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Novel Bawlddsmﬁsghurl ngl esni s -genes codi ng toxinss_acti vepawzoto
| epi dopt eran pests The present invention relates to novel ﬂjgnes

i solated fromBacillus thuringiensis var. kurstaki, to the proteins encoded
by the genes, reconbinant strains condrising at |east one of the novel

toxi n genes and entonoci dal conpositions containing at |east one of the
reconbi nant strains, as well as transgenic plants conprising at |east one

of t hNovedvBac1ldus rchyetvegiesnis henes osdiing2bdxiRSs aBepie bydinisbUTepddpgRaris
bel onpestiso the | arge group of gram positive, aerobic, endospore-formng

bacteria. Unlike other very closely rel ated species of Baci | l us such as B.
cereus or B. anthracis, the majority of the hitherto known Bacill us

t huringi ensi s species produce in the course of their sporulation a

par asporal inclusion body which, on account of its crystalline structure,
is generally referred to also as a crystalline body. This crystalline body
i s conposed of insecticidally active crystalline protoxin proteins, the

so-cal |l ed 8-Trm~ptesmimventﬁmmesmmwélrtoﬂn gehad isolated froms Basiusdl e for the
toxicit
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cryst aldompeisinacyt leasheme ditthe hovel eoxir gentsaa&alewmhdduat banpémﬁv‘sloaatammg ce of
St c ses the actual tqQxic co rel eased
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of pr otofalesovel toxir denediop thdlriderivatives! of the insects. The [err]endotoxins
of the various Bacillus thuringiensis strains are characterized by high-
specificity with respect to certain target insects, especially wth respect

to various Lammmnbafrg,enehlbemggtﬂh@@g&gwupromgtamﬁ-pamv@adrdm a high degree
A fu advant age i n_usjng 8-endotoxins .

f act t |
of Baci Saép o ing bAte.  Ginka@iner ver| Anselyrpleiadaperioe of BRAIE o M oss
to hunecsreusdr B animass the majortiFofans! hittie?d: knbivh BacliBs tirnglRHes spstied genetic

engi neerlglgﬁff,nd t he newlgosm bilities resulting fromit, the field of
Baci | | [0 ok thelr Rorylation a paraseerakinelpieion bosywhich, onragcountatpl e, it

i's knov drmaumwmm g gbharawmrfddﬂs afth c?é':ﬂﬁyﬁﬁlﬁﬁ@ﬁédwnﬂﬁs thadigge | nsect

toxin protein, which may account for a w spectrum of” i nsecfi CI
activi tlgpdgfts 9q>mgqse§tqf insasticidaljvactive crystalline protoxm proteins, the so-called &-

endotoxins. : .

These protein crystals are responsible for the toxicity to insects of Bacillus

. thuringiensis.' The &endotoxin'does not exhibit its insecticidal activity until after oral intake
of the crystalline body, when the latter is'diss'olved in the intestinal juice of the target
insects. In most cases the actual toxic component is released from the protoxin as a result
of proteolytic cleavage caused by the action of proteases from the dlgestlve tract of the
insects.

The 8-endotoxins of the various Bacillis thuringiensis strains are characterized by
high specificity with respect to c’ertaih target insects, especially with respect to various -
Lepidoptera, Coleoptera and Diptera larvae, and by a high degree of activity against these
larvae. A further advantage in usmg &endotoxlns of Bacillus thunng:ens:s resides in the
fact that the toxins are harmless to humans, other mammals, birds and fish.

_ With the introduction of genehc engineering and the new possibilities resulting from
it, the field of Bacillus thurmg:ens:s toxins has received a fresh lmpetus For example, it is
known that many naturally-occurrlng strains possess more than one insect toxin protein,
which may account for a wide spectrum of insecticidal activity of those strains. HOwevet.
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- wWtht Lldeky tO genetically transformBacillus it '?C'P@Qﬁ}oph? to
Create rﬁgﬁ?@%&gﬁt strains which nmay contain a chosen array of i1 nsect toxin
genes obtained by isolation and cloning fromnaturally-occurring sources.
Such reconbi nant strains can be nmade t.@ provi de whatever spectrum of

I nsecticidal activity mght be desired for a particular application, based

upon a know edge of the insecticidal activity of individual toxin proteins..
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an active to t h the
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. 8-endot os«mrlamtus'the‘ Gryl;protmns argdynically produced as $32:140 k& pmcmrzmtetnsdnhlch
- are proteolytically cleaved to produce active toxin proterns about 60-70 kDa The active
portion of the &endotoxrn resrdes in the NH_-terminal pomon of the full-length molecule.
Hofte and Whrteley, supra, classlﬁed the then known Cryl protelns mto six groups, 1A(a),
1A(b), IA(c), 1B, lC and ID. Slnce then. protems ctassrfred as CrylE CrylF CrylG CrylH and
CryIX have also been charactenzed

The spectrum of msectrcrdal actrvrty of an induvrdual &endotoxm from Bacillus

thuringiensis tends to be quite narrow, with a gwen 8-endotoxm belng active against only a
few insects, Specificity is the result of the eﬁlclency of the various steps involved in
producing an active toxin. protem and its subsequent abrhty to mteract with the eprthelral
cells in the insect digestive tract.

To be insecticidal, a 8-endotoxm must frrst be mgested by the insect, solubrlrzed and
in most cases proteolytically cleaved to form an active toxin. Once actrvated the &-
endotoxins bind to specific proteins present on the surface of the lnsect's ‘gut eplthehal cells
through the agency of a specific domain on the protem toxm In all cases exammed _
binding of the protein toxin to the msect gut occurs whenever there is toxrclty After blndlng.
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in particular, the present invention is drawn to novel toxin genes of the CrylE- type
obtainable from Bacillus thuringiensis var kurstaki, which toxin genes encode a CrylE-type
toxin protein which is active against Hefiothis species but does not exhibit an actwlty against
Spodaptera exigua. '

Each of the novel toxin genes encode a protein of approximately 130 kDa in size
and is active against Lepidopteran insects. The novel toxin genes have been given the
designation CrylE(c) [SEQ ID NO:1] and CrylE(d) [SEQ ID NO: 7]

: Hence, the present invention particularly relates to an isolated DNA
molecule encoding the toxin protein CrylE(c) and CrylE(d), respectively and having the
nucleotide sequence set forth in SEQ ID NO:1 and SEQ ID NO 7, respectively. Further
cbmprised is an isolated DNA molecule that has been truncated to encode the toxic core
fragment of the toxin protein CrylE(c) and CrylE(d), respectively.

Also included in the invention are the proteins produced by CrylE(c) [SEQ 1D NO:2]
and CrylE(d) [SEQ ID NO 8], respectively and/or the toxic core fragment of the said toxin
proteins.
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éritiodiing the toxin protein CrylE(c) and CrylE(d), respectively and/or an isolated DNA
molecule that has been truncated to encode the toxic core fragmeht of the said toxin
proteins, which DNA molecule has been optimized for expression in piants, but especially in
maize plants. | | - o | o

The invention_ further encompasses recombinant-gene_s and proteins possassing one
or more of the sub-sequences of the CrylE-type genes according to the invention,but -
especially to sub-sequences selected from the group consisting of Sub-Sequence A (SEQ
ID NO:3) and Sub-Sequence B (SEQ ID NO:4) obtainable from CrylE(c) or Sub-Sequence
A’ (SEQ ID NO:9) and Sub-Sequence B' (SEQ ID NO:10) obtainable from CrylE(d),
respectively, which confer activity against insects of the genus Hefiothis.

In particular, the invention relates to a recombinant DNA molecule comprising a DNA
molecule encoding a toxin protein of the CrylE type, which is active against Heliothis
species but does not exhibit an' activity against Spodoptera exigua, but especially a CrylE(c)
and CrylE(d) protein as given in SEQ ID NO: 2 and SEQ ID NO: 8, respectively. Ina .
preferred embodiment, the invention relates to a r"e'oombiuja’nt DNA molecule comprisinga
chimeric construct, wherein the DNA molecule encoding a toxin protein of the CrylE type
which is active against Hefiothis species but does not exhibit an activity against Spodoptera
exigua is under the control of expression sequences that are operable in microorganisms
and/or plants.
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The invention further enconpasses reconbi nant genes and proteins possessing

one or %5 s¢! Ne sub-sequences of the Cryl E-type genescEgaodebsid to the
i nventi on, but espeC| ally to sub-sequences selected fromthe group

consi sting of Sub-Sequence A (SEQ ID NO 3) and Sub-Sequence B (SEQ | D NO 4)
obtai nable from Cryl E(c) or Sub-Sequegce A" (SEQ ID NO 9) and Sub- Sequence
B° (SEQ ID NO 10) obtainable from Cryl E(d), respectively, which confer
activity against insects of the genus Heliothis. In particular, the
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suitable carrier.

In a preferred embodiment the invention relates to an entomocidal

composition comprising a recombinant rnicroorganism, but especially a recombinant

Bacillus thuringiensis strain, containing at least one of the novel toxin genes in recombinant

form or a derivative or mutant thereof.

Yet another aspect of the invention are plants transformed with at ieast one of the
novel toxin genes or active fragments thereof, particularly where the transforming
sequences have been optimized for expression in piants, but especially in maize plants.
" In particular, the invention relates to a transformed plant comprising a DNA molecule

encoding the toxin protein CrylE(c) and CrylE(d), respectively, or a combination thereof and

having the nucleotide sequence set forth in SEQ ID NO:1 and SEQ ID NO 7, respectively

and/or an isolated DNA molecule that has been truncated to encode the toxic core fragment

of the said toxin proteins.

The invention further relates to a transformed plant comprising a DNA molecule -
encoding a toxin protein wherein said toxin protein comprises a sequence selected from the
group consisting of Sub-Sequence A (SEQ ID NO:3), Sub-Sequence B (SEQ ID NO:4),



sequence selected fromthe group consisting of Sub-Sequence A (SEQ | D

NG 3), S 9§§ﬂkkence B (SEQ I D NO 4), Sub-Sequence A" (S

Sub- Sequencé (SEQID NG'1 0) and a conbination of Sub- equence A B, A
and B' wherein said toxin protein is active against Heliothis species, in
an insecticidally-effective amount togggher with a suitable carrier. In a
preferred enbodi nent the invention relates to an entonoci dal conposition
conprising a reconbi nant m croorganism but especially a.reconbi nant
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. toxin pr toxin protein conprises a sequence selected from
~ the grou%‘tgg‘ﬁg'pgf&% s?'%b Sequence ‘A (SEQ I'D"'NO 3);, Sub- Sequence B (SEQ

| D NO 4), InW2risiz AbSs, ﬁnvennon relates to a method.of producing an isolated DNA moiecule
1005 S ST SR Gl SO . 0 10 €
prot ei n tespectivelyevhicieis mnvq-m;m Hsliothis spécies bupdeésnotexthibit ahiactivityagainstnt i on
ar | ey SPedopiRra paBlle wiigh FRHE8 BBt c.n The i nventi o further relates
t o net ho@s - oisolatimgltotal Imlﬁainomwu.emuﬂhyie:vwmlkbswd;cor ding to the invention
o conc i BBl R AT P s T gL ecu £ ML e o
ol ecul e(chr eprabing tharsaid lierinbwitt & suifablesprobe moleeale; on as - wel | as met hods. for
produci n&) isolating a clone that hybridizes with the probe molecule; and
- {e) assaying the_ said clone for insecticidal activity.:
. The invention further relates to a method of producing an isolated protein molecule -
of the CrylE type, but especially of the CrylE(c) and CrylE(d) type, respectivély whichis
active against Heliothis species but does not exhibit an actmty against Spodoptera exigua,
which method comprises- : : : .
(a) transforming a suitable host organism with a reoomblnant DNA molecule .
comprising a chimeric construct, wherein the DNA molecule encoding a toxin protein of the . -
CrylE type which is acﬁve against Heliothis species but does not exhibit an activity against
Spodoptera exigua is under the control of expression sequences that are operable in the
said host organism; - . o
(b) - . growing the-so_ transformed host organism in a suitable medium; and
(c) isolating the recombinant protein product produced by the transfomred host organism -
upon expressnon of the toxln gene. o _ .
‘The invention further encompases a method of producmg a transgenic plant
comprising transforming the said plant with a recombinant DNA molecule comprisinga -
chimeric construct, wherein the DNA molecule encoding a toxin protein of the CrylE-type,
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Cryl E- moﬁm‘«ple accowirgblo 3ué igention in an insecticidally-effective amount with a suitable

PCT/ 1 B 413 7- but especially of the Cryl E(c). and Cryl E(d) type,.

respec ve 'y which is active against Heliothis species but does not exhibit

an acti vit ytaigca hetheSphjeictof thecinventign o previde desthadsdor protecting plants
against damage caused by insect pest comprising applying to the plant or the growing area
at least one of the novel toxin proteins according to the invention either directly or in form of
an entomocidal composition comprising at least one of the said proteins or a a recombinant
microorganism, but especially a recombinant Bacillus thuringiensis strain, containing at least
one of the novel toxin genes in recombinant form or a derivative or mutant thereof. In a
further embodiment, a transgenic plant according to the invention may be used in a method
of protecting plants against damage caused by an insect pest comprising planting a plant
according to the invention wit_hin an area where the said insect pest may occur.

The isolation and purification of the novel toxih genes of the present invention is
described at length in Example 1. According to the nomenclature scheme of Héfte and
Whiteley, Microbiol. Rev. 53: 242-255 (1989), the proteins encoded by the novel toxin
genes of the present invention would be classified as a CrylE-type, and is designated
herein as CrylE(c). The coding region of the novel toxin gene (SEQ ID NO:1) extends from
nucleotide base position 196 to position 3723. The protein produced by the novel toxin
gene CrylE(c) has the amino acid sequence disclosed as SEQ ID NO: 2, and is further
characterized in Example 5. |

The coding region of the novel toxin gene CrylE(d) (SEQ ID NO:7) extends from
nucleotide base position 1 to position 3528. The protein produced by the novel toxin gene
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Cryl E(c). The codi (SEQ #)Ne2)sand the Q_m(ﬁﬁd)_ projein (SEQID NO=B). | D NO 1) ext ends
from nucl eoti de base position 196 to position 3723. The protein produced by
the novel toxin gene CrylE(c) has the anmino acid sequence disclosed as SEQ
ID NO. 2, d&Residue Positionr chaAmineAcidin CrylEchnp| ¢ AminprAcidéniCryfEld)gi on of
t he-novel toxin ne Cryl E(d) (S Ng 7) extends froppligd eotide base
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187 . Valine. - - - Alanine -
214 Asparagine - .. Threonine .
229 _ . . Asparagine ... ..  Isoleucine '
394 _ ~ Glutamine S - Histidine
437 _ . . Serine : . Alanine
441 ' Threonine Serine
453 - Histidine N Arginine
459 .- Asparagine o Lysine
483 | _ Threonine o Proline
506 - ~ Methionine . : Isoleucine
729 | s Tyrosine . .- Phenylalanine.

A comparison of the nucleotide base Sequenc_e of thé_ CrylE(c) and the CrylE(d)
genes of the present invention with the corresponding coding regions of othqr CrylE-type
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-8- O ylwb9d3dsas the amno acid sequence d| scl osed as SEpMoleds3s and is
al so further characterized in Exanple 5. The size of both the Cryl E(c)
protein (SEQ ID N02) and the Cryl E(d) protein (SEQ ID NO 8), as deduced
fromtheir DNA sequence, is 130.7 kDa9-This is simlar in size to other
known Cryl E-type proteins. Despite the apparent size simlarity, conparison
of the am no acid sequence of the proteins encoded by the novel toxin genes
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Prol i nergpfdfted CrylE-type projgins arF Wﬁ&kh‘\ Rﬂ.\é‘@ctwe gainst the Lepid t§r% e 729

Tyr osi ne ani ne rlson e nuc i de” base
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CrylE(d) further possesses activity against Spodoptera frugiperda. Finally, both
CrylE(c) and CrylE(d) proteins are active against the insect Plutelia xylostelia whereas the
preyiously known CrylE-type proteins are not toxic to that particular insect.

The unique insecticidal activity of the CrylE(c) and CryI'E(d) proteins of the present
invention against Heliothis virescens is the result of two sub-sequences located in the
region spanning amino acid residues 332 to 622 of the protein. This region corresponds to
regions identified in other 8-endotoxin proteins as responsible for insect specificity (“Domain
II") and structural orientation ("Domain IlI"). See Li et al. (Nature 353: 815-821, 1991). Sub-
sequences within this region correspond to the domains described by Li et al., supra.

The first sub-sequences identified, Sub-Sequence A [SEQ ID NO:3); from CrylE(c)].
and Sub-Sequence A’ [SEQ ID NO:9; from CrylE(d)], spans the region from amino acids
332 to 465. It is characterized as having low sequence similarity to other Cryl-type toxin
proteins yet is suggested to additively determine activity against Heliothis virescens based

| on the work of Schnepf et al., (J. Biol. Chem. 265: 20923-20930, 1990). Sub-Sequence A
also corresponds to the specificity determining “Domain II” as described by Li et al., (Nature
353: 815-821, 1991). .

The second sub-sequence identified, Sub-Sequence B (SEQ ID NO:4), from
CrylE(c)). and Sub-Sequence B' [SEQ ID NO:10; from CrylE(d)], spans the region from
amino acids 466 to 622. This region is characterized by its high sequence similarity with the
correspo'nding region found in another protein from Bacillus thuringiensis, CrylA(a), which is
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The Cryl E(c andt) Cryl E(d) genes of the present invention have only 87 %
sequence identity to the known endot oxi n gene designated Cryl E(a) and only
85 % sequence identity to the known endi-oxi n gene desi gnat ed Cryl E(b).
Wiile the CrylE(c) and Cryl E(d) proteins of the present invention show
limted sequence simlarity with other known Cryl E-type proteins, they
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612 LERAQRAVNAL szz
T
616 LERAQKR.... 622

Percent Slmilanty 86 Pereent ldentlty 77.
Similarities and identities were done using the GAP program from UWGCG.

"~ The high percent similarity (86 %) between the Sub-Sequence B region of the novel
toxin protein CrylE{c) of the present invention and the corresponding region of the CrylA(a)
protein indicates the conserved nature of the region which confers toxicity to Heliothis
virescens. When Sub-Sequence B of the novel toxin protein CrylE(c) of the present
invention is compared with the corresponding region for the related protein CrylE(a), which
is not active against Heliothis virescens, it is found that the percent similarity is only 63 %.

When CrylE(d) is compared to CrylE(c), the region from amino acid residue 466 to
amino acid residue 622 of CrylE(d) differs in only two amino acids. CrylE(d) has a proline at



The second sub-sequence identified, Sub-Sequence B (SEQ ID NO4) from
Cryl E( cxjo osMagseSUP- Sequence B [SEQ ID NO'1 0; from Crylgegh 03?3‘3”5 t he
region fromamno acids 466 to 622. This region is characterlze by its

hi gh sequence simlarity wi:th the correspondi ng regi on found in anot her
protei.n fromBacillus thuringiensis,-TylA(a), which is WO 95/ 34656
PCT/ 1 B95/ 00413 - 10 - as active on Heliothis virescens as the novel toxin
protein Cryl E(c) or Cryl E(d). Sub- Sequence B corresponds to the strutural
ori ent %bﬁlan 4@2% | Ié&l% cufbsat%&%h BQ@ CpaHzoelbad threoﬁm%td)l'liiffne"lﬁr%mn@15 821,
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from UNMGCG, The hi percent simlarity ween Sub- Sequence B

r egi on Gore fragment\af QWH%‘F‘(PL‘ @lein Q','ﬂﬁ(@(i!‘ﬁ Qw?ﬁ(q*)es E?'é%@ﬁ?d toRewithiptheand t he
corr espRBgh Bgthé%%éeﬂt mt,eﬁttaa G xadm@a a%@érﬁ?nﬁaﬁtri&lﬁﬁio?éniﬁ? be%ﬁemféh hature

of - the region which confers toxicit % hi's virescens.

Sub- Sedisifigfmeods ko indhe Rrtwvhighcoptain al Inashope of the ssb—aeneermeéﬁnlemnsvem i on
'S coMpaiGiy dddindt mﬁotﬁew@wa% éa‘i‘é& BPChE() l%%e rsé@tc?ﬂosr QE@u{br@w' E(a),

whi ch is not Tactive agai nst I S VIrescens, found tha

per centrelated genei GrylE(d)sae §EQ@ %OSNQetﬁ 16} Buep G)TGW@M@I'Q!GNWU@ Rave(c), the

regi on ddhiy AgHink? Hafibfis'vireséis, ift @8aitien to its native properties. Mutants of the
CrylE(c) and the CrylE(d) genes of the present invention are also encompassed by the
present im)ention. For example, individual nucleotides may be altered, either by natural
processes or by site-directed mutége_nesis, which in tumn creates a change in the amino’ acid
sequence of the encoded pretein.' In addition, the DNA sequence of either the full-length or
truncated form of the genes may be altered such that their expression is optimized for
plants where the codons are chosen so asto produce a proteins havmg the same or similar
amino acid sequence as that encoded by the native form of the CrylE(c) or the CrylE(d)
genes. Other modifications of the novel toxin gene that yield a protein with insecticidal
properties essentially the same as those of Ith'eiiCrylE'(c) protein (SEQ ID NO:2) or CrylE(d)
[SEQ ID NO: 8] are also encompassed by the present invention.

The CrylE(c) gene [SEQ ID NO:1} and CrylE(d) gene [SEQ ID NO: 7] or the sub-
sequences of the gene which confer speciﬁcity against Heliothis virescens, are also useful
as a DNA hybridization probe, for discovering similar or closely related Cryl-type or genes
active against Heliothis virescens in other Bacillus thuringiensis strains. The novel genes,
or portions or derivatives thereof, can be labeled for use as a hybridization probe, e.g., with
a radioactive label, using conventional procedures. The labeled DNA hybridization probe .
may then be used in the manner described in the Example 1. '



am no acid residue 622 of CrylE(d) differs in only two am no acids.

Cryl E(d) rkb'a%,% sdr Ol i ne at WO 95/ 34656 PCT/IBY5/00413 N
PCT/ 1 B95/ 00 11 - position 482 and a |sol eucine at position 506,
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protein ,QO%E&thdW), Sritvetl(d) -[ SEQ I D:NO 8] are al so enconpassed by
t he present |nvent|onl e O 'IE(c) gene [SEQ ID NO 1] and Cryl E(d) gene

[ SEQ I D NO 7ﬂ is @hvuét&ﬁecﬁlﬁt‘sald alternate host would be apphed to the environment or piants or
animals for insect control Mlcroorgamsm hosts may be selected whlch are known to occupy the
'phytosphere (phylloplane, phyllosphere. rhlzosphere, andlor rhlzoplana) of one or more crops
of mterest These mleroorgamsms are selected so as to be capable of suwessfully competmg m
the partlcular environment wnth the wuld~type mleroorgamsms. prowde for stable maintenance
and expressuon of the gene expressmg the polypepnde pestlctde. and deslrably. provide for
|mproved protectnon of the pestlclde from envuronmental degradahon and machvat:on '

Such microorganisms include bactena, algae, and fungi. Of parhcular interest are
microorganisms, such as bacteria, e.g., Bacillus, Qau_lobacter_Agme_nellum, Pseudomonas,
Erwinia, Serratia, Klebsiella, Xanthomonas, Streptomyces, Rhizobium, Rhodopseudarhonas. _
Methylius, Agrobacterium, Acetobacter, Lactabacillus, Arthrobacter, Azotobacter, Leuconostoc,
and Alcaligenes; fungi, particularly yeast, e g Sacchammyces. Cnyptococcus, Kluyveromyces,
Sporobolomyces, Rhodotorula, and Aureaobasidium. Of particular interest are such phytosphere
bacterial species as Bacillus spp., Pseudomonas synngae,-Pseudomonas fluorescens, Serratia
marcescens, Acetobacter xylinum, Agrobactaria, Rhodopseudomonas spheroides,
Xanthomonas campestris, Rhizobium meﬁoti, Alcaligenes entrophus, Clavibactesr xyliand



sequences of the gene which confer specificity against Heliothis virescens,
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derivatives thereof, can be | abeled fo¥3-use as a hybridi zation probe, e.qg.,
with a radioactive |abel, using conventional procedures. The | abel ed DNA
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The composition may comprise from 0.1 to 99% by weight of the active ingredient,
from 1 to 99.9% by weight of a solid or liquid adjuvant, and from 0 to 25% by weight of a
surfactant. The acitve ingredient comprising at least one of the novel toxins according to -
_ the invention or a recombinant microorganism containing at least one of the novel toxin
genies in recombinant form, but especially a recombinant Bacillus thuringiensis strain
containing at least one of the novel toxin genes in recombinant form, or a derivative or
mutant thereof, or the composition containing the said acitve ingredient, may be
administered to the plants or crops to be protected together with certain other insecticides
or chemicals (1993 Crop Protection Chemicals Reference, Chemical and Pharmaceutical
Press, Canada) without loss of potency. It is compatible with most other commonly used
agricultural spray materials but should not be used in extremely alkaline spray solutions. It



and expression of the gene expressing the pol ypeptide pesticide, and,

desi r abl ywo¥s: g&sge for inproved protection of the pestici geripdafbars

envi ronnmental degradation and inactivation. Such nicroorganisnms include
bacteria, algae, and fungi. O particular interest are mcroorgani sns, such
as bacteria, e.g., Bacillus, Caul obactet4-Agnenellum Pseudononas, Ewi ni a,
Serratia, Klebsiella, Xanthononas, Streptonyces, Rhizobium
Rhodopseudononas, Methylius, Agrobacterium Acet obact er, Lactobacillus,.
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such phytosphere bacterial species as Bacillus spp., Pseudononas. syringae,
Pseudononas fluorescens, Serraia marcescens, Acetobacter xyl i num
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The compositions according to the invention are also suitable for protecting piant
propagating material, e.g. seed, such as fruit, tubers or grains, or plant cuttings, from insect
pests. The propagation 'material can be treafed with the formulation before planting:' seed,
for example, can be dressed before being sown. The acitve ingredient of the invention can
also be applied to grains (coating), either by impregnating the _grain_s with a liquid
formulation or by coating them with a solid formulation. The formulation can also be applied
to the planting site when the propagating. material is being planted, for example to the seed
furrow during sowing. The invention relates also to those methods of treating plant
propagation material and to the plant propagation material -thds treated.

