpfmﬁbﬁm&‘eqefvawﬁ% tﬁlé:def
Si phonapt er a for which the present invention's conpositions
denonstrate i nsect g dajecu@ids \Gomposition; §’a" also compgise 1s| o @pre nadditignal crystal

conposi tio PrordiRY kI?&wI‘ ehhke 6 il ﬁﬂrﬁéb 98, t%%%?%%ﬁxbeﬁ ?r?‘i’f:l?lcé’"? 2658 4 hlrein.

corrm)nly a ani ma S my a SO con e novel conpositions

di scl osed herein. The insecticiddiedmptiseecd B. ammr@mrsi & orma edhit lofithedd. ceBs, or a
Pat ent. 5, 449, 681, incorporated herein by reference, and i ncl ude
menbdPs of mlﬁér@hémocmmB Churingiansis ®Ysivduttn expmass pne oymorciof yhropevel crystal
C mes,

anong ot h epg)tems o? 1RSA pnetqolns I“%‘[‘g‘gzﬁ% hcé%ﬁ%&@l%%gﬂ%tpg eﬁg H?%%%h{'}smons which

conprises goffiarIpReA ity ©Flerf@dIRRSleldsOBither native or modified, for treatment of one or more
types of susceptible insects.

The inventors contemplate that any formulation methods known to those of skill in

30 the art may be employed using the proteins disclosed herein to prepare such bioinsecticide

compositions. It may be desirable to formulate whole cell preparations, cell extracts, cell

suspensions. cell homogenates, cell lysates. ceil supernatants. cell filtrates. or cell pellets of a



15 conprising a _crystal protein conmposition disclosed herein for

adni ni strat iR 2349 animal to prevent or reduce fleatSFUSTVYYy

i nsect infestation. A nethod of reducing s¥ch flea infestation in

an animal is also disclosed and clained herein. The nethod generally

conpri ses cafinguMuséd gsr'bmgably a bacteriblocelNcfiiré Bhichads 4 BS Ofd-irgicads |cgH eluftafet desbribed
anmount of a CryET29 conposition. Means for adm ni stering such

i nsecti ci dereigbHao skpiesses ang carmersi arek 74 PNAelsegrrenssvie produerethgrancoded SryEXR9
Patent 5,416, 10 speci f i cal i ncorparated hereip by referenc rovi des

t eachi ng f%?teﬂghéﬁgem“{e(ss' 'll'l'énr&eﬁlgﬁgfﬂraqrpwgmgf %‘F%P%@‘Qﬂ‘t“?rﬁgﬁﬂ gwn to (B8 of
i nfestati qp:usd J oy LLi0n. T :
ant | <51 phoibis e 8 bk FHURL SETRRAaaR, Ivpphiizytion, hamoperfion, exacticy
met hosls defleadomocanndfughtion, padimentdtian, apporoeatration of¥seTpH @for® ultires of fhatterial
adm ni stering insecticidal conpositions to an animal are well-known
to those oellsiguch asB. thuringignsisells dpweriped in Fable 3, which express thecoryEd28 peplidsass)
sprays, didﬁsh Eogders and the like. Methods for providing such

formul at i SHMEFS4n ani mal are al so wel I -known to those of skill in the art,
and include direct | e fRdirREht Ok hd dsSihatlt I'&ﬁgd S t ;
devi ce descri bed ihr]1 %r'xe grefggftgm 4, gg%h Gé% ﬁ?h%’eﬁgé&@@ ¢ SR@BpF‘?@‘éti gng}gfm]
i nsect i ci dbswvdble asuppinsiondcasprisiig ysedher anlysed baderid dellsatpatesragr beystalsy which

ani mal . which is sensitive to qQr susce tiblg to_attack or

i nf efQ at | GOnEAIN #nF o8 NQRI A e BoXS! TRl rroteH Bralesgd derein.  Prferably thergls are B.
conposi ti %uﬁﬁg:‘éhﬁf'a%ﬁ?,dh(fkﬁé&&,”an WG AR %o@?XelF%x&%Hﬂ? ’thccﬁgké]enucleic acid
equi ne, por ci n€, Tupine, "bovine, nurine, etc. and 1 he I Ke,

al t hough tdegmienrseditbseddrpdin and pioiutingta dresthngrotein is contemplated t0/\6: AS¢B48ch as
PCT/ US97/ 17507 ) ) - - 37 -
and cani neBaaiilwsabpp.wincluding Fartegeigrism \B. prbsilds. riddcesssafisegrishicosipe  inckidingof.
by the novel,. .cpnpositions discloged herein. . It is
furt her  cditierBIre §eHaTIOTR> 308 CrEHAPS {oSFRai afmdtreinose: GRAof- figrescens.
phar pRiceut ARéhatively, the oiCREWABIE ShPRAsiOh HrdyOsidist 85 8 tEMbmaBEMoRbit LAMAE offhe
in sonme cases be preferable or desirable. 5 For oral admnistration,

t he conposfotlpwing eaypdsitidnss Insedoeunlysadnbagieriaheslls, shidresentyswats, wnd/hr purified crystal
assimlable edible carrier, or they nmay be enclosed in hard- or soft-shel
gelatin_céﬁ?ﬁﬂ?ﬁ‘ or they ~may be conpressed into tablets, or they
may be incorporat §f At &fd hréfe cf:iQn&ﬂ&ﬁirﬁ&ﬁf’th@fbié'ﬁfecgéiﬁtcomﬁosition corﬁgﬂésegra ater
t herapeuti c adm nistration, the active conpounds may be I hcor por at with
exci pi ent dispersible gramde ws powder. tThes frannieafr pomgles miap kcempeibd lys& oburdgsed bacterial
tabl es, troches, capsules, eljxjrs, suspensions, 10 yrups, wafers, an
the Foke. @@eh_smsﬁiao%n EaiAls WhHEh B 36 crsmeroal ehecawfe_iiw%al PR giseloggd
of . hebih! Ve £RTRIEes R TRECERBLAIE L HEAPATENL OR% RN pryringiensis
preparations nmay, oOf course, be vari ed and nmay conveniently be

bet ween ahwlis, Bowevepisudter@aQfnled gdrlera Bediliind, Hethdrhtid)and Psetldlomonas whichdmame béen
of active conFounds in such therapeutically useful conpositions is such
that a suitransfasmed with a BYdaspamgnt disgloserhhereieand gxressing the crystgigrotgirgare also

prophyl axi s _of fl the crystal _pr i n_may, be incorporated wWith . .
el pi ent s-onfnpiafelto vt Sl Y2 ApaleR Thep ARl oF poRI A Bl bt 2 fompination of
tabl gf, caifeUbemodé of Itk FIoWIhE RomYsiiEndily@d $r0udiPRd bacterial c@lY, ¥Pbrek Odrystals,
ingestion. Alternatively the conpositions nmay be forrmul ated as an additive

to pet and/or pusifbd crystagreteingsr ot her edi bl e formul ati ons. Wen fornul at ed
as a tablet or capsule,.or.the |ike e co o%jﬁtionma

. L1 g th , also .
contain the foll owfn8: (hér%bi"ﬂa?é?a,m SRRAHNERS ghE RipHsedti &?me?B?‘ﬁg’E a°0Prssy @

or gelating.fgl gb%&? sp.%g,cé?mﬁ%ﬂ,' Elotd, YALERRTR %ﬂéa‘?ﬁﬁ &1dlior, BL&Ipale W collodial
agent, such as corn starch, pot'ato starch: alginic acid and the
like; a | uloncempdte. Sieh ASompasits iy Sdoaaiimictheraiilysed or lysed bsertil ewlifiospores,
agent. such as sucrose, |actose or saccharin may be added or a flavoring
agend0t o crystals, opgRl exiacts Gisisasritied rabeveewpighagoamin ope of meorarminte neapherystal

r . h. ns, for . L .
treated O})}%teslrlljscdlsnr:rl'(s)‘;?lcds heréin. Preferred bacterial cells are B. thuringiensis cells. however. bactena

such as B. megaterium, B. subtilis, B. cereus. E. coli. or Pseudomonas spp. cells transformed



delivering fIWa@piumIAyl actics to an animal is a sauce as descr iPEFASOH1TH07 S,
Patent 4,702,914. 25 specifically incorporated herein by reference.

When the dosage unit formis a capsule, it nmay contain, in addition to
materials of, th above tvpe, .a li.quid carrjer us ot

Tt o al o T BOWAscemeRCE ot e anibieRak hEkrysull biotiR o ARp copgmplated
physi cal fqpMeQfsehill® $IRRAHS fBfthd of ﬁszrmgébsicmq;@ombaahsﬁssmaplHel formAlat&PRS Yk RIve
may be coated with Shellac. sugar or courSe, any nateri al
used in pr emaddiaelyrupod owsaueg, wnalterdatively, dwnomesh@Ldodtrbﬁeq)rﬁhease,csamaumd#rélyase or

pure and substantlally non-toxic,jn the amupts enpl oyed. In
addition, tohRerdune-gep ﬁ%‘o@ﬁﬂ?r n%l}e‘Bét'Y‘ﬂlfo?”ﬁ raa‘E‘EHPQSHtQS‘ B3 Cansigpfr e rembigation

gg})ﬁr tﬁ g% g Or more of ey ﬁ}ﬂo%ﬁé) E'(?mposmons lysed or unly\é\gi %gétg‘na‘} chls spore§80rystals,

Al térnati v%wortpbﬁﬁggnawgmmggl conposi tions disclosed herein may be
adm ni stered parenterally, intranuscularly, or even
i ntraperitoneal ly. I5& fmurtinsmptbrtatnhe;mhndlmemcdhtpchlmdxcasxde composftione cirapmsesran

phar macol ogi cal |l y acceptable salts ma predlnwaer itably m xed
B eh 2! datecusy roliaio aRmos” B G RGn PF (B P Salvoes Bpcieab e Bmspores

al so be pr ‘?: g 3 Hi¥GR ?t ]ysLLjingPhHl bacter?fl! % Er%k)ﬁ:@e 1€ &a[saggcg as those

mxturesth and 1n ol I nary con|t|onso Sto

use, tgese d@ﬁ@nﬁa&tbboa shichdoatain anpoemery of the giokél @yaulqﬁbteids%gﬂma heffn. Such
m croor gani sns. The phar maceutical forms suitable for injectable

use i ncl udaqueamisi SdutianseTUBISBAISIPNS aRRY bE Pdewded 8% @rsoncentrated staekl sslution [which is

povvdersfor th exte graneous. p ar.at,i on rile in sol utions
o i S BP AR or BLERR Pt RSt L oo Bl Sy ot | be
fluid to the ext entof kst agdthddd involvingi ASRatibh YOfe>b!a§tEﬁal |cEll§“J§He Rellular host
stabl e under the conditions of manufacture and storage and be

preserved a:gatamang theccrystal pmtqmagcrmg(;s)aoay be gmwmmamoccgmnsnsnutsumhnad;um wherc
bacterjia and fun he cayri.er can be a sql.ve 0 spersion

e Uk contis RV, CongiricRIRRE avés{esvve ad¥ERRge, Providing %bélﬁ‘FEﬂ““? mgedium so that
giycerol . RLBRAERS Al ¥EQlorhe o @9 PR YE I REn 0L YER . TROL S rk%)}(ﬂ)en be
sui tabl e mrxtures thereo or vegeta e ol Proper |UI

may be mai Mapiesed, mfaedforemphﬂ) cdnvehtienal Svays. Algeatively, tealelingan beiebatas prior to
| ecithin, by the maintenance of the required particle size in the case of

di sper si onh&ﬁ{fs%%the use of surfactants. The prevention of the action of

m croor gani sms_can v?r?en the 1nse|ctlgdglug$}'h%@s?t%ﬁs Ompie i%rﬁzu?@%}epﬁ?tcgﬂ%%é ﬂ? and/or

antifungal agents. tanol

sorbigy aci Qrystdlt rnBSHhy @.edmbmﬁehl&gstai br&¥Binys)Cab dterekt, mhlc&@@nﬁfn@r@m €he
to include isotonic agents, for exanple, sugars or sodium chloride.

Prol onged dbsasiptedan ao'anctbte)fmys Thtmp‘@utlutﬂr@!cmémssmttabhspmrberzmudmgmdusts

200Ut DY S ek R PR BB R LKAl (ohyosi RS b s
system c a@mr&x&&m@m& andl8%111RY or BotnicaPALRARR (PbwaSEH RbAichBd, IR h‘ulls ARalnut
aqueous solution, the solution should be SU|tany buf f ered

necessary ahells, hand| thquhlde)dl Therformulations may mcludemcaddr-stmkboradmvamsh stabilizing

T G o S L, LB s
d t
2anm B'eseﬁrglﬂxoye@auéﬁﬁ J}Ldserﬁ%loy\%d as fd %)fef?ﬂﬂns's teﬁ(dl!nﬁ?]ts"}g UEQMRaRY! c?r AL lﬁc@ The

of the presggedidhschfsinerde amg\rwl agémgrsutfac:dmsaegmlw&b}s ﬁSF&SﬁﬂK Idr)ﬁo%‘iﬁdi
dependi ng on the conditi on size, and type of aninmal being treated.

The person responsiiblematiyely, the novel thfﬁmgs@?fa'teﬁdﬁuweﬂlcryfﬂﬂ Riﬂ‘f"ﬁvl@ﬁx be prepared

d d h
for Churman S meRPE P Rdofvindsy BEcthad chREsURE sYEHE &1 SLRLFR isolgted for B@Déﬁfalﬁnf feld
generyy applic uagf e4YchAP Sl rhdyy bé eRRERIAS A ERAYSRE] sR¥pehBon ddilofisCkrc., or

Bi ol ogi cs s
altematwcly 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



WD 98/ 13497

PCT/ USO7/ 17530 98/13497 : PcrIUsévi_n%’g i
Sterile injectabl e solutions are prepared-By i ncorporating the active
compounds in the required amount in the appropriate solvent with

various ofisplag eryb@ls ardssregiotit fodrbamrial edltures expressidbicCery@al pRAh 4. apply
followed by filtered sterilization. CGenerally, dispersions are prepared by

i ncor por at $okgtianse syspensioss. s eqollpdiak greperatipns iohgrelcoystals iand/or speresrasthe active
vehi cl e ich contains the. 5 basi ¢ di spersion nmedi umand the required
ot her ingr BI’EFH“:F“%JGWP%%“'enuner ated above. In the case of
sterile powders foq i t el i R i ,
preferred An%‘%‘ﬂ%d@%?%ﬁéé alr?tatgri€ E)h% g‘ﬁllgllt\‘?/oe{*c{J}Juﬁ‘r%dﬁri 64’“?13? ghﬁﬁ'&ﬂﬂﬁ coﬁé?)%teran
freeze- dryinsgetd ediich @resustbptiie yto ehel mvplovstapositions disciofed hercatt iSRh a method
i ngredi ent plus any additional desired ingredient froma previously )
steril e-figansrably comprises goptaciing Whpeinsegt. orpinsect population, Thelonymedsi tWithsan

di scl osed .herein y e.fornul ated i utral, or salt for

Phar rmceut PeseeySEBEaYT AR &' (G ETAS Sl AP TR atmpPRion aiThe mrbpHEy
ith the f l i i ) (X3 :
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or oi/water emulsions, or as a wettable powder. or in combination with any other carrier

material suitable for agricultural application. Suitable agricultural carriers can be solid or liquid

and are well known in the art. The term "agriculturally-acceptable carrier”" covers all adjuvants,

30 e.g., inert components, dispersants, surfactants. tackifiers, binders, etc. that arc ordinarily used in

insecticide formulation technology; these are well known to those skilled in insecticide

formulation. The formulations may be mixed with one or more solid or liquid adjuvants and
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char act er i apiplicationmprocédiiresoant alyoiveellakntivere tostbpssro sk bia tBGart - upen changi ng

t he I no acids of..a protein to create ui val ent gven an, L oprov
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be achi eve#cByat ﬁ&ﬁca?‘ﬁ@“t tergsibn sPAYMERFe ODNINStElease  farmy ad &8 wsricids!
t he codons

PCT/ US97/ lcf)%kﬁ)%ﬂxdn@ o-f?ilfg ﬁ-egem invention may be f%xﬁﬁlec}%}'%zther systemlc or togica! use.
TABLED 2 The conoéﬂirﬂfixmAOf dnsecticidal compos*uon which is used for enGpoionental,
Al ani ne

A G GCU
Cyst ei ne system:c,cgrs foliap apphcanonU@@l vary wuiyd;u depending ppemnthe patyeq gf theapprticular

D : g:rrnulauon,%léans of a.pphca%l ion, en%lr%(r:un%ntal gondltlonsE and degreceaAébf biocidal act%tty.

Typically, the bioinsecticidal composition will be present in the applied formulation at a

concentration of at least about 1% by weight and may be up to and including about 99% by

25 weight. Dry formulations of the compositions may be from about 1% to about 99% or more by

weight of the composition, while liquid formulations may generally comprise from about 1% to

about 99% or more of the active ingredient by weight. Formulations which comprise intact
bacterial cells will generally contain from about 10° to about 10" cells/mg.

The insecticidal formulation may be administered to a particular plant or target area

30 in one or more applications as needed, with a typical field application rate per hectare ranging on

the order of from about 1 g to about 1 kg, 2 kg. 5. kg. or more of active ingredient.
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Ser S contemplfamhe fonnulAﬁim of p}tﬁhaceutmal cogositiont)¥hich mb@% iven to animals as
Thr eqni ne ACC ACG
val i Re pr0phylaxveand/or nyatment of @ﬁg@tanon by fieas, and myg@rticular by @fktstation of members

Uit 0P8 s GerhlsPCrenmpaliphalides. o ag CrenoaeDE RS ls (common Hime, a5t flen) aashiC
for ot her calk (rifibslfaid, dogMNed) e Whikd fhesd A Snly two rcrié]vh} ftﬁ@@fr&&l %L&g&a&%as

of interactive binding capacity with structur es su or exa
ant i gen- bfordiwhich etge on@sm’t mventiuds ecomposhiionsi dgmsnstase dfisegtibidar achivity, it is
nol ecul es. Si nce I nteractive_capacity and nature of a

protein tF crﬂ@‘fafﬁﬁieg‘af Hgff °BF‘(5’P§:‘F‘H“% mAYoPedisefl inytieatingnather relatedaimsears twhich
certgin aéBxHHloﬁB‘ ShRRUMGASIS W?l&%b’gzgﬁqglh%gg& b IRde composxaons §s0osed herein.

sequence, and
PCT/ US97/ Sﬂtﬁﬂﬁ‘lsects are descnbcd in detail in U. S. Patent 5,449,681, incorporated herein by reftﬂ‘gncc
course, its, un DNA codi ng sequence, and nevert hel ess obt ai n

protein \/\ﬁ“i%“]cf‘gél fhembers of hhg fegneras & ulepxy Cluééqfﬂugowwneﬁtpﬂat@w lﬁahryshvps Cimes,
;2\&52;822 '2) Q%W\gﬁdk ?’ose@)%%p[g?ﬁa??ﬁ%‘%ggp%ngé%ﬂ?ﬁ HQCERIAptsegﬁences
whi ch As such, onc aspect of the invention comprises a pharmacentical composition
15 comprising a crystal protein composition disclosed herein for administration to an animal to
prevent or reduce flea or related insect infestation. A method of reducing such flea infestation in
an animal is also disclosed and claimed herein. The method generally comprises administering
to an animal an insecticidally-effective amount of a CryET29 composition. Means for
administering such insecticidal compositions to an animal are well-known in the art. U. S. _
20 Patent 5,416,102 (specifically incorporated herein by reference) provides teaching for methods
and formulations for preventing flea infestation using an insecticidal composition.

Such anti-siphonapteran veterinary compositions may be delivered in a variety of
methods depending upon the particular application. Examples of means for administering
insecticidal compositions to an animal are well-known to those of skill in the art, and include,

25 e.g. flea collars, flea sprays, dips, powders and the like. Methods for providing such
formulations to an animal are also well-known to those of skill in the art, and include direct
application or passive application such as the device described in U. S. Patent 4,008.688 for the
application of insecticides by a pet bed assembly. The animal to be treated may be any animal
which is sensitive to or susceptible to attack or infestation by a flea which is kilied or inhibited

30 by a CryET29 composition as disclosed herein. Such animals may be feline, canine. equine,

porcine, lupine. bovine. murine, etc. and the like, although the inventors contemplate that feline
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Exenpl ary substitutions which take various of the

modify the physical form of the dosage unit. For instance. tablets, pills, or capsules may be

coated with shellac. sugar or both. Of course, any material used in preparing any dosage unit
30 form should be pharmaceutically pure and substantially non-toxic in the amounts employed. In
addition, the active compounds may be incorporated into sustained-release preparation and

formulations.
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ID NO 1). and 20 the correspondi ng deduced ami no acid sequence 0
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to note that the trivial name for Ctenocephalides felis is sonmewhat
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sequence in tion provided by the Tnvention allows for t

pr epar at i oThefcarrddratdanvbt yu siheert doNAsgensioiidddismaeomtaisinghfori exaniphe witet, i dlyanol,
to specificall Y WO ?8/ 13497, . ) )
PCT/ US97/ 1 Palypt (e.g. glycerol, propylene glycol, and liquid polyethylene glycol, and the like),ssuitable

hybr i di | i | SingL
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! x %g;gzc, by the
herein. In'these aspects, es of an appropri at e

| engt 15 ar e upe epakcostinpasach anleaitiionsy therrpiihenande of theke@iredl particle size inqhy siselof
protein gene sequence, e.g., a sequence_such as that shown in SEQ ID NO 1.
The abi | i t Wispersion andgpy gise aliswréactansy | Bhoprepensionpidhragtionof migrogygsnismsxan be

to a crystal protein-.encodi gene. n l e thempartic
utility i n%ém\%’?i g g&“oﬁ geg‘ggg?bne‘[rﬁ’ggﬁ%g%t %lgrrﬁgrﬁ%%? ]I ya}g@gﬁ.e %?05%5 é%ﬁ’yt%g{bens’
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sequences in a given
to include isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the
20 injectable compositions can be brought about by the use in the compositions of agents delaying
absorption, for exampie, aluminum monostearate and gelatin.

When systemic administration is desired, e.g., parenteral administration in an aqueous
solution, the solution should be suitably buffered if necessary and the liquid diluent first
rendered isotonic with sufficient saline or glucose. These particular aqueous solutions are

25 especially suitable for intramuscular, subcutaneous and intraperitoneal administration. In this
connection, sterile aqueous media which can be employed will be known to those of skill in the
art in light of the present disclosure. Some variation in dosage will necessarily occur depending
on the condition, size. and type of animal being treated. The person responsible for
administration will, in any event, determine the appropriate dose for the individual subject.