- The compositions according to the invention comprising as an active ingredient a
recombinant microorganism containing at least one of the novel toxin genes in recombinant
form, but especially a recombinant Bacillus thuringiensis strain containing at leat one of the



or liquid and correspond to the substances ordinarily enployed in
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sol vents, dispersants, wetting agents, tackifiers, binders or fertilizers
The conposition may conprise fromO0.1 to 99% by wei ght of the active
ingredient, from1l to 99.9% by wei ght-1gf-. a solid or liquid adjuvant, and
fromO to 25% by wei ght of;,a surfactant. The acitve ingredient conprising
at | east one of the novel toxins according to the invention or a
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Protection Chenicals Reference, Chemi cal and Pharmaceutical Press, Canada)
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powder or in any other material formsuitable for agricultural application.
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whi ch the insect plest_I may occur, g _a plant or p‘T ant part 1n order to
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al so penetr algidhdics, Bhrikaf, IAitadt (abditadb8 Yafrots, cinnamon, camphor),
deciduous trees and conifers (e.g. Iinden;trees. yew-trees, oak-trees, alders,
poplars, birch-trees, firs, larches, pines), or plants such as maize, tobacco,
~ nuts, coffee, sugar cane, tea, vines, hops, bananas and natural rubber '
plants, as well as ornamentals (including com'posites).

A recombinant Bacillus thuringiensis strain containing at ieast one of the novel gene
in recombinant form is normally applied in the form of entomocidal compositions and can be
applied to the crop area or plant to be treated, Simultaneously or in succession, with further
biologically active compounds. These compounds may be both fertilizers or micronutrient
donors or other preparations that inﬂue_rice plant growth. They may also be selective _
herbicides, insecticides, fungicides, bactericides, nematicides, molluscicides or mixtures of
several of these preparations, if desired together with further carriers, surfactants or
application-promoting adjuvants customarily employed in the art of formulation.

The active ingredient according to the invention may be used in unmodified form or
together with any suitable agriculturally acceptable carrier. Such carriers are adjuvants



(systemc action) If the locus of the plants is inpregnated with a l'iquid
formul at i g o8f: sﬁd the active ingredient is incorporated i Bcphdsiodigr minto
the | ocus of the plants, for exanple into the soil, e.g. in granular form
(soil application). In paddy rice crops, such granules may be applied in

metered anounts to the flooded rice fieilgél: The conpositions according to

the invention are also suitable for protecting plant propagating material,
e.g. seed, such as fruit, tubers or grains, or plant cuttings, frominsect
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Target crops to be protectediwi thin.the scope of ‘the present invention
conprise, e. the foll OWI ag species of plants: cereals (wheat, barley,
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the recombinant Bacillus thuringiensis strain contaifing the novel gene in recombinant form
as an active ingredient or combinations thereof with other active mgredrents, and, where
appropriate, a solid or liquid adjuvant, are prepared in known manner, e.g., by
_homogeneously mixing and/or grinding the active ingredients with extenders, e.g., solvents,
solid carriers, and in some cases surface-active compounds (surfactants).

Suitable solvents are: aromatic hydrocarbons, preferably the fractions containing 8
‘to 12 carbon atoms, e.g. xylene mixtures or substituted naphthalenes, phthalates such as
dibuityl phthalate or dioctyl phthalate, aliphatic hydrocarbons such as cyclohexane or
paraffins, alcohols and glycols and their athers and esters, such as ethanol, ethylene glycol
monomethyl or monoethyl ether, ketones such as cyclohexanone, strongly polar solvents
such as N-methyl-2-pyrrolidone, dimethylsulfoxide or dimethylformamide, as well as
vegetable oils or epoxidised vegetable oils such as epoxidised coconut oil or soybean oil; or

- The solid carriers used, e.g., for dusts and dispersible powders, are normally natural
mineral fillers such as calcite, talcum, kaolin, montmorillonite or attapulgite. In order to



sunfl owers, coconuts, castor oil plants, cocoa beans, groundnuts), cucunber
pl ant s wowsssgser, marrows, melons) fiber plants (cottonpchimesoosnp, jute),
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. More frequently, however, so-called synthetic surfactants are used, especially fatty

sulfonates, fatty sulfates, sulfonated benzimidazole derivatives or alkylarylsulfonates. The

fatty sulfonates or sulfates are usually in the forms of alkali metal salts, alkaline earth metal

salts or unsubstituted or substituted ammonium salts and generally containa Csub8-C

sub 22 alkyi radical which also includes the alkyl moiety of acyl radicals, e.g. the sodium or

calcium salit of lignosulfonic acid, of dodecylsultate, or of a mixture of fatty alcohol sulfates

obtained from natural fatty acids. These compounds also comprise the salts of sulfuric acid

esters and sulfonic acids of fatty alcohol/ethylene oxide adducts. The sulfonated

benzimidazole derivatives preferably contain 2 sulfonic acid groups and one fatty acid

radical containing about 8 to 22 carbon atoms. Examples of alkylarylsulfonates are the

sodium, calcium or triethanolamine salts of dodecylbenzenesuifonic acid,

dibutylnaphthalenesulfonic acid, or of a naphthalenesuifonic acid/formaldehyde

condensation product. Also suitable are corresponding phosphates, e.g. salts of the

phosphoric acid ester of an adduct of p-nonylphenol with 4 to 14 moles of ethylene oxide.

Non-ionic surfactant are preferably polyglycol ether derivatives of aliphatic or cycloaliphatid

alcoholé. or saturated or unsaturated fatty acids and alkylphenols, said derivatives



about 100 g to about 2kg a.i./ha. Inportant rates of application are about
200 g t o0 vi§9siaeds kg a.i./ha and 200g to 500g a.i./ha. Forpcemsmobsessi ng
advant ageous application rates are 0.5 g to 1000 g a.i.per 100 kg seed,
preferably 3 g to 100 g a.i. per 100 kg seed or IOy to 50 g a.i.per 100 kg
seed. Suitable carriers and adjuvants-d8n be solid or liquid and correspond
to the substances ordinarily enployed in fornulation technol ogy, e.g.
natural or regenerated mneral substances, solvents, dispersants, wetting
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of pregr atéuryﬁhﬁﬂmylammomum chioride or benzyidi-(2-chioroethyljethylammonium bromide.

The surfactants customarily employed in the art of formulation are described, e.g., in
"McCutcheon's Detergents and Emulsifiers Annual®, MC Publishing Corp. Ridgewood, N.J.,
1979; Dr. Helmut Stache, "Tensid Taschenbuch" (Handbook of Surfactants), Carl Hanser
Verlag, Munich/Vienna. - : '
Another particularly preferred characteristic of an. entomocidal composrtlon of the
present invention is the pers:stence of the active ingredient when applied to piants and soil.
Possible causes for loss of activity include inactivation by ultra-violet light, heat, leaf
exudates and pH. 'For example, at high pH, particularly in the presence of reductant, &-
endotoxin crystals are solubilized and thué become more accessible to proteolytic - -
inactivation.. High leaf pH might also:be important, particularly where the leaf surface can
be in the range of pH 8-10. Formulation of an entomocidal composition of the present
invention can address these problems by either including additives to help prevent loss of
the active ingredient or encapsulating the material in such a way that the active ingredient is
protected from inactivation. Encapsulation can be accomplished chemically (McGuire and
Shasha, J Econ Entomol 85: 1425-1433, 1992) or biologically (Barnes and Cummings, - -
| 19'86;. EP-A 0 192 319). Chemical encapsulation involves a process in which the active



materials of inorganic or organic nature can be used, e.g. especially
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active ingredients to be fornul ated, suitable surface- active conpounds are
non-ionic, cationic and/or- anionic surfactants having good enul sifying,

di spersing and wetting properties. TH#+ierm"surfactants” wll also be
under st ood as conprising m xtures of surfactants. Suitable anionic
surfactants can be both water-sol ubl e soaps and wat er-sol ubl e synthetic
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der i vatdompact and hard particles of polymers which are structurally crosslinked via polyvaient
cations and comprise the microorganisms and a carrier present predominantly uniformly
distributed are formed. The size of the particles can be up to 5 mm.
Compositions based on partly crosslinked polysaccharides which, in addition to a
microorganism, for example, can also comprise finely divided silicic acid as the carrier
material, crosslinking taking place, for example, via Ca™™ ions, are described in EP-A1-0
097 571. The compositions have a water activity of not more than 0.3. W.J. Cornick et al.
describe in a review article [New Directions in Biological Control: Alternatives for
Suppressing Agricultural Pests and Diseases, pages 345-372, Alan R. Liss, Inc. (1990)]
various formulation systems, granules with vermiculite as the carrier and compact aiginate
beads prepared by the ionotropic gelling process being mentioned. Such compositions are
' also disclosed by D.R.Fravel in Pesticide Formulations and Application Systems: 11th
Volume, ASTM STP 1112 American Society for Testing and Materials, Philadelphia, 1992,
pages 173 to 179 and can be used to formulate the recombinant microorganisms according

to the invention.
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radi cal s gﬁﬂi?ﬁ @ fid mrﬁrefyrﬂlf’bal%)ésw of??eéoﬁfbﬁﬂdﬂi E dﬂﬁﬁmnd?@fsfk\gtﬁiﬁ fates

or et hyl ates, eg.., stearyltrimet anmoni um ¢ or| e .
benzyl di containingatdeashong et the |nam}mnmwe@nmhieantm 9n¢¢rabmetmnstheregt Withrily

enpl oyed 0 d

Der e yan Her BEffgihbrofinis? | 08 Yt afofid BFATA Aldvarfiand 0 § 200 pHéfeaBg ©
1979; Dr 0-1H8I120%. obasyrfactantensi d Taschenbuch” (Handbook of Surfactants),
Carl Hanser Vgyleigas ddinerld @Bﬁcts’ﬁ%’br’% mﬂ?i&?ﬁlﬁlﬁ a9/cdNcBAtRites the end

characteristic Of an ent onoc osition o resent | nvent lon is

the per suseravill sognallyeapioy dilte @ﬁgﬂ'@@fﬁrﬂf smt@wploweaoweptr ations Thed soi | .
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light, heat, |lea tes a For exa artlcularly I n

the presantifoams, vieaosity @wlatqrsrb-r}qees rtﬁ\ckéﬁmwelhas:ﬁewws@r aﬂ\sr aetivebi | i zed
and thus; &fits {P6rdePfo dbaih Spéci | &gt eol ytic inactivation. Hi gh |eaf pH
m ght als e inportant, particularly where the |eaf surface can be in the

range of pH 8-10. Fornul ation of an ent onoci dal composition of the present

I nvention can Axdfhérsbidch Bfthe veRtighTeidids B! thdh8gerii EIhHQ'cB&ﬁﬁﬁﬂthﬁ&drﬁ hel p

prevent |oss of the actlve I ngredi ent or._encapsul atin material in such
a way t ha&f themneveltexip genesa Rg tq the invention. A host plant expressmg the novel toxin

genes of the invention will have enhanced resistance to insect attack and will be thus better
equipped to withstand crop losses associated with such afttack.

By plant is mearnit any plant species which can be genetically transformed by
methods known in the art. Methods known in the art for plant transformation are disucssed
below. Host plants include, but are not limited to, those speicies previously listed as target
crops. B : g

" It has been discovered that the codon usage of a native Bacillus thuringiensis toxin '
" gene is significantly different from that which is typical of a plant gene. ‘In particular, the

codon usage of a native Bacillus thuringiensis gene is very different from that of a maize
gene. As a result, the mHNA'from this gene may not be efficiently utilized. Codon usage
might influence the expression of genes at the level of translation or transcriptidn or mRNA
processing. To optimize a toxin gene for expression in plants, for example in maize, the -
codon usage is optimized by using the codons which are most preferred in maize (maize -
preferred codons) in the synthesis of a synthetic gene which encodes the same protein as



protected frominactivation. Encapsul ation can be acconplished chemcally

(MG r guabgediasha, J Econ. Entonol 85:1425-1433, 1992) grrapb@éiagd cal ly
(Barnes and Cunmi ngs, 1986; EP-A 0 192 319). Chemical encapsul ation

i nvol ves a process i-n which the active WD 95134656

PCT/ 1 B95/ 00413 ingredient is coated weth a polynmer whil e biol ogical

encapsul ation involves theggxpression of the [err][err]endotoxin genes in a
m crobe. For biological encapsulation, the intact microbe containing the
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Phyt ; |3 . : = f Li 1 |
ot e | S oEBppeefingfl icofome Biing s (equehée aliatent 9 il Mefforid PV °0
be co- Ueersequentlye micsobial genes nan be enbanced bylthe inclusion ofialsykarystiapnsensusi ons
F e T . e i
o) gi nat sl *ﬁ‘égl}é%%*’é‘"és’ ATEY Tiotipitt (19841504 BulBolBaok o] pet BlodlBG, .,

i ndi vi oseaueteeBTGCAGGATGGTE (SEQAIG Ns5kasa consensustransiation dnitiator fonthet o be

ded in. ._ : b raact i e | :
tarto ST £ o6 oo et FRE oSt (1R es [EagaieBBs ' O
parti cl 89873 hps cempared nanypiant sequences adjatént do therATG apd suggsistsithg. Dependi ng

ot uct oS TRpESITARIOARFGET TBEEN DN 8l insiiidhe uibte meBifey BR{ 7 " 1 A1 ¢
mi cr oor epnouBierechindheexpressiar ofnictobial ORFsdw plantsniniclusioniof onerofthéset r i but ed
on par 1 P5ioenddtihg fifding ATGRARY e ffibfibn, b slbytaliR mpidR kb | one Dased
m cr oor Buciealides bbtheeonsarisus maymotbe appropriate dar indlusitryindhe moveifiedisbquenceaci d
oS o 8 e PR PSRl Bkl PR dl e il o7,
acti vi t initiafingonethionine may differ Betwéen diffecerit plant spedies. (Byssurvdying the sequenicew
arti cl e e BohéhreQ8ht in the R EMBL LS Ko it éin 6 B8ddnidiwhidh
~ nucleotides adjacent to the ATG should be modified to enhance translation of the toxin
gene introduced into maize.
In addition, it has been shown that removal of illegitimate splice sites can enhance
~ expression and stability of introduced genes. Genes cloned from non-plant sources and not
optimized for éxpression in plants may contain motifs which can be recognized in plants as
5' or 3 splice sites. Consequently. the transcription process can be prematurely terminated,
geneérating truncated or deleted mMRNA. The toxin genes can be engineered to remove
these illegitimate splice sites using the techniques well known in the art. '
It is well known that many -endotoxin proteins from Bacillus thuringiensis are
actually expressed as protoxins. These protoxins are solubilized in the alkaline environment
of the insect gut and are proteolytically converted by proteases into a toxic core fragment
(Hofte and Whiteley, Microbiol. Rev. 53: 242-255 (1989)). For 8-endotoxin proteins of the
Cryl class, the toxic core fragment is localized in the N-terminal half of the protoxin. Itis
within the scope of the present invention that genes encoding either the full-length protoxin



Suppressing Agricultural Pests and D seases, pages 345-372, Alan R Uss,

I nc. (199@gd 9sysakdsous fornul ati on systens, granul es wth va:romgd/ookﬁ as the
carrier and conpact al gi nate beads prepared by the ionotropic gelling
process being nentioned. Such conpositions are also disclosed by D. R Fravel
© in Pesticide Formul ati ons and Applicat+8&-Systens: 11th Vol une, ASTM STP .
1112 American Society for Testing and Materials, Philadel phia, 1992, pages
173 to 179 and can be used to fornulate the recorrbl nant m croor gani sne
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concent r apiyght, IRESWIRIRIBS, Iowwﬁereyésrdr bﬁaﬁplaasanfatcﬁét af oI ipatdny! t her (

i ngredients, such as 'stabilizers, antif VI SCOSI t ul ators, binders,
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transgenlc plants conpri'sin one of the novel _ toxin genes

accor di ngTe@dnelegy BiR7ct ?Wﬁﬂ"ﬁ@sphﬂﬂﬂﬂﬁt@xﬁ%?ﬁlﬂ%% 6A6ét t oxi n genes
of the i nMess)( saybamgl Maewrs*e ermaambdhﬁsrbgi 6:028-926 (16&?@& hpOataedan || be

t hus better e nd crop. | osses associ ate such att ack.

| BlorTedhndlbgy 8:796-740 (1990)(nce), RiBin et al, Proc. Nat, Asad. Soi. USA
85:4305-4309 (.1988)_.(ma_;;g), Kiein et al., Bio/Technology 6:559-563 (1_9_88)(ma|ze)._ Klein et
al., Plant P._hysibl. a1 440-444 (1988)(maize); Fromm et al., Bio/Technology 8:833-839
(1990); and Gordon-Kamm et al., Plant,(}él_l 2:603-618 (1990)(maize); Svab et al. Proc. Natl.
Acad. Sci. USA 87: 8526-8530 (1990) (tobacco chloropla_st); Koziel et al. (Biotechnology 11:
194-200 (1993)) (maize); Shimamoto et a/. Nature 338; 274-277 (1989) (rice); Christou et al.
Biotechnology 9: 957-962 (1991) (rice); European Patent Application EP 0 332 581
(orchardgrass and other Pooideas); Vasil et al. (Biotechnology 11: 1553-1558 (1993)
(wheat); Weeks et al. (Plant Physiol. 102: 1077-1084 (1993) (wheat); Wan et al (Plant
Physiol 104: 37-48 (1994) (barley); Umbeck et al, (Bio/T: e_¢hno|ogy-5: 263-266 (1 987)
(cotton).

One particularly preferred set _df embodiments for the introduction of recombinant
DNA molecules into maize by microprojectile bombardment can be found in WO 93/07278,
herein incorporated by reference in its entirety. An additional preferred embodiment is the
protoplast transformation method for maize as disclosed in European Patent Application EP
0 292_435. hereby incorporated by reference in its entirety.



By plant is neant any plant species which can be genetically transformed by
met hods weoxmuesg) t he art. Methods known in. the art for ppejlipebposisf or mati on
are di sucssed bel ow. Host plants include, but are not limted to, those -

speicies previously listed as target crops. It has been discovered that the
codon usage of a native Bacillus thuri2gi ensis toxin gene is significantly
different fromthat which is typical of a plant gene. In particular, the

codon usage of a native Bacillus thuringiensis gene is very different from
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mai ze-optim zed srép r}etlc toxin genes can be found in WO 93/07278, herein
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i ncor pofaPiying Uy r Bromus; Qryzae

mcroorg@ghgrno,aa,)mas tearid Sbtakis B! ant genes. Plant genes differ from
genes found i_n m_croorgani sns I n Phat their transcribed RNA does not

possess defi EEEQQ'#'BCPS REred Areiransosnic eaizey whealebargyaserghumoryeneats.tuf i at i ng
met hi OnE%seé:ﬁﬁ&ﬁ&#'em ly, microbial genes can be enhanced by the inclusion
of a euKaryotic consensus translation initiator at the ATG Contech (1

993/ 1994 caAINg, the digetyledonovsilants sgraearn cettan, iahacen sugBTEE@lisgsTRDe( SEQ

I D NO5 itiator for the expression of the E

coli wui gﬂaggﬁé&ﬁiﬁ% H‘gﬁ ﬂ}ém‘{oghl (Nucl Acids Res 15: 6643-6653

(1987)) has ber%a@elonawgpmam umaend&emb;awemh.t asexvallytrandsexualiyyest s
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I N the exp of mcr

are encountere ess | ant S, I nNCluslion of
one of @ﬁéyéﬂe@qmwlabv meansof known prpcessesaych aq)m\eaampmlldusm of | n

such cagfftant¥@idchsn ahd'whizh still exhibit the characteristic properties of the initial transformed
plant, together with all crossing and fusion products of the transformed plant material.
Another object of the invention concerns the proliferation material of transgenic
plants. _
The proliferation material of transgenic plants is defined relative to the invention as

any plant material that may be propagated sexually or asexually in vivo or in vitro.
Particularly preferred within the scope of the present invention are protoplasts, cells, calli,
tissues, organs, seeds, embryos, pollen, egg cells, zygotes, together with any other
propagating material obtained from transgenic plants. _

" Parts of plants, such as for example flowers, stems, fruits, leaves, roots originating in
transgenic plants or their progeny previously transformed by means of the process of the
invention and therefore consisting at ieast in part of transgenic cells, are also an object of
the present invention. |

Transformation of plants can be undertaken with a single DNA épeciés or multiple
DNA species (i.e. co-transformation) and both these techniques are suitable for use with the
nove! toxin genes of the present invention. '
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3: 271 Kany gectgls%e,)ayanlaaledobmnﬁfqmatwn using Agrobacterium tumefaciens.
These typically carry at least one T-DNA border sequence and include vectors such as
pBIN19 (Bevan, Nucl. Acids Res. (1984)). In one preferred embodiment, the novel toxin-
gene of the present invention may be inserted into either of the binary vectors pClB200 and
pCIB2001 for use with Agrobacterium. These vector cassettes for Agrobactériummediated

 transformation can be constructed in the following manner. pTJS75kan was created by

Narl digestion of pTJS75 (Schmidhauser & Helinski, J Bacteriol. 164: 446-455 (1985))
allowing excision of the tetracycline-resistance gene, foliowed by insertion of an Accl -
fraginent from pUC4K carrying an NPTIl (Messing & Vierra, Gene 19: 259-268 (1 982);
Bevan et al., Nature 304: 184-187 (1983); McBride et al., Plant Molecular Biology 14:
266-276 (1980)). Xhol linkers were ligated to the EcoRV fragment of pCIB7 which contains
the left and right T-DNA borders, a plant selectable nos/nptll chimeric gene and the pUC
polylinker (Rothstein et al., Gene 53: 153-161 (1987)), and the Xhotdigested fragment was

_cloned into Salrdigested pTJS75kan to create pCIB200 (see also EP 0 332 104, example

19). pCIB200 contains the following unique polylinker restriction sites: EcoRl, Sstl, Kpnl, -
Balll, Xbal, and Sall. pCIB2001 is a derivative of pCIB200 which is created by the insertion

(
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bonbar dFBNA dght and leftharderi sequences/apd Mrpdmtes:sequences from shewideyhost: er e n ce

inits K?%jé W#,@aﬁ opl ast
transf o@%é P %%hrge ztc%@ ﬁ%‘@ﬁgﬂ%%h %@a"’%g 3 Rppl i cation
EP 0 29consgectionds described by Rothsteinietsl. (Gehe 58nt5s-161 d1987)¢.nVanmlsy

95/ 34658, 0 13 -23

95 345 Marivatives of pCIE10 have beep, construsted yhich nogrporate the, gene KF HYLRIR/CH
tr ansgephospmwanswasmdmnbed:by Gritztetah {Gene 25:11704188¢1983))ntThese dedvativesd by

or ageny Sl afediofeF Hatelfe iArt SR G ey GRAB IR, SINGHMER AR,

pr ot ei nkamantyoin (CIB7AS5! pOIB7ATCOr di g t o the invention, which is active

ggghg;t engl | th i_aﬁ&gr?ﬁa%n l?eucthn%ggg w lc deoxnm re'l)} or‘;j1 Hgﬁogfalct\é}atn%. tﬁg-%wcgﬁed '
direct gene transfer methods, are also usefu_l for the introduction of the novel toxin gene of
the present invention, including transformation by microprojectile bombardment, protoplast
uptake (e.g. PEG and electroporation) and microinjection. The choice of vector for these
methods depends largely on the preferred selection for the species being transformed.

~ One such vector useful for direct gene transfer techniques in combination with
selection by the herbicide Basta (or phosphinothricin) is pCIB30684. This vector is based on
the plasmid pCiB246, which cdmprises the CaMV 35S promoter in operational fusion to the
E. coli GUS gene and the CaMV 35S transcriptional terminator and is described in the PCT
published application WO 93/07278, herein incorporated by reference. The gene for
providing resistance to phosphinothricin is the bar gene from Streptomyces hygroscopicus
(Thompson et al EMBO J 6: 2519-2523 (1987)) This vector is sultable for the cloning of
plant expression cassettes contammg their own regulatory sngnals
An additional transformation vector is pSOG$5 which utilizes the E. coli gene

dlhydrofolate reductase (DHFR) as a selectable marker confemng resistance to
methotrexate. PCR was used to amphfy the 358 promoter (~800 bp), intron 6 from the

" maize Adh1 gene (~550 bp) [Lou et al, Plant J 3: 393-403, 1993; Dennis et al, Nucl Acids



The transgenic plant according to the invention may be a dicotyl edonous or
a nonocot weeskmaesés pl ant. Preferred are nonocotyl edonous pocanBsswoodist he
Gram naceae famly involving Lolium Zea, Triticum Triticale, Sorghum
Saccharum Bronus, Oyzae. Avena. Hordeum Secale and Setaria plants.
Especially preferred are transgeni c nai-28- wheat, barley, sorghum rye,
oats, turf grasses and rice. Anong the dicotyl edonous plants soybean,
cotton, tobacco, sugar beet, oilseed rape, and sunflower are especially

pref er r ed Hegr1e: 8983-600; 1 BBAHNIAB B WL CUS urfiranSIERUIEAIN sbqueneB troR_Dbot h,

def it L%ss)iﬂgat%eﬁ\‘éghéﬁera 3 Rialohioe Aot Aa it Ushy L b AT by

means of n@heemaﬁ@ the @&la@hiwfomh&asﬂybeﬁmheMaralmrﬁﬂtﬂed by
whi ch still exhibit the characteristic properties of

| nd
ey OnP??sm thete Bro-ROR Trageninveraiaenobled Wit au54rh Pafl Topmencion PBIZ s
of the tr?ogﬁf\fébﬁﬁﬂhueh SO DLIC199GHPEad RS e odBlBines® concer ns

 the proliferation materjal .of transgenic. plants. The oliferation material

of t r ansgd@minators Assemblycnt these dragments gapetated P@OGHQ mthﬁ?nﬁ?é“%? 3gPant
mat eri al  phshotBPin f@ﬁorpfvﬁﬁ)mhﬂ&! égéblfﬂn'c& tﬁé e@.ﬂéuaéd me'EHFR 4¥8néhnd thevi LT 0.