30 Moreover, for human administration, preparations should meet sterility, pyrogenicity. general

safety and purity standards as required by FDA Office of Biologics standards.
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cel I s i ncPiagmaceutically-aggeptahis sakigi wkids, Bacwe}j’éié@n salis Bormadpwithitke frgn@mino

related b t t e [ | ., bein i ghl
preferr eogl %L‘*P sfn?ﬁé’}) unc &h Q?e er |“§ H‘rpég%é‘f |a°1€‘ﬁo§,\)ﬁl" % hflﬁg eé?‘[ﬂp‘c
An h d@@f@ﬂ&h@wpmahm@i@as" @d smp&gaxﬁ& abids at RBetRAGKAIKL Sarfdr¥s hrhdelic. and
protelns |nclude any of the known 30 crystal protein gene pronnters

i ncl udi ngthe Hléﬁec r%ammn@eéhthbrtbmﬁpéucarbanﬂ Foopoear alse bederwgd from inorganic ba3es
th d B
e R SR B Ve el Sl O o SRy T

protein 9
4 USW;‘d}gg:g;%sae% BEFHOBY 1BfatneAYinRehylamine, histidine, pOealfté 18d the like. {pon

engi neer ednhylatibe, sohnibnewiliba admﬂmmmrl iha rpamtempxmmsm}omeQ!bségeéoﬁﬁwlehon

gene segnents di scl osed here In an alternate
enbodi nerfd ip §ech FREYH AR At ERpHY ¥ Gegivepilie orrmblatings %rﬁ@aarmqnamstered ina

pr ot ei s Akich'SPREREA! FrAYEAIORs | SeRSET RATRY. U3la00 Rid! VRUSEREd cattoas. or

G am negat i V€ bacter Such A% an ormnas Sp

hos20 cel lalteRrativolye rveheah systerhignedmnistratiohi ghdésirable. injectable leﬂfleﬁﬁldrﬂgorfelease
target pol ypept ides in E. coli and other Gram negative host cells are al so
wel [ - capsulesangiife liket he art. Wher e an expressi on vector

of the present,inve is.to hbe dtotr Qrm
pronoter is st cgthﬁfa'f If: xe[rhénég ‘Rl IaB { \?81"8@‘& ggsgf-‘fawn. mefliaaryelicles.
Pronot er sokfidds, dubedty, Ghtibictdfal and aahmgax agent|isRoNiB lahd BSMPLIbR dERPind! dgents,
Useful in expressing 't he pol ypeptide in plants are
buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and agents
25 for pharmaceutical active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the active ingredient, its use in the therapeutic
compositions is contemplated. Supplementary active ingredients can also be incorporated into
the compositions.
The phrase "pharmaceutically-acceptable” refers to molecular entities and compositions
30 that do not produce an allergic or similar untoward reaction when administered to a animal. The

preparation of an aqueous composition that contains a protein as an active ingredient is well

understood in the ant. Typically. such compositions are prepared as injectables, either as liquid



pronoters tt@{) offiSsohNduci bl e, viral, synthetic, constitutive -ﬁé.r/g,gf.ﬁ{.,gp,ed
et "al’, 'y

(Poszkowski 1989; Qdel | et al., 1985), and tenpora
regul ated, spatially regul ated, and spatidtenporally regul at ed
(Chau et al., 1989). A pronoter is also selected for its

abi ity t colitioas tor tshepensians fsotidedrmd suitableefdr'selution b, or susperaisgianiliqaid pdr' t
transcriptional acti viéy to the ﬁodi ng region. S ructLJg!al genes can be
driven by injection canalgo,bs prepargd- The pesparation famplse pe emelified. “promoters can be
near - consti tuti S . [ ... .

ti ssue-specifi CX@th%ﬁ%%F%ponf;tﬁgéﬁéﬁgrﬁ)g&cqw%asg%?n ng%gériggsrgd% ?%’g??%m& i f(%tu €6 the
NMONOCOt S. control and eradication/BE§iBhdraPtePArOIBERS fof éhvil®amef@N alehd WhineSinRisiiivh &
such as CaW 35S, increases in 20 pol ypepti de expression are found in a
vari ey ofsuch anssttsrisesispectest  {Tbe gnetbod generally ahvalves dpplifing deed area suspectgdcdf

root). Alternat.,vel the effects of transfarmation c b Lrected taq,
speci fi c [(FPERIMER s%%@s“ﬁ?/m an msec‘t‘fé‘fladb"%?egﬂf’eiﬂ?%}‘ a‘?i?ﬁg(e:@g#@r gomposition as
cont ai ni ngy; IS SE S PeqhLi; t r

{1 ssue. spaiftidied WEEBPIINE I TR ker contemplate i s OF (FETARLEL ¥t e presen
tissue. ThHgvdmtiohias apretiee ingrediemyihaghafasdatica conposieon it aﬁnﬁhi@ﬁh@om&n@odfy or
(Lel) that is only 25 expressed during seed maturation and accounts for
about 2 t doalwolivingaress andeayirensed anRnanal to prevent, usecn, erredncedinanigstgtion of fleas

seed; speci fi,c projot er. have been f characterized and used to.direct. .
eedit " land efpic FieBers 35 DeB Hifs) 1Th sRaBL AFe i ftRBiprh Y (st in »
al ., 1983,p50WdReSiprAN8s, ghnule, k¥R, dhampoo, flea collar, dip"BrcCXR{BRST? AdMBRIsPAtion to
containing a coding region that encodes a polypeptide of interest iIs

engi neer edht bodhe ofitideanimahor i thoflivige qhaters, rregdioguohaerianchoubes, yumelst enniels, pet

i ntroduceq into plants 30 usi ng, for. exanple, a, protoplast -

transf or r&qafsi\n&@q S(ahiof sugh ap artimab SHinE 154191 aiep ML} 4 kgD (o those of gkill in
5\8 gg/egghgse lart Slf} ('gtgltiﬁ’ﬂ'y %H?e%{iéi'dg %Hulﬁf?oﬁsheAﬁe%p?ef of Bl YO ARAGESH Gf Qlkémlary
PCT/ 18597/ kiksediicides is found in the teachings of U. S. Patents 5,416,102. The inventors conterdflate that

A transgenic plant of the ,E)_res_ent i nvention produced froma plant cell

t r ansf or nethe whe of sch compositipasinghe pesventien of gadicationce{{1a3e op Petssueh aF degss cats,
second transgenic fl ant. de ed . tr lant .~ . . frans i
a differ e?\atnﬁt ?lrsﬂgﬁéﬂlsg%‘%llngi %ﬁ%’ggn&\agr'%%e%%@o%{}g%mgcﬁtlﬁip ? Er g’n@g}e%t?’%rrgﬁé}r% ah
t hat showsohbideihg @hd S00é] Edmapssitivngedibelosednhdreineart ae fiyse cisB@r ipkdteink i idntfied
5 _ Exenplary tissue-specific pronoters are_corn sucrose

synt het asevhiclh Waygysush dgsirable grgpyiphonapteran ingeatigidal asdhydly- dehydr ogenase 1

(Vog 6 et al., 1989), corn light harvesting conplex (Sinpson,

1986?, corn heat shock protein (Cdell et al., 1985), pea snmall subunit RuBP
Carboxyl ase13  BioLodiEREFeRETRINA! EQuVABENTEashore et al ., 1983), Ti

pl asm d mannopi ne synt hase (Langridge et al., 1989), Ti plasmd

nopal i ne synt haMediflcatign iaddcharigealmay 8988 e ipdbeaistnectwhalf dbe peptadesmfabe peosent
10 Tunen et al ., 88), bean glycineg rjch protein 1 (Keller et .,
Togg) . Cantreniion, i DIVA shéreia i €ncode e gt Sefloghuginias ons ol e
(Venzler g . (N -ToRyalc b4 bl fa di ; d
nosai c Vi ?Sggtlzcéaal\}é}%ﬁifr E%lgfr(r%t e@?gﬁ%ﬁ%ﬂg_ﬁa I‘E:gcrrisgtr'r%%qlersu :ljlhi t%BaP Iscussion base
car baky| asgopr cdrampimg. the amino acids of a prbteirc hwicemteo fin wiquivhaleak piressinomm yaptoyed,
and ultimately to whjch pronpter a pal ypepti de, . chg‘l]?_ region is
oper at i velsgeondgagraine medecyle: o dp| parbenlan smbgairsnin & the JpEsTiioas mutated oystal
e.g., 15 t he | tion t,m I i [ eSS] ; .
cel'i " to b oilRE AR el For RERhl AR aorR It BREdip. ang

. ese are ons i nheren
the art of;oaenplehity indiéhsin@QREHsBANdPHEH W) tdibredepression of the recombinant transgene

in a plant cell. The amino acid changes may be achieved by changing the codons of the DNA

30 sequence, according to the codons given in Table 2.



However, a vav@es/138eful in practicing the present invention iBCTASAMTIS0Of

directing the expressi on of the polypeptide coding region to which
it is operatively |inked. Typi cal vectors useful for
expressi on of genes in higher plants arefg@I %énown in the art 20 and
i ncl ude vectors derived from the tunor-i A& g (Ti) plasm d of

Agr obact ertum Amino A#ger aci ens described (ROgeI dRhs &l - 1967) -
However, several other plant integrating vector systens are known
to functi i i ading p rans i

b1 Scat buay AIE] ncl udchB | A BRh caui P LowsPGRbaal BUN T s Cal/ 358
xpross  hEXEYbept | dCTol Bes aULRT ect i R0 - | marker that i -
e ¢ AspiaRettba Aty 21 ot aHAL mar kORU &t he gene vhose expr ess] on
{he. nopal | SUETHY ASide Rotimot &1 . TnGAfomyPRG - phosphotr ansf erase |1
s0" | ar Poogdapati SHRESE S e R e T anscr i bes a codi ng. DNA
oA sequestZiit ocar ed G ewC hunaPSA bas GG T < BUCT CBRES HPoeT sher
gmgts?(:;#;g%{@ﬁee pol ya%iényl zlﬂi on (szlAtCe serg/éuto termnate transcr'i-p:lro;].

Those DNA sequences Ile gre rehesq ed t&UE‘erek@@s
transcription-term nation regions. ose regions are required for

efficient pokyadenylatifgn of gt ransguiped neggenger RNA (RNA).

Means for preparing expression vectors are well known in the art.
Expression, 5. (transformation tors) ed transform plants

met hods of HFBRPRg thosg“e\yect TS arte/ﬁﬁo‘ ut esc{—:l&ﬁed |ﬁULEI SE@ten?ﬂg‘os.
4,971, 908, Pﬁétﬁm) 835, 4,169, 3};1 an 757,011, the disclosures of

whi ch are inc \98 Cat ed &Y ei by reterence. Those vectors can be nodified

to include i ng guen in ac ance with the present
i nvention. A%p&r?ngfn@ Asn Aisari e?‘%‘dof rre%ﬁggs has been devel oped to

operativel p ljijak DNA t g yectors vigeh0 EOEP| epept ar ycephesi ve termni or

bl unt ends. For instance, conplenentary honopol yner tracts can be
added to t hguiRhhesegmentizt o i nsgated andago the vector DNA. The vector
and DNA segnent are then joined by hydrogen bondi ng between the
conpl enent gry.: . honopol,yneri ¢ ~tail s f or Ap.r,econpyj nt#é\ég

nol ecul es. %ré’mme [Qrg Ahcodi n‘éGlAegi orf(‘sﬁat gﬁé\)degeggol ti G%GU
having the ability to confer insecticidal 15 activité to acell is

pr ef er abl ySeri@ yET29 B.Sef hur Sngi endCE cr ysAGU prU€éi n- eHESDi n§&fene. UCH

preferred enbodi nents, such a pol yggpti de has the am no acid residue

sequence of hrsepinep Thr Nol2, orAGH uncthehal B&E val 86U of this
sequence. .accor danc ith,such odi , a ing region
conpri si ngvtghge DNA seq(t:vea\rﬁnce f SE ﬁg‘ Non%és P58 pr e(f}@?fed.
Tryptophan Trp W UGG
Tyrosine Tyr Y UAC UAU

For example, certain amino acids may be substituted for other amino acids in a protein structure
without appreciable loss of interactive binding capacity with structures such as, for example.
5 antigen-binding regions of antibodies or binding sites on substrate molecules. Since it is the
interactive capacity and nature of a protein that defines that protein's biological functional

activity, certain amino acid sequence substitutions can be made in a protein sequence, and. of



20 4.3 RI STICS OF THE CRYET29 CRYSTAL PROTEI N -

The present %ﬁﬁggﬁ provi des novel polypeptides that define PETHRBTR™ a
portion of a B. thuringiensis CryET2®- crystal protein.

In a preferred enbodi nent, the invention discloses and clains an isol ated
and purifieshrse, its undéWidg DINAOL&iNg sEQEenCE.Y RI? hePertiehdsd SHRATRIA RSt Wikl [IRe
aci d sequence as disclosed in SEQ 25 I D NO 2. CryET29 has a cal cul ated

i soel ect ri propetiss.ant is(fhuy cevamplatest By g8 invhetormihabvariug changes mayohpesddeiiorthe

f th ET2 T
‘(lJ' AB}_ Ee SCr ypeptl%e psre(c);LeGrllcrés | Osf 81' V&chbshed gOfnpOSltlm '% W@CWWM dqqances which

CRYET29 engode tsﬁﬁ‘p@&x&&'vﬁmout gppﬁ@aéﬂy foss 05‘_ g%}_rorgxgioglcal u@“% 3P aé‘f\h& #

Resi dues Leu

13 5 5Ifmaking sucl‘n\mbanges the hydropithxc index of ammo3ac‘ihs may be consxddt‘Sd The
16 6.9

4 importance of the hydropathxc amygo agd 1®4g7n conferring mtcractwe biologic funcnon on a
PCT/ US97/ 175

AT no. Aci PR ikgeperally undstsiagtlyfn the art (Kyts, and Replite, 982, fasorporaierhgrsip by
gg reference%.5 It is accepted thgt: tf{e relative hydroﬂé&lﬁc character of th% 4mino acid contribgt'eé to
dn the secoddin’y structure of ﬂm4resultant proteirSewhich in turn defixfés the interaction @f Qhe
Au 3 Thr

gy 10 protein vsnh other moleculgs ffor example, enzymes, substrates, regeptors DNA, antﬂquges,
Hi s 1.2 Tyr 10 - 4.3
e antigens, %Bd the like. 8 6 Val 26 11 2
Acidic Each amin6A&¢ld +thdd Bgen assigned a hydropathic mdc3<5 on thc basis oﬂQhe?xr
Basi c Arg + Lys)

Aromati c hydrophobicity Rhe chafpepcharapygristics (Kyte and Doolxttle 193&) these are: 1solt@c1@c

HYdrophobl If‘é‘iAro ﬁt;(,cq é’a l!ﬁlielﬁfﬂth%A+ MEL }_a[zgune +2.8); cysteme/cystl“eﬁ(*basét E‘F%U‘l’ﬁmc

a yeast ceHl 9)051aﬂxdé|(a'ﬂt8)C@%&xn@(—@)m}ﬁ‘gﬁmﬁé )§é?ﬁ@ (V% B 13BtdphRA ES50 Byrosine

vector of the present invention is also con lated. A transgenic
bact eri um (3leBstpralaie (—Ipbaristidine (-3. belgllutamaqsl Gt S)dghitarethef (r—6rﬁ)s aspartate (-3.5);

transforned or tegn§§§rll|c CZags IS Iso.copte | ated. Means for

t r ansf or ni AP2FENEr HRng &aksD): 2R prEINipe known in the art.

Typical l'y, - meang Qfnown in thé 5&'%1?&%%%'&%8 1d§'rHAJ§£s6k%tiEd?ﬁoeﬁé‘6Ele'ra 0dMacids
means used to trans orm ot bacteri t such as E. coli or

Sacchar onyhadng ersinilisi mgiropathic index or score and it hedk ifi arpriidih Withrsivhidambiblogical
of plant cells include Agrobacterium nmedi ated 10 pl ant transformation,
pr ot 881 ast 24tVas {6 Sl iobkin g dilogicalfupetionally saptyrlesh Pratsipe dp imaking push changes.

r epr oduct i e Sbsdliion tnﬁ* zﬁﬁﬁlb%xds“&ﬂoée%%ﬁh%”%%%? oA UhClsSporeferred, those

bonbar dnmen
which 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 likc amino acids can be made
25 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
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: argininc (+3.0); lysine (+3.0); aspartate (+3.0 £ 1); glutamate
30 (+3.0 £ 1); serine (+0.3): asparagine (+0.2); glutamine (+0.2): giycine (0); threonine (~0.4);
proline (-0.5 + 1): alanine (-0.5): histidine (-0.5); cysteine (~1.0); methionine (-1.3); valine (-~

1.5); leucine (—1.8): isoleucine (- 1.8): tyrosine (—2.3); phenylalanine (-2.5); tryptophan (-3.4).



met hods hasW! ¥i3d¢t advant ages and di sadvant ages. Thus, one RfEFESWNTSH7
nmet hod of i ntroducing genes into asparticular plant strain may not
necessarily be the nost effective for another plant strain, but it

is well known ch meth re useful for a,parti.cular.plant strain. 15 .
For exanpl e, U\.M]g'. “E’%?r%tﬁggﬁg%S& 1a§-§{5$’§ﬁx(§loga}q5§§1s§§§tﬁﬂ§§ufgg angt D&?&W?s"f SUpier
Wl ters hydrophfiRR9Civhiveakhd EMEOosRAMALL bhiBRERANY D¥qlitlieRensR) i $&hREBr, an
m croproj ecti Fe- based net hods for preparing ?ertl | e transgenic com
U S. Pat énmubokgalie Zquivaieatl prateidl alrk sush chiangéss plec fdbistinition of amino acids whaose
i ncorporated herein by reference), di.sclgses, a, nethod of producing .
vitus-r es%’g&gﬁﬁ’l{cﬁén R e within’ &t rl?.re(%%?qwdﬂgseof"?%&k?rﬁgwtth'an%béfﬁ panticalarly

cont af N NG FEOCL IR TrdbAiT 6! el bre' fifticularly preforred, WO 98/ 13497

resistance genes)owlifedabovt oafihol RidsubStitutisheare denbrdfly ‘ﬁ%?efb?cslgﬁgdubﬂ é}%?‘fe'iéﬁve

et al. (specifically ) i ncorporated herein by reference).

Pat ent 5, Siadja@Bp of She tantipo Tawidasidensbiailoswhstihwnts, for exafnpies cihkirc hydrpphobicity,
i ncor por ag ed herein ref erence), di.scl gses met hod of nmakjpg transgenic
soybeans h%g"ﬁﬁ NGRS ET | SiASe ﬁﬁ@iﬂéﬁk—} €+ &Sﬁ?gﬁ‘l’i"r"ﬁa’f‘pﬁﬁ?m?ﬁ 'Y"bmbg%}?e ¥gjigus of the
Publ . No. iRe chara2refié88iky & pegddi cal [ tele} d
her ei n byfre 0elr%ncce ? %ﬁéc%lses ngtﬁﬁgrgng? gdlrre wetPRfidh (rirgktlk%sé: (Bq:%p lé’:{eh st and
whi did havincheien agginiic aad lIysing dilhianrhtd andaspatae;asdpine salde tr€shimy; Ofl8iathind Rad
generation of transgenic soybean plants by el ectroporation of

cot y| edonasparagine) apd yaling, leycinejand isoleucine. descri bed by Dhir and Wdhol min

Intl. Pat. Appl. Publ. No. WD 9217598 (specifically i ncor por at ed
herein by reference). 10 Agrobacterium has also been wused by
Chee et aB. tOBRILEDESCRIFIION of TRBDKAWINGS undi fferenti ated

germ nating neristematic or nmesocotyl cells (U S. Patents 5,169,770 and

5, 376, 543; and ThOfddnw8s srawiags forof parhoithe ipsesemtespeificatidnyandrgeinphrdat ¢ further
hergisn by  ref erencee)&.?. Lgﬁ S. Patent,5,6597.718 jssued to Brill et al,
U. Pat FfpoBstisieicestan aspects 9f 1 RERYen iawstion, phe invention may be begtgt wpderstood by

5,474, 925.4J t ' . i ch jif ] . .
ncor por arade 10 Onp e BRI iRNRes (P GHLRld Ak R SRR bellibion o
pr oduct i ospeoifict analnsiipaants peasthted heteiri.| . Pat . Appl . Publ. No. WO
9640924 by McBride et al. (specifically incorporated herein by reference)
descri bes DNA constructs which are useful in the preparation of transgenic

cotton. Q¥REYIA and FIG, mrgﬁsw{ggn%@éi%%sdg;gagﬁag@?qeggyé% g BBYAIPRAY). and

descri bed tor transformation ant’s _ _ _

ti sgoe- speicbiresgondihgtded0deddmine taeidoleq@ids oP tHRIEYBT 20 Rrdtéia ISHOMDENORL) ONn
(Intl. Pat. Appl. Publ. 20 No. WO 9626639 by Martineau and Martineau,
1996, specifically incorporated herein by ref erence).

U S Patgnt 5 1 i ed ell et al. (specifically incorporated
her ei n by£ Dﬁg’?’é’%@%ﬁ@@%%ﬁi‘éﬁ‘ﬁ%@”ﬁﬁ&ﬁ‘é”ﬁﬁ produci ng transgenic _

pl ants such asThOpRbént iddedndibh %mxhaésl £¥ovel 5-endmoxﬁ@aéﬁgnat&!@gm’qecaﬁicmé\(éﬂe
i ncreased insect resistance. Fry and Zhou (U. S. Patent 5,631, 152, 25

speci fi catiollgrviae o6 theorat flea, (renedenhibljdesdeléy, esvell adiagaihsseleapteag msects such as the
trapsformati,on regeneration stemfor obtaining fertile

tr aff or mHHEFL 35C HERGTIL SO ZRORVTBy Col9mAo POtBID) beetiiapRigse petle, and the red flour

709462; s i:fd Yt r - hgr ej d I
product | gy "8 iklpbfahtd BGRTAAL MU e M LBl MERler RIS § picihac
t r ansf or nnispatdizgeinethabthe drpassie marasitizes not oflybfelia€e BuC isCiak Inhajvd parasitit dleai fop
DNA. U S. Patent 5,612,487 issued to Arntzen and Lam 30 (specifically
i ncor por aaMenas el (8¢ 6%f Ur 8nkagntdeith169espacifically denorpdratad bereimby rafereage).
transgenic t obacco. Merikke et al. (U S. Patent 5.589.625,
specifically incorporated herein by reference) descri bes the

progict i of)y of &4 P EOING PhEBESANS PRIMES t obacco and potato) which express

In another aspect, DNA sequence information provided by the invention allows for the

preparation of relatively short DNA (or RNA) sequences having the ability to specifically



WD 98/ 13497
PCT/ US97/ 1750
nul tiple virus resistance. The nethod invdl®es the production of transgenic
pl ants conpri sing reconbi nant 2,5 al pha synthetase activity. U S
Pat ent 5, 4%bridi to gene dequenegistof itheisslectedhpellynucleotides iisclased hersirgi I thasd gspects.
i ncor por at ed, herei.n ref erence). describes the odyction of, pl ant

(I'ncl b ngiclelnagprobes oh a8 By optiat Soinh ArePoRPR PRI Qi FRIGISERER Qhgeselected
genera Agr teri Oé‘r&[z@ & . ot
Cl avi bact ec??ﬁ&l ;ﬁBfeH{Tken% Sequelgg?}?giqhen IER%CI}%Q% IQEF\)?P ?g@a%’ 'H“VA%%‘P%?S% l.' _“E)e. a%y
9526628, 18%ach apeliciclacidagrbyes to specificallydybpidizetied chgstaipiotbin-driebeingpens sequence
di scl ose a nethod of generating fertile transgenic barley plants

usi ngd pr otlepdsetbem pasacudaragility Bhe warigty o smbedingmis gMest imporiantly| the peabes may|be
Publ . No. WO, . .6?41 822, %)?%4 ﬁge?ﬂfi cal | ifncor orated herein b% .

r ef er ence)USERdR A YAKIERH AT A1SBYR,I0F i951FCtRe e, Biesents of comPITRIanY SFAReRcFS (b2 given
wheat pl argaﬁg,lpé{ bonbar di ng wheat tissue with DNA to devel op hi gh-vyield,

hi gh-nutritional and di sease-resistant wheat varieties. Intl. Pat. Appl.
Publ . No. WO 93h&Eka8inymbodiments,ky&ladeantageous lO&e, olippendléatiziel primérs.c The seqab

herein by reference) discloses . the production of . transgeni ¢ wheat
cont ai ni nePfisvek PymernA desigRgd uingapelynnpleatigs of tha Presep inkentias 19p NS idetesting.

31 905 oSS &' ifhoRh @R achhEY lobrerP bt el (ALl S D thug i Bl

98/13497 : Pcrms'97/518507

I ncorporate erence

Pat . Appl .pERD} techiolopy) S88MdntS obYelMad i drystdlthrvRf benes from otheP3Becies may also be

specifically incorporated herein by reference) disclose the production of
t ransgeni camplifeed by PCR™ peingisushpsineags.DNA del i very to type C enbryonic

callus, to permt expression of cloned genes (e.g., herbicide
resistance) in the transforned plant. Wil e there are nmany
met hods fof 51 Nt £ opkEdSISN VEBPSRST M Nng DNA segnents into cells, 20 not

all of these have been shown to be suitable for delivering DNA to pl ant

cel | $5 Sui t abl eThe present imetehtois corttemplatas, ancaxprdssibh eeadr ¢@npmsihgid polynucleatide/of
any met hod by which DNA c be introduced into a cell, such_ as, by.
Agr obact erth@iRFISARISBYSTHIRN- Fhwsde oae empeAimest apREPIESRoN Yestorigan isolated and piified
exanpl e, RE i : I f I : : t ] : | ,
1903) by DNA-SOTEAISLEHAGANA RERBler SR Py RN ot Sk RS ok bodes
el ect r opormdlysaptidbyofighé apresent Winvéntiin, | whith2boding ®gidw de dpepmively Hinked to a
accel eration of DNA coated particles, etc. In certain enbodinents _
accel er at | FANSAERIIHISTAINGLRG £98i00.cvheraby fthec Pinmoter drivesthapragscription of the coding
m cr opr 0j er%?liolne bombar dnent and the |ike.