Particularly preferred e scope’ ‘he present I nyention are

pr ot opl as PQPa|l‘,'§IﬁY§tha§%1quT“'"a!qfs ﬁse@oe@pgfeﬂf@e @b‘@d@ad% iPSHES19 pith thenleadeyy
cells, zygg @mmaema&é omdraumumatmg cnéaammv ryanapdtaf 1na veeigt gS0EdsS r om

transgenlc lants.  Parts of “plants, such as for exanple flowers, stens
fruits, 19 aierSOG35 gmAtne RYG generfanameinilio rpsiaianes 3hd bag Hingilo ek «
previ ousl /' ?e‘i%l nvention and

t her ef or e)Pc?)r?z'las c?%?igétstﬁ(qa as%ﬁ’lr(rq{epaa?'?nﬁéﬂtar sﬁg&%ﬁg"fm |s, are also an

obj ect of the Jhesowel toxingendsof therpresedtinvention eithér gs their gativersequenaecisiasak en

nd bot h PRuRizBR SyRER| Snahodt el deoodi a8 3eh T doerdy B PR SOTRE | 20

ese ni'ques” ar e*sul or ‘use wt oXI n” genes
of the pr ommoetersiforexpression in plm;sgaplgdnag eonstitutive, mducible. temporally regulated,

PCT/ 1 B9S/ Qgeﬂlgpm%ally regulated chemloally regulated tissue-preferred and tissue-specific
promoters to prepare reoom_bmant DNA molecules, i.e., chimeric genes. Preferred
constitutive promoters include the CaMV 35S and 19S promoters [Fraley etal, US Patent
No 5,352, 605., issued October 04, _1_994;]..' An additionally preferred promoter is derived
from any one of several of the acﬁn gones. which are known to be expressed in most cell
types. The promoter expression cassettes described by McElroy. et al. (Mol. Gen. Genet.
231: 150-160 (1991)) can be easily modified for the expression_ of the novel toxin gene and
are particularly suitable for use in monocotyledonous hosts,

Yet another preferred. oonst:tutwe promoter is derived from ubnqumn whlch is
another gene product known to _accumulate_. in many cell types. The ubiquitin promoter has
been cloned from several species for use in fransgenic _plonts (e.g. sunflower - Binet et al.
Plant Science 79: 87-94 (1991), maize - Christensen et al. Plant Molec. Biol. 12: 619-632
(1989)). The maize ubiquitin promoter has been develooed in transgenic monocot systems
and its sequence and vectors constructed for monocot transformation are disclosed in the
patenf publication EP 0 342 926. The ubiquitin promoter is suitable. for the expression of
the novel toxin gene in transgemc plants, especnally monocotyledons. .

Tissue-specific or tlssue-preferentlal promoters useful for the expressnon of the novel
toxin gene in plants, particularly maize, are those which direct expression in root, plth leaf
or polien. Such promoters are disclosed in WO 93/07278, herein incorporated by reforence



Met hods using either a formof direct ge'ne transfer or

Agr obacywydsigsgedi ated transfer usually, ~but not necessgidririesndss
undertaken with a sel ectabl.e-marker which may pravi‘de resistance to an
anti bioti c (kananycin, hygromycin or nmethotrexate) or a herbicide
(phosphi not hricin). The choice of set2Btable marker for pl ant
transformation is not, however, critical to the invention. Nunerous
“transformation vectors are. ‘avai | abl e for plant transformation, and the

genes o s/ehiretyVeRérhiedlySidlcitf poRfbidrd u§é’fﬂl foPGidc metéa:p?és\é.ow fevect ors.

The sel ection of vector "‘for use wl upon t preferred
t r ansf ofRowel foxiR gepeimplgnts %ﬁé‘sﬁlﬁﬁeq'arﬁfeﬁoﬁﬁgd h?@i“ 'f‘%'mgﬂa@ﬂdrﬂlon For

cert ai netstbA® inu8enti@ly. di fferent antibiotic or herbicide selection markers
may be preferred,. Selection markers used routinely in transformation

i ncl ude t he RAdditiog &erometers, & variedt of trapseriptignal deqminatans ace alsa ayailabletos: ed

~ant i bi ofdeCin chhvﬁé‘r&l &oh@tﬂfcﬁ&w u%melrﬂwe%ﬁn 4Bfe of A8 prescREinventRhal .. Nature
304: 184-187 f{(Pi" the b ene h confers resistance to the herbicide

phosphi HGEE "!3é°'§ta'%1 smnk!# quéhwrrp@ét-qrgof transoritiogdgyonddhencer et

al . ThegsnsgBRé af@ ﬂ@bor?ébt p@l?édéi@ihﬁéﬁ 9Rppropfidte traRScriphoial Ylé?hﬁ’(kté‘rg ahg 'tﬁcse
resistance to the antibiotic h%gr méln Blochln er & Di | mann, Ce

Bi ol 4: ’Q@'ﬁbaﬁww"ltgé‘!f]cnoﬁﬂtp@ eﬂBﬁ?@f ?@4 tg'mm%t@r't 0
met hot r fpHopakrideynfhaiss tétinfiator, ﬂ%@a%c@EQ Wﬂ%&é%d(&ﬁé}gknowms gpiors are

avail able for transformation usi Agrobact erium tunef aci ens. These
t ypi cal Thesenampbeisedimbeth mpnootyleonsantdicetylgdentse and i ncl ude vectors such

as pBIN19- (Bﬂmerouy%sg?erﬁss flavéBiso béé%ﬁha to LihahRé lﬁgagﬁerrsgéeiofﬁmd' ment,

the novel toxin gene present 1 nvention nmay Into either

of the Withiathe transcdptionsunibar these saquenessicande used mqnwmgmwhttm i um
These VRGJdPiox et gr‘i?fn%nﬁ%rtalﬂﬂa?ééb' é@ﬁés%‘&\%tt 0N can be

construct ed I n oW Nng nanner an was creat e Nar di gest i on
of pTIST5 ( sUmt@Hmeqaem& haygbeen Shway1 tor anENCa eXpresainn, ne@cvlgéw) )

al | ow nghoRy tﬁb@ciho% c%ﬂ‘? ﬁd?b& fé' (hB‘?nth?é oﬂlﬁr\'ﬁﬁiﬂﬁ&ﬁf B

h
insertion o an Accl fTrag rrent UCAK carrying an (Messing &
Vi err a, fouadéo §l9nlfimlygebarecsgbe)exprsas;emotathawlﬁ type gans u;ucr itsieognatey (1983);

McBri de m"irMa | I nkers
were i Sate to nﬁ %ﬁh’é gfrarlgﬁtdéhﬁ)ﬂyagi&ﬁa\?,\hﬁégﬁgs%m arns 1t1ﬁ§h?b?t and
ri ght T(I98RK)bdnteersequenqgss have beeremtuanelpummbrmed inta planttransfagmatiomnd t he pUC

pol yli nb@& M@ﬁim'ﬁmlnm'tﬁg F 3-161 (1987)), and the

- Xhol - di ges was clone al | - di.gested pTJS75kan to create |
pCl B200 ( seeAdiusberpf torcteansizted leaquﬂqaemp dep@dir@0 viruseszra @lsoksown! | owi ng

uni que gL anB BkprbEsidn, ahll tttite Hrd PartichSM BtfectiVé i dikdilbdonous cells.
" Specifically, leader sequences from Tobacco Mosaic Virus (TMV, the “Q-sequence”), Maize
Chiorotic Mottle Virus (MCMV), and Alfaifa Mosaic Virus (AMV) have been shown to be
effective in enhancing expressibn (e.g. Galﬁe et al. Nucl. Acids Res. 15: 8693-8711 (1987);
Skuzeski et al. Plant Molec. Biol. 15; 65-79 (1990))

BRIEF DESCRIPTION OF THE FIGURE
Figure 1. SDS-PAGE analysis of the CrylE(c) and CrylE(d) proteins individually

expressed in the recombinant Bacillus thuringiensis strains CGB311 and CGB313,
respectively.



Bglll, Xbal, and Sall. pClB2001 is a derivative of pClB200 which is created
by the inggdsiagas VO 95/34656 . PCT/IBYS/00413

PCT/ 1 B95/ 00413 -25 - into the polylinker of additional restriction sites.

. Unique restriction sites in the polylinker of pClB2001 are EcoRl, Sstl,
Kpnl, Bglll, Xbal, Sall, Mul, Bcll, Ave8i, Apal, Hpal, and Stul. pCl B2001
in addition to containing these unique restriction sites also has plant and
bacterial kananycin selection, left and right T-DNA borders for

Agr obact eri um i4a _. L, _ afleEi v f t4iqop for
mobi | i zat i on bLé%{ %ékﬁ%&{?gﬁ%‘dgmﬁﬁﬁ# éc:%tésﬂ,fé%ﬂgst'hy&t’?'T angﬁ%rqovE

f unct i ondang 4 CEB3H &Kd; 5.melecplar meinht mateys; ién melecular waightimrekers; lanenb

cl oni ng e i t : o Lhei : ;

i gnal o. GRELALS IPIBEECABIIATOR, gt B A0\ 0 ol et et
transformation is the binary vector pClBl 0 which contains a gene encoding
kananycin resistance for selection in plants,. T-DNA right and | eft border
sequences and incorporates sequences_fromthe wi de host- range plasmid
pRK252 allowing i't:to replicate in HEXAMBLESi and Agrobacterium Its
construction is described by Rothstein et al. (Gene 53: 153-161 (1987)).
Various derivatives of pClBI 0 have been constructed which incorporate the

gene for hygr digdpliowing axamples fusther desshbe theJaaterals ang methods uged|in camying: 25:

179- 188 ( - g j ' | 2L SCTd Q1 i nt
cells on ﬁg’%ﬁ'&%“ﬁﬁﬁ?ﬁ?%ﬁé‘@gﬁ%@? r %@h?%%&n?%@nﬁyﬁ%gﬁn%ﬁﬁﬁ@ﬁ%%15
pCl B717) .their rwitaﬁmmu@/m B sansiderad ag adimitation of the claisped ipvention. '

Agrobacterium the so-called direct gene transfer nethods, are al so useful ‘

for the introduction of the novel toxin gene of the present -invention,
i ncluding transformation by mcroproj-ectile bonbardnent, protoplast uptake

(e.g. PE ) lﬁf-é Egti on) .and m croi.njection. The choice of vector for
t hese net gely on the preferred selection for the species
bei ng transforned. One. such vector useful: -for.direct  gene transfer

t echni quekhei 3ptive ingredient ysedin fRliowing farmylatien) exaseplesangi tge meomkinapt strgins of

DAOSP bl hgrBaa s EeRt P PR B B R b2 S
the PoT fRRCRSerT, Kapsoiel RGRmERl I nbyHl Ixiieies TIEI G TRIERT” ' "

- 1 ef er encegsddiivél§ Both ©GB313 and CGB311 were deposited on June 1; 1994 with the

Agricultural Research Service, Patent Gulture'Cc_illéction (NRRL), Northern Regional

Research Center, 1815 N__or;h University Stréet; _Pe_oria.'lllino@s 61 604. U.S.A. and were

assigned accession.numb_ers NRRL B-21274 and NRRL B-21273, respectively.

Al. Wettable powders

Bacillus thuringiensis spores 259% 50%  75%

sodium lignosufonate B - 5% 5% -
sodium laurylsulfate 3% - 5%
sodium diisobutylnaphthalenesulfonate - 6% 10%

octylphenol polyethylene glycol ether - 2% -



provi di ng resistance to phosphinothricin is the bargene from Streptomyces
hygroscgp('?%s Thonmpson et al. EMBO J 6: 2519-2523 (19873dpypdéigasd/€ctor is
suitabl e for the cloning of plant expression cassettes contarning their own
regul atory signals. An additional transformation vector is pSOG35 which
utilizes the E. coi gene di hydrofol ategreductase (DHFR) as a sel ectabl e

mar ker conferring resistance to nethotrexate. PCR was used to anplify the
35S pronoter (~800 bp), intron 6 fromthe mai ze Adhl gene (-550 bp) [Lou et
al, Plapi . 5 93; Dennis et al, Nucl Acids WO 95134656

PCTI | ngilsglﬁ%sé}f%?ﬁ%eosxﬁz39834000, 1984] and 18 bp of the GUS

unt r ans highlydlispessegrsilisistagichce from pSOG 5% [ s#@%al st0%efferson et al Proc
Nat | AcEgoiﬁci USA 83:. 8447-8451 (1 986&% A 37 bp_fragnment encoding the E
coli di yc!r of ol at e reductase type Il gene was al so anpl.ified by PCR and
these two PCR fragnments were assenbled with a Sacl-Pstlfragnment from pBl 221

( A ont edhe sppres iare thepauablydmixed wisiuthecadjevants ansbe puxtureds thareughitgratndis

synt has A RN afi YT We f KEdYnS Readtst jaCh
cont ai ng gt"ﬁ{ed%SS‘ r%m)t_er [ nYtFBIsel %ﬁﬁémgﬁsh&ﬁ%e [ nt?gﬁng{e?e‘gggnce, &QW&JS

| eader , suspensiRpRRobihadesied eansentsdignsne synt hase term nator. Repl acenent of
the GUS | eader in pSOGL9 wth the | eader sequence from Mai ze Chlorotic
Mottle Virus check (MCW) generated the vector pSOGE5. pSOGL9 and pSOG35

carry the, pﬁmﬁ@%ﬁi I1in resistance and have HindlIl, Sphl, Pst
and EcoR sites available forthe cloning of foreign sequences. The novel

t oxin g%e@ o&wt.he. Rr.esent invention, either as their natjye sequence or as
optim z c % apgig @%ﬁ?ﬂgﬁ%es as descri bed above, can be {ﬂ?grabl y fused to
a vari eloytyiphefitl poietiyfeneYlycokathes@iimoles efyithboxiday! udi ng @epstituti ve,

i nduci ble, . te rall rea | at ed, devel opnental |y regul at ed,q?ghem cally

r egul at Sgoiun Y Pé?eé‘ﬁ At tissue-specific pronoters tVPprepare
reconbi pastor SN\PolyE @t Bthes (36! méles ofdthylBrd 6xi@nes. Preferred ggnstitutive
pronoters include the CaMv 35S and 19S pronoters [Fraley et . al, US Patent
No 5, 355YClghexanong s ed october 04, 1994]. An additionally éﬂ"’gf erred

pr onot ekylehie fftktuteed from any one of several of the actin gsggs, which are
known to be expressed in nost cell types. The pronoter expression cassettes

descri b%dmquiorwg 54 ét%}/ re%}.lirgé bor‘c%{ratiocr;lega'n bGee &?t%u’ned from this concentrate by dilution

with water.
A3. Dusts

a) b)
Bacillus thim‘ngiensis spores : 5% 8%
talcum | _ 95% -
kaolin ' - : 92%

Ready for use dusts are obtained by mixing the active ingredient with the carriers and
grinding the mixture in a suitable mill. |
Ad. Extruder Granulate

Bacillus thuringiensis spores . 10%
sodium lignosulfonate _ 2%



231: 150-160 (1991)) can be easily nodified for the expression of the novel
toxin gengodRdag@ke Particularly suitable for use in nonoceeyim@amays hosts.
Yet anot her preferred constitutive pronoter is derived fromubiquitin,

whi ch i s another gene product known to accumulate in many cell types. The
ubi quitin pronmoter has been cloned fronggeveral species for use in
transgenic plants (e.g. sunflower - Binet et al. Plant Science 79: 87-94
(1991), maize - Christensen etal. Plant Mdlec. Biol. 12: 619-632 (1989)).
The mai ze ter has been devel oped in transgeni g,monocot

syst ens é%#%ﬁﬂyéﬁyhﬁﬁggpand vectors constructed for- nnnocotﬁ%ransfornation
are di sclkaolig in the patent publication EP 0 342 926. The uB7%uitin
pronoter is suitable for the expression of the novel toxin gene in

transgeni T»'hé’héNémg?écﬂ@ﬁf v édhmﬁggmwm@a% Jn‘o%ﬁ&‘%v:ﬁpfh%' atd,evéifts and the

ti ssue-preferential pronoters us expressi on novel toxin
gene in phixtire is supseneentiymajstaped with water; Hagr@mmw @eﬁmdeet gré;aplat@sisar\swhe n
root, pitlHedifalstreamitlairen- Such pronoters are disclosed .in W 93/07278,
herein incorporated by reference WO 95/ 34656 i

PCT/ | B95/ 00413 - 27 - inits entirety. Chemcally inducible pronoters useful
for di reg&_q. gxgrgsm on of the novel toxin gene in plants are

di scl ose 104, herein incorporated by reference inits
entirety. In addition to pronoters, a variety of transcriptional

t er mi nat oBac:mIs&harh@ﬁeris&pbmbl e for use in chineric gene cons8%uction usi ng
t he novel to esent invention. Transcriptiongl termnators
are respo‘?@l’%#“ae'%oay?qig“?léﬁrﬁ%htl on of transcription beyond ¥fe transgene {
and its c;cydmct pol yadenyl ati on. .Appropriate transcripti onap4%ern nators
and those_which are ( | ant s, .i ncl ude, t

nown to function

t er mi nat ofe a¢ilvedngr eé@?’rﬁ'r‘r‘&f'ﬁ’maﬂ?%@ 'fﬂﬁ@?ﬂ"g RoPigA ip A aixer: @rtﬁ? ﬁécaﬁ‘rmmﬂ?é’eﬂea
rbcS E9 twittpslpétayiendglycol Wb distpebated gidnBlatistare bbiedimthidmanserd i n bot h
monocot yl edons” and di cotyl edons. Numerous sequences have al so been found to
enhance gene expression fromw thin the transcriptional unit and these
sequencesy a%@%ﬁ@%ncti on with the novel toxin gene of this
inventio pression in transgenic plants. Vari ous intron
sequences have been shown to enhance expression, partlcularlg

Bacillus thuringiensis spores %

ethylene glycol 10%
nonylphenol polyethylene glycol ether (15 moles of ethylene oxide) 6%
'sodium lignosutfonate . 10%
carboxymethyicellulose 1%
37% aqueous formaldehyde solution | 0.2%
silicone oil in the form of a 75% aqueous solution - 0.8%

water : 32%

Thé active ingredient or combination is intimately mixed with the adjuvants giving a
suspension concentrate from which suspensions of any desired concentration can be
obtained by dilution with water.

Example 1: Cloning and Isolation of the Novel Toxin Gene

Total DNA was isolated from an appropriate strain of Bacillus thmihgiensis var

_ kurstaki. For the isolation of CrylE(c), the strain used was CGB3186 and for CrylE(d) the



nonocot yl edonous cells. For exanple, the introns of the maize Adh 1 gene

have beevoésmapsé t o significantly enhance the expressi on mfrisageosd d-type
gene under its cognate pronoter when introduced into nmaize cells (Callis et

a/., Genes Develop 1: 11 83-1200 (1987)). Intron sequences have been
routinely incorporated into plant tradbformation vectors, typically within
the non-transl ated | eader. A nunber of non-transl ated | eader sequences
derived fromviruses are al so known to enhance expression, and these are -
particularly effective in dicotyledonous cells. Specifically, |eader

s equen it used WashQGBE2DA zultur¥iof the dppidpriatestrair was flown dveaight irsEBrstnce” ) , -
Mai ze Chlorotic Mottle Virus (MOW), and Al falfa Msaic Virus (AW) have
been sHS&A. *Covitie1 ¥ marefsheking iea rotacyishgkerx Precdiuomwas then ceatrifugedeandh| .
Nucl . Acids Res,, 1% 8693-8711 (1987);. Skuzeski et al. Plant Mlec. Biol.
15 55.0uspendRs In Bkpuaross:dORMMTONPLES 8110 MMERTA H0JIMNaG! aooe maitt
anal ysi h I a Cryl E oLei ns, i,ndivi dual | essed in
the 1 cd BBV REnTrEted of il mibies LI T il Romalaistost k e 6s
. respectg Yl - . . o
PCT/ | Bgfg'?g%‘ﬁ'fgm-'?@g-&mneg%?e then addpd and the Jrsultant mixture incubated at 802G, 5 .
| ane 3, i HR3 b3ikMoh bebdhé &@5@& An 8Qudl; T{é'q - ' . 6,
nol ecul ar wei ght mar ker s?lériyan_e , CB@i%vgﬁ ; féﬁgﬁﬂ{m%%w%%aﬁ&fane 9,
CGB313 tghelvisddus, mistius, WoRtbxetParith dentiftided 1o separldihb aqhbsus’aid sty exanpl es
further describe the materials and nethods used in carrying out the
i nvent i phasesdThéaquaous phasswas thenlmized witle ' gZmicCsClifsndriso paimivetyidiam
iTlustration, and their recitation should not be considered as a limtation
of t he krp@idesplaced iran 3hmi Nglogane bitral.ok tubergrdgentrifegedati46H00momdon tht used
in follow ng fornul atjon exanples are the reconbinant strains of Bacillus
t hur ngiOHES B Seckmantisdulirsantiivge rior iHie resuliant DNAdand s visualizag Wth 5615
and pCl ective nd .expressi ng t.he vel toxin genes Cryl E(c)
and Cr ﬁ?i‘;’"‘r%"i‘g‘%ﬁ‘t‘éﬁ%}e’@yﬁﬂ “M"Q%Hs'e%g aKap é’eﬁ@ﬁosi ted on June 1,
1994 Wi Eéhthfifhating ethidium bromide was removed from the DNA sampie by isoamyl alcohol
extraction. The isolated DNA was precipitated with 2 volumes 100% ethanol and .
centrifuged. The resulting DNA pellet was washed with 70% ethanol. The DNA pellet was
dried and resuspended in 10 mM Tris pH 8.0, 1 mM EDTA.
Fifteen pg of isolated DNA from each strain was digested with 0.1 units Sau3A / ug
| DNA at 37 °C. At 3, 5 and 10 minutes _after addition of restriction enzyme 5 pg samples
were removed from the digest mixture, EDTA was added madé to a final concentration of -
10 mM and placed on ice. An aliquot of each timed digest was loaded on a 0.8% agarose
gel utilizing a Tris-borate-EDTA (TBE; Molecuiar Cloning, A Laboratory Mghugl, Sambrook
et al. eds. Cold Spring Harbor Press: New York (1989)) buffer and run overnight at 25 voits
in an Bl model MPH gel electrophoresis system [Kodak, Rochester, New York]. Lambda
DNA digested with Hindlll was used as molecular weight markers for the gel run. After
electrophoresis, DNA fragments in the 6-9 kb range were cut out of the gel. DNA was
electroeluted out of the agarose gel slices by placing them in a Nanotrap electroelution trap:
[ISCO, Lincoln, Nebraska] and utilizing a ISCO Little Blue Tank [ISCO, Lincoln, Nebraska]

with a buffer system and current using the procedure described by the supplier of the



Agricul tural Research Service, Patent Culture Collection (NRRL), Northern
Regi onal Ypp98a4gp Center, 1815 North University Street, Pegfimbsobdibi noi s
61604, U.S. A and were assigned accessi on nunbers NRRL B-21274 and NRRL
B- 21273, respectively. A. Wettable powders a) b) c) Bacillus

t huringi ensi s spores - 25% 50%-32-75% sodi um | i gnosuf onat e

5% 5% sodi um | auryl sul fate _ 3% - 5% sodi um
di i sobut yl napht hal enesul fonate -- 6% 10% octyl phenol pol yet hyl ene
gl ycol ether -- 2% -- WD 95/ 34656

PCT/ | B95/appdrafus: Ktter eleétrSelUNdrG thelibolatel\DNA @ a8 stedipitiied by additionef 80 sil icd
aci d 5% 10% 10% kaol i n 62%

27% - - volumes3Misediuar acetdtie pHudg®,| 2.5voluatbsvio0tk éthanal dpd trentcentrifubedh Thei xt ur e
is thoroughly ground in a suitable mll, affording wettable powders which
can be dirgsuiting QINA pellgtwas washgd with J0%ethanal and eentrifugedicThe BNA pellet was

0% oct yflﬂtagﬁﬁa? e 0 T T B AMES Rl e et nyl ene. oxi ) S
poryglyeol ot MERIDAESBUEIS e England BijahsByveny. Massaehysats USRI 4GRS " |

30% xy| eng b DNACtragments h__avir}%seiz s of 6-9 kb were one ysing 4 ul doffthe 'ab%vgi%ﬁﬂ %