Technol ogy For introduction of DNA into cells is well-known to those of
skill in the  As used héttin, tHeQefm gep@atdclytibkedtsméas tHAl 4 pomMAg i3 cffkectédoan
cell s have been described: (1) chemcal 30 _ nethods (G aham and van der
Eb, 1973; Qulinpodeion én suth a wap2ahat the)trassoription ofrshalpdingyueegions is controlled and

m croi nj ection cchi, 1980), electroparatipn .(Wng an umann. 1982:

Fr omm et aﬂe.g‘,‘lateﬁcap&at f%’%ﬁjieran eflﬂsé? e‘?fée?%l]’ﬁ}y( gﬁlﬂﬁgt“oﬁo g“%nag,coql@%ﬁ:gmn are
Fynan et alell kid\9sin thed. viral vectors (d app, WO 98/ 13497
PCT/ US97/ 17507 - 51 -

199325Lu et al.In 4 peerréhbmbodiment tbmdmwdqinanl%ﬁassiamsﬁlﬂNAandchﬁ)g the crystal
;lef:epagrg-z;n;rg{e%seglf the present invrcrz‘re;gcr)]r(;:1 is psrgﬁara(b%{nl aebacei}lus?]!lés’t cg]ﬁgll'r’efe?e%%iosy\gquelﬁcf&e

B. thuringiensis, B. megaterium, B. subtilis, and related bacilli. with B. rthuringiensis host cells

being highly preferred. Promoters that function in bacteria are well-known in the art. An
cxemplary and preferred promoter for the Bacillus crystal proteins include any of the known
30 crystal protein gene promoters, including the cryET29 gene promoter. and promoters specific for
B. thuringiensis sigma factors. such as o" and o * (for a review see Baum and Malvar, 1993)

Alternatively, mutagenized or recombinant crystal protein-cncoding gene promoters may be



4.4.1 ELBEEORGAGIXTI ON 5 The appl i cati on.of PARUSH7/17507

hi gh-vol tage electric pulses to a variety of,cani mal and pl ant

cells leads to the formati on of nanoneter-sized pores in the plasm

menbrane. DNA is taken direct|y,into the cell cytgplasmejther

t hr ough the§8g’;5’8?r§§li%¥r the hand of toan, 38 cuég%fm {PRmote exPress'o%e ig’FrrﬂYﬁl BENF tements
menbr ane CcoORpRNRBY Releh@it acconpani es closure of the pores. El ectroporation
can be extrenely efficient and can be used both for transient expression of

cl ones genes and lham d@mate embodilziens the mtécoaibinait lexpiessisn idIN Asengoding the crystal
I ntegrated copies of the gene of .interest. Electroporation. in . )
contrast toPEAFESah BAISRIFAL LIVERIRiseRerformeds wing ariranstormed tGramuBegative  baaterium

frequendly qives_rise . tog cell lin that carry one,.or.at .nost .a
few, imegr g’t"éﬁ as, (%li g‘s c%l]z oF h[’és'eﬁgagorrréo?:ézﬁ sBkLA.SgSt &"ﬁ Crhdte¥ Shich fu,pﬁtéon in high-level

i ntroducti ORypesdibif o@)far@?@ﬁtﬂy?gptiﬁéﬁﬁi EOBSN ahd Wther! Grafhdgakine Wast Lelfsn e 413! well-
skill in the art. In this nethod, certain cell wall-degrading enzynes, such

as_pecti n- dkgowadiinthelst. enzynmes, are enployed to render the target
reci pient cells sformation, by

e suscepti.ble to tran i
el ectroporation %ﬁelﬁ‘h"r"@gﬁs@ﬂ“ é’E‘FtP"s‘?{&FtPé?ﬁ?ﬁft InyeRyor is de ppiugss tocEansiorgy a plant, a
made nore s L Rl t f i i undi ng. To .
effect tran Ogﬁ%k Eos(r%letﬁ%det e %hﬁérﬁ’gp ?6%)5@?% C%EI;FSBXH %Sl%gh%?% g\%fstnlﬁlg{]ﬂmchon in

friablg tisplss SHChlsaswell knspana @8 4l tUsefulofn efpressingdkhee PHIyYYORIRIY & plants are
cal lus, or alternatively, one may transformimmature enbryos or
ot her or ganipramotefssibateare dndusiblg, yiralpsynthele, constiggtivejasdaseribad (Posekpmeskibettdle 1989;

I I h lls b ' hem t tin- ' .
cnrymoe. ( pebidslly Sy “Ebsicad 1PeaF T MR ARG irtalE oMol i eper
cells woul ddh@fled (Chau er dP€198%51 Pient to DNA transfer by el ectroporation.

which may be carried out at this stage. and transforned cells then
identified by a fuigrainbter Selatsot salected feciweability pr directothedepesfiorerndd plant kell's or
nature of the newy incorporated DNA. M CROPRQJECT]| LE

BOVBABBIVENT transgenic plant’s transcriptionaf chyict)%gq thﬁ&?ﬁﬁﬁd’ﬁg’egs ZS%F% gengs can be driven by
del i vering Bfﬁﬂéﬁﬁﬁr&&oﬁ&'@ié ﬁ%ﬂfﬁ%sﬁeé.oPﬁJﬁErs can. be neap-@!)As?itt)&t?ve. sv%cél as the CaMV

m croprojectile ment . s met particles my be coated wth
nucl ei c 35S proawitets oanibsdekpe¢Hicedr ideveloprlehtallpyspacificop@hldtéty dffoctig dicots or
Exenpl ary particles include those 30 conprised of tungsten, gold,

pl ati num af®NeERS] | ke. An advant age of mcroprojectile

reproduci bl st agt 5ot B e pbns honal B S iE Bmoteriprh A TR 241 s
pr ot oplpast Spolypeptide expressioh@rORBUAS AP variety of transformed plant tissues (e.g., callus, leaf, seed
PCT/ US97/ 17%0'? - 52 -
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
25 expressed during seed maturation and accounts for about 2 to about 5% of tota] 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 a/.. 1983; Lindstrom et al., 1990.)
An expression vector containing a coding region that encodes a polypeptide of interest is
engineered to be under control of the lectin promoter and that vector is introduced into plants
30 using, for example, a protoplast transformation method (Dhir e al.. 1991). The expression of

the polypeptide is directed specifically to the seeds of the transgenic plant.



(Cristou etx%wilzagﬁ) nar the susceptibility to Agrobacteri u@d&ﬁh@ﬁf?% i's
n el’l

required. _ illustrative enbodi nent of a nethod for vering DNA
into nmaize cells by acceleration is a -46- Biolistics Particle Delivery
System which can be used to propel particles coated with DNA or

cell's through apsfdnggéhic plaatiofxbe presemiinveridnyredticed froblyd phanseeliagdhsfoviniea with a
filter surface covered 5 with corn cells cultured in suspension. The
screen di stirshe epecifie pprmetet fansbe erossegt with @ysegpnd pensgenic plant devélopadefiomon plaat

recipient cells in |ar a ates. It i.s believed that a screen :

nt erveni g transtormed i BURERR! BRwe, prefi Bapfitle anifueda WhRA drangeic plant
borbar ded ﬂxspéh%%.thﬁsffédtzsf @hnsPirfiafibh in Sidre than one JHQRANEe and may
contribute to a higher frequency of transformation by reduci ng damage
inflif8ted on thExemplap dssuesptdific lpyorpotefseart idoas sudnede synthetase 11 (Afang.er 1@, 1990),
For the bonbardnent, cells in suspension aregpref erably concentrated an
filters orcom alcohokgehyfireganass & (Vogeligh aln 1 BDaserpdight ng eorBpksK (g¥mpson,

ot her targ ells rr e id cul ture nedipu

cells to bgggg‘nﬁ%ﬁ@aﬁt}%c%@s"?{g%og% N ézgi’éggrgio;ﬁefai%algis@?ué‘ﬁtcgugp Eifboxylase
bel ow t he (Ra[seRLPLECIIZ6E Castpidte 28 qab) BI83), Tif plakdsitimithnopiRe sPAthAR! (CaBEi@RNS al ,
are al so positioned bet ween the acceleration device and the cells to

be bonbar dE289),TTir plagmid mapalise syrithasedbangridgs et w/., 1981 pdtanit ichéleons isomamserfyan
obtain up to 1000 or re focgi .of .cells.t sj,ent | essi a marker
gene.lBThe YRR abs 1 12‘:af‘r$? “?%&@Wﬁ‘%ﬁgﬁ%r&g}ft Wi@&g‘E teggsrgipt (Odell
product 48 ur, t g of r :
verage 1 s 98BPaid Potato paatBPCWRRARRLLD 1089, 1AERRe) pRifhdrclstrd thABll flower
optim ze tesfi¢ hantaNIVEIHS) prorhoter a1 the S-E9 smalh Sutiuntr RuBihcarboiey | ixerphanorent

paranmeters to yield the nmaxinmum nunbers of stable 20 transformants. Both
t he physical andh®icheisgiof higuexpiesionsvackyr apd Hsmatebnto whishipsgmptenatpalypeptide

this technol . Physical_ f [ t i.nvel nipul ati ng. the
o SRR rodht 6 A5 S8BTk A Rl oB WA S .
vel 0gsty OfheQbédiRn drdetimBiy 6f poteiflekpNion,etid theSost cell to bBir@sFsingsdl These are
factors include all steps iInvolved in mani pul ation of cells before and

i medi at el ywell known dirnidatians ninhengnienn | the hast efneanstructitieu secombinant DY Ageolecules.

CPLb b hEPB B ALS: haFed PR RRCE D iysnuliel D BOBRA G ol e
i nt act SUpﬁﬁ@sl&%fﬂh@ﬁ@ﬁyﬁi@ptidletcohﬁlgt}SéibﬁY@Gl/h'idﬂﬁt isRiperafiQah ainilse@ Nt
y

mani pul ati ons are especi a Important for successful .
transf or mat i on ®@fpicaimedctore ussfk fpo sxpression of genes in higher plants aredwald kpowitin fthe art

cont | at ed, t.hat .one nma i sh to. adj yst various of . o] dnent
o allL R i, iBRuer Setpd Senthb Iy iy (Rah e (TS clovmid iAo
30 artj 1 iU hygi6 al :

st anch PP RGB! oRTVRTS RRERREL) Y o By v

One may al sGtemNang khewnhe funaiompinrpiahte inchulifig pCaks/ CN Maagfebyontrol vector described

nodi fyi ng condi ti ons which influence the iological state of the
reci p%/en? Fxomm g4\ M98en Plasmid pCaMVCN (a\\F;thY%aéq @'g%gP}xarmacia. Piscataway, NJ) includes

PCT/ US97/ 131%Q:Zulif%l?wer mosaic virustaMV 35S promoter. . . . - 53 -
may therefore rnfluénce transtormation and 1 ntegration efficiencies. For

exambe, the os [@Fi‘e@erred embodirfibits,&the Ve@sssel Yol eairessnhapslypdtids ifeiuddsw selection
stage or cell cycle of the recipient cells may be ] adj usted for
opt i mum t r masfesrthatt isoeffective inyaeplant ealloprefarally a dugi resistafe selaetinns marker. p@ne

known toéhose.of skill in the art.in |ight.of the .present . . _
di scl osur ePreferged drug resistance marker 15 theogepe, who fﬁgﬁféﬂnﬁ; S7pAQBamyein resistance;

Agrobact er um grdi aked.t r kSinidpo MRl [ SY; or eomvyein
i ntroduci n{éjé!ge%%s it gl&%'f[ géoﬁgﬁéceﬁfsx%%gghsg??hgseu\ﬁ&@gln&’bems neomy

i nt r oducedphdstphottdiaiferasy [ ikp!1l) ssdiaspalinbaymthysctl/ paasansiated region destrébeadg@adgemrer
regeneration of an intact plant froma protoplast. The use of

Agr oBAct er #4nh9880 medi ated plant integrating vectors to introduce DNA

into plant cell %1\5/? %Ume%z?s%mn}reéngcr}bgg ar tceding DNA sequence through a site where

polvadenylation occurs. Typically. DNA sequences located a few hundred base pairs



See, for exanpbesgnidse net hods described (Fraley et al., 1985; PRegaiseveiso7
al ., 1987). Further, the integration of the Ti-DNA is a relatively
preci se process resulting in few rearranger"rﬁh s. The regi on of DNA
to be transferred is defined by the border sequences, and interveni ng DNA

is dewrstrepm; ofshe pelyadenyiptionsitpseive 1@ tavanpate Faekssiptiphe T hoSpDRAnsaquences
et al., 1986; Jargensemn et al.. 15. . 1987). . . . Modern .

Agr obact or | i ETATRET Bt BRI A ViEBIRUORRETHRRIR E°8ipns: o AHoss CPEIRMT AL roiged for
as é’ﬁkien@?ol@%&@ﬁ&iﬁﬁbfH%scﬁbé&megﬁnfg&fkﬂﬁmﬁ'}t mani pul ations as
described (Klee et al., "1985). Mor eover, recent "t echnol ogi cal
advances in vect Mean§ dor Agepnngt expressiore dieetbed ageneell riawsinein the art. BRpRssion
i nproved the arrangenent of genes and restriction sites in the vectors to
facilidate Gansformatioms vegiers) asehfo Vaaslors rlapamnd wethedpof saaking \theseovestors are

2oL PPt SCuS BTS00 535, 985O B ATRAT, B cures o

a pol yadenydyaichGre fiichfporfiéd Béretly RFRIERGS | THOSE Vet tBflidnast ROHIRERS iflfukOftdiEng
genes and are suitable for present purposes. In addition,
Agr obact er i sequennetiniacdandanico whthaherpresentdniingeanmed Ti genes can be

used for the transformations. I n thqse plant strains where . )
Agr obact er i um el ¥arigly 2f methods é‘ﬁ%ﬁ??F’r’ra‘{qvﬁlt‘?PF tafenesatiely link DYA He vestospvia

of chghce b f.agi : fi,n n r f e ne
Cransibr . compiaen BhesRe! i i B8 TR Bahee, compirmbEn” B paglymer
di sks and ofdvey cdn Bsatkizd30/eHe BNA segment tEbé jset@nandRkhbVROeO DN S, TRBSBESr and
to be limted to plants that Agrobacteriumnaturally infects.

Agr obact er i BNAnesfgment ereartbemr ipnedonby s hydregenet bordingt betwegn c shey| eatoplomentary
pl ant s. Qearwagm%nat&r al, hosts for Agrobacterium

Few_ 30 ,
al t hough tr%‘b"&ﬁ}’%"ﬁ%ﬁ%g‘;%ﬁg iy ArB Sﬁ‘ﬂssed i n asparagus usi ng
Agrobacterium VRC{RHiSy 2&pisle Bt ieABsesBY (pBRIpepti®E haWing tAOBPility. 10 confer ;ﬁéemidda]

Therefore, comrerciall'y important cereal ¢rains such as rice, corn,

wheat 15rust acsivay Ity abeell is preferably a CryBlR998/ ti@ARgiensis crystal protein-encoding gene. In
PCT/ US97/ 175% , . . . : - 54 -
transf or mecdP"&EMRY shadiments. che pRRiBePids Rasthe aminpagid Frvidie Asauence(tfeSEQ ID
t ransf or maty : A bagt.er.i al :

achi oved (960t @ Sncional VNARAH ST Wi g a0 36 RELMERGARIR S Wnbodinyents. o
t ransgeni ¢ goldamnt ref@nreeehprisingghe*DNGb suendelsN SIBQ B INO1TdS hisa prefertnad] s

typically contains a single gene on one chronbsone. Such transgenic
pl ants can be referred to as being 5 het er ozygous for the added gene.

OMVES IS TUCEER P Sh LG Y o PSS IR BRoTeny  USUAl Ly Tl s

the presencé of a c enentary gene a € sane cus of the second
chromosonme of a i pre§dnt GiVenli®s provedesaidlell Ry geptided thab Hefind& MholdloPa PbAIdh of a
contai ni ng one -_added gene as here, it is believed that a nore

accur at e nafrshiringiensshCo EJ28erystal psgteinndependent segregant, because
t he added, exogghous gene sear @atte inq,e end ntll¥ duri'ﬂ% mtosils nd q10 :Fied
nei osi s. n a preferred em ey Weeinvarpiansdisclpses and gimms gnofsplaped gnd purifie
homozygous dQETLO@rALRE ARICHETDS Blotein compris&Catfamino&cid &qlbRSE HNcfostl FEEQ
that containS two added geneS, one gene at the sanme | ocus on each

chr on2fs one 16¥ N&:2 hrGmyb3d9rthapai calcubatérd isoelpgois sconstants (dh equad ltarf 8& aThbemino acid

obt ai ned by .. xual ting.(selfin an i ndependent segregant

t ransgeni c %Wﬁf‘t?ﬁﬁﬁ%ﬁwghg%ytg‘i%dé58’%&&13@1"%5 gene, germnating
sone of the seed produced and anal yzing therkgsggting plants produced for
enhanced carboxyl ase activity relative to a control (native,

non-transgeni ¢c) or an i ndependeAiMiNe ACIiD COMEOSITRON of GHVEIE2Y C¢ pl ant .

It isto i i Lan an als e
mated to Amino Agpdodu#Resitiiepr i MgTotaht comtmine Acid i#hRegiduedent YoyTotal

segregati WWM%@ of—appropriate-progeny
can produc l%I ants thaf8are hom)zygous for 48t h added? exogenou%6

genes t hat Ae;.?code a pokypeptide gfy inter estl‘ysBack-cr 0gsi ng to g parental
pl ant and ourt-crossing N
Asn 15 6.4 Met 4 1.7




wi th a non- I ic plant are al so contenpl at ed.

7
Transformati'on of "plant protoplasts can be achieved usi ng met ﬁTnggl)/g,ssgd on
cal ci um phosphat e precipitation, -pdtyet hyl ene glycol treatnent,
el ectroporation, and conbi nati ons of 25 t hese treatnents (see, e.g..

Pot rykus @lmiab-Acid 985# Resitideset % Totall 985; AniiasMci®t #Residué985:% Total
Uchimya et al., 1986; Callis et al., 1987; Marcotte et al. 1988).

Appl i cat i éspof these k@/st ems tobdifferent Pbt ant strdns depends! upon the
ability t? enerate tﬁgt partic Iar pl ant stra| n fr%n%
pr ot opl ast¢S IIIustra ive method$ for the F%generatlon f cereals

from prot asts are gescribed ghujimira gt al., 198, Toriyagyget al.

1986: Yamada 30 et”al., 1986; Abdullah et al.. 1986).

To transf@lun pl ant sti@ins that48annot beThrccessfulilly regenerfd ed from
pr ot opl ast s, ot her ways_to introduce DNA into intact cells or
tissues c@Wbe utiliz2d. For eXdnple,  Imp 2 \Wo 98/ 13487

PCT/ US97/ 1,71507 - 55 -
r egener at h of cerea?’s fromi mlngture errb;r%s or exr”)ants can% effected
as descrifpgd (Vasil, 29 1888). In adgition, "pgrticle gyg'p or

hi gh-vel ocity m croprojectile technol ogy can be uti l'ized (Vasil,
1992). Usi ng that |latter technology, DNA is carri ed

t hr ough the and m on-t-he

smal | et élmdé‘értl cI es as dééﬂ?f&la) (Klein et al., 1887, Kiein 0 187 aI
1988; M et al., 1988) al particles penggrate thr h several

| ayers ofcgcl%glf:l s and (AHLEL al | ow t he transfor‘it%atl on of%t‘gl s within
ti ssue explramhsic (Phe -4T5p+TyMETHO:)S FOR PRODREI NG | NSEGRH-2RESI STANT
TRANSGENI C PLANTS 10 By transform ng a suitable host cell, such
as a pl anHydeaphobig t h(Aromatiediavhheu crMeeTYal) 87gene- cont3dihi ng
segnent , ~the—expressteon—ef—the—encoded—erystal—preteti—~(i+—e——abaetert+al
crystal protein or polypeptide having insecticidal activity against
col eopt er gns) qﬁﬁl\p&?éﬂ“&b‘@kﬁ‘ﬂﬁmsczmc PLANY @BLison of Insect-resistant

pl ant s. By way of exanple, one may utilize an expression
vector cont ai ni ngAsbacaaiung a pgisocell, o a diant cell & Bplahthwansfigimedsivish an expabsion
protein and an appropriate selectable marker to transforma suspension

of enbr yoHF‘B%P'aﬁ’I‘ RIgSENE InvERben isalsp saRtemplated nA dEnseeniG parderinmprqasiocedly plant

as partl cbgy or plany derRRATAIH UM a (MAASIARE GlraBlaenic s aNBRbhnchipldla.  MEARAbr

mcroprol s BRto therrec pi ent
cell's. Transganing ptaais aadeyddsercctiegraewell ddiofunoin the art ’lrypmsli}qr meahs of
enbryoni c_cal I| t hat express the i nsecticidal proteins.
f or mat i ontrapsfy Waﬁsog’eafp éuml%mpé orgyvell keowe mearonisdite hTéHSff}@P pghes tagteriangf M@ﬁag

of cell sfor on e known in the art such as
Agr obact e?‘f%’rﬁsr‘% |§ g@%m&cg’?&&mﬁe (Fraley et al., 1983).

Al ternatively, DNechﬂiasb@rlmNAOGam&md%ﬁ it ﬁlﬁﬁtscé%é et 4 dteaniBédiated
into pollen (Zhou et al., 1983; Hess, 1987, Luo et al., 1988), by injection

of tlfe DNAlainhttoansformanon,r @p@tggleétt itspasformatinn. ogeng  prresier (tmenao!é@n ainjectipggingo

by di ti
ol | owed. BProdtevERpERsy Pishh i dpinaliee Smbhus® od BerislshqTEBiingy  TERH S these
Benbr ook getltds-had @&@hct advantages and dlsadvIﬂSgésemg r&k'ﬁaﬂlcu%\{ﬁétﬁmﬂimroéﬁ@ng
cultivation of plants from single plant protoplast

genes into a particular plant strain may not necessarily be the most effective for another plant
strain, but it is well known which methods are useful for a particular plant strain.

15 For example, U. S. Patents 5,538,880 and 5,538,877 issued to Lundquist and Walters
(specifically incorporated herein by reference) disclose microprojectile-based méthods for
preparing fertile transgenic corn. U. S. Patent 5.530,193 issued to Clark et al. (speciﬁcélly
incorporated herein by reference) discloses a method of producing virus-resistant transgenic

corn. Methods of making transgenic plants containing exogenous DNAs (such as herbicide
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transformants or fromvarious transformnmed expl ants-is well known 1n the art

(Wei ssbach and Wei ssbach, 1988). %’This regeneration and grow h
process typically includes the steps of 30 sel ection of transforned
cel I's. culresistany génssk arendissipsidain Hed. datdnt Staa3cAighissurd tsvsBaﬂryseua@,eespecflﬁcally

:mr ggghg )g(?o\égclyrg%geﬁérettnhgf l# 9@%&3/ 1§4§e?’a&|n? téG%tOS%t gued gx%aesn Iar(x:d %‘owrnggnsd

PCT/ US97/ dh f
i mi Lary (Rgiieally, ingorpofgied hereip, by, reference) discloses 3 methpd of making lisgenic

t her eaf t ersopbeant esking) Agrobacterium-apgiingd itednefopatién.gr M. hPaEApsn Push NS, WO
The devel opnent or regeneration of plants containing

t he for ei §42706& beRsash gerb (epeatfically incorparated dszein baoﬂeﬁqmme) disclokes methods ffor
i ht.r oduced obact.eri,umfrom | eaf ant chi.eved, by
ot hods . vadaia SRR e el 58 B Ben SRl MoBificlo Aepresie pegseleciod pustciny 1rhe
t hi

Lol oct i on BSAEARGE A ifinsidnf SRR Blahis Pefebionigton B LAIALEREHIE Blotdhlasts is
shoot s i ndefeitetaby Dhir aind Widlndmt imisd oPardAps. dadlr NbedvOF92d B398 efspecifically

al ., 1983). This procedure typically produces shoots wthin
two to fouRcomparated herrin bl sefereas®ot s are 10 t hen transferred to an

apprQpriate roo C h eI ct' a ent

B ot oo o RiteyA, BB 40 rERhC R Bl e kst Bstorm
of the sel@gifferéhtA@ germinating hiRrisRbdatie! anrde%@orﬂr@ertsham Sr ea&atsastlsd 7479 and
soil or other nedia to allowthe production of roots. hese

pr ocedur e$,37&k543d epe WONRPOIPSH- ehch plawhicbub apeqifically 1stmaomeelnlp5rmyxéd/ referetice).
vari ation Pr ef bly,

t he regenijrasté)&“iﬁ’i‘ 2,&93%6{\,%55%5 \gg’ll ‘f’rf‘atl@dg f%atﬁ%gﬁ%j’eo%%%fedﬁabraiﬁggaﬂ%
plants, ag, T‘hﬁ%ﬁt@%@'@ AT iuEd tchQHBxWaﬁ@ Mzﬂ@l WeQ&t@f*\F} dnfi Q;Ev)%ctfft%ll inco orafed
regenerated planis i§ crossed t grovvn P ants agr nom

i nporst ant hemrebﬁlrafbteyxce)nbsceohelvaneas medrode farethy proxhictiom of tramsgenic cotton plhahtRm

of those inportant_ lines is useb to_pallinate regenerated pl ants.
transgeni ¢Al- d’mbIONOtWé) 9640924 by }MeBafe of ﬂ(féﬁ'ﬂeF 1Faldy Hcarnaraigd aemby &eference)

POl YDEDt | g el kA SHuls ISR 03 InckRRNE S, ofQaneger ol | kA

in the art. ransgem cp ™ has

i ncreaseds fissdk tAnCAHLIRE fA6H: Mave been descrifeddfor transFoiAARAR) pldhdd tordifRED:
the Cry polypeptide of interest. A preferred transgenic plant is an

i ndependeHssusespeeifigrprodwationznf hateralogpus Piodging ém erapsagnict eotigot (Intl.t Batt éppt sPubl

endD ana o alErio620010u T RBERS " FRFRaS. 35367 shobitRl7 Rt pat o

mat i ng. Sggglref,gé)m a transgenic plant may be grown in the field or
greenhouse, and resulting sexually mature transgenic plants are
sel f-pol i nat ed.t® Banetr 5849, ﬂ2®éssued to Chappeédt g @bmﬁ&llyThxeowomgemytefeﬁmlby

t hese pl ant o] ue bree l.ines that are evalu for,

way of exéerf%'leécc} E%Fﬂégseﬁ’e??% Qft Prodicing Isesnig Rigns s ééltéﬁﬁﬂfoeraaf?lﬁpné’ég%/%
and cat ff fot, and t bact 3 n4dfg iREBisel Aelt reexsuasef 'Ftél fnd zpslﬁguasrmﬁ 9631.152,
envi r onment cond°t|ons TRe T nvent or s ntenpl at et hat

pregsént i sp&rﬁaadily mcbi'poi'atétﬂ heeain |hyulrﬁr:reuta)l disylosen at hip:d: nesatfoenatidn regeneration

t ransgeni c nts of conmnerci al |nterest I ncl udi ng_various turf
grasses. WS, fobgpp@mmg dettilg Hapsigrmegawheaty Fry and Zhou (Eur. Pat. Appl. Pub. No. EP

709462; 1996. specifically incorporated herein by reference) describe the production of
transgenic monocotyledonous plants such as wheat by transforming regenerable tissue or
embryogenic calli with a foreign DNA. U. S. Patent 5,612,487 issued to Arntzen and Lam
30 (specifically incorporated herein by reference) describes the production of anti-viral transgenic
tobacco. Merikke ef al. (U. S. Patent 5.589.625, specifically incorporated herein by reference)

describes the production of transgenic plants (such as tobacco and potato) which express
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variety of ornanmental plants and vegetabl e¥- as well as a nunber of nut-
and fruit-bearing trees and pl ants. 4.6 NOVENCLATURE OF

CRYET29  maltiple virus resistahbe Thy eritiardsinkalves thebproduantionyofasmisgeniaiplahts comprising
desi gnati on Crél—ﬂ'29 to the novel praotein nven
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revi sed ng@&gﬁ&iﬂg l{faﬁxﬁgéni&rtmt:@é) RERLAL b eaclefiaXpdiRodehadfahd Jgenera AgrobubtbAium,

be assign y a“co ttee on tthe nonmencl ature of B. thuringiensis, forned
to 105  shsudombhasaXayhomasss, Byrwhia adiCiavifiastesi s crystal proteins. The

. | : : . . :
the.pr asent i nvERYPRIAeT: 91 hellstipdiabe i ibhe N 1 AR5 558028 16857 splbificdly
nomencl at uf eﬁ?@}%@‘ﬁ%ﬁ%\%ﬁ{}@&?&éﬁﬁg&Bf?ﬁazmethod.of éenerat‘f’ng.:r7 feﬁlﬁaﬁﬁgﬁ%e}%lmts

The fol | o™ ases have meani ngs set Fort

A an: In geeonaaBERs isblaled ot Mbsporaaat Chingd avaf. ofinenPatoppl.NBubloNts WO
a" and "an when used in this application, including the clains,:
denot es " o9l 3822119, specifically incorporated Brersinl bgseferangen desedig thetpsoduagjon eof stably

range _of insegt species. r oad- Spect rum,| ctigidal .. .
ActivPty: 't‘%‘iﬁ%%‘?”te? '%Hﬁérﬂ‘fa'apl\ﬁ’taé’yr%%ar‘gpg i"ﬂ'&eégflss‘é’ﬁeq}l’é??\&zéo Gevelop high-yield,
Expr essi °”hi§F{l}ﬁm§?c§H%'i BAd §i9EhsClredi i ftAfRA! vHrRticP! RECPHEApp]. PAbLNAIWO 9318168 by
transcri pti 6nh an transl ati on undergone by a codi ng DNA nol ecul e
such as a Byaluet air 41998 spetificglyotheomozated herein byalefgpense) discloses the production of

I nsecticidal Activity: toxjicity towards insects. . . .

| nsect i ci dBRANSBBRIS| Wheat contaigng ¥‘B§‘EEiQT§Ae‘§§I‘HﬂaF‘E‘€8u%P}%{\ Spipgipas applisdetonpollinated
towards nultiple 25 S [ i lirat: heet
o 5o om0l BR85St gt 15, PRERESA05T Gpcsiaty
Specil8s  incorpordted Rereirdly ffsteficephnd sl Phs Appl. Publ. Gl VOLSSHH tithdbe Vayil and Vasil
I nterorder Specifici té: the toxicity of a particular crystal prqtein .

t owar ds i n6t92, spseificeBy incorporated hergirs pyercdsrenasy diselosg micgrodysyign of transgenic wheat

Lepi dopt era, apd Di .30 , '

of crystal pb‘f‘g‘t ‘é%‘?é)ﬁ’ﬁ*i’?)dégn% do-J483 %D?r?%ﬁy%’%e%ph%’hté%r@gé‘{@yesgﬁﬂCoqm]&ﬁédl E¥es
treated. e.8 herbicide re¥¥laflé¥) 183 4R Aransformed plant.
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L[ err]: the | etWhile dere et many methets deryintrafugipg trapsformning R ds tegnenty il:;x?o cells,
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methods, however. are believed to include virtually any method by which DNA can be
introduced into a cell, such as by Agrobacterium infection, direct delivery of DNA such as, for
example, by PEG-mediated transformation of protoplasts (Omirulleh er al, 1993), by
desiccation/inhibition-mediated DNA uptake, by electroporation, by agitation with silicon
25 carbide fibers, by acceleration of DNA coated particles, efc. In certain embodiments,
acceleration methods are preferred and include, for example, microprojectile bombardment and

the like.
Technology for introduction of DNA into cells is well-known to those of skill in the
art. Four general methods for delivering a gene into cells have been described: (1) chemical
30 methods (Graham and van der Eb, 1973; Zatloukal er al., 1992); (2) physical methods such as
microinjection (Capecchi, 1980), electroporation (Wong and Neumann. 1982: Fromm et al.,

1985) and the gene gun (Johnston and Tang, 1994: Fynan er al., 1993); (3) viral vectors (Clapp,
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RNA pol ynerase 5 specifically binds angjLnitiates RNA synthesis
(transcription) of that gene. Regener ati on: The process of
growing a p . ORGP hiis GBd9AndPlsgit Lo i edi
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produce a paleyhaismseCurie]l er al., 1991; 1992; Wapgnef earaintie@). A process of

i ntroduci ng an exogenous DNA sequence (e.g., a vector, 10 a reconbi nant
DNA nol ecule) into a cell or protoplast in which that exogenous DNA is

I ncor porated ,into I s capabl e of autononous replication.

Tr ansforrredg'ééll | : ?@%ﬂ%"%’% has been altered by the introduction of

an 5 exogenousTiRNipIRhEGHbELHET RighhAlitag® blectric pulses to 2 vari :

An exogenous gene whi ch ﬂ\xhken i ntroducegg i ntg t he rlg nosr%se %? Vgnﬁtgsé?ra?gﬁ?ei%g plant
t hr ough a pesilselsadsstocthe dernation sif aranemieten-sizel gotesdpahapiasma mérnbiagk.e DNA is taken
bonmbardnent, and the like, is ..expressed by the host cell and

i ntegrated fieglyr frtocthe selyesytnplase @ithendhrough thesg tpors oF &ist 8 consequence of the
produced by_t.he. I essi f t [ | s inherited t he praogeny of .
the transf o?cﬁésgn%@) n 8t EHofhe b En?}{ﬁ g’%g .gcéér%n}}:a&:ﬁ Ic.ios}i??y&ég? Ipog:gr i%g%ca%apratxon
regener at edcdy RMeardnaP effieR dn€ @hh b usEPhotH By transient exfreiBn 6f dIbASEAB &nd for
cell. Exenplary transgenic cells include plant calli derived from a 20

t r ansflOr medesgpatdishmeat 01 cetldinsa that carrn integrhted copich ofithelgend of intavest. Eleempperagon. in

somatic cells, or . re roductiveéer .cells obtained froma . .

transgeni c §ANEpt to calcium phosphate-medigted iinsfedon gpd pRORPIAH fugipnyireqpeny)y gives rise
t her eof derj.v L B;Q)rlgp Bl A i . . ,
wher ei n thefop gr}{x{e z&gon a?n’s ranﬁlllonétr%tc}vdgegérg%ézgﬁgagq&ﬁ%%@ggm not

originally present The mudhetdr oNDINA rtansgeams 6f plettidpoditidrés Saliekridtwraltdthose of
The terns "transgenic 25 . plant" and "transfornmed plant" have sonetines
been used i $kill e thg artadndbisspstiedicertaimeelk wall-degrading engymee saich s pectidegsading
DNA cqatain n._exogen le. wever. 4t is thou re .

et entot | car Ty e REEHHSyeTdp PRieEblf Frasl REBFH o<1 mile 4P e Slilis rmation b

from a trangtgrdfReatRirethhn untreated clBl | ARErBIRI P RLEBlenfSelRGrd thade i e SH&RPEDIC to
pl ant, and that usage will be followed herein. Vector: A DNA

nmol ecul e caparsfanationepy meahanigrl iwpuadings t Ta efféct aradgformationiby clectppstratéen ogomay
DNA segnent_can be operatively |inked so as to brin boyt replication of
Che at t achetmBRy ! tisble Hssues syl & sEension QY &f yolib qrpmbryogentc cditus. or
WO 98/ 13497a1tematively, one may transform immature embryos or other organized tissues directly. One
PCT/ US97/ 17507 - 59°7-

5. 2EXAVPrEHd partially degrade the Telé wadls lodwhanchosgangllsesy ewpesingaherded peain-degrading
denonstrate preferred enbadi nents of the I nvention. It should be

appr eci at ecPBYMeR Gasstelyassg) qrimechapigally wounding in #gontenlisdinganasr. (Push) e yould then
th I t.ch..f.al ] 1 t '
e, exam o W)k 6 HRA DRRES6PBER0ANE A SEUPEE Laibdl B & NG Rl e

consi der ed transforiretli dellt eheapridémifieddbyradenati®©seledtion or screeningfpraficbiCéependent on the
However, those of skill in the art_should, in |ight of the present
di scl osur e, a0k dheapevly incorporated DNA.

25
442 MICROPROJECTILE BOMBARDMENT
A further advantageous method for delivering transforming DNA segments to plant
cells is microprojectile bombardment. In this method, particles may be coated with nucleic
acids and delivered into cells by a propelling force. Exemplary particles include those
30 comprised of tungsten, gold, platinum, and the like.
An advantage of microprojectile bombardment. in addition to it being an effective

means of reproducibly stably transforming monocots. is that neither the isolation of protoplasts



t hat many Cgﬁp%ﬁf‘ n be made in the specific enbodi nents whimdrres®enrsor -
nd St

di scl osed a obtain a like g)_‘r simlar result wthout '
departing fromthe spirit and scope of thé”invention. 10 5.1 EXAMPLE
1 -- ISOLATION OF B. THURI NG ENSI S E&4096 " Crop dust sanpl es

ver e obt ai (@ristéu @m alar 19883 nasuthgesuseentibilifkoit Agnebaglerigm apfacugsy dndequired.  An
typically ain.stor facilities., The, crop d samles. were tr .
spread on gg‘aVa‘bYea?'Esg‘ﬁment ol a neeg}?quér CREL bﬂd‘héﬁoéﬁ%’ﬁ \fl'\ﬁi“' ?ifﬁg&i%?‘éﬁ?gsa
as descri bggh{ J‘pXI?i@leef)Fl?\llery s}&%ﬁ) whicHQRGd $sed to propel padlicled cb¥te8 vidth DNA or
thuringiensis strain isolated froma crop dust sanple from Thailand. Phase
contrast ddiis throtighr Dseregy suels asiaesthinlessvsteelairl Yytex anierr, drite acfijet sirface covered

mor phol ogy of the bacterial colonies from . this crop dust. The
col ony deswitharosel ceitsiobired in aYSRERSIAh dE8p SN 5%36?%@933%?94%5 ?918}%5?%%“ not

of a uni que .nor I resenbl in hort_ needles., T ' .

native to g?lfvﬁf%]?? recx%fé}g@%lsggslgﬁ%goa Nk fgi 1 bRV il apéc?%?eg?ervenmg

bi oassay OB?M%&S e g%gédﬂ@aﬁ’parétby hhd) EHeSdrtls 2o Vel Rinbaddidereiiedhé Ride dftprbRetiles

20 insecticidal activity against |arvae of coleopteran insects,

i ncl udi ng S%Jgﬁgtﬂé rand afay rcontritvotento a higher freqeertcyr of transformatipndryntedGoingr aldmage
tlhe

potato beetle, red flour beetle, and Japanese beetle. EG096 I

(e:ﬁhi bits i infbieted ondbs resipisncels %Yg%rpﬁgtﬂeggﬁ}&mo‘fm 378-cat fl ea. o0
aracterization ' e i S, Of : '

oo by e Chor PRSBSOS pEARIPLRENLEL op e o

expr essi ons@fid &lifird fiediemC atteRGtivdle, iatmysttel enttyyos or qiliartiariget cetlsinedy bromrdngedion
desi gnated cryET29. The insecticidal activi tc){ of both the wld-type

strain andsaiid gultercomtdinent The ceHete bgi tomelasdas, preerasitinged 1ré 28| Qﬂi’é‘gpréﬂt%/éwce
toxin gen det er m ned.

PLASM DS GREE haURAepiaigst PR sy 0 dosiggdone 7 MELE Srkiry ard o fosioned
of native Bls@ﬁ:ghq}?e && ¥d’i‘étmé%(§e%@ the eL18 ®bebhorh bt OTRAGES HEARMT techniques
was determ ned by nodifi1ed Eckhardt agarose gel electrophoresis as

g:az crﬁS?ed [ fGahzhgfe;hz opt ;nay obtain ?p 1o 100®erinorcrfasi phedllstrangitntin eXRressinga magker
not correspan '
PCT/ US97/ 1 BShE? pThe m.trx(%bclé)raoi‘I c(aé[lg ?n 2(1) foctug Q‘}h?&l exl})rggs\gﬁ}hc £xogenous gene prcygt)xcggé :l’lggl%?post-

serovars ( . siyd sizes are 5.0, 7.2, 6.0
(open ci rcu%?glr % . %‘gﬁgﬁ@%@w@? %%gﬁ%%?)d %/%éﬁgeal @3 5.3 EXAMPLE 3 - -

_CRYSTAL PROTElI N OFIiBborhbhiidnidl ERSISmEEN06ne May optimize the pré@ngedment g;ltgwng
in DSM+ gl ucose sporul ati on nedjum [0.8% (wt/vol) Difco nutrient

broth, 0.5%0nditions gind) th hegbardment RATKPEFFS) Hpq‘)s'ldr the Fexim R remeRT o ipole
L :ﬁa ( Nqn%;lgf]o)'r[ugrqtg] ’Bth %Mysical and biological parameters for bombardment are important in

this technology. Physical factors are those that involve manipulating the DNA/microprojectile

precipitate or those that affect the flight and velocity of either the macro- or microprojectiles.

Biological factors include all steps involved in manipulation of cells before and immediately

after bombardment, the osmotic adjustment of target cells to help alleviate the trauma associated

25 with bombardment, and also the nature of the transtorming DNA, such as linearized DNA or

intact supercoiled plasmids. It is believed that pre-bombardment manipulations are especially
important for successful transformation of immature embryos.

Accordingly. it is contemplated that onc may wish to adjust various of the

bombardment parameters in small scale studies to fully optimize the conditions. Onc may

30 particularly wish to adjust physical parameters such as gap distance, flight distance. tissuc

distance, and helium pressure. One may also minimize the trauma reduction factors (TRFs) by

modifying conditions which influence the physiological state of the recipient cells and which

ra



MySg err], 1%b§%%%md [err], 10 [err]MFeSOerr]] for threepgapsoRirser

30[err] C during the culture grewto stationary phase,

sporul ated and | ysed, thus releasing the prdéein inclusions into the

medi um The cultures were harvested by centrifugation which pelleted
the spores nmg thergfiralisfluctice iaesfoanatiom and imtegratemhefticiencias.s douekamplef the osmotic
0.005% Triton X-100[err],. 2 DTA and recentrifuyged. The . . washed

pel | et was F‘é‘é’uéﬁé‘ﬁﬁjgdd%mBﬁéﬂyﬂgﬁth‘E LATE RNl ceibicys t e, mmﬂrrq%r@ay be
X-100[err]. 2 : : %%t‘ J ¥ :

sol ubi |'i zeda%}l %tﬁ? tf %re()psf{;%{#xgs%:gﬁ?f%?% 0sn ) s—]t-Jhsepeé(ﬁglfnooﬁr y ?Aﬁéﬁ‘ﬁ{‘ﬁ?@“ s\t‘\ﬁgms will be known
suspensi on tothesd ofskill imthean ialfghesf the pletedd disdlesuké’l pH 8.0, 2% (wt/vol)

sodi um dodecyl 15 sul fate (SDS), 5% (vol/vol) 2-nercaptoethanol, 10%

(vol /v8l) glycerol, and 0.1% br onphenol blue] at 100C for 5 mn.

The. sol ubi | i crystal protein s size fractionated by SDS-PAGE

After size #‘Zﬁti o] FFB#?T@’W@&E?WER;@WQBM i zed by Coomassi e

Brilliant Blue R-25 AkRliNB-mediated transflt & 2ARREMSiSi gvg)qs : '
crystal protein pr e@ nt Fn lspo?ﬁllgfeofagul turaes %#@8%8 I sté’mt{)r ltn%dﬁahé)éenes
appr oxi mat eingo plank Petls becausethe DNA canbelinpsdiced intoashalke plagntiistds, Shorkly 8ypading
To further characterize CryET29, the NH err]-termnal am no acid sequence

of the prot@ienneed for reggpesating: of A8 Artact plash&om atrratoplast urlheouserels dgebasterium-

- acr 9 am HEOPRE PHRT ittt AERS oo ANATR Rl etlsf§ el KT e e

After el ect 5aDITOF SainSplt NBe RERASIs WMl (FFASSEAHIT, 9985, R R &RAd 198 Further, the
menbrane fol | ow ng standard western bl otting procedures. After

transfer, timtegratidr afitheviBisDNAnsedreBitively piefise pidCessnmsiling in fava s¢eechngeménts.ddhe
Bl ack 1013 stain for m.n (Sigma,Chenm.cal Co., St. Louis, M), .The filter, .
une dest ai nEGCT o EINA 18U AEBECACT Gell Prale PoHEn B asrndssoth RSV BHng IRIA is
The portion d into thel dlhdtSensRat Al Jil ' e} ¢ /
protein banﬁm\xgg hgiegieselg[ovm teh];s a tfgge?or b ad(}g&%'léﬁr@p mwwg;f’oicgeg G?g}%@ﬂsen e ats
resul t1éd i n1@8%ure form of CryET29 being obtained as a protein blotted onto

a PVDF menbrane (B i oRad, Hercules, CA). 30 The
det ermi nati on of t H¥orpmetgrpbacssrinm srnsfarmaioncyegtoseeiigenpable pf replictinn injf goli as
CryET29 i

Depar t nent vg]cll Igﬁ?f{ﬁ%c)ﬁ%cgifhwfﬁhgﬁg ‘tjoroc%nb&?eﬂ%&%ﬁ@@%ﬁ%&ﬁ&%&%ﬁe&1!eﬁpe; Ple 1985).

PCT/ US97/ 17®fdfeover, recent technological advances in vectors for Agrobacterium-mediafell genc transfer
Tufts Medical School, Boston, MA using standard autonated Edman degradati on

procedur es have improypé thejasranpementndh Zenese a0d rewrighen gieeinithedvectprpdo facilitate
1 2 4 5 6 .7 10 12 13 14 15 . . .
Vet PhaBneasiAPEVRITh elrirelermtpil oF saBraipa pripuEepBRide fpding genes. The vectors

Comput er al B n e : : ;
&%Ehﬁm&%?sr & Andosy E’ﬂ»& c&%_?_é%eﬁﬁﬁ@ln?lmr ?%1&8%!(% Eg% promoter and

N-t er m nal sequence’of t'he protein wth am no aci
sequences o peallyhddhyldtionrsite Joredisicsexpressioml of inserted polypeptidenodiofg gdmes nd e suitable

R A R MG NG T EC]

oL en! 29Dk W 1, s SHES OSABY) Bt kot et Dyl i

of puBbi catramsformasionis effiviechalit 8 the method of choice because of the facile and defined nature of
the gene transfer.

Agrobacterium-mediated transformation of leaf disks and other tissues such as
cotyledons and hypocotyls appears to be limited to plants that Agrobacterium naturally infects.
Agrobacterium-mediated transformation is most efficient in dicotyledonous plants. Few

30 monocots appear to be natural hosts for Agrobacterium. although transgenic plants have been
produced in asparagus using Agrobacterium vectors as described (Bytebier er «al.. 1987).

Therefore, commercially important cereal grains such as rice, corn, and wheat must usually be



TABLE 4 B. THURI NG ENSI S CRYSTAL PROTEI NS DESCRI BED I N THE

LI TERATURE WO 98/13497 Cryst al Protein BOTUs /13507
Ref er ence CrylA(a) -54 - J. Bi ol . Chem,
260: 6264- 6272 Cry1A(b)

5: 305- 314transfonnedq§ﬂ'€‘gﬁlmanve methods. Howmer as KICCIHH bOVg;eg'E‘5 li%’gfoi%g'g&pgf

Cryl1B
CrylC asparagus using Agrobacterium can also be achies@d.(sedC fdiféxﬁﬁﬁlc; B}ebeedul., 1987).

CrylCb Appl . Environ. Mcro.
59 1131- 1137 A trar@ggmc:(p@m formed using Agrobacterium transformation mmlhodsmpistslly
Res., 1 8: ds

Res 18: ggqf\a)ms a single gf%é) one chromosome. Such transgenic plants can be refpqre cg%a%
173 39 66- gg%e gous for tag added gene. However, inasmuch as JuseBHE e Lv%l‘c}:i'zg%emzygous

293: 25- 28usually impliasye presence of a complementary gene at the sameWdc89/cf3thelsecond

Cry2A J. Biol. Chem, 263:561-567
Cry2B chromosome of a pair of chromosomes, and gherqggﬁ;tl@rsp@h genelmla pémt gpataining onc
Cry2C M5 Mcrohiol ., Lett. .81:3

o y3A added gene as here, it is believed that a more ﬁc&ate RAmE forguch agplant i5,@R mde?f)gndem

228703?87$% 5gant because’ E/h%deded exogenous gene segregates independently dNHﬁ#; ‘mit&ifgnd

Envilllon. Megosghi ol ., 58: 3921- 3927 Cry3B3

U.S. 5.378,625 WO 98/ 13497
PCT/ US97/ 17507  More preferred is a transgenic plant that is homozygoysyfor thwggch|structural

Z)gf .e' EnvF ne; ieg @ Ctx;aggge&w: plag%%hggg%{tég 4§f/ OB%%V&ESE on&"éfEat the same locus on cach

Gene, 110cHdinokd@e Gify4Ahromosome pair. A homozygous transgenic | can/6d @B1akiRd.- by
15: 7195 Cry4B EPO 308, 199 Cr.y4C
J. Bact er sexually meging@gclfng) an independent segregant transgenic plam that contains a single added
IS gene, germinating some of the seed produced and analyzing the resulting plants produced for
enhanced carboxylase activity relative to a control (native, non-transgenic) or an indcpendent
segregant transgenic plant.