Ermul si ons of any reduired co ntration can rom

concent r abfetigy, Ciulofal 100 il SotiBérPof pUiSte thifkas Srbviously digeste@lwith Bam HI and
treated with calf alkaline phosphatase, 1 ! 10X ligation buffer, 3 pf water and 1 pf
containing 3 units'T4 ligase. This mixture was incubated at 15 °C ovemight. The resulting -
pUC19-based plasmids containing the inserted DNA fragments isolated from the Bacilfus
| thuringiensis strain was transformed into E. coli DH5¢. [Stratagene, LaJolla, California,
USA] competent cells. This was accomplished by combining the ligation mixture with 200 wi
of bacterial cells, placement on ice for 1-2 hours and subsequent hea‘ting at 42 °C for 90
seconds. After treatment the bacterial solution was mixed with 200 ul of SOC medium
(Molecular Cloning, A Laboratory Manual, Sambrook et al. eds. Cold Spring Harbor Press:
New York (1989)), placed at 37 °C for 45 minutes and plated on L-agar plates containing
100 pg/ml ampicillin to select for transformants. The plates were incubated overnight at 37
°C.
. Transformed colonies arising aﬁer overnight incubation were subjected to the
colony hybridization procedure as described in_w_»ﬂ_gmmm .
Sambrook et al. eds. Cold Spring Harbor Press: New York (1989). |
. In brief, a 86 mm Nitroplus 2000 filfer circle [Micron Separations, Westboro,
Massachusetts, USA]_was blaced 'on each agar plate containing transformed colonies and
then lifted off. After removing the filter, the plates were again placed at 37 °C until
transformed colonies were visible again. The filters with the colonies on them were treated
to release DNA from the bacterial cells first on Whatman paper saturated with 10% SDS, -
then 0.5 N NaOH-1.5 M NaCl, thén;1-.5, M NaCl-0.5 M Tris pH 7.4 for 3 minutes each. The



Baci | l us thuringiensis spor es : . 5% - 8% tal cum

95% kaol w esr3a6s6° -- pcTBsSgomReady for
.use dusts are obtained by mixing the active ingredient with the carriers
and grinding the mxture in a suitable mll. A4. Extruder G anul ate

Baci |l us thuringiensis spores - -33- 10% sodi um

| i gnosul f onat e S 2% WO 95/ 34656
PCT/ 1 B95/ 00413 -30 - car boxynet hyl cel | ul ose

1% kaol i n ' 87% The

active i meradenenthenrtreatammﬂmx 88Ci andthe Rflezzed baétenald)m Wwas fiilked odhelvant s and
the m xture is subsequently noistened with water. The m xture is extruded,

gr anul atfilurQb\dUWeeoaSlim@m usinga Stratalinkep {Stratagenad at B mdodleG anul e Baci | | us

t huri ngi ensi s spore 3% POl yet hxl ene gl ycol
(nmol wt 200) Approxlmately 6 plates with 100-200 colonies/platg|wese done for thie DN

e o T RS e R B Bt PO o o o
are 9bt ol adhehflod B e IRl caea ot HPE AL STABKRUr Bl BAGkbA Miolecuier

t huri ngi

10% nonyéipgoh L Ab4Riry KaR0A, ShiH6ok 8t Hic6asl 310 Bprg B b RWPYRE) 6%

sodi um |7 10%
car boxy ”ﬁbb 0@0' g)nﬂ%ﬁeared salmon sperm DNA, 1% SDS, 50 mM sodium phosphate pboaqueous

f or mal dehyde 'sol ution . 0.2%silicone oil 1n the
f orm of BmNbEDIA,6XESC; 0L05% sodium pyrophos;iha&!’/cPrehybndlzatlon was at 65 °C for 4
hours and hybridization was at 65 °C for 18 hrs with 1 million cpm/mi of a %p_4CTP labeled
probe in a volume of 50 ml. Radiolabeled DNA probes were prepared using a BRL random
prime labeling system [GIBCO-BRL, Grand island, New York, USA) and unincorporated
- counts removed using Nick Columns (Pharmacia). _
~ Filters were probed with a crylB radiolabeled fragmenf generated by Polymerase
Chéin Reaction. The generated fragment spans the region from 461-1366 bp of the crylB
Qene. Hybridization probes were boiled 5 min_utes before addition to the hybridization
solution. The filters were washed twice in 50 ml of 2X SSC, 0.5% SDS at 65 °C for 20
| minutes. The probed and washed filters were exposed to Kodak X-Omat AR X-ray film with
Dupont Cronex Lightning Plus intensifying screens at -80 °C. Those colonies which were
positive by hybridization were identified and piqked from the regrown plates. Picked
colonies were streaked on L-agar with 100 pg/mi ampicillin. Plasmid DNA was isolated from
each streaked culture using the alkaline miniprep method described in Molecular Cloning, A
Laboratory Manual, Sambrook et al. eds. Cold Spring Harbor Press: New York (1989).
Clones designated CGE5618 [carrying the gene for CrylE(c)] and CGE5621
[carrying the gene for CrylE(d)] were isolated. Both clones contained a recbmbinant
plasmid which was shown by the above procedure to possess a DNA fragment isolated

from Bacillus thuringiensis strain CGB316 (CrylE(c) gene) and CGB323 (CrylE(d) gene)
which positively hybridized to the CrylB probe.



wat er 32% The active
i ngredi e gdiagegmPi Nation is intimately mxed with the agicyxpssiossdi Vi ng a
suspensi on concentrate from whi ch suspensi ons of any desired concentration
can be obtained by dilution with water. Exanple 1: doning and Isol ation of
the Novel Toxin Gene Total DNA was iseBBated from an appropriate strain of
Bacillus thuringiensis var kurstaki. For the isolation of CrylE(c), the
strain used was CGB316 and for Cryl E(d) the WO 95134656

PCT/ 1 B95/ 00413 -31 - strain used was CGB323. A culture of the appropriate

strain was groNeDNASFRniEN: isofatdd fedr e &pradridte Badiflusthutingléridis siaingfanghaki ng
‘in arotary shaker. The culture was then centrifuged, and resuspended in 8%

sucr ose, cdriiined/inTthe seqombinant pihSmids| deSibAated@boté Wasre-elone®intoopHiT310ysozy e,
and incubated for 30 m nutes at 37 I[]err]C. Fifty pg/m protei nase K and SDS
to a fi nirantes etal Gane $98,d1561.1900 9. shudtle mwfm%baﬂpws plasmid t.ant i xture
I ncubated at 50 &err. Cunti|] the, solution becane very viscous.

A
 vol ume oMapRuialien ingiten Forok arfackiys tyripgiensie RH TS ﬁ‘?’!@PQﬁeéPf?UEﬂgg%S and
trif d te the d ' h : ph
has. t henBHeRISPrATRAT g SRR fr S8R0 feResi ol VY Bl GEO80 acoq
i 33 A =) 16
nours | n-SIARRENIoatd, 10y Thb ettt Bkl ditfilnfi i oibicd BRRIORL | 1%,
vi sual i Zgdoitid hudndibhsid WaX isdRtedTRoni e Lol CORSHE Steridardpocéditee using a 16
gauge needl e. Contam nating ethidium brom de was renoved fromthe DNA :

sanpl e bgMeleqaantlonihg o babaratonealdanuz),. Sahitsroolc et gl eis. Ol Spring iMadtsor Présst ed

with 2 volunes 100% et hanol and centrifuged. The resulting DNA pellet was
washed wNew YOORA 1€88)n dlbo.refMbee thidsiqned| Bacillus thudingiedsis BNA- feara theoecarabinant10 iV
Tris pH 8.0, 1 nM EDTA. Fifteen pg of isolated DNA fromeach strain was.

di gest edplasmi¢, thelisolatedplasmic fxom gash clonewdas digestest with/thp sestriction anzyness and 10

the. i ge8ee Fnd Bbel. Brordonston minbeesuars tieh laadedch & S REARES SHED0 10
a0 b1 358 i i vk e BlbhOE STt BT, o1 °,0- o
Labor at opjycAMhénésis, 2A9KA fakment of approximately 7 kb in.size was isolated from the gel
o using the above described procedures. The DNA fragment isolated from the gel was
ligated into pHT3101 using the previously described procedure by combining 5 pl of the
‘melted (65 °C) agarose fragment and 4 ! 10 ng/ul of pHT3101.
| The Bacillus thuringiensis DNA isolated from the strain CGB316 and ligated in
pHT3101 .was designated pCIB5618. The E. coli strain containing plasmid pCiB5618 was -
designated CGES618. The DNA isolated from the strain CGB323 and ligated in pHT3101
was designated pCIiB5621. The E. coli strain containing plasmid pCIB5621 was désigriated
CGES5621. Both CGE5621 and CGE5618 were deposited on June 1, 1994 with the
| Agricultural Research Service, Patent Culture Collection (NRRL), Northern Regional
Research Center, 1815 North University Street, Peoria, lliinois 61604, U.S.A. and were
assigned accession numbers NRRL B-21276 and NRRL B-21275, respectively.



et al. eds. Cold Spring Harbor Press:. New York (1989)) buffer and run
overnig m%% volts in an I Bl nodel MPH gel el ectroph Lelzﬁg em
( Kodak, %?ﬁes er, New York]. Lanbda DNA digested with I?{n f’ﬁyv‘\'/g% used as
mol ecul ar wei ght markers for the gel run. After el ectrophoresis, DNA
fragments in the 6-9 kb range were cut3%ut of the gel. DNA was
el ectroeluted out of the agarose gel slices by placing themin a Nanotrap
el ectroelution trap |1 SCG. Lincoln, Nebraska] and utilizing a ISCO Little
Bl ue Tariapie®: DNIC SbBuerdi@iriiial ofbbertrdiit &8 Gy 6t:DEGHed S NG
the procedure desCrrbed_r e supf ' |
PCT/ | B95/ 00413 - 3X¥ot juence to e AEN¢
precipitated by addition of 1/10 vol ume 3M sodi um acetate pH 4.8, 2.5

vol umes’ 100% el £ ' LEvek i : t was
washed with 70% et haﬁwgﬁg gaedri\‘tqﬁlé?‘ Bg%gm%%%mmﬁ%?é%g?ﬁw 3?‘?& and

- 1 esus pe rothtainad byl firshdyinThesizingtseguéncirg prrhér® Linglangsgplied Biodystems/aidtiel H808

Engl and Bi ol abs, Beverly, Massachusetts, USA] of the isolated DNA fragnents
havi ng dINAsynthesizel. The pemersiwere theri uspddn ther DNAseqiigneing reaétionse above DNA
solution, 1 [err] of a 100 ng/[err'm&err] solution of pUC19 that was

pr evi ousieAuaN¢jag was perfermed:using ihe gideoxy ehain-termination methad (Sangeret al., Proc

22‘.3?2?2?@%%5@8}?4:is&éé-‘@%%H%%»}fﬁ@péégéga%hé%&&’?%&%g?e%‘i@% uting e

Fr agmenrisauehited Sten (00 pRehemicACER) Bed o] aau stendd aﬁ%ﬁérri‘ﬁai%tgf%(«red
Thi o v e acr RS it 7 B 1G b BARp Aol (BAR ol W o) PAFGH BN, BRYA, °
bact er i aleq@éndirg wad SSainea frofian ASplie8'BidsystefiPDNA SefleftESMBdAA73Acat i ng at

42 [err]C for 90 seconds. After treatnent the bacterial solution was m xed
wi t h 20Gcepring] to dtie Makufacirersisiybeésted btocol. oAnaisis ¢f seqbenots was ddaswsing
Sanbrook et al. eds. Cold Spring Harbor Press: New York (1989)), placed at
37 [ er r ]t toiversity of WiscossiaGbnstia Cothputer GroumSequenice Analysis Software 100
[err][err]lm ampicillin to select for transformants. The plates were

i ncubat éHl'B’%Gﬁhagqhﬂsm Gene Godes Cams (AmAtos.dWighipar) seauending prPg@M.over ni ght

i ncubation were subjected to the col ony hybridization procedure as
described in ‘R'R?P@ifed §F nemeRsiakre %&%&d’f‘%ﬁ%’\?&'ﬁgﬁ@yv Microbiol. Hev. 53: 242-
255 (1989) the proteins encoded by the novel toxin genes would be classified as a CrylE-

)

tybe. and have been_designated herein as CrylE(c) and CrylE(d). Both genes of the present
invention enqo_de a crystal protein of 1 176 amino acids with a predicted molecular mass of
130.7 kDa. The complete nucleotide éequen_ce of each isolated novel toxin gene is
disclosed in SEQ ID NO:1 for CrylE(c) and in SEQ ID NO:7 for CrylE(d). The deduced amino
acid sequence of the encoded protein CrylE(c) is disclosed in SEQ ID NO:2 and the
encoded protein CrylE(d) is disciosed in SEQ ID NO:8. U‘sing the FASTA program available
in UWGCG. the DNA sequence of the t_wo. novel toxin genes of the present invention have
99 % sequence identity. Both CrylE(c) an;_i.('_}r_y_IE(d) each have 87% sequence identity to
the known endotoxin gene designated Cry!E(a) (GenBank/EMBL Acéession No. M732562)
and 85% sequence identity. to the known endotoxin gene CrylE(b) (GenBank/EMBL
Accession No. M73252). The deduce__dprotgin sequence for both CrylE(c) and CrylE(d)
have 83% similarity to CrylE(b) and 81% _simil_ari_t_y to CrylE(a).



Sambrook et al. eds. Cold Spring Harbor Press: New York (1989). In brief, a
85 MM Ni t¢/RNs4365¢000 filter circle [Mcron Separations, \\egtRsysRoa3
Massachusetts, Al was pl aced on each agar plate containing transforned
colonies and then lifted off. After renoving the filter, the plates were
again placed at 37 [err]C until transfegeed col onies were visible again:
The filters with the colonies on themwere treated to rel ease DNA fromthe
bacterial cells first .on Watnan paper saturated with 10% SDS, then 0.5 N
NaCOH 1.5 M NaCl, then 1 5 MNaCI-O.S MTris pH 7.4 for 3 mnutes each. The
WO 95/ 34656 o ' ' ' PCT/ | B95/ 00413
-33 - filters were then treated vmth 22X SSC and the rel eased bacterlal DNA
was fi xedExampled3:f | JTrapstorins RSis BS
(Stratagene) at 0.2 mJouIe ApprOX| rrately 6 pI ates W|th 100 200 :
col oni es/ pl at eTheelenerhgene for theinevelpxin pregantin the regombingntplasmide pRIBEG1RI n of
r1d|zat|on of the filter

ZEE' car i 9 a%l%%ﬁ ”i’a%gpﬁéfﬁsﬁe%-h%@ta'ségwﬁ Fetpud deryetfs g@qq&ys@wma«ensxs
pr ess. - el aBRE Taropmafor L acamBLsnes Prane Fiethoder Stasiet o 1
00! um POARNGLE ditel 218, F1-FHT ool i AT ERYA BRAD RS mh s

Prehybri dizatTon was ours an di zation at 65

[err] C f oedBotdited Mérbin ,A,tgbhﬁrb%cpmm -of a 32P-dCTP | abel ed pr obe in a

vol une of 50 m . Radi ol abel ed probes-were prepared.using a BRL random

prime | abel i ngSpores efiCEBRBORRRnocRited htd 30 av LJHeoth‘éﬂﬂkncub@éh oRérilight at

uni ncor porated counts renpved using Nick Colums (Pharmacia). Filters were ‘
probed wi 25°Gobmybiary shiiker abt0apnt. rmmubgmettmtoaﬂumys Bifitgar80-fale inBnki n
Reaction. The generated fragnment spans the regi-on from461-1366 bp of the

cryl B gen@fcth-ﬁf!# ingubated Birthpr %‘t@s Gpit & rofary|shakes a&?ﬁ@m upiites wlmretatcbes to

t he hybrid t|o sol ution. _ rs-were wice.in 50 of 2X
Sec, . SoansBe ot ges| Hie basterial calls b Ravesisd By soniigation s (TR Beg it o0

rere PO i Kl B0 0 ALl 8
o1 2 ipc A 2, Gl ST ST,

i sol at ed firgpeated as described above. Four hundred yl of the resuspended cells are added to the

cuvette of a Genepulser with a 0.4 ¢m electrode gap. Plasmid DNA is added to the cells in
the cuvette and maintained at 4 °C for 10 minutes. The plasmid DNA is transferred into the
cells by electroporation using a capacitance of 25 F and a field strength of 1300 V. The
treated cells were then maintained at 4 °C for an additional 10 minutes, then diluted with 1.6
mi L-broth and incubated for 4 hours at 30 °C on a rotary shaker at 250 rpm. The celis were
then plat_ed on T3 agar ('3 g Tryptone, 2 g Tryptose, 15 9 Yeaé't'Eitract. 0.05 g MgCl2, 50
mM sodium phosphate pH 6.8) containing 25 pg/mi erythromycin and incubated at 30 °C for
24-36 hours to visualize colonies. Single colonies were picked from the plates and streaked
out on fresh T3 containing erythromycin and grown to sporulation. Transformed cells of
CGB324 which produced crystalline protein bodis, indiéative of expression of the novel
toxin genes, were identified microsdbpic':ally. " | |

The recombinant strain of Bacillus thuringiensis containing pCIB5618 and

expressing the novel toxin gene CrylE(c) was designated CGB311. The recombinant strain



each streaked cul ture using the al kaline m niprep nethod described in

Mol ecul ayolkRigsed- A Laboratory Manhual. Sanbrook et al. egdggpdsosizSpring
Har bor Press: New York (1989). C ones designated CGE5618 [carrying the gene
- for CrylE(c)] and CGE5621 (carrying the gene for Cryl E(d)] were isol ated.
Bot h cl ones contai ned a reconbi nant ptd82m d which was shown by the above
procedure to possess a DNA fragnent isolated fromBacillus thuringiensis
strain CGE316 (Cryl E(c) gene). and CGEB323 (Cryl E(d) .gene) which positively
hybridi zed to the Cryl B probe. WD 95/ 34656 o

PCT/ | BO56i0Batilrs taskingiehkie dantaiding.pCIBS621 2ad ekprdsdingthetrioveltdin gpne ShiE(d)
Bacillus thuringiensis strains and contained in the reconbi nant plasm ds
desi gnat was desigratech€GB313. Both £GBR18 and GBI Werealepasitedtonalune G 1994 eith

'115-119, 1991], a shuttle vector_ which allows plasnid manipul ation in
ei t her Ethedgriculyral Regsearch Servieg, Ratant Syliure ColipntiondNRRL). NorfheseBegionglucis, a

P 7 S G Sl O R e R *
CoN 1 1 B i Rert OBERS e old WA S0 eraBiahag] 2o {rom e

“Manual . Sanbrook ‘et .al. eds. Cold Spring Harbor Press: New York (1989)). To
remove thga,gb@n@_d 2T SV NG ' X HoRORbikyN: P! asm d,
ed pl as

t he isol at TTOM 8 - . ction
enzynes Sac | and lgs tion mxtures were then | oaded on a 1%
SeaPl ague agarose gel using TBE buffer system and el ectrophoresed overni ght

at 25 volts. i ' ; | alaee 7 kb in
Msb&bicHsE&y)s e %ﬁﬁssciiendgss{ @madoémgsmpimﬂeé %rgigé.a diet

size was isolated fromthe gel ~above déscribed procedures. The
DNA f r agpreptrations. affsrdexample, tridftery BlackCutworthedrefitial insectdiBtWasPoured it 451

previously described procedure by conbining 5 [err][err] of the nelted (65
[err] C) ogaGetman saaprean Petridishes.cTest sblutiomsydfspore/crystalp iIfiigtured fronTthe Baci | | us
thuringiensis DNA isolated fromthe strain CG316 and ligated in pHT31 01
was desi feambinaptBasifusghuringiensis strgin CGB3 1Y and.6GB313 werp pRde Hsing gtutiens 18 was
desi gnat ag%?GESGéS. The DNA isolated fromthe strain CE323 and ligated in
pPHT3101 R BuPERsIBRInES B 1% TrifonX 00 dgpigaed teinrovidmasandery itasmi d -
pCl B562 1%%93&&:%@8? eea%h sample. After solidifiwtio:n of the molten diet, 100 pl of the

appropriate dilution of Bt in 0.01% Triton X-100 was spread over the surface and the plafes

are air dried. Ten insects at the first instar of Spodoptera exguia (beet armyworm), S.

fugiperda (fall armyworm), or Ostrinia nubilalis (European com borer) and which were less

than 24 hours old were placed onto the diet surface for a total of 30 insects at the first 'instar

for each concentration of spore/crystal tested. The assay was incubated at 30 °C in

complete darkness for 72 hours. Thé percent monaiify was recorded at the end of the

assay period. | .

' The assay fdr Heliothis virescens (tobacco budworm) was similar to the above

assay with the following differences.' Costar 24-well cell culture clusters were used with a

single well surtace area of 2.26 cm2 and 15 pl of the spore/crystal dilution was applied to

- the surface of the solidified-artificial diet. One H. virescens larvae which is less than 24
hours old is placed in each well for a total of 24 insects for each concentration of

spore/crystal tested. The wells were covered with two pieces of Parafilm and a piece of



CGE5621. Both CGE5621 and CGE5618 were deposited on June 1, 1994 with the
Agri cul Sdnspgsearch Service, Patent Culture Collecti onedidBBgod1dNor t her n

Regi onal” Research Center, 1815 North University Street, Peoria, Illinois
61604, U.S. A and were assigned accession nunbers NRRL B-21276 and NRRL
B-21275, respectively. WO 95/ 3465638 - >

PCT/ 1 B95/ 00413 -35 - Exanple 2: DNA Sequence Anal ysis of Novel Toxin Gene
and Honol oav of Deduced Protein Sequence to other Cryl Genes The DNA
'sequence of each the novel toxin genes of the present invention was

obt ai nepgrmm;if&[pgmt Seisrititic, Rittstag\cFennsyjvania, USA] to prevgntescapebf the

Bi osystens nodel 380B DNA synt hesizer. The prinmers were then used in the
DNA sednszets frgm teawelisoriEhe sB3sayiwas incybatad ap30 PG farg@ heyraafter mbicky pesesnd
chain-term nation nethod (Sanger et-al., Proc Natl Acad Sci USA 74: '
5463- 540qrialityowas recorsigde Rarkgrourdmortality fof,all assayewasd-1R%- usi ng t he Sequenase

ZX/?LEFL%E% el ip s Dssius Wore SertoB R B indoRBAiRG Hidugi of 20 Bl °F
F Cr E i i i Bj DNA
Sequentoorayata] Mg Vg il il 7 gastets CRT(BEv Bl MRS O T O0F
Anal ysi émggngug&gﬁg&&agwngp&mw@aewﬁ eHl(Sli.\d?Eﬁﬂ'. Biti 96:1YY steivigpprogRatet i

Conmput er equente Anal ysis Software (UW CG) _ and using Gene Codes

Corp. (dypgeritt4tioh. THE & fil &ribtad toxi6l dil Was potreddnto M ozt \clear plastiy dups (Biosarve | at ur e
scheme of Herr]fte and Witeley, Mcrobiol. Rev..537242- 255 (.1989) the

pr ot ei nsroduct #9051 )b \Subbequeny dilutions weregraande byaddingaoretoxiodistite thepreviod y | E-
type, and have been designated herein as Cryl E cf) and Cryl E(d). Both genes ‘
.of the uneentrationr\Qnceithmdiehcanied, § neopate. xyeeteld froraa diet-Adapteriab eRloNYs “wi t h
a predicted nol ecul ar mass of 130.7 kDa. The.conplete nucle éiﬁle sequence

of eachwereqilageddn gaci:diet-epntainigg up Agd thesqoyered With ajwiits 'E?Hﬁbi.' (Bigserve v | ()

di 1 7_for Cryl E(d). Th duced am.no -Laci d 4 h
encodecPToRuR BoReRY T1Ery Jaras Wpts aaver et tapcsrHaRy Bevs o YEAE H8fifnlid "
in CvlE i hSGl i e SEQ. s abbSh LG
Dvai | abndn netsis: SRR it £ oDl Por Sy pies ThEpefaRl 2972, o
pr esent mbné%wgggﬁém?iﬁghg/%ﬁ@gm'gggswba_ty.- Both Cryl E(c) and CryI__E( d)

each have entity to _ S _ _ _
The results of the bioassay of the novel toxins are :summariz_ed in Table 3, below.

Table3: - Relative Activities of Novel Toxins on Selected Insects

Spodopiera | Spodopter| Heliothis . Ostrinia | - Plutelia -
Insect Toxins exgua a virescens nubilalis_ xylostella
frugiperda

CGB311
containing _
crylE(c) of the- - = 1 . + L=
present '
invention
CGB313
aylE(d) ofthe E B + na R
presentinvent. ' ' :

L .




t he known endot oxi n gene designated Cryl E(a) (GenBank/ EMBL Accessi on No.