It is to be understood that two different transgenic plants can also be mated to
produce offspring that contain two independently segregating added, exogenous genes. Sclfing

20 of appropriate progeny can produce plants that are homozygous for both added, exogenous
genes that encode a polypeptide of interest. Back-crossing to a parental plant and out-crossing
with a non-transgenic plant are also contemplated.

Transformation of plant protoplasts can be achieved using methods based on calcium
phosphate precipitation, polyethylene glycol treatment, electroporation, and combinations of

25 these treatments (sec, e.g.. Potrykus et al., 1985; Lorz et al, 1985; Fromm et al. 1985;
Uchimiya er al., 1986; Callis et al., 1987; Marcottc et al.. 1988).

Application of these systems to different plant strains depends upon the ability to
regenerate that particular plant strain from protoplasts. Iilustrative methods for the regeneration
of cereals from protoplasts are described (Fujimura et a/., 1985: Toriyama er al., 1986: Yamada

30 ef al., 1986; Abdullah er /.. 1986).
To transform plant strains that cannot be successfully regenerated from protoplasts.

other ways to introduce DNA into intact cells or tissues can be utilized. For example,



Cry4D 098 - J. Bacteriol., 170: 47324“:_1.8% 78051
Ml ec. Mcro. F 63T 1217 ory33AkD St

94/ 13785 Cry33BkD -55- WD 94/ 13785 Cry34kD
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Bacteri ol ., fcgénérd9orbbl c€Pr3l® Bbfi6 BBmature embryos or cxplants can be effectcd\A@ d25drib2dq ¥ asil,
Cry517 {1 Mcro., 138:55-62 Crya7A021

EPO 256, 553 g9$8)avmlpamcle gun” or hlgh velocity microprojegiilo Aechnoplpgy can be utilized

Cr yAB780RF2 bva il 1992)1208 WD 94/ 21795 CryAB78100kD

WO 94/ 21795 EPO 382 990 Crybt pgs

1245 Using that latteHiRhasIdgHIONX Mbtciﬂ'?e@llﬁﬁou% the cell wall and into the

WO 94/ 05771 CryBui bui WO 93/03154 Cry

U..S. 57322, egvplasmmrsthe surface of small metal particles as described (leiS. et T/, 3298'ﬁfﬂlem et al.,
38,441 O

Sr )éGeIS 8586 4 é%ggérl\f;%el al., 1988). The metal pamc%es penetrate t%{yn.g}lx sgverablayges of cells and

Cryl PL : ; : CyMTS

7P 6000084 t(t:xru)sl Inglcl"%,At\he transformation of cells withinSisswe M%D 92/ 19739 CryPS17B

U S. 5,350,576 and 5, 424. 410 CryP16 WO

95/ 00639 4.5  METHOMR FOK BRISUCING INSECT-RESISTANT TRANSGENIC PLAN‘gS

PCT/ US97/ 17507 _ . - 63 -

CrystallOProtein By transformmg, a suitable hostSwli; sechoas Relan eald ewith a recofubitRtBcryET29
639 WD 95/ 00639

\é\roy ?,ggggz gene-contameg segment, the expressiopgfdbe ¢eppded sretal) prejeins(ign 4 baggerial crystal

CryPS40D1 protcin Oér {/J%lgpg%tgae having 1nsect1H'dalS'ac§v1?>7%gZﬁ]i§t co\wtg%%)zgé'% rgsn%]t in the

WD 93/ 04587

EPO 498, 537 fa2Zmation of ins§dtIeséifit plants. WD 93/ 15206
Cryps52A1 U S 4,849, 217 CryPS63B
V\D 92 / 19739 B@quyg@fgq;gmple onc may utilize an expression vector @ntgmng aqgoflingy egion for

V\D 9 4/ 1%’379 a B Ihurzagzeﬂgé fiy&tal protein and anV\gp? p/rl?l% seﬁectable magey E)Stfns'%ns%%rga 3 EBSPC"’S‘O“

of embryonic plant cells. such as wheat or corn cells using a method such as particle
bombardment (Maddock et al., 1991; Vasil et al., 1992) to deliver the DNA coated on
microprojectiles into the recipient cells. Transgenic plants are then regenerated from
transformed embryonic calli that express the insecticidal proteins.

20 The formation of transgenic plants may also be accomplished using other methods of cell
transformation which arc known in the art such as Agrobacterium-mediated DNA transfer
(Fraley et al., 1983). Alternatively, DNA can be introduced into plants by direct DNA transfer
into pollen (Zhou er al., 1983; Hess, 1987; Luo er al., 1988), by injection of the DNA into
reproductive organs of a plant (Pena er al., 1987). or by direct injection of DNA into the cells of

25 immature embryos followed by the rehydration of desiccated embryos (Neuhaus er of.. 1987,
Benbrook et al., 1986).

The regeneration, development, and cultivation of plants from single plant protoplast
transformants or from various transformed explants is well known in the art {Weissbach and
Weissbach, 1988). This regencration and growth process typically includes the steps of

30 selection of transformed cells. culturing those individﬁalized cells through the usual stages of

embryonic development through the rooted plantlet stage. Transgenic embryos and seeds are



Cr yPS811A2 EPO 405 810 Cryps81A2

EPO 401 979WO 98/134%x yP8811.B WO POTIURSAAT7507
CryPS811B2 U .§. 5 273,746 Cryps81f

U S. 5,045, 469 Cryps81gg U S 5,273,746
Cryps8irrl. . . EPO 401 97 Cryps86A1 .

U. yg 5. 46%‘,“6%%)' regenerztvfg/x The resulting transgénic rooted shoots are tpfgﬁ%gé H_I%xftfd ,m an
336: 79- 82 appropridté YréRE¥éth medium such as soil. _ WO 95/ 00647

Crycyt A Nucl . Acids Res., 13:8207-8217

The N-term nal ‘Skedevaiepmoénttdngegimefslia® qirpdands nomainingothe floreigh. eogemous gene that
honol ogous to any of the known B. thuyingiepsis crystal ot ei ns

i dent i fi ecericAdesap) Rolypeptide thmIg.e-% WYES’@WQLEY 44ggf9 ‘r%ﬂwrlfgwdﬁgw ts can be
FRA NT Rl $1.NG 3 | . :
£G1005. cRVENEcaipmeiiods well KoM s Yuch a dribgd (Harsgh gt abn 438D i

CryET29 prgbeidure, Athnlfdriamid Gkeotihied I @R Sresence oS Séledtion dgeht ddd€in a medium that
NH[ err] -term nal ‘am no acid sequence of the protein was designed. Using
codons induces the regewdagan vf4lgyots in the plant strain being transformed as described (Fraley et

PCT/ US97/ 1750% - 64 -
typically #5Ud83)n B. thuri ngi ensi s toxin genes, an oligo of 35 nucleotides

was synt hesi z ed'trfe?ié pvr\%%e_%re t#{f&%ﬁ’ﬁ Eﬁfdﬁ&%&%hﬂﬁ Itag 5673 gbuir lsrr%ths(&‘art%ééi shbéts are

| A) and designa e sequence o0

5' - ATETTT TthEMYBASIEPEAAT BAGHPOPAGRGEACRdaCing SEEi iR dMading The selective agent and an
Radi oacti vel y-1 abel ed wd270 was used as a probe in_Southern blot-studies as

descri bed antibiotic tohpsevsat bectetialngrrrih. aShngss thas reated irohemresgneme! B8 selgetiyempent
the cryET29 gene., Tot al extragt f.rom .
ol 1 o ng. Br SEBPAT e BRsnianisd g sPEbF BEEMUICE FP0HR Maidifp of roots.

buf fer conmpdsi proc&firddM &ty UWkepeRding upBM the iparttdalar (4htSstiin edPldyv EEICA, variatiods

ng/ m | ysozyme. The suspension was incubated at 37[err] G for one hr.
Fol | owi ng beiogibatlikewntinghel®t.  suspensi on was extracted with an equal

vol une of phenol, one tinme with an equal volune.of : ot
pheng‘g : chl or of ok)Fﬁf?@g]zXﬁhe IERRNRFd P&%?S4§?2sj‘i,f'pg’ﬁﬂ‘abcﬁlc[é) Wi”lqe zﬁ‘g‘?“@&ﬁ%‘?us\}g\nﬁﬁm
of plamsomiiﬁ&fgkécﬁmmé! ﬂhé‘m&l, ggﬁé’n' dBtainENfroNP e RERGL RISt {9 QBIstDR
aqueous phase by the addition one-tenth volunme 3 M sodi um acetate
then two vsdedrgrewofpldn®O66 agrivanmaikall yTimeportant, prefprablyi ipbtedtligs DNonversely.chollen trom

by centrifugation, washed with 70% et hangl and resuspepded jn 15 . .
The ext r acPBRSHUAPOSEIMPREANiRGS 43 B%F, PO é’ﬁéer?ﬁ%“cf%%‘gf’[]a(?ﬁs,A\ﬁaﬁge%fr@gﬁso“hc

restricti OBresent invention containing a desired polypeptide is cultivated using methods well known to
20 one skilled in the art.

A transgenic plant of this invention thus has an increased amount of a coding region

(e.g., a cry gene) that encodes the Cry polypeptide of interest. A prefcrred transgenic plant is an

independent segregant and can transmit that gene and its activity to its progeny. A more

preferred transgenic plant is homozygous for that gene. and transmits that gene to all of its

25 offspring on sexual mating. Seed from a transgenic plant may be grown in the field or

greenhouse, and resulting sexually mature transgenic plants are sclf-pollinated to generate true

breeding plants. The progeny from these plants become truc breeding lines that are evaluated

for. by way of example, increased insecticidal capacity against coleopteran insects and cat flea

larvae, preferably in the field. under a range of cnvironmental conditions. The inventors

30 contemplate that the present invention will find particular utility in the creation of transgenic

plants of commercial interest including various turf grasses. wheat. comn, rice, barley, oats. a



endonucl easewp 9sns4grdi ng EcoRl. The di'gested DNA was si ze fra®dToossracdsoby

el ectrophoresi s through an 0.8% agargse gel in 1X TBE overnight at 2
V/cm The fractionated DNA fragnents were transferred to an

| mobi | on-NC .nitrocellul ose filter (M]lipore rp., Bedford, MA)., 20 .
nccordi ng NEEHCORBAPG! P50 S BN SURDECo T RAe it hearing rees
baki ng at 8391% € in a vacuum oven. To identify the
DNA fragment ?)i cont ai ni ng the sequence encoding the NH err]-term nus of

the CryET29 protein (see Exanple 3) the oligonucleotide wd270 was

radi oactively | abel ed at the 5 ends and used as a hybridization
probe. To i odVOMENCLATHREOF GRYER28he, 1 to 5 pnoles 25 wd270 was

ot o SoC e Mgt grad e kit s G B o of
reaction b kS- ; T3e3; ggq ] :

DTT), and lf%é E%*é%4%%ﬁ§c$§gﬁlg§ykqeﬁgg éQ%PrByC ga %%obreg’??%sﬁ’?“eﬁa@i tg?r%ovel
W). The nucleic aeidcdegoenceashich ambades th®Opoiypeptite. aForaval [aesighiferitoofitHeogernehand

transfer of the radioactive phothate to the 5° end of the
ol i gonucl ed¥otgis desianatippg bargd ion the evised nomenelagire ¢if £axsial prejeisprndotaxins (Table 1)

The | abel . h I ith t [ 1 | fil.ter
overnight - S 8Fcp ket 67 4 VHRRLEE M ' Be' RonBIUAETor L Mipnsiartls. amed 1o
(0. 2%BSA, sQstéHatdIWVERYIiDYBT BhigRAsis Grysial proteins. dfﬂhEQEbéntorQ-c%n@ﬁﬂLte that the

heparin. Follow ng incubation the filter was washed in several changes of

3X arbitrarily aSigh@d 1d4ignations of the present invention will be superseded by the official
PCT/ US97/ 17507 . - 65 -
SSC, 0. 1% Sp@enelaniEs assigned tathest 599UBICms bl otted dry and exposed to Kodak
X- OVAT AR X-ray film(Eastman Kodak Conpany, Rochester, NY)

overnight at -70[err]C with a DuPont Cronex Li ghtni ng Pl us screen.
The | abel ed.pr olErmar10OREN i ncubated with the nitrocel lul ose-filter which
was then 5 washed and exposed to X-ray filmto obtain an

aut or i ogram The following words pnchpluasasihaie Bie meaningstsst Bathdgloym i denti fi ed

two distinct EcoRI_ restricti . approxi pat 5.0 kb,
and 7.0 kb. ¢ hatvBicnt sl MR ARD kiR prient taos BRBHES, B Fihs o Tgig a0
resul t i ndiwhzheeed fathissdpplitalidnGHRARIR thb RIaiwe HeabiRe dokdner RbreSel y rel ated,

or identical, copies of the cryET29 gene, both of which hybridize
to the wd270 ol iByoaddnestriugt . refgs to a wide ragggof ingocARPECEESS - - CLONI NG OF THE
CRYET29 GENE OF B. RI N3 ENSI S. ECA096,. . . . To,isolate.the 5.0
and 7.0 ki | obasroR RS A PIRSFUSTR ARt Jasicity ‘Ruesn e RgE of insclt spectes
cryERR9 gene, t @hplre @it M TheRoWndiRSidrS 8F MiestefllaIaMpedceddch. ﬁ%@ﬂ% #anscription and
descri bed in Exanpl e 4. The DNA was digested with Eco and

el ect r ophotresgatidrnuodeygore ®y88ocadmgoP®A IoleBHe gpakh ak5a structusd rgeghttoaproduce a
V/cm of gel |en tc{}' The gel was stained with Ethidiumbromde so that the

di gest ed DRAYESRHY- be vi sual i zed when exposed to | ong-wave UV |ight. Gel

slices containi Rgsecticidal Activity: toxicity towards insects.
Insecticidal Specificity: the toxicity exhibited by a crystal protein towards multiple
25 insect species.
Intraorder Specificity: the toxicity of a particular crystal protein towards insect species
within an Order of insects (e.g.. Order Lepidoptera).
Interorder Specificity: the toxicity of a particular crystal protein towards insect species
of different Orders (e.g., Orders Lepidoptera and Diptera).
30 LCs,: the lethal concentration of crystal protein that causes 50% mortality of the insects

treated.



DNA fragments of approximately 5.0 and 7.0 kb were excised fromthe gel
W th a razorwg8as497 and placed in separate dialysis ba@SCTMRIATNAT ng
a small volume (1 m) of 10 mM Tris-HO, pHsg. 8.0, 1 mM EDTA (TE).
The DNA fragnments were eluted fromthe gel slices into the TE buffer 20

1 Pea v th 1 ThE e 8P el g B pFo B GARARNE SR PREGHGLSHine e

DNA fragmengga@@yarating out of the gel slice into the TE buffer.

The TE buffer containing the eluted fragnments was then phenol : chl orof orm
extracted and et Paooloter edi mcogrigon site on a DNA sequencd or girevyt of @thequqnci:mhat
E. coli of the tw sets of size selected EcCoRl restrictign fragnents 2

(appr oxi nat BIQYide @n gxpression weptrok plemept, fores, suctural geng apd do; WF’Ghtlﬁ@AcP‘E}Wﬁﬁ‘se
vect or spUCLE ccifically bé&%ﬁ%&ha%w& syrfthes¥ ¢t W#ﬁ@m) @Eatgé(e?@m d DNA vector

pUC18 can r and carries

the gene for resiRdgenémtion: fﬁlﬁp@(b’ﬁeb@bpgxb%@%ﬁhi from.a piARtCRIITRY. l%*ﬂam protoplast or
used as a selectable marker. The two sets o ragments were m xed

separate reaxp»laxm)s W th EcoRI - di gested pUC18 t hat had been

treat ed th bacteri al ne hat ase bco 3 Gai t her sbur
MD) to r\(,amrmve t hSt 5‘1° B\’?gé%ﬂ‘ﬁ!( és8 qe ‘t‘ﬁExRi'Fif %EFC’EP ‘gyP?P";S‘Fei/ent e
re-ligation Traﬂgfokggtlﬁﬁ.ctAOWE&s'JﬁﬁtHduc;% dnl ﬁ@g&ﬁ@%ﬁ% skgﬂ% gleé)ug &or,

(Promega Cor poration to the re

cont ail®i ng hhecokngﬁﬁhed)mw&ﬁ&eand) ite ®iceit-arepretdpbat Ee okttich rt&gn'emg&nous DNA is
WO 98/ 13497
PCT/ US97/ 17 5wprporated into a chromosome or is capable of autonomous replication. - 66 -

These were incubated ol,t.e er ure f 1, hour | ertion
and |igation of taltﬂ'émsgr mled @E‘&i Wé?ﬁc BM\ b2 ﬁ’gerbtajﬁgd\c}"gck%r "ﬁ@uamn of an
The |igati ogxégenbts ggggﬁgcht}qgtoqhgv&“mre i ntroduced, separately, into
transformati on- conpetent E. coli DH5[err] cel s (purchaged from

€] bcoBRL Gai t helsiansggneMZn émgeuwm@eneswhlch V\fbucmcmmdueed thes ¢thd pendnigyof hrhost cell
manuf turer transf or i cells were ted

DT at ed3cont BTAEIG? BEERT B ANreGH TR HecHpor I B U CRo BT gt pgnd the ike, i
37[err]C. By 1 Q28 b i he R 8! %cBABat the trait t
anpicillin- r;eﬁsheg{egw ?E)%él es |ann I g‘éLt ntg tﬁ[gd%lr eselg)c%ee“&?l a fgco?rtbtl ﬁarrla1 or traits
plasm d i n pheluced bg tlaf expasshion of dre\transgene is inherited by tHOpiogehab £the mansfotmed a&dl.

harboring the clgned 5.0 and 7.0 kb EcqRI fragnments that con
cryET29 gene sequdA@sgeninCell; /ay b?'hgaﬂe“-d EHTECRRERf egn\ﬂeveS??wg* cell or defived

transferredg ragel | T, I
simply pl amxtr(l)gqh 2 éfarn (s: K't ﬁ] tegrye%%w 1r£r'fsg§mc B ﬁ&?@ogggg daﬁh%ﬁ”?%()%rfeom .
Cor p. ,20Bedf eaflsfoivigd qslz{mcﬂellyamh phmieuiaf dehe suEh awplesf, [rbon) stgnr el .asoesatic cells, or
containing the transforned col onies. Wen the filter is slowy peeled off

of the pl at &Rrpductive (germyselbyotiained from a sansgenit plangr gi ving an exact

ol s Trom cach’ dgiBrgenar BT 4 Bikot REPoEHD.Reieht S8y fomee BriFmepia et o

37[err] C Wi blotoplast, whe@sihOhe plag DM ANoAinsT B 1ﬁiradtﬁ:%d8é>©géﬂikﬁm BINX afloletule not
4[err]C until needed. The nitrocellulose filters wth the

t r ansf er r ed otiginsHy enscsget & @ mativeIneveitansgalio plant plitheugamasirgineskhe terms "transgenic
LB- a cilli g " oS @ nd al | owed grow.at. 37[err]1 C unti|

reachdd a sPRECG ?n%ps?*&?fnﬁfieqﬁ Ty Bomel s, besrisB iRne’ Sri°hd ol Pbls It o
the DNA fr Ogbf DN/‘Ecorﬁﬁth af %kég}n@ﬁg ENtmﬁlofHCMLOQ-%\]véUe?si?lsf thb&%ﬁ more
the 20 ter were aced col ony-side up, on 2 sheets of Watman

Chr paper ( ¥¢iahtifigully correct forvie et mahlregaiermmnm ekl obtaifeddfran d) trasfdeadtd plant
with 0.5 NNaOH, 1.5 M NaC_ for 15 mn. This treatnent |yses the
cell's and déﬁ’épupeéoﬂlhﬁé ap eweagéenmwlwrﬁbthatu%e will bg fallpwadcherein.

ni trocel Lul 0se Tiv @l ATNA bRES\BpR BE RoRRUld Bl 2Rk 201 RAAE 9 Wi anotter

filters, colony- SI de up, Az'“ paper soa

M NH-mcet afpN A Qefréend dﬂﬁ@e"ob%txwy MnRed 34185 ol Brin@rabodtreplicatidBof thetichédse@thent.
in 3X SSC, air dried, and baked f 1 hr at 80[érr]Cin a vacuumoven to
prepare A plasmid is an exemplary vet.tor



t hem for hybyj di [.oN. The NH[err]-term nal ol %ﬁ i de
specific foré‘{@gﬁgé%]ETw gene, wd270, was | abel ed at th];e ébg}r%z%\t/’m th

[err]-[err] P and T4 pol ynucl eoti de ki nase as9descri bed above. The | abel ed

pr obe was added to the filters in 3X SSC, 0.1% SDS, 10X

Denhardt's s.eageRkaMPLES0 BSA, 0.2% 30 pol yvi nyl pyrrol i done, 0.2%
ficoll), 0.2 ng/nl heparin and incubated overnight at 45[err]C These

condi tions were ¢hedeHowingaexamples isra dncledddotp eemppwrateipeefemed embodiments of the

o b9Emue! ok Rt [ohBUEEe wprrons BIBBETAIE Ty HFubl e LAARS I R84
I%g{r/lagg;/ 17%]8 7cxamp]cs which follow represent techniques discovered by the inventor to t:un%ti7on_ well in
i ncubafi on thberidticearfthevimventios,had thos sew deadonsileredas cohstidXe Fpeferred ModebFor its
at 45[err]C. The filters were blotted dry and exposed to Kodak )

X- OVAT AR xpragtice; | Hawersisthasmofhakdhin thenaraplould, in'light ofiheinsescat displysure, appreciate

i gh - i gkt ni ) . . .
Sever sl col WAl 2eny e v malt Bl e PEREL embOdhg e 3raesir g ang it obtain
m xes descr4 fiRéor fimilar aﬁ@%«e\)imwbaépah@dr;rﬁxg tME it anld RS Be 6P MVRRLVE! €

identified by lining up the signals on autoradiogramw th the

colonies on the original transformation plates. The isol ated col oni es

wer e en grown in LB-anpicillin liquid mediumfr whi ch the cells could

be haﬁ&est el angEXAMPLE 1~ i'ﬂﬁ&%l%&ﬁ”&“ﬁfv@ﬁ%&ﬁ”@ t he standard

al kal i ne-1ysis munipre rocedure (described in Mani at |,s (et. al ..,

T982) . The' & sol SCE BRLSHIRES REFeoPORE et Kpdiesherces BePRERCRbIedr 5 g abroad.

EcoRl 10  tyhRal¢ediRistRadef fatilities! TREArdY dbiBAhSIcO weRHOAM NOHBIL R hgdriRates
I” of the h 0 kb

expected size. ybridi zing plasm ds fromboth the 5.
and 7.0 kb todsslatcuintiveds! Badilbdveymxpdonies as idesribad éDonovan et al., 1 PaYehli40%his a

T 11 ot OV Aba i GO e SO e e Db dHg e P OB BRIARL Pisn fontrast
Y I8 E 70 achBE v nsed 1o ARG Il M Gohbidg) of A BEEal colonies from

ki nase. EcaRls dropdusntBhef dodonyt desigifatddneGROMecqtasised eisdosporeshnd oy stallthekibclusions

i nserts hybri di zed to the@arobe confirm ng the presence of the )
cryET29 gerfd drimnidissmorpholegynfesemoriae short needles. ¢ hae grray mAfdelagmids Ragiye gogstrain
i nsert contwkhhd}d: LYET29 gene was desi gnhated pEGL298. EcoRl
fragnents f%ﬁ%\?ggﬂ%lﬁ‘t’%@ six plasmds containing 7.0 kb inserts

hybri di zed to thmsgdtobassay of thizOWiid-fipagBt Meumkgemns auain tdeereytel2 thageinehad
on those fragments. One of the plasmds with the 20 7.0 kb insert

cont a2thi ng insesticidpEactdvityeagaingh danves iof vatasgtepGnEe@s. including Southern cormheotworm,
coli strain containin EG 8 has been desi ted EGL15 EGL1513

Gopost ted WESPD REPARRE . AroHR RO EIPeif (o BOGpedE: S aPREFSE REFHE. EG4096
Regi onal RegeA&Hbits insecticidkﬁ&?i"vﬂ%Q%Xinﬁt”%)of% cepegnber 18, 1996. and
given the Accession No. NRRL B-21624. The E. coli strain containing
PEG 1299 has beeGhatesterzaiiondofEEG2094 dncl@ded the analyst. 6f cryR4ApRItEnGproduced by the
DETERM NATI ON. OF THE DNA SEQUENCE OF THE CRJET29 GENE . A
partial DNAUSEY,duHER S&Wﬂ&% dhe: CHURE SR FERrersign ofnthe pgsae195gdipgsthe crystal
det er$ ned : 0 [LOw : 1 igde : (e Lat :
seque%gci ng pﬁ?%:énédﬁlﬁlgg h?ggﬁgner%gelgmeﬁé @?ﬁgﬁg %%%Q&E%?%%%W%E%@%Pyﬁewdd ype
doubl e str aadidagpd agrai fecombitant &. DNAiNEEsAC expTpdsinghthd dloneddcHETQ9 toxin(Gengewas
Plasmd Kit (Q agen Inc.. Chatsworth, CA) foll ow ng manufacturer's

pr ocedur es detRamined. sequenci ng reactions were perforned using the
Sequenase[err] Version 2.0 DNA Sequencing Kit (United States

Bi ochem cal / Amersham Life Science Inc.. Ceveland, OH) follow ng

5.2 EXAMPLE 2 -~ NATIVE PLASMIDS OF B. THURINGIENSIS STRAIN EG4096

30 The complement of native plasmids contained within isolated B. rhuringiensis EG4096
was determined by modified Eckhardt agarose gel electrophoresis as described by Gonzalez et

al., (1982). The pattern of native plasmids did not correspond to patterns of typical known



WD 98/ 13497

PCTI US97117W 0813497 PCT/US97/E7507
manuf acturer's procedures and using 35S-dAdP as the | abeling isotope
(obt ai ned from Du Pont NEN err] Research Products, Boston, M).

Denat ur i ”Qex%%rse{t‘%ﬂi 2019d9)€ THRaAAnBASIHESre 5.0, 7.2, pQH‘ cﬂctﬁeﬁ’) 39,
c 2% Vv u [ '?he W@

(wt./vol.) acryl'am ) uréa seduenci ng ge re

exposed 80 and ]100 Mgdak X- OVAT AR X-ray film (Eastman Kodak Corrpany
Rochester, NY) overni ght at 5 room tenperature. The
NH err]-term nal specific oligonucleotide wl270 was used as the initial

o dan ds. et o aRpTErcRi APy Pl MRS AR o7 near

| denty cal | coDiRsyge |, S%;S&X'?J HIMP BBl %or&lg‘t%r* R@hﬁ&?rgfm wifol) I5idAhdirient

EG4096. The entire uence

pl asm ds wasth10.5% (worel. ?tgﬁxéostsnognrvhgzﬂp@ged@lm XIHSBOL bﬁ@hlﬂb@ﬁ(woz)z, 0.5 mM
Successi ve ol | gonucl eoti des to be used for prim ng sequenci ng

r eact i ons Mg8@,, désiMrddCl &mM§eS@deenduc¢gda§esta BGPCtdInengmducbtls sltureogrew to

reactions. In this way th nci ng progressed al gng hoth, the top and
bot t om st SHHgNRY phase, SP°F"ﬁ%“"‘é PQ%%Z?S relgasing the piptein ipclugippsinto the medium.

The DNA s : S

dont i cal I GEreS wetE bEEQRY 6 el LRl F hhdkdab Pk Srne pelle
cryHIR9 gens washednprd seldtioh ob06005% Tntonnl)C-IIQO)Q? i 2lesM EMAthdilge@n&iﬁl@ed The
codon. The CryET29 protein (SEQ ID NOmg1 as deduced fromthe -

sequence, washed pelictovaspepuspanded aicanggenintthe griginaliivelume abP 08V riransX- 1(90 2
26. 194 dal tm Dat abase searches were then conducted to
determ ne™ LAdeduced amino acid sequence of the CryET29 protein

shares identityopkhn pRiBiR Wi @GS BBE mao.;tp%l'dgsoryﬁﬁpesﬁk;ﬁ:lnL%noﬁ)hﬁ{cuggmg the
i nsecticidal toxin prot el ns. Database searches using on-line servers were

per f or med suspehsibhen solubilizaBoADTFfep{0d s avh TAs-HHdhpil &0, 2%. (WiIE0D) squtiwui didey!

The. B astulEa (ShSS. siar ol arerermesnabUNgs (el Ebeerh, Sndih o b malets!
dat abase Ga1s1ge B ko ot CYHOUOHIERIBRSY R LARSIA! E0RS e S0S-PAGE

Swi ssPr ot ate + our proteins int

dat abases Wt&xﬂed"ﬁﬁhbfxat&ﬁh the pmcam/wsnegmdahzmw CdexntdsicyBtilliant Blue R-(ZISQ Efhifing.
These included the dipteran toxin CytB (55%identity; Koni and Ell
1993) ; t hdhis analysig ghavse: batthe damrerrssal RIRIcH piesgnt iazporyatedenliures OR/E%O%Q is

ool Pun PP R S ROALESE This pavel PRAIN addelighdlel @PETRYL IO P

mor ragssoni  di ptiy AfrtHepXhdradtérze’Qoy B9 tHeyNHEa¢ R4l chntihod atid s’k:aaer)ce &Qhe protein

WO 98/ 13497 )
PCT/ US97/ Wasatetermined. A sporulated culture of EG4096 was washed and resuspended. The_sugpension

5.7 EXANVPLE < PRESSI ON OF THE,CL CRYET29 GENE .

7o char actESS iz ing s pr B0 S ege BRI tog g E rorertrenier SREBAGE gralysis.
express t hgmer elcclroph@*e@ﬁeﬂ*eCﬂrMéﬁgw&%nﬁadsfhrﬁd {o" & 'BiBRALE PV ISF GRérhBrahf abllawing
negative for crystal proteins (Cry[err]). The cl oned EcoRl

f ragment s smdmmenm:pﬁmm@ums Afftas ransfer, thet membrang yrisdinged Burin didaQnnd

cI orfed geﬂéhecf?nt ,I‘X%do glack Iorwrs{a?r%orqsmm (Stngrlﬁ elx'n?g\aﬁllr& té.'t L oug ﬁlﬁ?) he tfilter

was destained 1 min in 5% acetic acid and then rinsed in 3 changes of dH,O. The portion of the
filter containing the approximately 25-kDa protein band was excised with a razor blade. This
procedure resulted in a pure form of CryET29 being obtained as a protein blotted onto a PVDF
membrane (BioRad, Hercules, CA).

30 The determination of the NH,-terminal amino acid sequence of the purified CryET29

protein immobilized on the membrane was performed in the Department of Physiology at the



pFGL298 and re digested with EcCoRl to renove the cloned 5 kb and

7 kb W%ﬁ!;é ')rll\?s respectively. The digested plasm ds V\%?'QUF%’%Wed
on an agarose gel and the desired f-eagments were purified from gel
slices using the GeneC ean procedure of Bio 101, Inc. (Vista, CA) .

The fragmentTafyevieditdl Suhod!, BRRY MA! sind Khfdad Butddhated Mh%saég/réaueﬁlﬂmcedures
shuttle vector that 10 had been di gested with EcoRl and treated wi't

bact eri al a]ThaNH}etephm@bMtlmWaslﬂetcsmmedltebc vect or pEGL297 had

been constructed by li,gajing the 3 f £ of the Bacillus
PNN101 (Norton et af .. 58% %nt%o Rldel Fglgs# d{ %gegé pEG 1 297 is capable
of replication i MetPhePheAsr@@BhaIElemneuamdlaBPrd;?mnSen@penstcs mndo conf er s

BTt huPl ngi ensi s COPRBNE BT 807 A R des I WG s orbee e oHermina
col i DH5[ er gdaudfce of &Rl Coylmd Rﬁiﬂﬁfa%i‘%ﬁtahﬁﬁ‘o a&m%&ﬁ%g@f@g@ﬁu%&% crystal

nanufacturers (G bco-BRL,” Gait hersburg,

prepared f rpxrme&mppéwh]chtthanwbnmmam swandincbrling the isequenbesydfeal BB alkysingiensis crystal
was perfornmed to confirmthe proper construction. The plasm d consisting of

t he 5-kb EcBAgteins which hms&gﬁ%ﬁyblaheémgwlﬁmbmtm .xms@apmaipgmnmsphcanons or

1 agnont - of SREE gt o T dhe sBRATREMEE whpse sormeRipridn dpecriimed slpne vith

PEGL303 andth@%@lx%@%fb@ﬁ]@caﬁ@ﬁﬁﬁ:b@’n)&n’IBbfeQﬂuced into a Cy[err] B.
t huringi ensis strain, G10368, by el ectroporation (Macal uso and

Mettus, 1991). Cells transforrred to tetra’EymLEﬂe resi stance were
sel ect ed by incubae#on over ni ght b L%eg\‘g g ﬁ es containing 10 %err g/m
Tet . One TebP] BITRINGUINSH CRY SALERQTRINS DESGRIRED 1y THEAI TERAEURE] f or
further an YD mormant strar n W&Sﬁ?—(ﬂm
B- 21583) a%ﬁeco‘n@?ﬁgnt strain EGL1502 co%t al ns eere pEG1303

EG11494 andChHGheP2 were grown in C2 sporuljagipTAmd] 260.%aiap7ni Nng 10

[err]g/mM tetracycline for 3 days at 30[err]C until sporulation and
cel | Iy5| s GadAdbrurred. M croscopic DNet &rdQ%al idon of the sporul at ed
cul tures de rated that the reconbinant sStrajr e pr oduci ng
snmal | crystgfoqumg i ncl usi ons. These crystapz ?&Mq he crystals produced
by the 30 cCryiW | d-type strain EGI096, indjgati 1@915t1€}§1t 15R¢6£8YEI29 gene in
each reconbi nant was a functional gene capable of directing the
expressi on @fylthe CryET29 protein. Nucl AciddBe9814:8290

PCT/ US97/ 17

The sporul aé’éféct?ul tures of EGL1494 and EGLABR2 L. %’F(}‘ési%&ﬂ}a‘y“n
centrifugatgd washed, and resuspe 0 {ton X-100[err]
in one-tent%&?ht(a )OI’I gi nal vol une. The Ng?ldAb%?(? ?g/(g%%l nin the
suspensi onCwd® charact eri zed by SDS- PAGE Rnél ¥8ids Rekli c$155435/eal ed the
production of an approxi mately 25-kDa prot ei nra%y bot h EGL1494 and EG11502.
The 25- kDa GS’)’ proteins produced by the rBREMAIBAAtAZtrains are identi cal
in size as rmned by mgration on B S. ge ) e crystal
protei n of 8 The am)un'{' 0 petrf)oi;()l rllgg’b%?ée?%‘}égont ained in a
particul ar Gene e was quantified for insecfFggs, 293:25-pg oassays by SDS- PAGE.
The Coomassi e stai ned SDS- PAGE gel was scanned on a densitonmeter and
conpar ed wi€mVa standard curve generated bWQ 8¥dBa6%H known anpunts of a 10

protein, SLE:h 28s bovi ne serum al bum n, on }*}ﬁofsi’z‘gmg%z-ssx-sm

Cry2B J. Bacteriol., 171:965-974

Cry2C FEMS Microbiol. Lert.. 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.S.5.378,625



5.8 EXAMPLE 8 -- TOXICI TY OF CRYET29 TO SOUTHERN CORN ROOTWORM LARVAE
The toxicitwdses/s@tt hern corn rootworm (SCRW | arvae (D abr otiCFAIS97/17507
undeci nmpunct at a howardi) was determned for wld-type B.

t huri ngi ensis EG4096 and for the two reconbi nant 15 strains expressing
the CryET29 protein EGI1494

and EGL150@ryséalPrgteinn in C2 nedi um at 30PenreeeriRgferengey s ynti|
spor ul at i ep—apd—ee = e =t e Gu eSS TRTSEs
centrifugatfoly, washed twice in | g .

X-100, andm §%|<spended in 1/10 the origi Nn@ene, 110:131-132l ture vol une on

0. 005% Triton X-100. For conparison, a reconbinant B. thuringiensis 20
strain, EQIaM35, expressing the col eopt er duct dxids Res.ol 27h9%Cr y3Bb ( Donovan

et al., 1992). was grown and harve d.in the same nmanner.
SCRW | ar vaeryfd e bi oassayed via surface cghﬁaﬁd&nhgtgl on of an artificial diet
simlar to Marrone et al. (1985), hu g fogk L1 n. Each
bi oassay cGFPé“iCst ed of eight serial aqueou?‘ Baé%;lxcmgl%?gt@? I)gﬁé wi th aliquots
applied to bm)surface of the diet. After jt Bgerehidiiand:4¢an, @ggeous 0. 005% 25
Triton X—lS [err] solution) had dried, first instar |arvae were placed on
the di et a@eyd ncubated at 28[ er r ] CMoted. Migra. vo12E-VEE wer e t est ed
per dose. Mortality was scored after 7 da Be%@?iﬁ érom replicated
bi oassays B | ed for probit analysi sx’? 8 70) with nortality being
corrected é%?nm rol death, the control lw?rg/py—,lgyent only (Abbot, 1925).
Results ar eported as the anount of CryET29 crystal protein per
well (175 pwxin of diet surface) resultiUnBacreriah 178[5d0¢357 30 t he
concentration killing 50% of the test insects. 95% confidence intervals are
al so repor Cet0kD (Tabl e 5). J. Bactexjgl. 935489577
PCT/ US97/ 1750, 2402 - 71 -
TABLE 5 CHAITES | NSECTI ¢ DAL AT 91 P83 THE CRVET29 PROTEI N TO
SCRW LARVAEy517 Sanpl e J Gen. Mi&hensg:sgdeerrTg
protein/well}. ' 95%C. I. EG4096 35.3
29- 43 Crya7A0211494 EPf 356,553 Bl 20- 30
EG11502 26. 7 22- 32
EGL11535 ( C7afsBy8ORFI 17. 8 WO 9421795 14 53
The resul t%&gg\.}@mj{p? Tabl e 5 denonstrate tWeafod/herger YET29 protein has
significant activity on larvae of the southern corn rootworm The
CryET29 pr @ivaBdsbyokhe two recort¥iOn2d{218¥r ai ns. EGL11494 and
EGL1502, al so exhihbit significant toxicit

Crybtpgsi208. ° O Yepd 382 566V

Crybtpgs 1245 EPO 382 990

Crybts02618A WO 94/05771

CryBuibui WO 93/03154

CryET4 U. 8. 5,322,687

CryETS U. S. 5,322,687

CryGei87 EPO 238,441

CryHDS511 U. 8. 5,286,486

CryHD867 U. S. 6,286,486

CrylPL U. S. 5,231,008

CryMITS JP 6000084

CryPS17A WO 92/19739

CryPS17B 1. S. 5,350,576 and 5,424.410

CryPl6 WO 95/00639



activity of ‘LB%I%%FTZQ protein produced in EGL1494 and EGllSQ%ThﬁgzlgggyWat
0 .

| ower than hat seen for the Cry3Bb protein, although ' the
confidence intervals do overlap slightly, -65- i ndicating that the

di fference nmay not be significant. 10 5.9 EXAWPLE 9 -- TOXICITY
OF CRYET29 ',.‘:, 3 5 CORN ROOTWORM CAR Source or Reference e toxl cl ty to
western corn_rootworm (WCRW |arvae (Diabrotica virgifera virgifera)

was det er miCrgR18 or wild-type B. thuringi en¥Os93G396 and for the two
reconbi nant_ s i ns expressing the T rotein, EG 1 1494 and EG
11502. 15 Cry%(’a The sanples were pr ep‘gbg /é(?@ t he bi oassays perforned

essenti al | yg&?%%ﬁ%rl bed for the S%%‘?f%(ﬁga l_l;@rgr’)‘iﬁ,ﬁ.ot ‘rll'ge

wi | d-type giensis strain EG961, whi produces
Col eoptera $4031 Cry3Bb protein, was indlBlghiimgghe assay as a positive
control (Table 6). TABLE 6
| NSECTI CI DRryPS#3B/I TY OF THE CRYET29 PROTEVR BHEERW LARVAE Sanmpl e
L t ei n/ wel | 95% C. I . €7}
elerrl (Teppgspegtel nvell) %% C ! woomstiaaErd Bé3Phs |, 4
7-110 1E§% 4 8. 4-19
EG11502 Cry 8¢8 13.9 W0 93715206 9-29 20
The resul t €ryps52aldl e 6 denonstrate that t e yFED297protein has significant
activity on | arvae of the WCRW Furthernore, the activity of the
CryFT29 pr 64YR¥&BHy the reconbi nant WO 92/19739p 98/ 13497
PCT/ US97/ 1 - 72 -
strains E Olsz?%gaﬁl]d EGL1502 have signifi céﬁtﬁ'?’%‘tgﬂgr activity (i.e., |ower
L err]s) chass7ihgs prot ei n producedybygsihsgaol eopt er an-active B.
thuringiensi's strain EG409696 1. 5.10 EXAMPLE 10 - TOXICITY OF
CRYET29 TOCORIIWDO POTATO BEETLE LARVAE WO 94/16079 The toxicity to
Col orado pqtato etle (CPB) (Leptinotars ecenlineata) |arvae was
determ ned&"@?sqlﬁg wi | d-type B. thuringi eﬁé?% 35%%8#% EG4096 and for the
reconbi nan R~ expressing the rotein, EG 11494. The
r econbi nantbrgﬁs;ilﬁ"EG?%l, whi ch expresseshg(yga??ld)t he Cry3Bb protein, was
grown for guymp8sas of conparison. EPQ 401 9Fhe assay on CPB | arvae
was performed using simlar techniques to_the SCRWassay, 10 except for
the substi CXREHIBf Bi 0Serve' s #9380 i nseVOM3éH46thi t h potato flakes added)
for the  crypsgiim2 U. S.5.273,746

Cryps81f U. S. 5,045,469

Cryps8igg U. 8. 5,273,746

Cryps81rrl EPO 401 979

Cryps86Al 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 CryET29 protein was not found to be homologous to

any of the known B. thuringiensis crystal proteins identified in Table 4.

5.4 EXAMPLE 4 -- ISOLATION OF A DNA FRAGMENT COMPRISING THE B. THURINGIENSIS
5 EG4096 crYET29 GENE

In order to identify the gene encoding the CryET29 protein, an oligonucleotide probe

specific for the NH,-terminal amino acid sequence of the protein was designed. Using codons



artificial diet. Mrtality was scored at three days instead of seven days.

For this asuapsi1597 i nsects were used per dose (Table 7PCT/US97/17507
TABLE 7 PERCENT MORTALITY OF CPB {4ARVAE TREATED W TH

CRYET29- PRODUCI NG STRAI NS Dose in [err] g/ well EG4096

53%45194 typxc@l)?g)und 1n%?%f?urzr£g1e%%‘8?%ﬁn genes, an %ﬁ%g of 35 nu?g:otides was @r]hg'g:gized by
100 Inééra@cd DNA Technologles IiIxQO(Coralwlle IA) and dethﬁzﬁed wd270. 31510 scquencc of
100 93 15 The results shown in Table

denonst r atvedX7Bds:i nsecti ci dal activity of the CryET29 prote| n on CPB
| arvae. 5.11 EXAMPLE 11-TOXICITY OF B. THURI NGI ENSI S EG4096 TO
RED FLOUR BEETL%E- ATGTTTTTTAATAGAGTAATTACATTAACAGTA?_CAQ\/A 2’(5) Toxi ci ty

of EGI096 to r %dﬁé&me@qsﬁéx&a tvaw@waﬂbécb@é b Protesnt SUUEREN) IR Suiiidsfs des@tbed

by appl yi ng a washed and concentrated sporul ated culture of EG4096
to an art ibelosw & idkintify addNA restrictiom|ftagment comtemling tl'aeu:u/ETISégehmnToﬂabDWbmas
Si xteen larvae were treated in ev\g’gs manner and th rcent

mor t al i ty exdacted oz BG4096 hyuth RB’“‘E_HFQFS fer oYeasiptivero¢lls erecomepended in a

check, 1 Pyt ERR0R 38 R UBIE"SS ik JRIPCEGrt § o} 18 mREEBHA. A0k bR

si gni fi canysozymet | Mhe i shspenion @as)\MdmbMticdn 33°C Heki 6A¢d ihye Pélléwing incubation, the
subl et hal dose of an active toxin. The larvae in the untreated check showed
no slth stsuspensign was extracted with ap\®qe@/ dumg of phenol, one time with an equal volume of

PCT/ US97/ 17507 73 -
These resAEROLFHIRTAETILisea Y]t 2leRbeh o 450HR2n HdhaBRSSs YHE @,Pyl':e'ﬁf@l p?’%f“gﬁc of

IC]S: tBOXITﬁuﬁmré?%Ngr '%O?&lozé%%é) %g 'NE%EA es precipitdied iR Boéars Jia LACRQ\)/’At\EF'e

The toxi ciadgition dfaprreath belatiee3 (M Bpdiuat uestateRapn b avohapesnof a)0%eethanol.  The
determ ned for B. thuringi ensis EG1096, whi ch produces the Cry E‘I&Z
pr ot ei n. presapigaterd PO m@lﬂgcwgebyecentmugatmn washed with 70% ethanol and resuspended in

15 dH,O.

The extracted DNA was then digested, in scparate reactions, with various restriction
endonucleases, including EcoRl. The digested DNA was size fractionated by electrophoresis
through an 0.8% agarosc gel in 1X TBE overnight at 2 V/em. The fractionated DNA fragments
were transferred to an Immobilon-NC nitrocellulose filter (Millipore Corp., Bedford, MA)

20 according to the method of Southern (1975). DNA was fixed to the filter by baking at 80°C in a
vacuum oven.

To identify the DNA fragment(s) containing the sequence encoding the NH,-terminus of
the CryET29 protein (see Example 3) the oligonucleotide wd270 was radioactively labeled at
the 5’ ends and used as a hybridization probe. To radioactively label the probe. | to 5 pmoles

25 wd270 was added to a reaction containing [7-321’] ATP (3 ul of 3,000 Ci/mmole at 10 mCi/m! in
a 20 pl reaction volume), 2 10X reaction buffer (700 mM Tris-HCI, pH 7.8, 100 mM MgCl,, 50
mM DTT), and 10 units T4 polynucleotide kinase (Promega Corporation, Madison, WI). The
reaction was incubated 20 minutes at 37 °C to allow the transfer of the radioactive phosphate to
the 5’ end of the oligonucleotide, thus making it useful as a hybridization probe.