M7 3252) wiwkadesye sequence identity to the known endot oxi pcgaResdesds E( b)
(GenBank/ EMBL Accession No. Mr3252). The deduced protein sequence for both
CrylE(c) and Cryl E(d) have 83%simlarity to CylE(b) and 81%simlarity to

Cryl E(a).
- PCT/1B95/ 00413 -36 -
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Exanpl.e 3: Transformation of Bacillus thuringiensis
Toxi n Genes The cl oned gene for the novel
[0S pCl Bog18 and 1Y

erivati vd

in the

B324.
bl . CGen.
533

Con a
b0-f ol d
at 250

the culture reac

€5 an

err| ot

U. Z. 11 Dd

crertar—Tce

harvested by centrifugation and resuspended in 1/40 vol une ice-cold

el ectroporation ‘buffer (400 nM sucrose,
6.0, 20%
repeat ed™*
resuspended cells
el ectrode gap. Pl

1 nM

Mda,

$0ndred [err][err][err] of the

ABIFE 0 Bt

mai nt ai ned. ak 4 [ ¢06 hglch LY, £1066 A/

|s are

7 mM phosphate buffer pH
gly%erolAwgémgﬁgggggbbﬁﬂﬁtipn and resuspension of the cells is

s descri 0 =
vette of .a CGenepul'ser with a 0.4 cm
the cells in the cuvette and
ecm3ne plasmid DNA is transferred into

the cells by electroporation using a capacitance of 25'F and a field
strength ef %300 WCe,Ehto0Ompémtl cel s were then nmaintained at 4 [err]C for

an additional
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Transforned cells of

e

CGEB324 which produced crystalline protein bodies, indicative of expression
of the novel '

Example 5: - SDS-PAGE Analysis of the Novel Toxin Protein
Spore/crystal stocks of the recombinant strain CGB311 and CGB313 were prepared

(20 mg/mi) in 0.1% Triton X-100 from lyophilized powders. A 100 pi portion of the stock
was treated with 25 pl of 0.4 N NaOH for 5 min at room temperature, then 125 pl of 4%
SDS, 20% glycerol, 10% B-mercapto-ethanol, 0.01% bromopheno! blue, and 0.125M Tris-
HCL pH 6.8 (Brussock, S.M., and T.C. Currier (1990), in: Analytical chemistry of
B.thuringiensis. L.A. Hickle and W.L. Fiich. editors, American Chemical Society). This
solution was then heated at 100 °C for 2 min. Samples were centrifuged for 60 s at 14,000
g in an Eppendorf 5415 microfuge. The samples were loaded on a 4-12% SDS-PAGE
(Novex) and run as described by the supplier. - Gels were stained in 0.2% Coomassie blue,
40% methanol and 10% acetic acid for 30 min at room temperature and destained with 40%
methanol, 10% acetic acid. Gels were scanned using Molecular Dynamics Personal
Densitometer and data was énalyzed using Microsoft Excel. Figure 1 shows a protein'band



toxin genes, were identified mcroscopically. The reconbi nant strain of

Baci | | us tWo'é573g86ensi s cont ai ni ng pCl B5618 and expr essi ng pcrAsysmesls t oxi n
gene Cryl E(c) was designated CG31 1. The reconbi nant strain WO 95/ 34656 -
PCT/ 1 B95/ 00413 -37 - of Bacillus thuringiensis containing pCl B5621 and

. expressing the novel toixn gene Cryl E(d30 was desi gnated CGB313. Bot h- CGB313
and CGEB311 were deposited on June 1, 1994 with the Agricultural Research
Service, Patent Culture Collection (NRRL), Northern Regi onal Research
Center, 1ghRe biopdcted-fbiedial Wiighit=384 on HRCddduced brotélR sé%ﬁh@%r ddcFoftheand
wer e assi gned accession nunbers NRRL B-21274 and NRRL B-21273,
respect i veo¥el toxXin-gAREE- 4: | nsect Bi oassay of Novel Toxin Genes Expressed In
Reconbi nant Bacillus thuringiensis Insect bioassays were conducted by

addi ng spore/crystal .m xtures to art|f|C| aI d| et rearati'o_ns. For exanpl e,
‘nol ten Bl rapsiore 3 gize with (s 10 A8 nto 45 nm Gel | man

snap-cap Petri T%h?ﬂﬂﬁﬁanoﬁ%?ha‘ﬁﬂ witr méas%n%mfeq(oeémamg%%& grepared fromthe

reconmbi nant Bac us thuri ngl ensi| s straln | were nmade usi ng
di | ut i onsaesording toanyrat t@mﬁsneshpdws ecma_ve%bvrmlcmropq!"e)boram@lﬁebp to

provi de agiffap gﬁm?{ur%ffdotl &roﬁkéri?mg pfdga? f2 1%&1? bfibrydgbRiE callus with a

SO|IdIflcatI0nO ten | et err of the appropriate

di | uti on 8yitaple plantirapsiosmationyiecter @mmmthgﬁa@é@«eaene& he surface and the
plates are air dried. Ten insects at the first instar of Spodoptera exguia
(beet armgworm, S. f Cwnpwidion of Rlaht Transfomiation VactdeBt rini a nubilalis

(Eur opean corn borer) and which were | ess than 24 hours old were placed

onto the diet surluameroistrapsformation vect8s dre swaitablecfor plast tfanstormation, and ther ‘
each concentration of spore/crystal tested. The assay was incubated at 30

[ err] C i ngenasmf thisinyentionesas beised in eaniunstiorrwith pay swakt veelors.aThe selogtion of
recorded at the end of the assay period. The assa Hel i thhl S virescens
(tobacco ¥RRWNGPhHYysewld deperd '1!9°“tté° Pw@rm%@aw%eshmﬁ%am& edereRy

di f ferences.

wel | “sur { SesieRta grms?%"‘?@% %&3@%5'?% siecles, FerpRaelRE b, "9 ©
dilution g@éﬁ@%é&&st’& ré esgc waﬁ‘g}g @*lmﬁvlhhﬁé@mﬁoﬁt One

H. virescens rvae whi
include the nptll gene whcch confers reslstance to kanamycin and related antibiotics

(Messing & Vierra, Gene 19: 259-268 (1982); Bevan et al., Nature 304:184-187 (1983)), the

bargene which confers resisianc__e to the herbicide phosphinoth__ricin (White et al., Nuc!
Ac:ds Reé 18: 1062 (1990), Spencer et al. Theor Appl Genet 79: 625-631(1990)), th'e hph .
gene which confers resistance to the antibiotic hygromycin (Blochinger & Diggelmann, Mol
Cell Biol 4: 2929-2931), and the dhfrgene, which confers resistance to methotrexate

(Bourouis et al., EMBO J. 2(7): 1099-1104 (1983)).

(@) Construction of Vectors Suitable for Agrobécterium Transformation

Many vectors are available for transformation using Agrobacterium tumefaciens. These
typically carry at least one T-DNA border sequehce and 'include_ vectors suc_:h as pBIN19
(Bevan, _Nucl.. Acids Res. _(1 984)). '.Bélow the cohstruction of two typical vectors is

described.



hours old is placed in each well for a total of 24 insects for each

concent was9spaesef spore/crystal tested. The wells were ceocrnBsbiooiish two

pi eces of Parafilmand a piece of WO 95/ 34656 -

PCT/ 1 B95/ 00413 -38 - Teri-Kimu pe [Fisher Scientific, Pittsburg,

Pennsyl vani a, USA] to prevent escape'&i “the insects fromthe wells. The
assay was incubated at 30 [err]C for 72 hours after which percent nortality
was recorded. Background nortality for all assays was 0-15% Plutella

xyl ostel | a bi gassays were perforned by incorporating aliquots of a 50 ng/m
spor e/ c&astaiction ot PLIB pd pElB20RY artificial P. xyostella diet (Biever and

Ent - Soi 20y Vet SEIEEBD and pL o0 ore Bres 57 e consicin ko 1 oxi ¢ ai ci
Subs equiskomeltefit Vecidrs 15 S8 P abordfgicTh BSRR Bl oG anoer. o,

concent pAld kan i<B6Rel By l@rﬁdi%{sgﬂﬁ gfjpTJé?BG(ﬁaﬁﬁiﬁhEuse? ¥99dinbkids b&&g}t@ Chen

di et -adapted [ ab col ony were ced 1n eac I et-containing cup an

cover ed 18ir.1446455(1 985)palAing xtisidH SFIRG 168raByclifeLrdsidtaitaYene [oR6Wed by vae were
assayed per concentration. Trays of cups were placed in an incubator for 3
days at ing@fioniof an #Actrathenb fromn PUCHKEHrryihgrdn BT (Mesting SWieeranGenpibal ity
was recorded at the end of the assay period. The results of the bioassay of
t he nov@P9-26&{1882)iBeven efak,iNatrei394TiH4- t873(1983); MaeBridabt 2., Plardaladular
Activities of xins on Sel ected |nsects Spodoptera Spodo(Dter

Hel i ot hiP®logy 74GN§¥$-:2ﬁg gso)). )ﬁ%ﬁ'{é@rs&afﬁrﬁséteﬂ tothe; FroRV fragment of pCIB7,
\(;::c rte ﬁge\r}vﬁich coh lf’r{sl tﬁle \ett and r@“ ?ﬁfbﬂ Lgrd];;s?glp%%égglgéﬁgh%f%ﬁm tg{n{ﬁﬁﬁej@w N0 ane’ | E C_)

cryl E(dyng thet;mb polylinker (Rothstein et al., Gene 53: 153-161 (1987))\and the XhoHdigested

=%

fragment is cloned into Salldigested pTJS75kan to create pCiB200 (see also EP 0 332
104, example 19 [1338]). pClB200 contains the following unique polylinker restriction sites:
EcoRl, Sstl, Kpnl, Bgill, Xbal, and Sall. pCIB2001 is a derivative of pCIB200 which created
by the insertion into the polypinker of additional restriction sites. Unique restriction sites in
the polylink_er of pC|32001 are EcoRl, Sstl, Kpnl, Bglll, Xbal, Sall, Miul, Bcli, Avrli, Apal,
Hpal, and Stul. pCiB2001, in addition to containing these unique restriction sites also has
plant and bacterial kanamycin selection, left and right T-DNA borders for Agrobacterium-
mediated transformation, the RK2-derived tfA function for mobilization between E. coli and
other hdsts. and the OrT and OnV functions also from RK2. The pClB2001 polylinker is
suitable for the cloning of plant expression cassettes containing their own regulatory

sigrials. -

Construction of pCIB10 and Hygromycin Selection Derivatives thereof -

The binary vector pCIB10 contains a gene encoding kanamycin resistance for
selection in plants, T-DNA right and left border sequences and incorporates sequences
from the wide host-rangé plasmid pRK252 allowing it to replicate in both E. coli and
Agrobacterium. Its construction is described by Rothstein et al., Gene 53: 153-161 (1987). -



presentinvent. WO 95/ 34656

PCT/ B95/ OQiplodzaced - Oyl E(a)[err][err] CrylACa)[err] [errlpciapeosmosrs data
not avail able = Data taken from Koziel et al., In: Biotechnol ogy and
Geneti c Engi neering Reviews, Vol 11, p. 171-228, 1993, I ntercept Ltd.
Hanpshire, UK Exanple 5: SDS-PAGE Anat42ts of the Novel Toxin Protei n
Spore/crystal stocks of the reconbinant. strain CE&G31 1 and CEB313 were
prepared (20 mg/m ) in 0.1% Triton X-100 .from | yophilized powders. A 100
p[err] portion of the stock was treated with 25 [err][err] of 0.4 N NaCH
for "5 m rvarious derivativep of pCIB10 havé been édnsirected vaich]inavkpotéte ThiSgeritOir gl ycer ol ,
10% [err] - mer capt o- et hanol , 0. 01% bronophenol bl ue, and 0.125M Tris- HCL pH
6.8 (Br us‘wmmycm Biphosphetransierase deseribed by Gtz of al:, Gana |25t 1 72a18&-(1883)5t ry of
B.thuringiensis. LA ‘Hckle and WL. Fitch, editors, Anerican Chem ca

Soci et y) . hnfsp 9egvaftws$ shaki selestion of Fansaenia plam gelion hxgremycin ofly @c@zm es
t dorf ,5415 f Th
Lo oo kg B SRR g Gl SRS o1 v

supplier. (gghg were stained in 0.2% Coomassi e bl ue, 40% et hanol and 10%
acetic aci r 30 mn at roomterrperature and destai ned with 40% net hanol ,
10% acetic acid. Gels were scanned using Ml ecul ar Bynam cs Personal
Densitoneter and data was anal yzed using M crosoft Excel. Figure 1 shows a
protei n apd ConsWGutin oi4fefors Suitable for non-Agrobacteriuim Transformation.

PCT/ 1 B95/ 00413 -40 - at the expected nol ecul ar wei ght based on the deduced
pr ot ei n sequéclransforoation withot’ thbeselof/Agrobaotemfgama‘ac:ensclrcumvents the

requirement for T-DNA sequences in the chosen transformation vector-and consequently
vectors lacking these sequences can be utilized in addition to vectors such as the ones
described above which contain T-DNA sequences. Transformation techniques which do not
rely on Agrobacterium include transformation via particle bombardment, protoplast uptake
(e.g. PEG énd électroporétion) and microinjection. The choice of vector depends largely on
the preferred selection for the species being transformed. Below, the construction of some

typical vectors is described.

Construction of pCIB3064

pCIB3064 is a pUC-derived vector s'di'table for direct gene transfer techniques in
combination with selection by the herbicide basta (or phoSphinqthricin). The plasmid
pCiB246 comprises the CaMV 35S promoter in operational fusion to the £. coli GUS gene
and the CaMV 35S transcriptional terminator and is described in the PCT published
application WO 93/0?278. The 35S promoter of this vector. contains two ATG sequences 5’
of the start site. These sites are mutated using standard PCR techniques in such a way as
to remove the ATGs and generate the restriction sites Ssp/ and Pvull. The new restriction
sites _are.96 and 37 bp away from the unique Sall site and 101 and 42 bp away from the
actual start site. The resultant derivative of pCiB246 is designated ﬁ0183025. The GUS
gene is then excised from pClB3025 by digesiion with Sall and Sacl, the termini rendered



Exanpl e 6: Transformation of Maize with the Novel Toxin Gene Transformation
of nmui zavghiueed | east on of the novel toxin genes prepapEHmaseaisi Ng to
any of the above nethods is achieved by mcroprojectile bonbardnent of

ei ther i mmature zygotic enbryos or serially-propagatable Type | enbryogenic
callus with a suitable plant transfort#ion vector conprising the said
toxin genes. 6.1 + Construction of Plant Transfornation Vectors
Nuher ous transformati on vectors are avail able for plant transformation, and
the genes of this invention can be used in conjunction with any such

vect or s.blurtiand edligateddo gefierateqilasmitl CIBRASOWI Thie ptisyrdah gJ T2 is dbitaingd fedrathes d
transformation techni gue and the tarqget species for transformation. For
certai n JoHR éfﬁlesﬁ?é'@'ﬁerg?“"(ﬁh‘ and tha @ 40Q:bppPrael fragment epmaipingdhe barganedontar ker s

may be eferred. Selection markers used .routinely ip transfo tion

| nel ude TRBATHEES VRN amPaRas ik Freed a0 igexieddnio dhe Haa e ofPRIRIOBE| 4 e
ant i bi otg i &y, e DS . et al., Nature
304. 184-(1[@@“‘?%@@)#%“&% J?a?%‘egﬁ?%ﬁ‘c%‘ﬁ’ﬁ-oﬁ?%??“éé%@%ﬁ?@f@"ﬁe her bi ci de
phosphi is6d the B4R cditrel ofdRd ?WSWN cer et
al . Theer@ §| Ge(r?eéfbé?'gé:%dzegl%%l( 19‘9‘(’;?);%@? e hph géﬁ?ﬁﬁ??ﬁ%ﬁt\ erQ

resi st anefbitide sélection; algené ir6 ah\fmmlmmisrar{csl(m BelB&Rdn ik EDcam ahdapalylinkdr Cel |
Bi ol 4. 2929-2931), and the dhfrgene, which confers resistance to

met hot r avitht tbe (Bique sitéssSphl, Bstl, Hird/B@nd. BaA) ThisD&tor 19uitabidds) the cloding
Construction of Vectors Suitable for Agrobacterium Transformati on Many
vect or s af planhexpresgionecassettasy containing their@wnreguigtonpsighais.t er i um t unef aci ens.
These typically carry at | east one T-DNA border sequence and include
vectors such as pBINL 9 (Bevan, Nucl. Acids Res. (1984)). Below the

construction of two Dical . & QLS is described. WO 95/ 34656
PCT/ | BO5700# e bf pCl B200 and DClI B2001 The binary vectors

Cl B200 and £2001 o el | o . i ' t
PO1 200 an SRRRARR @lStoith ot WALl 12 Do bedeSRPRARRY Voot o
B;J: tsgfrgladm&aéym al¥a dufdcabildMakior Borttbrring feaistancetd Mdthtrsxdte. Pcigld nski, J
used to amplify the 35S promoter (~800 bp), intron 6 from the maize Adh1 gene (~550 bp)

[Lou et al, Plant J 3: 393-403, 1993; Dennis et al, Nucl Acids Res 12: 3983-4000, 1984] and
18 bp of the GUS untranslated leader sequence from pSOG10. A 250 bp fragment
encoding the E. coli dihydrofolate reductasé type li gene is aiso amplifi_ed by PCR and
these two PCR fragments are assembied with a Sac/-Pst! fragment ffom pBi221 (Clontech)
which comprised the pUC19 vector backbone and the nopaline synthase terminator.
Assembly of these fragments generated pSOG 19 which contains the 35S promoter in
fusion with the intron 6 sequence, the GUS leader, the DHFR gene and the nopaline
syrithése terminator. Replacement of the GUS leader in pSOG19 with the leader sequence
from Maize Chiorotic Mottle Virus (MCMV) generated the vector pSOG35. pSOG19 and
pSOG35 carry the pUC gene for ampicillin fesistahce.and have Hindll, Sphl, Pstl and

EcoRi sites available for the cloning of foreign sequences.



164: 446- 455 (1985)) allowi ng excision of the tetracycline-resistance gene,
fol I owed VB Aslktion of an Acclfragment from pUCAK carrypegmmseddsd| |
(Messing & Vierra, Cene 19: 259-268 (1982); Bevan et al., Nature
304:184-187 (1983); MBride et al., Plant Mol ecul ar Biol ogy 14: 266-276
(1990)). Xhollinkers are ligated to thed4&coRVfragnent of pClB7 which
contains the left and right T-DNA .borders, a plant selectable

nos/ nptll chinmeric gene and the pUC polylinker (Rothstein et al., Cene

53: 153- 16& b@ﬁy)) and the Xhol -digested fragnent . is cloned into
Sal | -di gesS pIJS75kan to create pCl B200 (see al so EP. 0 332 104, exanple

19 [ 1338] ). pCI Bhis B-Gluauranidese (RUS)exprassiog vestotissleved from iplasmidpBHRt. | on
sites: 851 rcha C%:&#romw %&)ﬁt«%@@l Pal@%ﬂo%l‘f?rﬂﬁqnﬁﬁﬂ(%]of'ﬂ% fha Srligﬁ"i‘t ive

of pCl B20 creat e nsertron nker itional
restricti gan%ismmphfeﬂnbne& fearn plasmichpB428, desdribed haqumie;zlethat Rrbc NatB2001

ana Stul . "SEr SR By aEdnien (81, ualh siadHultepudirimert SiNoogdB 07

‘sites al 35%199%4 ant and bacterial kanamycin selection,.left and right
T-DNA borders for Agrobacterium medi at ed transformation t he RK2-derived
trfA function for nobilization between E. col and other hosts and the

OnTand Ori Vf uncSQN%JO&J %&mmmmﬁa@mmﬁ%mﬁea is suitable for
t he cl oning of . A@‘%t; @‘P& «OWn regul atory
sigrials. Constr uct | on ﬁﬂsééﬁg I-Iygr&c").?r\y@g%"ﬁig e ecﬁ%ﬁeDerl vatives

t hereof The binary vector pCI BlO contai ns a gene encodi.ng kananycin ‘
resi stance for S@HN{M cAoH quences
and i ncor por at ezﬁéggftﬁeﬁggﬁs&f rom t%d@\-n os%ggnangeeﬁﬁgg%ggééjmgg al | owi ng
it to reprieaving thenBamHisite adged pnms'xyﬂ@baaqre?camnmer sThegesultingBNAn i s
descri bed ( 6

PCT/ | B95/ gg%Tgﬁt gghﬁﬁ%arl ous er| atalﬁéggééq n*%hg %?ﬁm)ste %ngﬁé@éﬁgt ed
whi ch i ncbetweeaitke Gauvéﬁﬁ@wmtewwaﬁﬂ&g@qaﬁbe pgmdamtsmsouaammw by
Gitz et @%ﬁfe ection
of transg?nlo({,’ Fi?%ﬁg{naggvkﬁ %@éﬁ%@ tr?-gon y ‘?ﬁ(@*ag%%%ogﬂﬁiygrﬁo%ﬁ:l n and

kanamyci nl@pwleymesmmmwst{ Rot hstein etal ., Gene 53: 153-161 (1987)].

pSOG 19 .
This dihydrofolate reductase (DHFR) expression vector is d'erived by fusing the |
358 promotor and Adh1 intron 6 of'pSOG'10 to the DHFR gene from plasmid pHCO,
described in Bourouis and Jarry, EMBO J. 2: 1099-1104 (1983) The 35S promoter and
Adh1 intron 6 are produced 'by,PCR ampiification of the fragment from pSOG10 using '
primers SON0031 and SON0010, | o

SON0031: 5-CATGAGGGACTGACCACCCGGGGATC-3'
SONO010: 5-~AGCGGATAACAATTTCACACAGGA-3'

The resultmg fragment is dlgested with restnctlon endonucleases Pstl and Bsle
and purified on an agarose gel.

The DHFR coding region is produoed by PCR amplification of pHCO using pnmers
SON0016 and SON0017.

SON0016: 5'-GCTACCATGGCCACATAGAACACC-3'



(2) Construction of Vectors Suitable for non-Agrobacterium Transformation.
Tr ansf orw@os/sugs¢M t hout the use of Agrobacterium tunmefaci gRgfiekggspyents the
requi rement for T-DNA sequences in the chosen transformation vector and
consequently vectors | acking these sequences can be utilized in addition to
vectors such as the ones described abaige which contain T-DNA sequences.
Transformati on techni ques which do not rely on Agrobacterium i nclude
transformation via particle bonbardnment, protoplast uptake (e.g. PEG and

el ect 1 0por at | GONGUIY: SICEABAGETOCRACTHAAIOTREgO! vector depends | argel y

on the preferred selection for the species being transforned. Bel ow, the
construction of sonme typical vectors is described. Construction of pCl B3064

Cl B3064 i ' i : : i - di
Dot ques | o ool RmchFis agsied it @atiBlorfsddahiio Bl NeoP i Sho
phosphi 998 Rurified,on aryAgarese@el d pCl B246 conprises the CaMv 35S pronoter in

oper ati onal f i s Beséritlel . : ~ Lptional
t er m nat or an(tjm P?%L@%T?ﬁté?e. nt Hqu é@%ﬁﬁ?@gﬁﬁg%ﬁgﬁlggﬁ%h{%ﬁ%ﬁ07278.
The 35S TioPHRRI 21 by digestion withresirictionendonucieases Kst and §achansipubificationtdithes t ar t
site. T SibAtcontdini | ﬁg},a% on - i ' ch a wa
as to rébﬁ?)ygginﬁe‘ AI@I%E@@%@@Q{\@Q?EE les rldgélaoéngg%eoglﬂgggh%gn Pvul | 'y
The new308wse et THis tareemaydicatiarsfugesithe 356 premater-Adblintronc6-DitiRganeies sit e

and 101 tgnader iR RoAdE ordd) ' | tant derivative

of pClB246 is o;esi gnat ed '%@ng%%%t%ﬁééﬁ*ﬁﬁ?iﬁgﬁ@% sed from

pCl B3025 by digestion with Sall and Sacl, the termni rendered WO

95/ 34658S0G 30 o - . PCT/ 1 B95/ 00413 - 43

- blunt and religated to generate plasm d pC.B3060. The plasmd pJIT82 is

obt ai ned f r omThisGUS iexpneasien veston is derivashfrane hSARU1Q icthe inkpetiomof theamaizeagnent
_ cont ai nigR - ' bl r 94 J Aot sed and

nocrt od ot hs ﬁﬂﬂgmmﬁ"?‘e’“% o HRRPD ohild 862, VEBRGRIAY $o368, 2T 22

(1987) ) (1981).Jdntgdhe B8-S aemaumntransiated leader bysathreehwapligatighne under t he

control ‘of th@opddands mplcgag ' s 1 G | on, ‘a

gene fro anpi gol l1n resgif g{emﬁ ?or S @rﬁ%&ﬂ?a&%se@%@b?ﬁ%e@gﬁﬁl nker

wi th t héesititipnengpnucieasg sightsare|synthpsized and annsalednhe resulting deubler | s

sui t abl gtrhfded Hyntdrt & dégested with BamHI and Neol and purified on an acrylamide gel.

The GUS gene coding region is amplified by PCR using primers SON0039 and
SONO0041 and pBI121 as a template. S '

SON0039: 5'-CGACATGGTACGTCCTGTAGAAACCCACA-3'
SONO0041: 5'-ATCGCAAGACCGGCAACAGGATTC-3'

These primers added an Ncol site to the 5' end of GUS and a Sac! site to the 3
end of GUS. The resulting frag"ment is digested with restriction endonucleases Ncol and
Sac! and purified on an agarose gel. - - ;

The GUS gene is removed from the plasmid pSOG 10 by digestion with restriction
endonuclease Sacl and partial digestion with restriction endonuclease BamHl. The resulting
vector, which has a BamHl site and a Sac! site in which to reinsert a coding region behind
the 35S promoter-Adh1 intron 6, is purified on an agarose gel.

The three fragments described above are ligated in a three way ligation to produce
a gene fusion with the structure: 35Spromoter-Adh1 intron 6-MCMV leader-GUS-Nos
terminator, all in the pUC19 vector backbone. |



of plant expression cassettes containing their own regul atory signals.

- Const r uctwonssdes® SOGL9 and pSOG35 pSOG35 is a transfor mat pOTIBYSE4s Whi ch
utilizes the E. coligene dihydrofolate reductase (DHFR) as a sel ectable

mar ker conferring resistance to nethotrexate. PCRis used to anplify the
35S pronoter (-800 bp), intron 6 from-¥e mai ze Adhl -gene (-550 bp) [Lou et
al, Plant J 3:393-403, 1993; Dennis et al, Nucl Acids Res 12: 3983-4000, °
1984] and 18 bp of the GUS untransl ated | eader. sequence from pSOGL0. A 250
bp fragnent encoding the E. colidihydrofolate reduct ase type 11 gene is

al so anpl 5;&,&? PCR and these two PCR fragnents are assenbled with a
Sacl - Pst P nt from pB1221 (C ontech) which conprised the pUC19 vector

backbo?e and t ifhe mmhsen&timmtdm vbétotis lidéntical t&ﬁse@byexsznhaeﬁn? hmeet nts
i ener at e I,C con I NS n usi.on e ntron
ety eniaelSt R breaflau G A Helbalstfiadi Bl i gofe o vbBod g,

term nat e:c‘eatéait&ét\ﬁcﬁf%ﬁfﬁﬁi :Ww?%%&%t I |h§@€bidin in N%gp\/)asma \Mk:toh':c:le(i}ﬁct:dé.g WM?:SO
sequence rong.l |.Ze orotl fl; e’ rus g ener e ‘ or

0 SOG35, ) GoRaRs Amedfied Ak, promater Jaier ign 355, epiaces WIPEFE, Ce and
Pave Hi ndbdllhg re@i&ﬂ frod?ast)@lfstb ngEthb GUSwith Nobll andiSict antPligatioginte of

orel g

PCT/ | BO5 a’hﬂ“"ﬁ%@@&@“ﬁhﬁys [esuiting i YRR SSQE3 whiep bas the.gepes on
vector i Str@tsmnevmh gromatepAdh nnuﬁrand-MEMV wmm céamgrréammbs@hmnator

Lab t Al t Fif nt 6 Adh
Labor Al Oty 3 Baib 4 bivaen, 3 RO RRiRy and Infoh 3e & Shc SRtbalRpaT e Mg Fosieh o
Nat | . Acadd tHactarmik&r. e BoiFS4d fragdRiis isolaediby Mstriztonehduniéase digsstion |

SNWOO4M¥@@£%§@%%¥%%W%&3 gested

Cwith restépnsding)memmwwrﬂemwmderam felfonfA pEOGE0ithagid @dhon t he

5' end of _each he resulti jragment is purified on an
~ agar ose tﬂé’P %Mgﬂqvgrg ?‘i’f@g@cﬁm r}g?s%ﬁ‘ pBI 121, which.is -
6.2 .+ . Construction of Plant Expression assette

.Gene sequences intended for expression.in transgenic plants_ are firstly assembled in
expression cassettes behind a suitable promoter and upstream of a suitable tranScriptién
terminator. These expression cassettes can then be easily transferred to the plant
transformation vectors described above in Example 6.1.

Promoter Selection - _

The selection of a promoter used in expression cassettes will determine the spatial
and temporal expression pattern of the transgene in the transgenic plant.- Selected
promoters will express transgenes in specific cell types (such as leaf epidermal cells,
mesophyll cells, root cortex cells) or in specific tissues or organs (roots, leaves or flowers,
for example) .and this selection will reflect the desired location of expression of the
transgene. Alternatively, the selected promoter may drive expression of the gene under a
light-induced or other temporally regulated promoter. A further alternative is that the -
selected promoter be chemically regulated. . This would provide the possibility of inducing -
expression of the transgene only when desired and caused by treatment with a chemical
inducer. - '



between the CaMv35S promoter and the GUS gene. The ligated DNA is
transf orpgdsisdgse Ecoli and clones with the Adhl intron 6p 8Bo4ig e
orientation as the GUS gene are identified by restrlct|on | gest. DSOG 19
Thi s di hydrofol ate reductase (DHFR) expression vector is derived by fusing:
the 35S pronmotor and Adhl-intron 6 of.4pSOGL0 to the DHFR gene from plasmd
pHCO, described in Bourouis and Jarry, EVMBO J. 2:1099-1104 (1983) The 35S
pronoter and Adhl intron 6. are produced by PCR amplification of the
fragment, fcomeR SO0 HSipg Pri mers SONO031 and SON0010.

\ SGACTGACCACCCGGEGGATC- 3" SON0O1 O:
5' AGCGGATAA@AﬁawvmmaBtermme arel aviailaplé fongae in expressiopaassattesi t h
restric e gel.
The DHF g‘*%ﬁ*’eé%‘éﬁﬁ??"%?%@* Wl BB boniy e GehsonCHRI 7 0
primer scgao@m yedqwlatlgmepnromammsqmouauwmmmwmawm'

WO 95/ 3 0413
Y5 - S Bligienin plant and oplys fog GapY 65 fqrmingtor fhe emiterminate the g '
di gest egynthase tersinator, thepea rhdSi kS tesninator.\Ehéseznan ma[sledamhlotpuru fied on an
agar ose - descri bed above are ligated into a vector
fragmnﬂgbg%lggg?f‘%&(r#'%%&by digestion with restriction endonucl eases
Pstl and Sacl and purification of the 3kb fragnent containing the Nos

t er m naQ ) DB Rt thent Sl REautltich ) an agarose gel. This three

way |ig3 8- DHFR gene- Nos t er i nat or

in correct Nudmromratquemmﬂm:e baeri tnunﬂ o enhance gers pxpressianfrom withiarths. pSOG
e e TEPSPAS bk  Voho o 54 B BB it P bt T S
Vi r ol ogjnvestion todacréae their expression in transgenic plants.
“Various intron sequences have been shown to enhance expression, particularly in

monocotyledonous cells. For example, the introns of the maize Adh? gene have been

found to significantly enhance the expression of the wild-type gene under its cognate

promoter when introduced into maize cells. intron 1 is found to be particularly effective and

enhanced expression in fusion constructs with the chioramphenicol acetylitransferase gene

(Callis et al., Genes Develop. 1: 1183-1200 (1987)). In the same experimental system, the

intron from the maize bronze1 gene had a sir’nilaf eftect in enhancing expression (Callis et

al., supra). intron sequences have been routinely mcorporated into plant transformation
vectors, typically within the non-transiated leader.

A number of non-transiated leader sequences derived from viruses are also known to
enhance ¢ expression, and these are particularly effective in dicotyledonous cells.
Specifically, leader sequences from Tobacco Mosaic Virus (TMV, the “W-sequence”), Maize
Chilorotic Mottle Virus (MCMV), and Alfalfa Mosaic Virus (AMV) have been shown to be’
effective in enhancing expression (e.g. Gallie et al. Nucl. Acids Res. 15: 8693-8711 (1 987)
Skuzeskl et al. Plant Molec. Biol. 15: 65-79 (1990))

Targeting of the Gene Product Within the Cell

Various mechanisms for targétin’g gene products are known to exist in plants and the
sequences controlling the functioning of these mechanisms have been characterized in
some detail. For example, the targeting of gene products fo the chioroplast is controlled by
a signal Sequence found at the amino terminal end of various proteins and which is cleaved



(1991), into the 355 GUS gene non-translated | eader by a three way

l'i gati on. w@njspagslsr ands of the 17 bp MOW capsi d protein | pedgsospesgence
plus appropriate restriction endonucl ease sights are synthesized and

anneal ed. The resulting double stranded fragnment is degested with BanmH and
Ncol and purified on an acryl am de gel .-48e GUS gene coding region is
anplified by PCR using priners SONO0O39 and SONO0O41 and pBl 121 as a

tenpl ate. SONO039: 5' - CGACATGGTACGICCTGTAGAAACCCACA- 3" SON0041:

5' ATCII:A?%H%%;&?#‘;{%E 5!
end of GUS an SI tﬁlédl{lﬁ'ﬁ?éﬂ&%% Cﬁ&@r@aﬁgﬁ Elb; e?%@g?r%?\t S
di gest ed V\l&1ﬁ4'r1§§ﬂ9 (1988Pn Thasmsigaal seauenceg can be fused &0 h%@'mﬂﬁﬂﬁfw on an

agar ose gelodfcito c%@‘?mb&tb ?ﬁﬂgﬁﬁ@ﬁk&?&fﬂé G dhidropiat Har der(B@8ek | on

W th restrlctlone onucl ease 'S par t Igestion Wth restriction

endonuc| eagtdl.Biatue. 31$h%58r%m198% Daencoding foriapReepriatersighal senueacasandesad
Si te in

Thtron 6. dsetfohFi 3 hd B 8 SONAS hGodiy A HUBISLREpE, PR o he
above ar e EPSRAsynthase epzymecthe pruo@n anshmaoy pihetiproteins whickare diow tobeh t he

structure th intron 6- MCW | eader - GUS—Nos termnator all in
t he 9°“vi8eiéci§lor Igédﬁi%o VO 95134656.
PCT/ | B9 5/ oo41$theegeq9mtm gnedogalized thrmlleaasuobras\tbe: mitochandrioand c al

to psw9’tp§§8%&% gt g ﬁé}ﬂ‘iﬁolée? Bldh 3 Kffhié‘u%g)& & kDRAS! at ed

| eader of t 0~ enhance transftatton: ‘1n two steps.
First.the endedlogclllesg pre@otsnawalmlpalammcaﬂemmtmmgm hp@@ﬂmnusxcept

Lo o Bl ftbled” E9Bhen b seliiod 33 i uiia-digios [ 1 €
| i gati ng iATRases [anﬁlapa@fltaasmuale-moo transferase isoformis forrmaitachondria. |Trarse§lﬂgd¢
cador - DhfERWAEBroboi DAREE NS BaLeldeErtitelbyPAERL Bt a #Pce. WBl: Adkc StE A a2
pr onot er aﬁﬁﬂl-ﬁﬁdlh%ﬁ)bl a-Sacl site between the. cod| ng .regi on:
In addition sequences have b,eén.charaqteri_zed'wniqh cause the targeting of gene
products to other cell c_on_ipgnments_.' Amino terminal sequences are responsible for
targeting to the ER, the apoplast, and extraceliular secretion from aleurone cells (Koehier &
Ho, Plant 03112'769~783 (1990)). Additionally, amino terminal sequences in conjunction
with carboxy terminal sequences are responsible for vacuolar targeting of gene products
(Shinshi et al., Plant Molec Biol. 14: 357-368 (1990)).
By the fusion of the appropriate targeting sequeno_es_ described above to transgene
o sequences of interest it is possible to direct the transgene product to any organelle or cell
compartment. For c_hlorbplast targeting, for example, the chloroplast signal sequence from
the RUBISCO gene, the CAB gene, the. EPSP synthase gene, or the GS2 gene is fused in
frame to the amino terminal ATG of the transgene. The signal sequence seiected should
include the known cleavage site and the fusion constructed should take into account any
amino acids after the cleavage site which are required for cleavage. In some cases this
requirement may be fulfilled by the addition of a small number of amino acids between the
cleavage site and the transgene ATG or alternatively replacement of some amino acids
within the transgene sequence. Fusions cons_tfucted fb_r éhloroplast import can be tested
for efficacy of chloropiast uptake by in vitro translation of in vitro transcribed constructions
followed by in vitro chloroplast uptake using techniques described by (Bartlett et al. In:
Edelmann et al. (Eds.) Mg&dgirﬁﬂmpl_aﬂp_lgﬂgr__gmgx; Elsevier. pp 1081-1091



and the terminator. The Bglll-Sacl fragnent is isolated by restriction

endonuclhwpgsgagds@est i on and agarose gel purification, andpdiffhsksskiznto the
BanH and Sad sites of pSOG30, replacing the Adhli'ntronzZ6- MCW | eader - GUS

codi ng region of pSOG0 with the Adhl intron 6- MOW | eader - DHFR codi ng

regi on of pSO33. 6.2 Constf#8icti on of Plant Expression Cassettes
CGene sequences intended for.éxpression in transgenic plants.are firstly
assenbl ed i n expression cassettes behind a suitable pronoter and upstream

gf a sy:neaz)eWamf_ _rétm_ilmg Galv._.raem.czos:_iﬂmf (@986)RsThewe cbgss@étbnsdcag t hen
e easi ransferred.to the nt transfaqrmatjon vect.or scri pbed above
"h BranpiPeiaes Rl KoPwh i 0B e ind s squall applisebia S e Boi At [n
expr essi p:roziﬁaaes.t Tise vhdide cfemﬁatﬁgwmbh magmtrb@jirearfgr ?mmgﬁ of @I essi 0_nI |
pattern 1 transgene I t transgeni c ant. Selecte rgnoters w
expr oss Tanseetien il Gerehdion the colluar Bogizatien ordng precurspr. taauired B Featarticg ',
Eres ophy| pointfbt & give? patheay G‘?iscmll ha)all? b)e icyto_g@it@r bhhrc{dlamip.@thoq{gir)it 91§f9$s .
Toots, r rs,..for exa nd t hi ection will.reflect the
oo r o P0S FRes oy miREBh R 8 pPRRNRAL THR Bucis R aBRber exbhepsionut Rt
s;alhect tedncpmmﬂpl lreqyiranargl dttingéto tmaﬂfmiapzpﬂét?rlﬂﬁe ml tIeundte_r a li g?t - |t nflﬁced or
ot her tenpor regul at.e r Qnot er . rther alterpative is a e

sel ected pr oﬁlﬁ #%%éﬂé‘?ﬁ%ﬁ?%“%&?’a e&ﬁlar pargq%lpg %gﬁﬁ' iized\noy gll;'ly%

possi 3i |b ¢dnjunztion muchqigchognaleqsh omotars; but diso infcdonjipelioh \gi)tﬁ?g%nm"g(s odesi red and
cause treat nent  wi a chemc i nducer . .

PCT/ | BoSPIOBIPIEs S As 19 {’%ﬁﬁécﬁpﬁﬁ‘ﬁ% S%L'P’QPgP%ﬁ%lt”GF’E’ 33’&%“9’[‘@“&' regulation of
transcri gpromater whiclrhagbo espressiorpstidrn bifferdn® to thatofithe promicteirom whithdRé t es.
These arg r 58005| Le.for the termnation of transcription beyond the
transgeng'%%'& iStana W@%‘_t pol yadenyl ation. Appropriate transcriptional
termnators and those which are known to function in plants and include the

Caw SSSF%er&}' nattor H t het. tmterm nator, the nopaline synthase termnator,
t he pea 8 0 . These can be-used in both nonocotyl edons and

di cot yl edons. For transformation using immature zygotic embryos, ears are self-poliinated and

immature zygotic embryos are obtained approximately 10 days later. Approximately eight
hundred immature zygotic embryos are divided among different target plates containing a
medium capable of inducing and supporting the formation of embryogenic callus. The
immature zygotic embryos are transferred immediately fo the same medium but containing
12% sucrose. After 5 hours, the immature zygotic embryos are bombarded with a plasmid
or, plasmids using the PDS-1000/He device from BioRad. The plasmid or plasmids
comprise a selectable marker such as a gene conferring resistance to phosphinothricin and
the novel toxin gene prepared for delivery to and expression in maize according to the |
above description.  The plasmid or plasmids are precipitated onto 1 um gold particles
essentially according to the published prdcedure from BioRad. The particles are delivered
using a burst pressure of 1550 psi of helium. Each target plate is shot twice with the
plasmid and gold particle preparation. Since the plasmid or plasmids comprise a chimeric
gene coding for resistance to phosphinothricin this substance is used to select transformed
cells in vitro. The selection agent is applied at 10 mg/L on the day of gene delivery and
increased to 40 mg/L after approximately one month. The embryogenic callus so obtained
is regenerated in the presence of the selection agent phosphinothricin. Plants are obtained
from the phosphinothricin resistant embryogenic callus lines. The regenerated plants are
assayed for resistance to a susceptible insect. All the plants that are resistant to the insect



Sequences for the Enhancenent or Regul ati on of Expression Nunerous

sequence&Y(?%F&een found to enhance gene expression frop4iysédesisne

transcri unit and these sequences can be used in conjunction wt

the genes of this invention to increase their expression in transgenic

pl ants. Various intron sequences have b8&n shown to enhance expression,
particularly in nonocotyl edonous cells. For exanple, the introns of the

mai ze Adh 1 gene have been found to significantly enhance the expression of

the W I 0- 4pBx ey THRidubAcoriEAG e oA Heo A Uien8id Bt Sbtdclo of 2l 2o

cells. Intron'1 1s Toun articul ar cti1ve and enhanced

expr essi opvehtoxilAreRindd tha plartiusingianrELIBA asaays rRiapte sesigiant tatheripsect andf er ase
gne "(Cal iodSingthe /SRS neRRYBkRend ars HiidAgl, (1987)) . In the same

experi ment syStem e intron fromthe nmaize bronze 1 gene had a similar
ef f ect i n enhdmfitiagsiorpationsf araizecising Typst! embryogenis-calius, tha eallus isohiained: s
have bee j ' ; . £. ted _

bt cal |y o T aEry zhaeBe ol taing ol lind BEIGIE For gl ibief, g

| eader scpREoKimately-300/ng of therfiype | alius isprepared bylaitbarchoppiag with@scalpst essi on,
and thes ' . ' - ddhaHelii | : Frecifically,
oader saiaarofly qietifing Sdaiiiriel © ofhollefifiny) PRBTE e Sy BT | iz
Chl or ot i cPrRpRred saliysyis placagente semtirgoli quiture-megiumi agaip gantaining 2% saewsecen
shown to hi i . ; : ' ; : e d d. Acids
Roo. 15: Sy aopRRinaRy Ao S Astle RIRIREIG iy fho FOS- 100G Ploliell
(1990)) Teavire:fram, BisRadh Jhepiasmid ecpliasmidp comprising.a eelertablermarker suchB& 8 sns ‘
for tar | itan Lived - ; ~seguences
control ?ﬁéd&ﬁg&ﬁ?ﬁn ctei%%mg tﬁ"ﬁﬂ@%ﬂ%@r@ﬁi@&%&% e@ﬁ%ﬁ'ﬁﬂir ?zed in

some det ade?ivemd@ apst gpression indnaize geqording tof thg @heverdesgription are pradpitaladante| ast

varous py BRFOR pAtesiahg SESUARRAnG StiRdarpréii6o) Y BioRaA hiRorfiiely 16
PCTI B95/ Oputsaftergyene delivenythervatiusis trapsferrad to stapdard dultuge medium.containipg@ei n
(5.3, CorBlor S gl clon el 5% oA seiffed 9 BobbperFpgeskane
of het er caftegwirichsupdving and growingcaliys isdransfesred t¢ standardfeganseasion medium for

the production of plants. The regenerated plants are assayed for resistance to a susceptible

insect. All the plants that are resistant to the insect also express the introduced chimeric

novel toxin gene as evidenced by the detection of novel toxin protein in the plant using an

ELISA assay. Plants resistant to the insect and expressing the introduced novel toxin gene

are transformed. ' '

All publications and patent applications mentioned in this specification are indicative
of the level of skill of those skilled in the art to which this invention pertains. All publications
and patent applicétions are herein incorporated by reference to the same extent as if each
individual publication or patent application was spéciﬁcally and individually indicated to be
incorporated by reference. | | | | o

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvious that

certain changes and modifications may be practiced within the scope of the appended

claims.



et al. Nature 313:358-363 (1985)).. DNA encoding for appropriate signal
sequencRg osa4ssbe i solated fromthe 5 end of the cDNAs potmsbsipgshe RUBI SCO
protein, the CAB protein, the EPSP synthase enzyne;, the GS2 protein and
many ot her proteins which are known to_be chloroplast |ocalized. O her gene
products are localized to other organedles such as the mtochondrion and

t he peroxi some (e.g. Unger.et al. Plant Ml ec BiolL 13:411418 (1989)). The
cDNAs encodi ng these products can al so be mani pulated to effect the
targeting of heterol ogous gene products to these organelles. Exanples of
such sequences are the nuclear-e Basges and specific aspartate am no
transferase isoforns for m tochoﬁgﬁﬁg&ﬁg?%@?i ng to cellular protein bodies
has been described by Rogers et al., Proc. Natl. Aced. Sci. USA 82:

6512- 6516 (1985)). In addition sequences have been characterized which
cause the targeting of gene products to other cell conpartnents. Am no
~term nal sequences are responsible for targeting to the ER, the apopl ast,
and extracellul ar secretion fromal eurone cells (Koehler & Ho, Plant

Cel | 2: 768 7&ehad Horafetal- t i onal |y, amino term nal sequences in
conjunction with carboxy term nal sequences are responsible for vacuol ar
targeting of gene products (Shinshi et al., Plant Ml ec. Biol. 14:357-368
(1990)). By tiheagmigCanT:of the appropriate targeting sequences described
above to transgeps ﬁﬁ&‘!%ﬁﬁ%&ri&t erest it is possible to direct the
transgene product to an¥ organelle or cell compartnent. For chl oropl ast
targeting, for efHnprREET: K #opt4st signal sequence fromthe RUBI SCO
gene, the CAB gemm, ctire B3P synt hase gene, or the GS2 gene is fused in
frame to the am : Lhal. ATG of .the transgene. The signal sequence

sel ected shoul d | cﬁ%@k 'hé tﬁgﬁ%ngl eavage site and the fusion constructed
shoul d take into(RicEQSTAL QPRY &AF)r04@Q2 ds after the cleavage site which are

required for cl egyagerephthes oA 68%9S11t i s requirement may be fulfilled by
the addition of smal.l _nunber of ] ng_aci ds between the cl eavage site and
B0 PR ot 60198 Bl e

t he transgene AT enment of some amino acids within
the transgene se(UeMEREX: F&2i 991s constructed for chloroplast inport can be
tested for efficacy of chloroplast uptake by in vitro translation of in
vitro transcribed constructions followed by in vitro chlor O£| ast upt ake

usi ng t echni @ik STHEE OF | BVENHON{ BRVEL eBACKLLUS| THURINGIHFNSHENGENE INCODINgS. )
Met hods i n Chl oropl ast Mlxegkas Rolveoxcabisevingecrpp 1081- 1091

(iii) NUMBER OF SEQUENCES: 18

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

(2) INFORMATION FOR SEQ ID NO:1l:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 4003 base pairs
(B) TYPE: nucleic acid



WO 95/ 34656 : PCT/ B95/ 00413 - 49
- (1982) wobssessn et al. Mol. Gen. CGenet. 205: 446-453 (1&80edsiookirse
construction techniques are well known in the art and are equally
applicable to mtochondria and peroxi sonmes.. The choice of targeting which
may be required for expression of the -t8ansgenes will depend on the
cellular localization of the precursor required as the starting point for a

given pathway. This will usually be cytosolic or chloroplastic, although it
may is some casesrcbmmmmmssdrémyleor peroxi somal . The products of
transgene expres ﬁhﬁh¥h rmally require targeting to the ER the
apopl ast or the acuo ove descri bed nechanisns for cellular

targeting can be utilized not onIy in conjunction with their cognate
pronoters, bul) Mosecurd weBH] BRE (gekbabf h het er ol ogous pronoters so as to
effect a specific cell targeting goal under the transcriptional regulation
of a pronoter which has an expression pattern different to that of the
pronot er fr GELWHYBOTHERECALaNget i ng si gnal derives. 6.3. Miize transfornation
For transformation using i nmature zygotic enbryos, ears are self-pollinated
and i mmature zg iC enbréﬁs are obtai ned approximately 10 days |l ater.
ApprOX|nateI qﬁﬂ i mmat ure zygotic enbryos are divided anong

di fferent target plates containing a nedi um capabl e of inducing and
supporting t dﬁ: g& oRdée.enbryogeni ¢ cal lus. The immature zygotic
enbryos are erre nredi ately to the sanme nedi um but contai ning 12%
sucr ose. After 5(hb&P§m“§HeBﬁﬁﬁﬂvﬁﬁ@uﬁygbﬂﬁésenbryos are bonmbarded with a
plasm d or plasmi@gs sefAmg kfrgediS- 1000/ He device from Bi oRad. The pl asmi d
or plasm ds conpr marker such as a gene conferring -

resi stance to ph Eiﬁﬁﬁﬁﬁﬁhﬁtrﬁgﬁﬁﬁnﬁﬁ%ﬁ Rovel toxin gene prepared for
delivery to and expression in muize according to the above description. The
plasm d or pjia @Eﬂﬁn@Ke precipitated onto | [err][err]n gold particles
essentially accordl the ubl i shed procedure from Bi oRad. The particles
are delivered usift ﬁ$§§§ﬁre of 1550 psi of helium Each target
plate is shot thBbIWCKHDNhQGpﬂzsntd and gold partlcle preparatlon Si nce
the plasmd or plg gﬁﬂﬁ&ﬁ a L resi stance to
phosphi not hricin ? ?Eﬂgt stané@ﬁrslggt é% se eg?gt ans orned cells in
vitro. The sel ection aﬁ%ﬂ?nls applied at 10 ng/L on the day of gene
delivery and increased to 40 ng/L after approximately one nonth. The

enbryogeni c &Q;E%ﬁni&,obtained
(R) NAME/KEY: RBS .
(B) LOCATION: 185..190

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 196..3723
(D) OTHER INFORMATION /product= “Full-length CryIE (c)
protein"

(ix) FEATURE: ,
(A) NAME/KEY: misc_feature
(B) LOCATION: 1191..1590
(D) OTHER INFORMATION: /note= "This region of the CryIE(c)
DMA sequence encodes the amino acid sequence
designated Sub-Sequence A" -