30 The labeled probe was then incubated with the nitrocellulose filter overnight at 45°C in
3X SSC, 0.1% SDS, 10X Denhardt's reagent (0.2% BSA, 0.2% polyvinylpyrrolidone, 0.2%

ficoll), 0.2 mg/ml heparin. Following incubation the filter was washed in several changes of 3X



prepared fro P and concentrated sporul ated cul tures of EC—‘P{E_OI%
anount of W n&'g%‘/’ETZQ protein present in the sanple was determ%gggt@g

SDS- PAGE and quantitative 10 densitonetryé5of t he Coonmassie stained gels.
The freeze-dried powders were resuspended in a diluent containing 0.005%
Triton X-  SSC, 0.1%@0)$ar45°andlhenfilerpoasaileted dityceand@poiedad Kuwdak X-OMAT AR X-ray
(50-60[err]Q) liquid artificial diet (based_on the insect _diet

descri bed bﬁlma@sm%ésqdalﬂ{%orﬁpwUthéwe NY) evwraighy as oV 9§ Mith a Dreflont Cronex
di shes, and,. . 9- di aneter plugs of the solidified diet were placed
into 5/8 our{“é%htﬂfnérﬁ?%ggﬂﬁ s. One JB 15 | arva was i ntroduced per cup

whi ch were then criee[geled prabé stdﬂﬁHQHE\?Aa@e@Wit%5{h%rﬁilrg%élg{logeoﬁft%{e%ich was then
days before larval nortality was scored. abl'e 8 shows the

aver ages of vesshéd and exposéduo Xepl fikato obtainadn duderabiiogamsay usi ng 20

| arvae per replicatiaon. The dosages_ were based on the amunt of CryET29
protein in the Examinatigngfdhe putoradigeramridentified wiadistinc EeeRlreswristipnfiagments, of

TN G v OF EPBERT SRS Bbtte! fsply bybridized o th labelg Biier probe. This

%%Eng ( ppsult indicated that strain EG4096 either%dﬁ%h&igiﬁd’ closely related, or identical, %c%es of
ppm

ppm the cryET29 gene, both of which hybridize toaBe wd270 oligonucleotide. 1000 ppm
92 2000 ppm 96
The rellil ts shown in Table 8 denonstrate that the CryET29 protein produced

by 09 | gni ¢y | bCi 1M V. 25

5. 13 Emwﬁgalsf%i}%?ﬁ % 7 G5 ORI R R E@Eé’?ﬁﬁwgﬁﬁ%\%‘mﬁ

The toxicity to Iy waeu®fthd B9 aad 7.0 &flobidec@Y SROR A6%icti6h IFagn¥®s containing the
determ ned for B. thuringiensis E®096. which produces the CryET2
protein. Freodd-2drgend, totavgenamiaddNA was isolated from s\WiindB5E4E088 described in Example 4,

PCT/ US97/ 17507 . , . . 74,
prepared fronfiaSAckasdigestesh vith FooRd and slscnonhergsed threnebs B8%Eagmots, 13, EBE gel,

amounty s0f  oyerniohPlaY %T%%Fgrogggr%; (ﬁ;er,%ﬁg?%i %é? ik sxﬁiﬁ@@'@hﬂg@ﬁggﬁ@ﬁgmm@ Wihat the

e
SDS- PAGE. assay an ano
freeze-dri edigested@®NAawnuhbl be nigudlizey wifen exposed toToyd=hae pNOlight @elsslizexeshtaining
with I gramf dried bovine blood result]j na in a concentration of 5
0

1000 ppm THVAvilRagmeats Ris2Rpne ity Oithanst 1ok Wersrexgised droam thepgs veigh 2 epr plade
o a5 et s ) Shabds St THe b0 W g b1S0, M BERE 8 8 o
flea larva 8@s13aMEEDTA EEHh THRI HNANfrEd S wehedlu@8 VRIS thaidi Rlides ihtb RBAE buffer
20 by placing the dialysis bags in a horizontal electrophoresis apparatus filled with 1X TBE and
applying 100 V for 2 hr. This results in the DNA fragments migrating out of the gel slice into
the TE buffer. The TE buffer containing the eluted fragments was then phenol:chloroform

extracted and ethano] precipitated.
To create a library in E. coli of the two sets of size selected EcoRl restriction fragments
25 (approximately 5.0 and 7.0 kb), the fragments were ligated into the cloning vector pUC18
(Yanisch-Perron. er al., 1985). The plasmid DNA vector pUC18 can replicate at a high copy
number in E. coli and carries the gene for resistance to the antibiotic ampicillin, which may be
used as a selectable marker. The two sets of fragments were mixed, in separate reactions, with
EcoRI-digested pUCI8 that had been treated with bacterial alkaline phosphatase (GibcoBRL,
30 Gaithersburg. MD) to remove the 5’ phosphates trom the digested plasmid to prevent re-ligation
of the vector to itself. T4 ligase and a ligation buffer (Promega Corporation. Madison, WI) were

added to the reaction containing the digested pl!C'18 and the size-selected £coRI fragments.



kept at high humdity. The assays were then scored after seven da
The assay i sWPBH%ed in this manner using a powder of EG098CHE sP'Hb7507

sanpl e and the 10 results are shown in Tghle 9. Thirty-two | arvae were
assayed at each dose. Percent nortality was scored after 1, 4, and 7
days. t r

E205, msfﬁl}gée 3\52:9% ﬁg&?g%tgg taf: gdr#ﬁ gﬁ?ﬁergﬂxeesfo IthoRf 95'UfGw Ind RSLRioR a%eﬂ dation of the
TABLE 9 EcoRI fragments into the pUCl’B@ébﬁlrm&F EGA096 TO FI RST | NSTAR CAT FLEA
LARVAE %
Mortality The ligation; migtures describeg pboveowengppdroduced, separately,Batp transformation-
g_ 2D§y competent I%Dc%z DHSa™ cclls (pu%g_éla.%gtsfrom GibcoBRI., ﬁé_:%a'gg%)urg, MD) following
éggg 9 65 procedures%eé&r(i)%ed by the manufact%flerfm%e transformed E. &3 %e'i’ljs_ were plated on LB agar
87.50 plates contaﬁﬁ@S@ ug/ml ampicillin ah@QA¢hbated overnight at 3#C40Both transformations
93. 75 100. 00 EG2205 No toxin

3.10 ylelded apprgxigaately 300 ampicillin-resisignt addonies indicating the pra¥eace efsatecembinant

shown in Ta no te th t fhe CryET29 protein produced by Bacillus
t huri ngi ensq r’é‘ar‘ﬁ%ﬁ: ‘E@&@gg" EX %’?ygnl ficant insecticidal activity on | arvae

of the cat flea, g isolate tk@&i&ﬁ%drﬁ?g%hé%idn@dSOand?Okb EcoRI Tﬁagmealswr&eﬁﬁm
of the activity of the CryET29 toxin on cat fleas |arvae was

denond@ r at ele bsry&EF32ygamg e¢dquenceasattiel trassfohmed rigl emimcmlomwcvarelﬁlat tcan;sﬁambl to
proteins in the mann descri bed above. | es cont aj ni hg spore
and cryst al@trﬁféﬁ”é“‘%sés{]éﬂsf r i rWRSo AdsORphished; P)&|5H§SR’ placing gcirgular filter (Mllllpore

Chur 15 DRSS B a1 0L AL 8 P B v e

of these otdmmmhgaﬁearamfsfdmaecaollcmneial When the ﬁltéi‘sisaéloﬁfyobed:léﬁ @ENGH tiy plate thc
descrl bed by Hofte et al., (1989). For a detailed description of the Cry3

t oxi riloniesestigk 19 thefiltanieivng an weqt makcapf the pasteshof solpgies Imm the original

SPpC(.Ia.;:I %;?H%ﬁgn%og% QLA fr(r)]r%reealcﬁ' colony are left on the pY\Qe ?h /t %314967hr of growth at 37°%wxll
x@yzofeeﬁxerc%mees NPRE pRtest 26 8Rnt Kok 2t AFOWRE] ARl OXIIHe! didodINBIE filters

the | arvae of the cat flea i ndi cating that the CryET29 toxin
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nitrocellulose filter. The filters were then neutralized by placing the filters, colony-side up. on 2

sheets of Whatman paper soaked with 1 M NH,-acetate, 0.02 M NaOH for 10 min. The filters

25 were then rinsed in 3X SSC, air dried, and baked for 1 hr at 80°C in a vacuum oven to prepare
them for hybridization.

The NH,-terminal oligonucleotide specific for the cryET29 gene, wd270, was labeled at

the 5 end with y-°P and T4 polynucleotide kinase as described above. The labeled probe was

added to the filters in 3X SSC, 0.1% SDS, 10X Denhardt's reagent (0.2% BSA, 0.2%

30 polyvinylpyrrolidone, 0.2% ficoll), 0.2 mg/m] heparin and incubated overnight at 45°C. These

conditions were chosen to allow hybridization of the labeled oligonuclieotide to related

sequences present on the nitrocellulose blots of the transformed E£. coli colonies. Following
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Pat. Appl P&J transferred \t/\bl)n?t?oc%ﬁul%sé as described above. The blot was then hybridized with the
oligonucleotide, wd270, that had been radioactively labeled at the S end’with v-32P and T4
15 polynucleotidc kinase. EcoRI fragments from two of the five plasmids containing 5.0 kb inserts
hybridized to the probe confirming the presence of the cryET29 gene on those fragments. One
of the plasmids with the 5.0 insert containing the ¢cryET29 gene was designated pEG1298.
EcoRI fragments from five of the six plasmids containing 7.0 kb inserts hybridized to the probe
confirming the presence of the cryET29 gene on those fragments. One of the plasmids with the
20 7.0 kb insert containing the cryET29 gene was designated pEG1299.
The E. coli strain containing pEG1298 has been designated EG11513. EG11513 was
deposited with the Agricultural Research Culture Collection, Northern Regional Research

Laboratory (NRRL) on September 18, 1996. and given the Accession No. NRRL B-21624. The
E. coli strain containing pEG1299 has been designated EG11514.

25
5.6 EXAMPLE 6 - DETERMINATION OF THE DNA SEQUENCE OF THE CRYET29 GENE
A partial DNA sequence of the genes cloned on pEG1298 and pEG1299 was determined
following established dideoxy chain-termination DNA sequencing procedures (Sanger et al.,
1977). Preparation of the double stranded plasmid template DNA was accomplished using a
30 Qiagen Plasmid Kit (Qiagen Inc.. Chatsworth, CA) following manufacturer's procedures. The

sequencing reactions were performed using the Sequenase™ Version 2.0 DNA Sequencing Kit

(United States Biochemical/Amersham Life Science Inc.. Cleveland, OH) following
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of the CryET29 protein shares identity with other characterized proteins, especially other

20 insecticidal toxin proteins. Database searches using on-line servers were performed with the
BLASTP program (Altschul et al., 1990) provided by the National Center for Biotcchnology
Information (Bethesda, MD). The BLASTP scarches were run with the BLOSUM62 matrix.
The searched database consisted of non-redundant GenBank CDS translations + PDB +
SwissProt + SPupdate + PIR.

25 Only four proteins in these databases were identified with any significant identity to
CryET29. These included the dipteran toxin CytB (55% identity; Koni and Ellar, 1993); the
coleopteran/dipteran toxin CytA (44.2% identity: Ward et al, 1984); the dipteran toxin
PS2017T6 (41.1% identity; Intl. Pat. Appl. Publ. No. WO 95/02693) and the 27-kDa Bacillus

thuringiensis morrissoni dipteran toxin (44.2% identity: Earp and Ellar, 1987).
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20 pEG1302 and pEG1303 were separately introduced into a Cry~ B. thuringiensis strain,
EG10368, by electroporation (Macaluso and Mettus, 1991). Cells transformed to tetracycline
resistance were selected by incubation overnight on LB agar plates containing 10 pg/ml Tet.
One Tet® colony from each transformation was selected for further analysis. Recombinant strain
EG11494 contains pEG1302 (NRRL B-21583) and recombinant strain EG11502 contains

25 pEG1303.

EG11494 and EG11502 were grown in C2 sporulation medium containing 10 pg/ml
tetracycline for 3 days at 30°C until sporulation and cell lysis had occurred. Microscopic
examination of the sporulated cultures demonstrated that the recombinant strains were
producing small crystalline inclusions. These crystals resemble the crystals produced by the

30 wild-type strain EG4096, indicating that the ¢rvET29 gene in each recombinant was a functional

gene capable of directing the expression of the CryET29 protein.
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culture volume on 0.005% Triton X-100®. For comparison, a recombinant B. thuringiensis

20 strain, EG11535, expressing the coleopteran-toxic protein Cry3Bb (Donovan ef al., 1992). was
grown and harvested in the same manner.

SCRW larvae were bioassayed via surface contamination of an artificial diet similar to

Marrone et al. (1985). but without formalin. Each bioassay consisted of eight serial aqueous

dilutions with aliquots applied to the surface of the diet. After the diluent (an aqucous 0.005%

25 Triton X-100® sotution) had dried, first instar larvae were placed on the dict and incubated at

28°C. Thirty-two larvac were tested per dose. Mortality was scored after 7 days. Data from

replicated bioassays were pooled for probit analysis (Daum, 1970) with mortality being

corrected for control death, the control being diluent only (Abbot, 1925). Results are reported as

the amount of CryET29 crystal protein per well (175 mm® of diet surface) resulting in an LCqp.

30 the concentration killing 50% of the test insects. 95% confidence intervals are also reported

(Table 5).
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PCT/ US97/ 17507 The toxicity to western corn rootworm (WCRW) larvae (Diabrotica virgifera gngifera)

was determined for wild-type B. thuringiensis EG4096 and for the two recombinant strains
expressing the CryET29 protein, EG11494 and EG11502.
15 The samples were prepared and the bioassays performed essentially as described for the
SCRW assays in Example 8. The wild-type B. thuringiensis strain EG4961, which produces
the Coleopteran-active Cry3Bb protein, was included in the assay as a positive control (Table 6).
TABLE 6

INSECTICIDAL ACTIVITY OF THE CRYET29 PROTEIN TO SCRW LARVAE

Sample LCsp (ng protein/well) 95% C.L
EG4961 (Cry3Bb) 73.8 44-211
EG4096 12.9 7-110
EG11494 8.7 4-19
EG11502 13.9 9-29

20
The results in Table 6 demonstrate that the CryET29 protein has significant activity on

larvae of the WCRW. Furthermore, the activity of the CryET29 produced by the recombinant
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10 except for the substitution of BioServe’s #9380 insect diet (with potato flakes added) for the
artificial diet. Mortality was scored at three days instead of seven days. For this assay 16
insects werc used per dosc (Table 7).

TABLE 7

PERCENT MORTALITY OF CPB LARVAE TREATED WITH CRYET29-PR06UCING STRAINS

Dose in pg/well EG4096 EG11494 EG7231 (Cry3Bb)
4.375 100 68.75
8.75 100 - 75
9.375 100
17.5 100 75
35 100 93
15 The results shown in Table 7 demonstrate the insecticidal activity of the CryET29

protein on CPB larvae.

5.11 EXAMPLE 11 — TOXICITY OF B. THURINGIENSIS EG4096 1O RED FLOUR BEETLE
LARVAE

20 Toxicity of EG4096 to red flour beetle larvae (7ribolium castaneum) was determined by
applying a washed and concentrated sporulated culture of E(G4096 to an artificial diet and
allowing the larvac to feed on the diet. Sixteen larvac were treated in this manner and the
percent mortality was scored after two weeks. lLarvae treated with the EG4096 suspension
exhibited 44% mortality compared to 13% for the untreated check. In addition the surviving

25 larvae treated with EG4096 exhibited significant stunting in their growth which is indicative of a

sublcthal dose of an active toxin. The larvae in the untreated check showed no such stunting.
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4 (3 v) COVPUTER REBE¥HIFL AR (A) MEDI UM TYPE: Fl oppy di sk

(B) COVPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS The toxicityDlp E@ETBAAIEethﬂEb)nlar\raeRé’lopﬁﬁe Jdtdorca) WeassderermiteB Cor B.
(EPO (vi) PRI OR_APPLI CATI ON DATA (A) APPL| CATI ON NUMBER:

US 08/ 721, 2%kuringiensis EG"(()@}S» mprhigharosiees the @EﬁIiZ@QHmem Frpgyeadrieds powders were

FS-II:-/OLRJ’I\SA%CT'{ &%gﬂﬁr&golnb \Kﬁheti:and concem.(zln)ad ﬂm& %ﬁa d‘é%l%??é? The amount of

(A) LENGTH (G9B8TR@Srofti fresent in the sample was determined by SDS-PAGE and quantitative
10 densitometry of the Coomassie stained gels.

The freeze-dried powders were resuspended in a diluent containing 6.005% Triton X-
100® and incorporated into 100 m! of hot {(50-60°C) liquid artificial diet (based on the insect
diet described by Ladd (1986). The mixtures were allowed to solidify in Petri dishes. and
19-mm diameter plugs of the solidified diet were placed into 5/8 ounce "f)l;stic cups. One JB

15 larva was introduced per cup which were then covered with a lid and held at 25°C for fourteen
days before larval mortality was scored.

Table 8 shows the average of results from two replications of the bioassay using 20
larvae per replication. The dosages were based on the amount of CryET29 protein in the
sample. Percent mortality was corrected according to Abbott (1925).

20 TABLE 8

Toxicity oF EG4096 TO JAPANESE BEETLE LARVAE

Amount CryET29 (ppm) % Mortality
250 ppm 9
500 ppm 69
1000 ppm 92
2000 ppm 96

The results shown in Table 8 demonstrate that the CryET29 protein produced by

EGA4096 has significant insecticidal activity on JB larvae.

25 5.13 EXAMPLE 13 — TOXICITY OF B. THURINGIENSIS EG4096 TO CAT FLEA LARVAE

The toxicity to larvae of the cat flea (Crenocephalides felis) was determined for B.

thuringiensis EG4096. which produces the CryET29 protein. Freeze-dried powders were
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GCT ATT ACA AAT ACA TTCA AAT CTA AAT TCG CAA GAA Al 384
Al a || @vapeorsd afieh}, 4opad Ty ash B stpringrengs stregnthey 4965991 moduceawxm Protein,
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Ser Tyr Tyr 130 Th3RE 9 140 TAT AAT
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Leu Phe Ala |le G rTGWEITY OF BGH096 TodIRSTINSTWR CAEFLEABARVAE

ATT AGT GTA GAT ATT GAA AAA GAA 528 Al a ?ﬁriﬁﬂé@"go lle Ala Phe

Ile Ser—Vak(ARp T1€ EYETEY (bhM) 1 Day 4 Day 7 Day
EG4096 500 6.25 15.60 15.60
EG4096 1000 9.40 34.40 43.75
EG4096 5000 46.90 78.10 87.50
EG4096 10000 84.40 93.75 100.00
EG2205 No toxin 3.10 15.60 15.60

15
The results shown in Table 9 demonstrate that the CryET29 protein produced by Bucillus

thuringiensis strain EG4096 has significant insccticidal activity on larvac of the cat flea,
Ctenocephalides felis.

The uniqueness of the activity of the CryET29 toxin on cat fleas larvac was

20 demonstrated by assaying other Bacillus thuringiensis insecticidal crystal proteins in the manner

described above. Samples containing spores and crystals were tested from recombinant strains

of B. thuringiensis expressing the following toxin proteins: CrvlAa, CrylAb, CrylAc. Cny2S,

Cry3A, Cry3B, Cry3B2, and Cry3B3. The characteristics of these other classes of insecticidal

crystal protein genes are described by Hofte et al., (1989). For a detailed description of the Cry3

25 toxins. see U. S. Patent 5.187.091 and U. S. Patent 5.264.364. specifically incorporated herein
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4 \bg§y¥ﬂyye”9th 23. The nucleic acid_segneg?rgh@@gégpne

of clains 19 conprising a sequence region th

least a 5 first polypeptide of from8hbout 15 to about 200 ani no ac-
ids in | ength. 24. The nucleic acid segnment of any one of clains 19
to 23, WeissbachcmapVessaghaMedde fice?lnmgViok culnaBidogn dass. )ﬁAcé@ﬁﬁ& Peess, 1.,
first polypeptldﬁghb abo t %g%%anlno acids in |ength. 25. The

nucl eic acid seg of clains 19 to 24, conprising a

sequence re I first pol ypeptide
conpri si ng ?)h%g%g% g’g,'gq\gle geo%%aﬁ 15%8% seq 1D NO 2. 26

The . nucl ei cwatf & g caoRpL. @;Bplaawsana(gflwm regglo to 25, wher ei n
sai d sequence region conprising at |east 22 con- ti guous

nucl eobi desWongni EosindiNeunkant B., fBkctricdield Biedidted Sdhe transfer, SBR ki NGophysoRes.
t He- conpl emrent t her eof e nucleic acid segnent of any one of
clains 19 to 26, Bom”’“"' ]07(2)/\?1%‘*"@% lggg-d sequence regi on conprising at |east

30 con- Yamada ettJI.QW&H? ngqéeﬁgt‘ﬂggqg%_om position 29 to position 721 of
‘ Yang et al., Proc. Natl. Acad, Sci. USA, 87:4144-48, 1990,
Yanisch-Perron et al., Gene, 33:103, 1985.
10 Zatloukal, L., Wagner, E., Cotten, M., Phillips, S., Plank, C., Steinlein, P., Curiel, D.T., and
Bimnstiel, M.L., "Transferrinfection: a highly efficient way to express géne constructs in
eukaryotic cells," Ann. N.Y. Acad. Sci.. 660:136-153, 1992.
Zhou et al., Methods in Enzymology, 101:433, 1983.



. : ) 28. Th cleic
25 S%?B%N%é, or -t he conpl enent t hereof 8 e nu [

aci d segment ne of claims 19 to 27, wher ei PEHPEP74&Wence
region conprises at |east 50 con- -821iguous nucl eotides from
positions 29 to position 721 of 30 SEQ I D No:1, or the conpl enent
thereof. 7 = SEQUENCE LISTING _ 5 29. The
nucl ei ¢ acid segnent of any one of clains 19 to 28, wherein said
sequence region conprises at |east 100 con- ti guous nucl eoti des
fromposition 29 to position 721 of SEQ ID NO 1, or the

conpl enent (i)jheeeedar. 1hrormaTzoN30. The nucleic acid segnent of any one of
clainms 19 to 29, wherei n said sequence region conprises the
sequence from (i) appLIcANTGSition 29 to position 721 of SEQ ID NO 1, or the
com pl enant NAMEer BGJGEN, 1fNC. 31. The nucleic acid segnent of

any one of clains 1®)tSrr3BT: 2005 Cabot Bhdeeard wastl sequence region is
operably linked to (&€ pfIEY: Langhorne noter that expresses said sequence in a
transforned host (D) STATE:CRdrnsylvidmia 32. An isolated nucleic acid

segnent characteri Z&ll @¥INTRY: USA
(F) POSTAL CODE (ZIP): 19047-3023

(A) NAME: Mark J. Rupar

(B) STREET: 42 Sturbridge Drive
{C) CITY: Wilmington

(D) STATE: DE

(E) COUNTRY: USA

(F) POSTAL CODE (ZIP): 19810

(A) NAME: William P. Donovan
(B) STREET: 36 Calicobush Rd.
{C) CITY: Levittown

(D) STATE: PA

{E} COUNTRY: USA

({F)}) POSTAL CODE (ZIP): 19057

(A} NAME: Tan Yuping

(B} STREET: 34188 O'Neil Terrace
(C) CITY: Fremont

(D} STATE: CA

{E) COUNTRY: USA

(F) POSTAL CODE (ZIP): 94555

{A) NAME: Annette C. Slaney

{B) STREET: 4 Donmoore Court South
{C) CITY: Hamilton Square

{D) STATE: NJ

(E) COUNTRY: USA

(F) POSTAL CODE (ZIP): 0B690

(ii) TITLE OF INVENTION: BACILLUS THURINGIENSIS CryET29 COMPOSITIONS
TOXIC TO COLECPTERAN INSECTS AND CTENOCEPHALIDES SPP.

(iii) NUMBER OF SEQUENCES: 4

(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 (EPQ)

{vi) PRIOR APPLICATION DATA:
({A) APPLICATION NUMBER: US 08/721,259
(B) FILING DATE: 09-SEP-1996



(a) a nucl eivgogf,yggﬁegrrent conprising a sequence region PCT/US9T/1750F hat

consists of at l[east 22 contiguous nucl eotides 20 t hat have the
same sequence as, or are conplenentary -83- to, 22 contiguous
nucl eotides of SEQ ID NO 1 (b) a nucleic acid segnment of from
about 22 t ¢2hFAFPRMATION FOR SEQ IDI§OO(W nucl eotides in | ength that

hybri di zes to the 25 nucl ei c acid segment of SEQ ID NG 1; or
the conpl e- (1) SEQUENCE CHRAR{ éT%‘bsf under hybridi zati on conditions
conpri s- (A) LEN as 1o S‘E ‘At ration of from about 0.02 to
about ‘2)0 erature of from about 20[err] Cto
about (e 1 33. The nucleic acid segnent of
claim32, furt her dg%)l ne mear conpri sing a sequence region that
consi sts of at g 6

about 22 contlgu us, gesc hat have the same se- guence
as, or are conpl eme;ﬁ[5 st about 22 conti guous

nucl eoti des of SEQ %ﬁﬁwa{ 5% 34. The nucleic acid segment of claim

32, further defd;negRBnce pEscrIpTIONO SO $b .3, hucl ei ¢ acid segnment of from

about 22 to about 10, 000 nucleotldes in length that hybridizes

to the ATG TTC TTT AAT CGC GTT ATT ACA TTA ACA GTA CCA TCT TCA GAT GTG 48

Met Phe Phe Asn Arg Val Ile Thr Leu Thr Val Pro Ser Ser Asp Val
1 S 10 15

GTT AAT TAT AGT GAA ATT TAT CAG GTA GCT CCA CAA TAT GTG AAT CAA- 96

val Asn Tyr Ser Glu Ile Tyr Gln Val Ala Pro Gln Tyr Val Asn Gln
20 25 30

GCT CTT ACG CTA GCT AAA TAT TTC CAA GGA GCA ATT GAT GGT TCA ACA 144

Ala Leu Thr Leu Ala Lys Tyr Phe Gln Gly Ala Ile Asp Gly Ser Thr
35 40 45

TTA CGT TTT GAT TTT GAA AAA GCC TTA CAA ATT GCA AAT GAT ATT CCA 192

Leu Arg Phe Asp Phe Glu Lys Ala Leu Gln Ile Ala Asn Asp Ile Pro
50 55 60

CAG GCA GCA GTG GTA AAC ACT TTA AAT CAA ACT GTG CAG CAA GGT ACA 240
Gln Ala Ala Val Val Asn Thr Leu Asn Gln Thr Val Gln Gln Gly Thr
65 70 75 80

GTC CAA GTA TCA GTG ATG ATA GAC AAG ATT GTA GAC ATT ATG AAG AAT 288
Val Gln Val Ser Val Met Ile Asp Lys Ile Val Asp Ile Met Lys Asn

85 g0 95

GTA TTA TCT ATT GTA ATT GAT AAC AAA AAG TTT TGG GAT CAG GTA ACA 336

Val Leu Ser Ile Val Ile Asp Asn Lys Lys Phe Trp Asp Gln Val Thr
100 108 110

GCT GCT ATT ACA AAT ACA TTC ACA AAT CTA AAT TCG CAA GAA AGC GAA 384

Ala Ala Ile Thr Asn Thr Phe Thr Asn Leu Asn Ser Gln Glu Ser Glu
115 120 125

CGA TGG ATT TTT TAT TAC AAA GAA GAT GCA CAT AAA ACT AGT TAC TAT 432

Arg Trp Ile Phe Tyr Tyr Lys Glu Asp Ala His Lys Thr Ser Tyr Tyr
130 135 140

TAT AAT ATC TTA TTT GCT ATA CAG GAT GAG GAA ACA GGT GGG GTA ATG 480
Tyr Asn Ile Leu Phe Ala Ile Gln Asp Glu Glu Thr Gly Gly Val Met
145 150 155 160

GCG ACA TTA CCG ATT GCA TTT GAT ATT AGT GTA GAT ATT GAA AAA GAA 528

Ala Thr Leu Pro Ile Ala Phe Asp Ile Ser Val Asp Ile Glu Lys Glu
165 170 17%



nucl eic acid segnent of SEQ ID NO 1, or .the conpl enent t her eof

under st andaw® $¥13497di zati on conditions. 10 35. The nudICaAYESIHETE7
segnent of any one of clainms 19 to 34, .g4. Characterized as DNA.

36. A polypeptide in accordance with any one of clains 1 to 15 -6, or
a conposi ti QRs i ArAEERMAANEER Wbt M@NYaPRRTcChLRA TRt TAT Geo GTT7Ailp_ 13, B a
nucl ei ¢ aci d,segienl, igheaG:00RHANGE Wd RsBMhr clu asn Tyr &0E W @_ﬁﬁ' ms 19 to
35, for use in the pregaration of a 185 medi cameRgyfor killing an

i nsect . 20 37. A polypeptide in accordance with any one of clains 1 to

6, or a conpesiddnOBct MTRCAGY efNeEaWtAA caRYcNeaRfrce! BédTeca TaT Tca 7 1 &233,
or a nucl ei ganGiyd ARgNMRBtAdcNvaro@idenceelwifdu 8Dy ser ser arg Biresef clainms 19

to 35, for use in tLie preparati on otom medsasanent for killing a
cat flea. 25 38. A nucleic acid segnent in accordance with any one of
clainms 19 t aa85%TIf OTA UBE GAIT e AMAEPRE ZCAOIGTOLA@ TTRACSE AGA ARA AGA (enidr2
pl ant . 30Lys 381 YaVe@cporlac @hpriysi ex tPlre AngcHes Ceacrxb segmant Asf any one
of clainms 19 t®185. 215 220 7 40.
The vector of claim39, characterized as a plasm d, cos- md,
bacul ovi r us CADFReATRITCEr AGT ABF AICTchr onpsone, yeast 693
His Lys Ile Cys Ser Asn Ser
225 230

{2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 231 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii1) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Phe Phe Asn Arg Val Ile Thr Leu Thr Val Pro Ser Ser Asp Val
1 S 10 15

val Asn Tyr Ser Glu Ile Tyr Gln Val Ala Pro Gln Tyr Val Asn Gln
20 25 30

Ala Leu Thr Leu Ala Lys Tyr Phe Gln Gly Ala Ile Asp Gly Ser Thr
35 40 45

Leu Arg Phe Asp Phe Glu Lys Ala Leu Gln Ile Ala Asn Asp Ile Pro
SO 55 60

Gln Ala Ala Val val Asn Thr Leu Asn Gln Thr Val Gln Gln Gly Thr
65 70 75 80

Val Gln Val Ser Val Met Ile Asp Lys Ile Val Asp Ile Met Lys Asn
85 90 95

Val Leu Ser Ile Vval Ile Asp Asn Lys Lys Phe Trp Asp Gln Val Thr
100 105 110

Ala Ala Ile Thr Asn Thr Phe Thr Asn Leu Asn Ser Gln Glu Ser Glu
115 120 125

Arg Trp Ile Phe Tyr Tyr Lys Glu Asp Ala His Lys Thr Ser Tyr Tyr
130 135 140

Tyr Asn Ile Leu Phe Ala Ile Gln Asp Glu Glu Thr Gly Gly val Met
145 150 155 160



artificial chronpso or viral vector. 5 41. The vector o ' or
40, character‘Y‘ggﬂ%sél'g?a reconbi - nant virus, phage, o%cﬁ)ﬁ@gﬂn%%
42. The vector of any one of clainms 39 to 4B5-wherein said

sequence region is operably linked to a pronoter, said 10 pr onot er
expressi ng s8ia d’segererfce Ieghda dhe pspdieessaivdl Asp Ile Gluphysypepti de.

43. A virus conprising th&smucleic acid seghent of any one 1fs

claims 19 to 35. 15 44. A transformed host cell conprising the

nucl ei ¢ aci 8yséfgdl Leu Phe Val Fpntllef Lympspnthofle|mionByxldlaova35Tht he vect or
of any one 3®0clainms 39 to 42850r the virus oft®el ai m 43. 20
45. The host cell of claim 44, characterized as a prokaryotic

cell. val fgs ¥l Hshsc¥prl B Elmitdpsevflasercher A58tz E88F as a bac-
terial cell. 25 %5 47 The host?®®l|l of any one ®5clains 44 to 46,
character- ized as_an Agr obacterium sgp. , an Escherichia spp., a
Ba- Lys Val| Va1 &3B. AMlapPhe pSeditfo fERaRr % fips ;g%‘l fro Argdlys ABd The host

cell of any oné™3f clains 44 to %7, character- ized as an A
t umef aci ens_cel |, E ell, a B. sub- tilis cell, a B.
LYSO?].

...coli g
negat eri um g?il %Q ¥® ?Eﬁugﬁugl%nsi s

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 15 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS:
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
Met Phe Phe Asn Arg Val Ile Thr Leu Thr Val Pro Ser Ser Asp
1 5 10 15
(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

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

ATGTTTTTTA ATAGAGTAAT TACATTAACA GTAC : 34



8 cell, such as a B. thuringiensis NRRL B-21582 or a B.

t huri ngi ensi ewo¥shb493- 21583 cel | . 49. The host cell of ecausestsor
characterized as a eukaryotic 5 cel | 50. The host cell of

clai m 49, charac @gghggqaa&eak@lamdt ceII 8- 51 The host cell of claim

49 or 50, charact barley, alfalfa, oats, rye,
soybean, wheat, c DE - acco t omat o, potato,

pasture grass, tur vegetabale ornanmental, nut, berry,

citrus, or fruit tree cell. 15 52. The host cell of any one
of clains 4f to Ap.isdided ﬂﬁi;ﬁfnﬁed Bacillus thuringRSlsia S rgE T dysislGirbeih.  Soybean,
wheat or grass cell. . The host cell of any one of clains 44 to
52, mhereln sai d nuclelc acid segnent is introduced into said

ceII means of a,vect . The hast cell
of cl agms 4% to Ehe PrateaR aqcﬁfdg%wc?mml COmPfISlﬂsJ?]eanenae?l S%‘B’g’ﬁ%‘rﬂfj S@? b 2.

I ntroduced into said cell by nmeans of a plasm d vector. 25
55. The host cell of any one of clains 44 to 54, wherein said

host cell expresaassslated and ufified EeyETZegyRal proteip hevltg énsecticidal activignagainst the
I nsectici dal pol ypeptide.

southern corn rootworm, Diabrotica undecimpunctata howardi, the Colorado potato beetle,

Leptinotarsa decemlineata, the western corn rootworm, Diabrotica virgifera virgifera. the

10 Japanese beetle, Popillia japonica, the red flour beetle, Tribolium castaneum, or the cat

flea, Ctenocephalides felis.

4. The protein of claim 3, wherein said crystal protein is isolated from Bacillus thuringiensis

EG4096. EG11494, or EG11502.

15
5. The protein of claim 4, wherein said crystal protein is about 25-Da as determined by SDS-
PAGE. '
6. A purified nucleic acid segment encoding a B. thuringiensis CryET29 crystal protein.
20
7. The nucleic acid segment of claim 6. wherein said segment encodes a §-endotoxin having
insecticidal activity against the western corn rootworm. the southern corn rootworm, the
Colorado potato beetle, the Japanese beetle, the red flour beetle or the cat flea.
25 8. The nucleic acid segment of claim 6. further defined as encoding a protcin comprising the
amino acid sequence of SEQ ID NO:2.
9. The nucleic acid segment of claim 8. further defined as comprising the nucleic acid
sequence of SEQ 1D NO:1, or the complement thereof. or a sequence which hybridizes to
30 the sequence of SEQ ID NO:1.

10.  The nucleic acid segment of claim 8. further defined as an RNA segment.

SHEET HAS BEEN
[BH 0 T SRERLACED




56. T el or V|rus of any one of clains 43 to 5
V\/nerel n sai {}985835499 wthin a trans- PCTIUSYTITSOT
9 geni c pl a ll #‘ A nethod of preparing a pol ypetide,
conprising the steps (a) introducing into a
host cell a vector conpr|5|ng a nucl ei c acid segnent

encodi ng a pol ypepti de havi ng

| east fifteen contiguous

ani no aci ddlof = gemialgc R@dzegmem Compl’lsmgaB Hweingisrsis EElE8 seve-a pronot er ;

10 (b) culturing said host cell under conditions effective

to all ow expression of the encoded pol ypeptide; and (c)
collectingjibhe epppr QgIad Rp YOS & Eladin 921 Qnfifislng a1HvET29 gené&hatT&ﬁ‘:odes a
met hod of cI ai m57, wherein said pol ypepti de com prises the
sequersce of SEQprpbmd; that comprises5® lea¥te fiftesraminofacid eontigiois sequeBee ftbmrSEQ ID
said polypeptide is 20 encoded by a sequence region that conprises

at | east 22 NO:2.

10

15

20

25

30

13.

14.

15.

16.

17.

18.

19.

20.

21.

The nucleic acid segment of claim 12, comprising at least an eighteen basepair contiguous

nucleic acid sequence from SEQ ID NO:1.

The nucleic acid segment of claim 11, comprising a cryET29 geﬁe that encodes a

polypeptide of from about 15 to about 50 amino acids in length.

The nucleic acid segment of claim 14, comprising a cryET29- gene that encodes a

polypeptide of from about 15 to about 100 amino acids in length.

The nucleic acid segment of claim 15, comprising a ¢ryET29 gene that cncodes a

polypeptide of from about 15 to about 150 amino acids in length.

The nucleic acid segment of claim 16, comprising a c¢ryET29 gene that encodes a

polypeptide of from about 15 to about 200 amino acids in length.

The nucleic acid segment of claim 11, comprising a ¢ryE729 gene that encodes a

polypeptide of about 231 amino acids in length.
The nucleic acid segment of claim 11, further comprising a recombinant vector.

The nucleic acid segment of claim 11, further defined as recombinant vector pEG1298 or

pEG1299.

The nucleic acid segment of claim 11, wherein said nucleic acid is operatively linked to a

promoter, said promoter expressing the nucleic acid segment.

THIS SHEET HAS BEEN

) RO D | RepLAceD




conti guous nucl eotides fromposition 29 to position 721 SEQ
WO 9813387 ﬁﬂ%h@kmem%a&yj one of claims 57 to 59PCW§?7671“P"sa| d

I D NG 1.

25

i nsecti ci dal

10

pol ypepti de i sequenrge region that com
prisesfromposition2 mlE if{tai 21 of SEQ I D NO 1. 61. A
met hod for detecting a | equence encodi ng an

pol ypepti de, conprising the steps of: 30

22, ( @heQRERIUcDscgMRR of il 16 furthet defired ape EINl seimencodi ng
i nsecticidal polypeptide; (b) contacting said sanple nucleic
acids with the nucleic 5 acid segnent of any one of clains 19
to 35 under_con- ons ffe t.ive,to al p.br&dization of
Subst an- A recombinap et eIk SSHATBIRES PG B 8 sGeraET LR 4
(c) detecting the hybridized conpl enmentary nucl ei c acids 10 t hus
f or med. 62. The nethod of claim 61, wherein said pol ypeptide com
prises at bgast Thefreddmtsinam ibsteelof cdaimod3,ifonimrslefinel magqeokaryotic cell.

10

15

20

25

30

25.

26.

27.

28.

29.

30.

3L

32.

33.

The recombinant host cell of claim 24, further defined as a bacterial cell.

The recombinant host cell of claim 25, wherein said bacterial cell is an E. coli, B.

thuringiensis, B. subtilis, B. megaterium, or a Pseudomonas spp. cell.

The recombinant host cell of claim 26, wherein said bacterial cell is B. thuringiensis NRRL

B-21624, NRRL B-21582, or NRRL B-21583.

The recombinant host cell of claim 25, wherein said bacterial cell is £. coli EG11513 or

EG11514.

The recombinant host cell of claim 23, defined further as being a eukaryotic cell.

The recombinant host cell of claim 29, further defined as a plant cell.

The recombinant host cell of claim 30, wherein said plant cell is a corn, barley, alfalfa,
oats, rye, soybean, wheat, canola, cotton, tobacco, tomato. potato, pasture grass, turf grass,

vegetable, ornamental. nut, berry, citrus, or fruit tree ccll.

The recombinant host cell of claim 31 wherein said ccll is a corn, cotton, soybean, wheat or

grass cell.

The recombinant host cell of claim 23 wherein said DNA segment is introduced into the

cell by means of a recombinant vector.

REPLAGED

Iy



sequence from positi on 721 089 SEQ I D NO 1. 63. The

met hod of claim61l or 62, wher el n sal d nucleic acid segnment
conprises aglet @E@ﬁk@mbﬁﬁﬁﬂ hodfeet BeciBibd3 dvkeén sl host ceH %%Eér{ﬁ@bﬂé[ segment
nucl eic acids are detected by detecting sai d A
nucl ei c acid detm(prodm:elmGwE&ﬁ%prysiahgrotmmosmmldbl e con- t ai ner
means, a nucleic acid segnent according to any one 25 of claims 19 to
35, and a detection reagent. 65. A nethod for detecting an

| nsecti ci dai%pol YRE pécb?a% r{aﬂt st cell of clau% , ek d 5319@4)'%1‘2505%&1 g “peptide

st eps of: act I ng iol’ogi cal "sanpre  Sus

cont ai §- _ com6pnses aﬂeasaa ﬁlﬁesﬁ-ﬁﬁxirfd atid cd?ﬁ?ﬂ&?spieq&‘ﬂc%bﬁl SEQ mm@qdy ac-
cording to claim1l under conditions effective

to allow the formation of corrpl exes; and (b) detecting the
o i el oy The fecombinapg bt el oA S4-GHHeHEn Sy B TR Brotin or peptide i
therapeut i caI l y- encode:dCF)(ji a nr}xsucgefx{ g&% s¥§u¢fx’1@?9@ﬁx ﬂém?lapfgaylpﬁp&gﬁéeﬁ Q&gﬁ“ antéé?xous

any one of a co osItion accor
of cl ahutteid a¢id sdq@ienew frém BB HY DAL d segnent accordl ng to

10

from SEQ | naemngcxi ei.c acid sequence 15 .
conpri sing aWQ%‘é}Q@ | guous nucl ei ¢ aci d PCT/US7/17S0

37. A method of using a DNA segment that encodes an isolated CryE’I‘ZG; crystal protein or

peptide, comprising the steps of:

(a) preparing a recombinant vector in which a CryET29 crystal protein or peptide-
encoding DNA segment is positioned under the control of a'p'rgmoter;

15 (b) introducing said recombinant vector into a host cell;

(c) culturing said host cell under conditions effective to allow expression of the
encoded CryET29 crystal protein or peptide; and

(d) collecting said expressed CryET29 crystal protein or peptide.

20 38. The method of claim 37, wherein said recombinant vector is pEG1298, pEG1299.
pEG1302, or pEG1303.

39. An isolated nucleic acid segment characterized as:

(a) a nucleic acid segment comprising a sequence region that consists of at least 18

25 contiguous nucleotides that have the same sequence as, or are complementary to.
18 contiguous nucleotides of SEQ ID NO:1

(b) a nucleic acid segment of from about 18 to about 10.000 nucleotides in length that

hybridizes to the nucleic acid segment of SEQ ID NO:1; or the complement

thereof, under standard hybridization conditions.

THIS SHEET HAS BEEN
REPLACED

A,



10 - any one of cThaﬂ lacefy g pharnmaceutical 'y accept -
abl e exci piwotog/13497 ‘ ‘ od of clai m 66, wherein geraisanizet s
feline or gge nmet hod of claim66 or 67,
wherein said pol ypept | de or sal corrp03| tion i s adm ni st er ed

topically or stem - | 1y I 69. A

fertile, H?Oanségﬁ nuclsjceid Setgﬁ@“b@arfé%’ QH%I f’r’?ael?ﬂeggﬁ Compm‘“& a seqysnedregipd that
been altered t ! R
ool ypept i de co%p%@? r?g thlffﬁqu& tQ? c?)Em 1096 Mcleotides that ha\tzéﬂ'u@% Ssgrg%gagx%n& a5, O are

from SEQ | D NOcdmpldeendri té at [ast about 18 LOS@@R)UQQG&@MECQ‘BPS‘E@QDC}\I@Ilant
I nsecticidal resi st ance. 25 70. The transgenic plant of claim®69,

wherein said pol ypep- ti de conprises the sequence of SEQ I D NO 2.
71. The transg i C p a f clai 9 el n said, .30
boi yont i gt o hecnwhlett asi seestt O diigciou bt defied o fomprising 2 nucleip aid;srgrmept

| east 22 conti t f

5 3 At 8@@#??&2 365y {OP00GHARIeRliY ip length that hylyidizes,to the nucleic acid

plant of any ong xﬁénthﬁlsm 0 NO: 1710r the complementiifedif,N usider Cta@laydd apbridigation
i

encoded by a nucleic acid se- 5 guence conprising the sequence from
nucl eoti de 29 tconditions.

10 42. A method for detecting a nucleic acid sequence encoding a CryET29 crystal protein,
comprising the steps of:
(a) obtaining sample nucleic acids suspected of encoding a CryET29 crystal protein;
(b) contacﬁng said sample nucleic acids with an isolated nucleic acid segment
encoding a CryET29 crystal protein under conditioﬁsf é%fectivc to allow
15 hybridization of substantially complementary nucleic acids; and

(©) detecting the hybridized complementary nucleic acids thus formed.

43.  The method of claim 42, wherein said CryET29 crystal protein comprises at least a fifteen-
amino acid contiguous sequence from SEQ ID NO:2 or is encoded by a nucleic acid
20 sequence comprising at least an about eighteen-basepair contiguous nucleic acid sequence

of SEQ ID NO:1.

44.  The method of claim 42, wherein the isolated CryET29 crystal protein-encoding nucleic
acid segment comprises a detectable label and the hybridized complementary nucleic acids

25 are detected by detecting said label.

45. A nucleic acid detection kit comprising, in suitable container means, CryET29 crystal

protein-encoding nucleic acid segment and a detection reagent.

30 46. A composition comprising a CryET29 crystal protein that comprises an at least fifteen

amino-acid contiguous sequence from SEQ ID NO:2.
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cleotide 721 of SEQ N&Mij Shee‘HaSBee"R cedThe transgenic plant of any one of
claims 69 thV¢28’13497 l Isai d functional genetic eFf 717507
conprises a pro- 3" reghon operatively linked to said
gene. 74. A cel | obt ai ned fromthe transgenic plant of any one of
clains 69 73. e, t 0,
of cl ai e 49 The cgjﬁxggsn? 3n 9§blgfn9g§né'on?én§ﬁﬁ‘; anitxcﬁ@[{%astq{? ﬁ(?e?n il:g;tr?s%bsogge (fﬂ'gmo
havi ng t he NRRL agiddesgiequence from SEQ IDNOt®Rr NRRL B- 21582. 20 77. An
i nsecticidal polypeptide prepared by a process com prising the
st eps of (a) culturing a Bacillus thuringiensis NRRL B-21582
cel | L on ef f ect.l uce an li,nsecti ci dal
pol ypept i désconﬂf’lghne&eaé‘flg?‘g’d%’?t l}‘? ‘8€n&¢¥f&z#§§{}’8@§?m eint or peptide.” " 5 i g
acidssfrom SEQ ID NGO 2; and (b) obtaining said insecticidal
polLypeptide fromsaid 30 cell.

49. A method for detecting a CryET29 polypeptide in a biological sample, comprising the

steps of:

(a) obtaining a biological sample suspected of containing a CryET29 polypeptide;

(b) contacting said sample with an antibody that binds to a CryET29 polypeptide,
10 under conditions effective to allow the formation of complexes; and

(c) detecting the complexes so formed.

50. An immunodetection kit comprising. in suitable container means, an antibody that binds to
. 2

a CryET29 polypeptide, and an immunodetection reagent.

15
51. A method of treating flea infestation of an animal, comprising administering to said animal
a therapeutically-effective amount of a pharmaceutically-acceptable CryET29 composition.
52.  The method of claim 51, wherein said animal is feline or canine.
20
53. The method of claim 51, wherein said CryET29 composition is administered topically or
systemically to said animal.
54. A composition comprising a pharmaceutically-acceptable formulation of the CryET29
25 composition of claim 46.
55.  The composition of claim 54, further defired as a flea collar, flea powder, flea spray. or
flea dip.
30 56. A therapeutic kit comprising, in suitable container means. the composition of claim 54,

and a pharmaceutically acceptablc excipient.
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13 78. A net hodhigh Bednmgplaad | nsecti ci dal pol ypeptide com
prising: WwWO9813497 ( mml E Baci | l us thuringiensis NRRNUSITRING2

5 58. A fertile, transgenic plant, the genetic complement of which has been altered through
the addition of a gene that encodes a CryET29 polypeptide, wherein said gene confers

upon said plant a phenotypic trait that is not found in the parentage of said plant.

59.  The transgenic plant of claim 58, wherein said functional genetic element comprises a

10 cryET29 gene.

60.  Cells obtained from the transgenic plant of claim 58.

61. Progeny of the plant of claim 58.

IS5
62. Seeds from the progeny of claim 60.
63. The transgenic plant of claim 58, wherein said functional genetic element comprises a
promoter and 3' region operatively linked to said gene.
20

64. A Bucillus thuringiensis cell that produces a CryET29 crystal protein.
65. The cell of claim 64 , wherein said B. thuringiensis cell is an NRRI. B-21582 cell.

25 66. A Bacillus thuringiensis cell having the NRRI. accession number NRRL B-21582.

67. A composition comprising from about 1% to about 50% by weight of a CryET29 crystal

protein,

30 68. A composition comprising a CryET29 crystal protein prepared by a process comprising
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5 69.
70.

10
71.
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a) culturing a Bacillus thuringiensis NRRL B-21582 cell under conditions effective
to produce a CryET29 crystal protein; and
b) obtaining said CryET29 crystal protein from said cell.

The composition of claim 68, wherein step b further comprises obtaining said CryET29

crystal protein in an amount from between about 1% to about 50% by weight.

A method of preparing a CryET29 crystal protein comprising:

a) culturing a Bacillus thuringiensis NRRL B-21582 cell under conditions effective
to produce a CryET29 crystal protein; and

b) obtaining said CryET29 crystal protein from said cell.

The composition of claim 67, prepared by the method of claim 70.
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