4



is regenerated in the presence of the selection agent phosphinothricin.
Pl ant s aye o§hdegé Nned from t he phosphinothricin resistant pobimesgesisc cal | us
|l ines. The regenerated plants are assayed for resistance to a susceptible
insect. Al the plants that are resistant to the insect WD 95134656
PCT/ 1 B95/ 00413 -50 - al so express the-$htroduced chinmeric novel toxin gene
as evidenced by the detection of novel toxin protein in the plant using an
ELI SA assay. Plants resistant to the insect and expressing the introduced
novel toxi n{g@nEEATURE:t r ansf or ned. For transformati on of maize using Type
enbr yogeni ¢ calluﬁ ﬁnﬁahhgé.ﬂét tained fromimmature zygotic enbryos
usi ng standard cul'ture techni ques. For gene delivery, approxi mately 300 ny
of the Type | caf® ORI 9L ed0By eit her chopping with a scal pel bl ade or

by subcul turing @) SomBXSINNORATIONG HREe~ Behis/ eégion Ris Bie toylgqae delivery,
the prepared callus’ |BN£Iaced onto ;enl sol.id cylture nedium again

contai ni ng 12% sucr ose. RETERR e?rvnﬂ ﬁrsseq“?r}?g tissue is

bonbar ded using the P@lmm 8"device from Bi oRad. The plasmd
or plasm ds conprising a sel ectable marker such as a gene conferring

resi stance to phosphinothricin and the novel toxin gene prepared for
delivery to and éxpression in nmaize according to the above description are
precipitated onto | [err]n1go|d particles usi ng essentially the standard

protocol frem : ﬁﬁkﬁﬁﬁ Qurs after gene delivery the callus
is transferred to standard cu ure ne I'Um cont ai ni ng 2% sucrose and | ng/L

phosphinothricin. The callus is subcultured on selection for 8 weeks, after
whi Ch S UAAGTRTGEGC BAGAANTANG MOAXTEATIAS ciaBctTaan Siceatadat ecsdzanctar d regener ation
medi um for the production of plants. The regenerated plants are assayed for
resistance to a susceptible insect. Al the plants that are resistant to

t he i nsecTARAETGATA SBTERSTA MEGGTICCASI TEISTGTART TTTCATAGY ATGATIRATA gend2Gis

evi denced by the detection of novel toxin protein in the plant using an

ELI SA assay. Plants resistant to the i nsect _and expressing the i roduced
novel ¢ orsrrpncal tal it rAiactoer BrarBBRK] ack ARtk ettt 1 B0 0t o

mentioned in this speC|f|cat|on are |nd|cat|ve of the IeveI of Skl|| of
t hose skw %ﬁ%ﬂﬂm 81%8 ac Al | pyplications
and patent app |cat|ons are herelrn i1 ncorporate re ence to the sane
1 5 10
AATTGT’ITAAGTAATCCTGAA'ITAGAGATAHAGAGATTGAAAGATCA 279
Asn Cys leu Ser Asn Pro Glu Leu Glu Ile leu Glu Ile Glu Arg Ser
15 ' 20 25 '
AAT AAT ACC GTA GTA GRA GAC ATC ACC TTG GGG CTG AGT OGT CIG CIC 327
Asn Asn Thr Val Val Glu Asp Ile Thr ILeu Gly lLeu Ser Arg Leu Ieu
30 35 40
GTT TCC GCA ATT CCA CTA GGG GAT TTT ATA CTT GGC TIG TIT GAT GTA 375
Val Ser Ala Ile Pro lLeu Gly Asp Phe Ile lLeu Gly Leu Phe Asp Val
45 50 55 60
ATATGGGGGGCTITAGGTCG‘TTCAGAGTGGGATATAMHAGAGGAA 423

Ile Trp Gly Ala leu Gly Arg Ser Glu Trp Asp Ile Phe Leu Glu Gln
’ i
65 70 , 15



I ndi vi dual publication or patent application was specifically and

i ndi vi duaiplg/esizagiccat ed to be incorporated by reference. Apchapsioifie
foregoi ng i nvention has been described in sonme detail by way of

illustration and exanple for purposes of clarity of understanding, it wll
be obvious that certain changes and nodb4tcati ons may be practiced within
the scope of the appended cl ai ns. WO 95/ 34656

PCT/ 1 B95/ 00413 -51 - SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (i)

APPLI CANTaT( &3c éITTG GitBAecCEtARY ACarB)cas BrETr ddTyAerkat tac 141 (g CI TY:

Basel (E) Y. Switzerland (F A ZIP): 4002 (G TELEPHONE:
+41 61 eglﬁyg‘igmé‘iéfﬂéﬂﬁ:&% éﬁg éi%%@% %QPEEEB(% 62 991 (ii)
TITLE OF | NVENTI ON: 8NOVEL BACI LLUS §HURI NG ENSI S GENE ENCODI NG A TOXI N
ACTI VE AGAI NST | NSECTS (iii) NUVBER OF SEQUENCES: 18 (iv) COMPUTER

READABLE A NEDI UM TYPE: _Fl oppy . di sk (B) COVPUTER. | BM PC_conpati bl e
(0 oPERATI s kTR Gohee o BBY e i AN oen g TAY PR Pl 305 AE 0

Ver si on #a1a251¢ EROArg Zeul GIECRAVATGOSEE GEn SEQ TyD MG 1le Y3 TBEQUENCE
CHARACTER! STI CS: g5 100 105

AAT GCT TTT ARA GAC TGG GAA GCA GAT CCT ACT AAT CTA GAA TTA AAA 567
Asn Ala Phe lys Asp Trp Glu Ala Asp Pro Thr Asn ILeu Glu lLeu Lys
110 115 120

GAA GAG ATG CGT ACT CAA TTT AAT GAC ATG AAC AGT GCT TTT ACA ACA 615
Glu Glu Met Arg Thr Gln Phe Asn Asp Met Asn Ser Ala Phe Thr Thr
125 130 135 140

GCT ATT CCT CTT TTT TCA GIT CGA GGT TAT GAA CTT CCT CTT TTA TCA 663
Alz Ile Pro leu Phe Ser Val Arg Gly Tyr Glu leu Pro Leu. Leu Ser '
145 150 158

GTA TAT GTT CAA GCT GCA AAT TTA CAT TTA TCA GIT TTA AGA GAT GTT 711
Val Tyr Val Gln Ala Ala Asn Leu His Leu Ser Val Leu Arg Asp Val
160 165 _ 170

TCA GTG TTT GGA CAA CGT TGG GGA TIT GAC GTA GCA ACA GTC ARAT CGT 759
Ser Val Phe Gly Gln Arg Trp Gly Phe Asp Val Ala Thr Val Asn Arg
175 ' 180 - 185 -

CGT TAT GAT GAT TTA ACT ACG AAT ATA GGC GAC TAC ACA GAT TAT GCT 807
Arg Tyr Asp Asp Leu Thr Thr Asn Ile Gly Asp Tyr Thr Asp Tyr'Ala
190 _ 195 200 -

TTA AGC TGG TAT AAT ACG GGA TTA AAC CGT TTA CCA CGT AAT GAT GGG 855
leu Ser Trp Tyr Asn Thr Gly Leu Asn Arg Leu Pro Arg Asn Asp Gly '

205 210 : 215 : 220

CTG CGA GGA TGG GCA AGA TTT AAT AGG TTT AGA AGA GAG TTA ACA ATA 903



(A) LENGTH: 4003 base pairs (B) TYPE: nucleic acid WD 95/ 34656

PCT/ | BO%§8dsdss 52 - (C) STRANDEDNESS: single (D) TOPOL
MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETICAL: NO (iV)

(vi) ORI
kur st aki
pr onot er
pronot er

(i x) FEAIRExg

PSSR N

G NAL SOURCE: (A) ORGANI SM Bacillus thuringiensis (B) STRAIN
(O |IND VIDUAL | SOLATE: CGB316s(i x) FEATURE: (A) NAME KEY: :
(B) LOCATION:. 96..124 (D) OTHER | NFORVATI ON. /function- "putative
regi on" (ix) FEATURE: (A) NAVE/ KEY: RBS (B) LOCATION:. 185..190

. 1590 2

TCA GTA TTA GAT ATT ATT TCT TTT TTC CAA AAT TAC GAT TCT AGA TTA
Ser Val Leu Asp Ile Ile Ser Phe Phe Gln Asn Tyr Asp Ser Arg Leu
240 245 250

TAT CCA ATT CCA ACA ATC TCC CAA TTA ACG CGG GAA GTA TAT ACA GAT

Tyr Pro Ile Pro Thr Ile Ser Gln Leu Thr Arg Glu Val Tyr Thr Asp

255 260 265

CCG GTA ATT AAT ATA ACT GAT TAT AGA GTT ACC CCA AGT TTC GAG AGT
Pro Val Ile Asn Ile Thr Asp Tyr Arg Val Thr Pro Ser Phe Glu Ser
270 275 280

ATT GAA AAC TCA GCC ATT AGA AGC CCC CAT CIT ATG GAT TTC TTA ACT
Ile Glu Asn Ser Ala Ile Arg Ser Pro His Leu Met Asp Phe Leu Thr
285 _ 290 205 300

AAT ATA ATT ATT GAC ACT GAT TTA ATA AGA GGT GTT TAC TAT TGG GCA -

Asn Ile Ile Ile Asp Thr Asp Leu Ile Arg Gly Val Tyr Tyr Trp Ala
305 310 , 315

GGA CAT CGT ATA AAT TCT CGC TTT ACC GGG ACC GCT TTT CCA CAT ATA

Gly His Arg Ile Asn Ser Arg Phe Thr Gly Thr Ala Phe Pro His Ile
320 - 325 330

ATA ACA TCT CCT CAA TAT GGA ATA ACT GCA AAC GCA GAA CCA AGA CGT

Ile Thr Ser Pro Gln Tyr Gly Ile Thr Ala AsnlA;a Glu Pro Arg Arg'

335 340 345

. ACA ATA GCG CCT GGT CCT TTT CAA GGT GIG CCT TCC CTA CTT TAT AGA

Thr Ile Ala Pro Gly Pro Phe Gln Gly Val Pro Ser Leu Leu Tyr Arg
350 355 360

ACA CTA TCA GAC CCT TTC TTC CGA AGA TCA GAC AAT ATT AGT CCA ACC
Thr Leu Ser Asp Pro Phe Phe Arg Arg Ser Asp Asn Ile Ser Pro Thr

: pHeDE: OCATE by 9650037123 OTHER
| NFORMATI ON: /Sﬁdﬁ;@@%% eri‘étﬁ%? %)ré/l E c(:a)}"gp(?lgflﬁun" He
o1.

(iX) FEATURE: (A)
NAME/ KEY: nisc featur@>(B) LOCATI ON: 23 35

951

999

1047 -

1095

1143

161

1239

1287

1335



(D) OTHER | NFORMATION: /note- "This region of the CrylE(c) DNA sequence
encodes t aci d sequence designated Sub-Sequence 134656
e P o N (ix) FEATURE: (A) NAVE/ KEY: misc FoarCumslidaty L3000
1591..2061 (D) OTHER | NFORMATI ON: /note= "This region of the Cryl E(c) DNA
sequence encodes the amino acid sequendcgs desi gnat ed Sub- Sequence B" (xi) -
SEQUENCE DESCRI PTI ON: SEQ I D NO 1: AAGTATGGGC GAGAAATAAG TGAATTATTA
GCACCCTGGG TCTATTTTAG CCCCAGGGCA 60 TAAATTGATA TTTTTTAATA TTGGTTGCAC
TTTGIGT Alzks TTTTCATAGA /é‘l;SEATTCATA 120 IACTTACAT TGTAATHEGA TACGAGGTTT
TTAGTTTTAA AGAACAACTA TTATGATGAA 180 'AAACGGAGGG TTATA ATG GAT AAT AAT
AAT CAA AAT CAA TGC ATA CCT TAC 231 Met Asp Asn Asn Asn G n Asn G n
Cys |l e Prra Go& ATALAAT GTA GTA CAG GGS GTA GGG TTC TTA CAA CCACRARARATTGT TIFB3AGT AAT
CCT GAA T Al 1Ay T _ n S Leu Ser Asn
pro Qu Loy v p 87 v oY fhect Bty Bifiiqy cin 3R MBS 1)

25 AAT AAT ACC GTA GTA TAA GAC ATC ACBHRTTG GGG CTG AGPSCGT CTG CTC 327
Asn Asn Thr Val Val du Asp Ile Thr Leu Gy Leu Ser Arg Leu Leu 30

v ar o7 o a5k AR T o SIS Bl oL T

Phe Asp \Bile @lm Ser leu Tyr Arg. Arg &g Gly Thr Val Asp Ser 1eBGSAsp Glu .
ATA TGG GGG GCT TT4p3GT CGT TCA GAgsTGG GAT ATA TTghgTTA GAG CAA 423
IIe Trp Ay Ala Leu Ay Arg Ser Gu Trp Asp Ile Phe Leu Gu Gn

TTGCCAA'I‘I‘GATGGTGAAAATCCATTA.GTT_GGATATAGTCATCGATTA 1479
Leu Pro Ile Asp Gly Glu Asn Pro Leu Val Gly Tyr Ser His Arg Leu

415 S - 420 . . 425
AGTCACGI'I‘MIATTAA'CCAGG.TCATTATTTAATACT_AATATAACTAGC 1527
Ser His Val Thr Leu Thr Arg Ser Leu Phe Asn Thr Asn Ile Thr Ser

430 435 . 440
mmmmmmm&Tcmmmm'@TMMTm 1575
leu Pro Thr Phe Val Trp Thr His His Ser Ala Thr Asp Thr Asn Thr '
445 . 450, 455 . - - - 460
ATTGCI'CCAGATGI‘C.A'H'ACCCAAATACCGTIAGTAAAGGCI‘TTCAAT 1623
Ile Ala Pro Asp Val Ile Thr Gln Ile Pro Leu Val Lys Ala Phe Asn
465 . : .. -470 - - : 475
CTT CAT TCA GGT GCC ACG GIT GCT AGA GGG CCA GGA TTT ACA GGT GGG 1671
ley His Ser Gly Ala Thr Val Ala Arg Gly Pro Gly Phe Thr Gly Gly '
480 : 485 B 490

GAT ATC CTT OGA AGA AOG BAT GIT GGT AAC TTT GGA GAT ATG CGT GTA 1719
Asp Ile Leu Arg Arg Thr Asn Val Gly Asn Phe Gly Asp Met Arg Val

495 : 500. e - 505 '
AAT ATT ACT GCA CCA CTA TCA CRA AGA TAT CGA GTA AGG ATT CGT TAT 1767

Asn Ile Thr Ala Pro lLeu Ser Gln Arg Tyr Arg Val Arg Ile Axg Tyr
510 o .. .85 520



65 70 75 WO 95/ 34656

PCT/ | BO5wod4B365654 - ATT GAG CTA TTG ATC GGC CAA AGA ATA raiaEséaddsiBT GCT AGG
AAT CAG 471 Ile Gu Leu Leu Ile Ay @n Arg kle Gu Qu Phe Ala Arg
Asn Gn 80 85 90 GCA ATT TCT AGA TTA GAA
GGG CTA AGC MI CTT TAT CGA ATT TAC ACAS7- 519 Ala lle Ser- Arg Leu Au Gy
Leu Ser Asn Leu Tyr Arg Ile Tyr Thr 95 100

105 AAT GCT TTT AAA GAC TGG GAA GCA GAT CCT ACT AAT CTA GAA TTA AAA 567
Asn Ala Phe Lys Asp Trp Qu Ala Asp Pro Thr Asn Leu Qu Leu Lys 110

115 T TG AGT GCT
T aca RERTOT 20r agr A o e %ﬂr}%%ﬁg%%w 50 A
Phe Thr Ph# Segoihr Thr Asn Leu Arg Phg(His Thr Ser Ile Asn GlyFyg Ala 140
GCT ATT @GgF CTT TTT TCA @3d CGA GGT TAT &fA CTT CCT CTT ggpA TCA 663 Al a
Ile Pro Leu Phe Ser Val Arg Ay Tyr Gu Leu Pro Leu Leu Ser 145

150 155 GTA TAT GIT CAA GCT GCA AAT TTA CAT TTA TCA GIT TTA
AGA GAT &TT AAT CAB1GCG/GAT TPT COA|GCT ACTARRS M!EA%@GE@GTHP@ TRuU Serl8&dl Leu Arg
Asp Val 160 asn Gln Ala as Phe%@éAlaThrMetAsnSerjai foy CGA A CM CG TGG
GGATTTGACGTAGCAA%E C AMI CGT 759 Ser Va eGIyGInArgTrp
Gy Phe Asp Val Ala TRF®val Asn Arg 193 55180

. 185 CGT TAT GAT GAT TTA ACT ACG AAT ATA GGC GAC TAC ACA GAT TAT GCT

S5y 19 B edR i T preckogmd %%Aé%@%ék?% W i oo cor

AAT GAT G35 Ser GlysSexy Bhe 8s¢ Ile Alf\GlyABre Thyr Tiok wrodhe/Bw Breg Leu Pro Arg Asn

Asp Gy . 560 565 570
TCA GAT GCA CTA AGC ACA TTC ACA ATA GGT GCT TTT GGC TIC TCT TCA 1958
Ser Asp Ala Leu Ser Thr Phe Thr Ile Gly Ala Phe Gly Phe Ser Ser
575 - 580 585
GGT AAC GAA GIT TAT ATA GAT CGA. ATT GAA TIT GIT CCG GCA GAA GTA 2007
Gly Asn Glu Val Tyr Ile Asp Arg Ile Glu Phe Val Pro Ala Glu Val
590 595 600
ACC TTT GAG GCA GAA TAT GAT CTA GAA AGA GCA CAA AAG GCG GIG AAT 2055
Thr Phe Glu Ala Glu Tyr Asp Leu Glu Arg Ala Gln Lys Ala Val Asn
605 610 615 620
GC'GCTG.'ITTACTTCTTCI‘AATCAAATCGGGTTAAAAACAGATGIAACG 2103
Ala Leu Phe Thr Ser Ser Asn Gln Ile Gly lLeu Lys Thr Asp Val Thr
625 630 635
- GAT TAT CAT ATT GAT CAA GTA TCC AAT CTA GIT GAA TGC TTA TCG GAT 2151
Asp Tyr His Ile Asp Gln Val Ser Asn Ieu Val Glu Cys Leu Ser Asp
640 645 650
GAA TTT TGT CTG GAT GAA AAG CGR GAA TTG TCC GAG AAA GTC AAA CAT 2199

Glu Phe Cys Leu Asp Glu Lys Arg Glu lLeu Ser Glu Lys Val Lys His -
655 660 665



205 210 215 220 CTG CGA GGA
TGG GCA Afehosiahifs®AT AGG TTT AGA AGA GAG TTA ACA ATA HSrBosiR1 $5134656
PCT/ 1 B95/ 00413 -55 - Leu Arg Ay Trp Ala Arg Phe Asn Arg Phe Arg Arg G u
Leu Thr Ile 225 230 235 TCA GTA TTA GAT ATT
ATT TCT TTT TTC CAA AAT TAC GAT TCT AGSSTFTA 951 Ser Val Leu Asp lle
Ile Ser Phe Phe A n Asn Tyr Asp Ser Arg Leu 240 - 245

250 TAT CCA ATT CCA ACA ATC TOC CAA TTA ACG CGG GAP GTA TAT ACA GAT

999 Tyr Bed aht @cRrercTAlT & chPiceEi AT @i diY A Baticon WAk Toyr Thraodsp 255
260 A_ATT AAT ATA i%‘ncT GAT AGA GIT ACC CCA

265 OCG AT
AGT TTC BRGIHEP9 Iel’ogef PR COARTY |80 ASH 199CHh PSIAEE® ;Lﬁ? RPg Val Thr Pro Ser
Phe @ u Ser 6200 - 675 275 680 280 ATT GAA AAC TCA GCC
ATT AGA AGC CCC CAT CTIT ATG GAT TTC TTA ACT 1095 Ile Au Asn Ser Ala lle
Arg Ser Pro His Leu Met Asp Phe Leu Thr 285 .. '~ L 290
295 AGA GGG ATC AAT R S&P?%E”‘Aﬁﬁ%ﬁ? PRORCFSAATT PR RFA AGRAEET GTT TAC
TAT TGG &REAGly IldlxER XnGlrd eed Aep |Arg AypTPhArdASDy ISerl ThkemsArg Ay Val Tyr

Tyr Trp 305 310 _ 315 G CAT CGT ATA AAT
TCT OGC TIT ACC GGG ACC &Or TTT CCA CAT %ra 1191 Gy Hs Arg Ile Asn
Ser Arg Phe Thr Gy Thr Ala Phe Pro Hs Ile 320 325

igggAﬁA AﬁﬁAEgﬁTﬁg&A% @TG%QAAF%AAQE W&ﬁk%@ Agﬁzﬁi'r aac
e r 0 n _ r n a ro I g I g
340 i mP e él”s% ﬁ&iﬂ%ﬁ%é& bys Bud'3n A2 V&L Uiz T CCT TCC CA

TT TAT AGA 128770Bhr |le Ala Profl@ly Pro Phe A W18y Val Pro Ser Leu
Leu Tyr Arg | _

CTA CCG GGT ACC TIT GAT GAG TGC TAT CCA ACG TAT TTA TAT CAA AAA 2391

Leu Pro Gly Thr Phe Asp Glu Cys Tyr Pro Thr Tyr Leu Tyr Gln Lys '

720 : 725 S ' 730
ATA GAT GAG TCA AAA TTA AAA GCC TAT ACC CGT TAT CAA TTA AGA GGG 2439
Ile Asp Glu Ser Lys Leu Lys Ala Tyr Thr Arg Tyr Gln Leu Arg Gly
735 . 740 . 745
TAT ATC GAG GAT AGT CAA GAC TTA GAA ATC TAT TTA ATT CGC TAC AAT 2487
Tyr Ile Glu Asp Ser Gln Asp lLeu Glu Ile Tyr Leu Ile Axrg Tyr Asn
750 o 755 760

GCA AAA CAT GAA ACA GTA AAT GTG CCA GGT ACG GGT TCT TTA TGG CCG 2535

Ala Lys His Glu Thr Val Asn Val Pro Gly Thr Gly Ser Leu Trp Pro

765 770 _ - 778 .- 780 .

CTT TCA GIC GAA AGT CCA ATC GGA AAG TGT GGA GAA CTA AAT CGA TGC 2583

Leu Ser Val Glu Ser Pro Ile.Gly lys Cys Gly Glu Leu Asn Arg Cys

785 790 o 795
GCG CCA CAC CTT GAA TGG AAT CCT GAT CTA GAT TGT TCC TGC AGA GAC 2631

Ala Pro His Leu Glu Trp Asn Pro Asp leu Asp Cys Ser Cys Arg Asp
800 _ 805 ' 810

(



350 355 . 360 ACA CTA TCA GAC CCT TTC TTC CCGA

AGA TCA s ATT AGT CCA ACC 1335 Thr Leu Ser Aspp@ifpobbgniyhe Arg
Arg Ser R e Ser Pro Thr WO 95/ 34656 -
PCT/ | B95/ 00413 -56 - 365 370 375

380 TTA GGG ATA AAT GTA GTA CAG GGG GIgg GGG TTC TTA CAA CCA AAT AAT
1383 Leu Ay Ile Asn Val vVal dn dy Val Gy Phe Leu d@n Pro Asn Asn 385

390 " 395 TTT  GAA TCT CTA TAT AGA AGG AGA GGG ACA GTA GAT
AT GAG 1431 Phe G u Ser Leu Tyr Arg Arg Arg Gy ThrVval Asp Ser Leu Asp
A u 400 410 TTG CCA ATT GAT GAA MI

4
CCA TTA EHrCREARY FFT 7 ‘%iTC‘EG"&c‘r%T CAT TTG 6§ THG A% 874 BT Asp A u Asn
Pro Leu Skt GGl Jyd\Qys Sdrn HMissHiAr §ext #iis 415 Phe Ser Leu Asp Ile A3 :
425 AGI CAC GI4CA TTA ACC AGgf CA TTA TTT MIgACT AAT ATA ACT AGC

1527 Ser H's Val Thr Leu Thr Arg Ser. Leu Phe Asn Thr Asn Ile Thr Ser 430
435 440 CTG CCA ACA TTT GIT TGG ACA CAT CAC AGTI CCT ACT GAT

AEA AAT &FAGGA TGt (A dagur ArTT A Bae TYalceTraraTas &b ath srder Al2g2Thr Asp
Thr Asn 460

AT oot Bolibvamee am tes am e de Sy el greakd e P e 1623
lle Ala Pro82p Val Ile Thr8%3 n Ile Pro LewB4al Lys Al a Phe Asn 465
. 470 475 CIT CAT TCA GGI GCC ACG GIT GCT AGA GGG CCA GCA

Phe o B PG ae Ol b oOF gl oka/ Uk A clend iy 9. Fee P2 O

AGA ACG Ms GIF LgSTThaARNTASp GAHGARLAPEg QST @Y hsn Leu GRA®hésp |1 e Leu Arg

Arg Thr psh Val Gy Asn gilge Gy Asp Met gygg Val 860
CICGAAGAGAAACCATTAGTAGGAGAAGCAC?AGCICGT.GIGAAAAGA'_ 2823
Leun Glu Glu Lys Pro Leu Val Gly Glu Ala Leu Ala Arg Val Lys Arg

865 870 875
GCG GAG AAA AAA TGG AGA GAC ARA CGT GAR AAA TIG GAA TTG GAA ACA 2871
Ala Glu Lys Lys Trp Arg Asp Lys Arg Glu lLys Leu Glu Leu Glu Thr
880 885 890
AAT ATT GTT TAT ARA GAG GCA AAA GAA TCT GTA GAT GCT TTA TIT GIA 2919
Asn Ile Val Tyr Lys Glu Ala Lys Glu Ser Val Asp Ala Leu Phe Val
895 %00 905
AAC TCT CAA TAT GATAGATI‘ACAAGOGGAT'ACC.AACATCGOGATGATI‘ 2967
Asn Ser Gln Tyr Asp Arg Leu Gln Ala Asp Thr Asn Ile Ala Met Ile
. 910 _ 915 920
CAT GCG GCA GAT AAA CGC GTT CAT AGC ATT CGA GAA GCT TAT CIG CCT 3015
His Ala Ala Asp Lys Arg Val His Ser Ile Arg Glu Ala Tyr Leu Pro
925 930 _ 935 940
GAG CIG TCT GIG ATT CCG GGT GIC AAT GCG GCT ATT TIT GAA GAA TTA 3063

Glu leu Ser Val Ile Pro Gly Val Asn Ala Ala Ile Phe Glu Glu Leu
945 950 955



495 500 505 MI' ATT ACT GCA CCA CTA TCA CAA

AGA TAT %@Eﬁs FCG ATT CGT TAT 1767 Asn Ile Thr A spdii8edwazSer A n
Arg Tyr Arg Arg Ile Arg Tyr 510 515 ' 520
WD 95/ 34656 PCT/ 1 B95/ 00413

-57 - GCT TCT ACT ACA MI TTA CGA TTC Cgd -ACA TCA ATT AAC GGA AGA GCT
1815 Ala Ser Thr Thr Asn Leu Arg Phe His Thr Ser Ile Asn Ay Arg Ala 525
530 535 540 ATT AAT CAG GCG GAT TTT CCA GCT

Nj/WG&Ndﬁ&ﬁ@h@ﬁ&ﬁdﬂ&mﬂrd&%méﬁéﬁwﬁm#hkkm'ﬁﬁP”)Na

Egre TCC é@% ig’,“?% %% ﬁ%’T euh‘gégr#? %‘IASR&WS%V%C TTT 191?55

G@n Ser Ay Ser PH#s0Arg Ile Ala A985Phe Thr Thr Pe® Phe Thr Phe 560

565 570 TCA GAT GCA CTA AGC ACA TTC ACA ATA GGT GCT TTT GGC
TTC TCT TCA 1959 Ser Asp Ala Leu Ser Thr Phe Thr Ile Gy Ala Phe Gy
Phe Ser &EF A3i\AT GGT GAT TTT AAT TARGGC TTA TCC TGC TG AAGHEG Ny AC GWELTT TAT

ATA GAT CLA 1LysBEn(E@AK ﬂ's’BTPhﬂE'n O GErAG/9er@A Trp asn Vv@DQYsE y Asn G u Val

Tyr Ile Asp Ar 7IeGIuPheVaIE;@roAlaGluVa85590 595
600 ACC TTT GA GAATATGA‘iJ A GAA AGA CAA AAG CGCG GIG AAT
2055 Thr Phe A u Al a Glu Tyr Asp Leu Qu Arg Ala G n Lys Ala Val Asn 605
ATC GO0 T A A T A P B Eho T Ser S Asn @
eu er Ser n n

lle Gy B8 Hs %W@%%Gﬁﬁl‘%%“m%s“gg”%gﬁ“%l | 635
GAT TAT CAT 980T GAT CAA GTA9EC . MI CTA GIW0GA TGC TTA TCG GAT 2151
Asp Tyr His Ile Asp G n Val Ser Asn Leu Val Qu Cys Leu Ser Asp ‘

GIT CCG GAA TGG GAA GCA GAA GIG TCA CAA GAA GIT CGT GIC TGT CCG 3255

Val Pro Glu Trp Glu Ala Glu Val Ser Gln Glu Val Arg Val Cys Pro

1005 1010 S 1015 1020

GGT CGT GGC TAT ATC CTT CGT GIC ACA GCT TAC AAG GAG GGA TAT GGA 3303

Gly Arg Gly Tyr Ile Leu Arg Val Thr Ala Tyr Lys Glu Gly Tyr Gly -

1025 | © 1030 1035
GAA GGT TGC GTA ACC ATT CAT GAG ATC GAG AAC AAT ACA GAC GRA CIG 3351
Glu Gly Cys Val Thr Ile His Glu Ile Glu Asn Asn Thr Asp Glu Leu '
1040 1045 1050
AAG TTT AGC AAC TGT GTA GAA GAG GAA GTA TAT CCA AAC AAC ACG GTA 3399
Lys Phe Ser Asn Cys Val Glu Glu Glu Val Tyr Pro Asn Asn Thr Val
1055 : 1060 . 1065
ACG TGT AAT GAT TAT ACT GCG ACT CAA GAA GAA TAT GAG GGT ACG TAC 3447
Thr Cys Asn Asp Tyr Thr Ala Thr Gln Glu Glu Tyr Glu Gly Thr Tyr
1070 : 1075. /1080
ACTTCTCGTAATCGAGGATATGACGGAGCC_TATGAAHSCAATTCTTCI" 3495
Thr Ser Arg Asn Arg.Gly Tyr Asp Gly Ala Tyr Glu Ser Asn Ser Ser '

1085 - 1090 1095 : 1100

GTA CCA GCT GAT TAT GCA TCA GCC TAT GAA GAA ARA GCG TAT ACA GAT 3543



640 645 650 GAA TTT TGI CTG GAT GAA AAG CEA

GM TTG Wekd»s34636AM GTC AA CAT 2199 A u Phe . Cys Leutcphmpsidoais Lys Arg
GQu Leu Ser Au Lys Val Lys His 655 : 660 665
WD 95/ 34656 PCT/ 1 B95/ 00413

-58 - GCG AAG CGA CTC AGT GAT GAG CGG 8- TTA CTT CAA GAT C MC TTT

2247 Ala Lys Arg Leu Ser Asp Qu Arg Asn Leu Leu @ n Asp Pro Asn Phe 670

675 680 AGA GGG ATC AAT AGA CAA CTA GAC CGT GGC TGG AGA GCA

AGT ACG @ATPro Ala 2A893vArda Bey AlaeTWASBLAGIHu Gys AlauTyasThr\agp Gy Trp Arg Gy

Ser Thr Asp 685 1105 690 6%% 700
_ATTACCATCCAAGGAGGAGATGACGTA‘HJ(?AAAGAGAAT (s,‘GTCACA 2343

Ile Thr 1le An Ay Ay Asp Asp Val Phe Lys G u Asn: Tyr Val Thr 705

710 GGA CGA AGA GAC AAT CCTAGEQR2CHT AR aGH GAART(@NG dACTAAT CCAsACG TAT TTA

TAT O 8, ot o 6, B0 B0, S QR 0, I D L

AAAGCCTA ACC 180 TAT CAA TTA NE& GGG 2Ui30 |le Asp G u Ser Lys
Leu Lys Ala Tyr Thr Arg Tyr G n Leu Arg Ay 735 740

745 TAT C TTA GAA ATC TAT TTA ATT CGC TAC_AAT

2487 Tyr %%&P%%F‘%A%%A Pt And G TRRRAC TAQUTIG €%y g TyP3%sn 750
755 Thr Pro Leu Pro A38 GIEATyA/ValCHir G\ GACAeGIRAW B PReCPfsCA GGT ACG GGT TCT
TTA TGG CCG  1344p35 Ala Lys I—hsmGl u Thr Val AspsVal Pro @y Thr Gy Ser

Leu Trp Pro 765 70 . 775 780
CTTTCAGTCGAAAGTCCAATCGGAAAGTGTGGAGAA.CTAAATCGATGC 2583

Leu Ser GXal Acd GATSARG Rra TGGEATE gad xec Ggs Gh \wcll aaalesa AnTr g Cyses?

Glu Thr Asp Lys Val Trp Ile Glu Ile Gly Glu Thr Glu Gly Thr Phe
1150 1155 . 1160

ATC GTG GAC AGC GTG GAA TTA CTC CTT ATG GAG GAA TAGTCTCATG 3733
Ile Val Asp Ser Val Glu Leu Leu Leu Met Glu Glu : '
1165 1170 1175
CARACACTGG TTTAAATATC GTTTTCAAAT CAATTGTCCA AGAGCAGCAT TACAAATAGA 3793
TAAGTAATTT GTTGTAATGA AAAACGGACA TCACCTCCAT TGAAACGGAG TAGTGTCCGT 3853
TTTACTATGT TATTTTCTAG TAATACATAT GTATAGAGCA ACTTAATCAA GCAGAGATAT 3913

TTTCACCTAT CGATGAARAT ATCICTGCTIT TTTCTTTTIT TTATTTGGTA TATGCTTTAC - 3973

TTGTAATCGA AAATARAGCA CTAATAAGAG 4003

(2} INFORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1176 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear



785 _ 790 795 GCG CCA CAC CTT GAA TGG AAT CCT

GAT CTA @fd 981536561 CC TGC AGA GAC 2631 Ala Pro Hi s Leu ¥¢raBdsgoafsn Pro
Asp Leu Asp Cys Ser Cys Arg Asp 800 805 810
WO 95/ 34656 PCT/ | B95/ 00413

-59 - GGG GAA AAA TGT GCC CAT CAT TCT «®=T- CAT TTC TCC TTG GAC ATT GAT

2679 Ay QQu Lys Cys Ala Hs H's Ser Hs H's Phe Ser Leu Asp Ile Asp 815
820 825 G T GGA TGT ACA GAC TTA AAT GAG GAC TTA GGI GTA TGG
GIG ATA TTC (ii)2WdikEcyat Tebs: @&e}ﬁhr Asp Leu Asn Qu Asp Leu Ay Val Trp
Val Ile Phe 830 840 AAG ATT AAG ACG CAA
GATGGCCATGCAAGATTAGGAAAT CTAGAATTT 2775 Lys Ile Lys Thr d@n
Asp Ay Hi s Als)AFEUENCE CESCRAETICONe (FEQ TP FP:@: 845 850

855 8GOCCGAAGAGAAACCATTAGTAGGAGAAGCACTAGCTCGT

GIG AAA AGA 28 u u Pro_Ley V u Ala Leu Ala Arg
val Lys XFh "éBsAs“ a$Ken IGE“ Asn %‘ o-ys R by g‘s“acyg%y‘ GAG AAA AAA TGG
AGA GAC AAN CGT GAA AMSS TTG GAA TTG GAA ACA 2871 ABa du Lys Lys Trp
Arg Asp Lys Arg Gu Lys Leu GI u Leu ‘G u Thr 880 885

890 AAT ATT GIT TAT MAAA GA AAA GAA TCT GTA GAT GCT TTA TTT GTA

2919 Asn AFP Frofflurisu Gy Ié?&ﬁNG&uL% G rrp fex/3en ASp TREValo Phe Val 895
900 2005 AAC TCT CAZRSTAT GAT AGA TTAoCAA GCG GAT ACC AAC ATC
GCG ATG ATT 2967 Asn Ser A n Tyr Asp Arg Leu A n Ala Asp Thr Asn Ile
Ala Met Ile 910 ~ 915 920 CAT GCG GCA GAT AAA
CGC GTT GAT GAGASKTILCTRY Cam GIZTLePASRrORG By Leu Vas@ss lﬂhasIJAI a Ala Asp Lys
Arg Val H's Ser 3d e Arg A u Al a4pyr Leu Pro - 45 '

Pro Leu Gly Asp Phe Ile leu Giy,Leu Phe Asp Val Ile Trp Gly Ala
- 50 55 60

Leu Gly Arg Ser Glu Trp Asp Iie Phe Leu Glu Gln Ile Glu leu Leu
65 70 ' 75 ' 80

Ile Gly Gln Arg Ile Glu Glu Phe Ala Arg Asn Gln Ala Ile Ser Arg
85 20 95

Leu Glu Gly Leu Ser Asn Leu Tyr Arg Ile Tyr Thr Asn Ala Phe Lys
100 - 105 - 110

Asp Trp Glu Ala Asp Pro Thr Asn leu Glu Leu Lys Glu Glu Met Arg
' 115 120 125

Thr Gln Phe Asn Asp Met Asn Ser Ala Phe Thr Thr Ala Ile Pro Leu
130 135 140

. Phe Ser Val Arg Gly Tyr Glu Leu Pro Leu Leu Ser Val Tyr Val Gln
145 150 155 B 160

Ala Ala Asn Leu His Leu Ser Val Leu Arg Asp Val Ser Val FPhe Gly
165 ' 170 175



925 930 935 940 GAG CTG TCT
GIG ATnggg:,éﬁ GIC AAT GCG GCT ATT TTT GAA GAA TTA p&PRposiobdizLeu Ser

Val Ile Pro Val Asn Ala Ala Ile Phe AU G u Leu 945 . 950
955 WO 95134656

PCT/ 1 B95/ 00413 -60- GAA GGG CGT ATT TIe3 ACT GCA TTC TCC CTA TAT GAT GCG AGA
AAT GIC 3111 Au Ay Arg Ile Phe Thr Ala Phe Ser Leu Tyr Asp Ala Arg
Asn Val 960 965 970 ATT AAA AAT GGT GAT TTT.
MI TAT Geia REATHSGLY GheTiEp RACAGT G MY Asn Arq Arg3RA%add RsyS Asn Ay Asp
Phe Asn Tyr Ay L 0Ser Cys Trp Val shg o g 980

985 GGG CAT GTA GTA GAA GAA S CAACCACC%?PTCGGTCCITGTT

3207 Ay H's Val Asp Val Qu Gu G@n Asn Asn H's Arg Ser Val Leu Val 990

995 Leu Thr Thr Asn13Q0g1 A?GI% A%,}' %8%%"@-6 TCA CAA GAA
GTTCGTGTCrrn Y 5 Val Pro uTrp uVal Ser dn Qu

Val Arg Val Gg% Pro 1005 | 1010 205 1015
1020 GGTCGTGGCTATATCCTTCGTGTCACAGCTTACI\/AGG GA TAT GGA

1000 V29 ole Bt sl Gl R I df BRSHMTC G v et

ACA GAC GAAZEYG 3351 &% dy Cys Val 2Pr Ile Hs Qu Ile Ju Asn Asn
Thr Asp A u Leu 1040 1045 1050 AAG TTT  AGC
AAC TGT 3399 Lys Phe Ser
MG TST B R o8 B R RAE AF AT e e

1060 225 1065238CG TGT AAT GA'I23$AT ACT GCG ACTZ4TAA GAA GAA TAT
GAG GGT ACG TAC - 3447 Thr Cys Asn Asp Tyr Thr Ala Thr Gn Gu Gu Tyr
Gu dy T

Ile Ilé/ Ser Phe Phe Gln Asn Tyr Asp Ser Arg lLeu Tyr Pro Ile Pro
245 250 255

Thr Ile Ser Gln Leu Thr Arg Glu Val Tyr Thr Asp Pro Val Ile Asn
260 . 265 270

Ile Thr Asp Tyr Arg Val Thr Pro Ser Phe Glu Ser Ile Glu Asn Ser
275 _ 280 285

Ala Ile Arg Ser Pro His Leu Met Asp Phe Leu Thr Asn Ile Ile Ile
220 295 300

Asp Thr Asp Leu Ile Arg Gly Val Tyr Tyr Trp Ala Gly His Arg Ile
305 310 315 320

Asn Ser Arg Phe Thr Gly Thr Ala Phe Pro His Ile Ile Thr Ser Pro
325 330 335

Gln Tyr Gly Ile Thr Ala Asn Ala Glu Pro Arg Arg Thr Ile Ala Pro
340 . 345 350

Gly Pro Phe Gln Gly Val Pro Ser Leu leu Tyr Arg Thr Leu Ser Asp
355 - 360 365

Pro Phe Phe Arg Arg Ser Asp Asn Ile Ser Pro Thr Ieu Gly Ile Asn



1070 1075 - 1080 ACT TCT CGT AAT CGA GGA TAT
GAC GGA Gife dkilesg®A AGC AAT TCT TCT 3495 Thr Ser Ar gchamososazd y Tyr
Asp Ay Ala Tyr Qu Ser Asn Ser Ser 1085 1090
1095 1100 GTA CCA CCT GAT TAT GCA TCA GCC TAT GV GM AM GCG
TAT ACA GAT 3543 . WD 95/ 346564 -
PCT/ 1 B95/ 00413 -61 - Val Pro Ala Asp Tyr Ala Ser Ala Tyr Qu Qu Lys Al a
Tyr Thr Asp- 1105 1110 1115 GGA CGA AGA GAC AAT
CCT TGT GAA B@ AAC AGA GGA 37T GGG GAT TAC 380 3591 Gy Arg Arg Asp Asn
Pro Cys Qu Ser Asn Arg Ay Tyr @y Asp Tyr 1120 1125
1130 ACA CCA CTA CCA GCT GGEC TAT GIG ACA AAA GAA TTA GAG TAC TTC CCA .
3639 Thr VebVabElPr@yAfal @y Phg lewln Byp AspsAsg Bhe €ln Gen IByr Phe Pro 1135
1140 385 1145 &g ACC GAT AAG GsTGG ATT GAG AlggoCGA GM ACG GAA
GGA ACA TTT 3687 GQu Thr Asp Lys Val Trp Ille Qu lle dy GQu Thr Gu
dy Thr Phe 1150 1155 1160 ATC GIG GAC AGC GIG
GAA TTA CT¥Z GFF MJAre/ByCGrux VAGREH Galf Geu Asp Glu Lew3PB3 IléAspal Asp Ser Val
G u Leu Leu Leu Met Gaps@ u 1165 410 1170 495 1175
- CAAACACTGG TTTAAATATC GTTTCAAAT CAATTGICCA AGAGCAGCAT TACAAATAGA 3793
TAAGTAATTT GITGTAATGA AAAAAGGACA TCACCTCCAT TGAAACGGAG TAGTGICCGT - 3853
TTTACTATGELYl 81d RECTEAG IeATACATATYLISAF AGAGEA IOTSAARGA A CARCAGATAT 3913
TTTCACCTAT CGATGAA@ ATCI CTCGCTT TRICTTTTTT TTATTT%EI’ A TATGCTTTAC 3973
TTGTAATCGA AAATAAA CTAATAAGAG 4003
(2) | NFORMATI ON FOR SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:

1176 am Ngew@hflArg Ser Leu Phe Asn Thr Asn Ile Thr Ser Leu Pro Thr Phe
435 440 445

Val Trp Thr His His Ser Ala Thr Asp Thr Asn Thr Ile Ala Pro Asp
450 455 - : 460

Val Ile Thr Gln Ile Pro Leu Val Lys Ala Phe Asn leu His Ser Gly
465 470 o 475 . 480

Ala Thr Val Ala Arg Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg
485 o 490 _ 495

Arg Thr Asn Val Gly Asn Phe Gly Asp Met Arg Val Asn TIle Thr Ala
500 : 505 510

Pro leu Ser Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr
515 .. 520 . 525

Asn Leu Arg Phe His Thr Ser Ile Asn Gly Arg Ala Ile Asn Gln Ala
530 ' - 535 _ 540

Asp Phe Pro Ala Thr Met Asn Ser Gly Gly Asn Leu Gln Ser Gly Ser
545 550- 555 . 560

Phe Arg Ile Ala Gly Phe Thr Thr Pro Phe Thr Phe Ser Asp Ala Leu
565 570 _ : 515



(B) TYPE: amno acid (D) TOPOLOGY: |inear WO 95/ 34656
PCT/ | BXgb08484636 - 62- (ii) MDLECULE TYPE: protein (xi) SEQI;JE;NEE/@ESCRI PTI ON:
SEQ ID NO 2: Met Asp Asn Asn Asn G n Asn A n Cys Ile Pro Tyr Asn Cys Leu

Ser 1 5 10 15-Asn Pro Qu
Leu Gu lle Leu Au lle Gu Arg Ser 28h- Asn Thr Val 20 25
30 Val GQu Asp Ile Thr Leu Ay Leu Ser Arg Leu Leu Val Ser Ala Ile 35
40 : 45 Pro Leu Ay Asp Phe |le Leu Ay Leu Phe Asp Val lle
Trp Ay Ala 50 55 60- Leu Ay Arg Ser du
Trp Aspsekl fPhRe bRt 18 L!':}l?EI Aa ﬂ‘lf‘e @.ﬂJPﬁ@%eL%r (‘bliy Asn Glu Val 70
75 580 n Arg I'le Au Phe Ala Arg Asn A n A a
Ile Ser Arg 85 8 96 59 95 Leu Gu Gy Leu Ser
Asn Leu Tyr Arg Ile Tyr Thr Asn Ala Phe Lys 100 105
110 Aspplrp q’-éﬁ r TJ;][J u Met Arg 115
120 "y € Mf?g%fﬁ% ﬁ§&k§¥Ggswak/ee%x %erp‘%a Phe Thr Thr Al a
Ile Pro Leu 13% €00 135 605 140 Phe Ser Val Arg Ay
Tyr G u Leu Pro Leu Leu Ser Val Tyr Val. G n 145 - 150
155 Ley Ser lLeu Arg Asp Val Ser
val Phé l& Vg %g‘? Leu {ﬁu élgaAla élrﬁ}()s kfa VH!L sAsn Alia \4\%

61 620

Ser Ser Asn Gln Ile Gly Leu Lys Thr Asp Val Thr Asp Tyr His Ile
625 630 - 635 640

Asp Gln Val Sexr Asn Leu Val Glu Cys Leu Ser Asp Glu Phe Cys Leu
645 650 655

Asp Glu Lys Arg Glu Leu Ser Glu Lys Val Lys His Ala Lys Arg Leu
660 665 670

Ser Asp Glu Arg Asn Leu Leu Gln Asp Pro Asn Phe Arg Gly Ile Asn
675 680 685

Arg Gln Leu Asp Arg Gly Trp Arg Gly Ser Thr Asp Ile Thr Ile Gln
690 695 700

Gly Gly Asp Asp Val Phe Lys Glu Asn Tyr Val Thr Leu Pro Gly Thr
705 710 - 715 720

Phe Asp Glu Cys Tyr Pro Thr Tyr Leu Tyr Gln Lys Ile Asp Glu Ser
725 730 735

Lys leu Lys Ala Tyr Thr Arg Tyr Gln leu Arg Gly Tyr Ile Glu Asp
740 745 750

Ser Gln Asp Leu Glu Ile Tyr ILeu Ile Arg Tyr Asn Ala Lys His Glu
155 760 765



WO 95/ 34656

PCT/ | BOShP@ésisiesp3 - G n Arg Trp Ay Phe Asp Val

Tyr Asp Asp 180 185 190 Leu

Ay
205
215
Val
Ile
250
Val
Val
285
295
Hi s
Asn
330
Ile
Val
365

Asp
Asn

Al a
Pro
Pro

Tyr Thr Asp Tyr Ala Leu Ser Trp Tyr 195

Thr Ay Leu Asn Arg Leu Pro Ar§6Asn Asp Ay Leu Arg
220 Ala Arg Phe Asn Arg Phe Arg Arg G u

Asp 225 - .230 235

fiar vihastival Grs @yNTREY G1yASEr 30t TApPProeLeulyér RaD Glbe

255 Throlde Ser dAn Leu78'5hr Arg du Val
Asn’ 360 265 270 Ile
Pro Ser Phe Gu Ser 'Ile Au Asn Ser 275

$drePhy 165@Ly Riye d¥sSclyetidMibu Ash A2BecyseAlalPro A%S tehe

300 p Thr Asp Leu e Arg dy Vval r
8% 305 79 1! 310 95 315338

Arg Phe Thr Gy Thr Ala Phe Pro Hs Ile Ile Thr Ser

Glu T? Asn Pro?léé &uNaspy f:y@S& Is AYrasp @y eth 'ﬁ%@ C%

Pro
Ser Leu Leéu ﬂpf’ Arg Thr Leu 810 Asp 355 - 815
Phe Phe Arg Arg Ser Asp Asn Ile Ser Pro Thr Leu Gy

Ala His His Ser His His Phe Ser leu Asp Ile Asp Val Gly Cys Thr
820 : o 825 . . 830 -

Asp Leu Asn Glu Asp Leu Gly Val Trp Val Ile Phe Lys Ile Lys Thr
835 .. 840 - - 845 ' '

Gln Asp Gly His Ala Arg Leu Gly Asn Len Glu Phe leu Glu Glu Lys
850 .. 855 860

Pro leu Val Gly Glu Ala Leu Ala Arg Val Lys Arg Ala Glu Lys Lys
865 870 - 875 . " 880

Trp Arg Asp .Lys Arg Glu Lys Leu Glu Leu Glu Thr Asn Ile Val Tyr
885 - .. 890 - 895 ..

Lys Glu Ala Lys Glu Ser Val Asp Ala Lleu Phe Val Asn Ser Gln Tyr
200 .. %S5 - . %10

Asp Arg Leu Gln Ala Asp Thr Asn Ile Ala Met Ile His Ala Ala Asp
915 920 - 925 '

Lys Arg Val His Ser Ile Arg Glu Ala Tyr Leu Pro Glu Leu Ser Val
930 o 935 .- 940 -

Ile Pro Gly Val Asn Ala Ala Ile Phe Glu Glu lLeu Glu Gly Arg Ile
945 ' 950 955 ) 960

Phe Thr Ala Phe Ser Leu Tyr Asp Ala Arg Asn Val Ile Lys Asn Gly

Thr

Ay
Leu

Pro
Tyr
Thr

Ile
Tyr

Pro-

Pro
Prc_)

Al a Thr MednsBdsioats g Arg

Thr Asn
200

Trp 210
Thr Ile

245
Thr Asp
Asp Tyr
280
Ile 290
Trp Ala

325
Arg Arg
Phe dn

- 360

Ile

Asn

Ile

Ser
240
Pro
Arg

Ay
320

.Thr

Ay



WO 95/ 34656

- 64- 37W0 95/34656 375 380 Val Val pGras¥Sig419al Gy Phe
Leu A n Pro Asn Asn Phe G u Ser Leu 385 390

395 400 Tyr Arg Arg Ar_(/; Gy Thr Val Asp Ser Leu Asp GQu Leu
Pro Il e Asp 405 410 ~-67- 415 dy A u Asn Pro Leu
Val Gy Tyr Ser H's Arg Leu Ser His Val Thr 420 425

430 Leu Thr Arg Ser Leu Phe Asn Thr Asn Ile Thr Ser Leu Pro Thr Phe 435
440 2655 Val Trp Thr 90s His Ser Al aS®r Asp Thr Asn Thr Ile
Ala Pro Asp 450 455 460 Val Ile Thr An lle
Pro Leu_Val L}As 470

475 Asp Phe %OI‘% §erTFl¥s ‘3"54’ AﬂPé’aAr"éséﬂ? BoVa ¢Phe Thr Ay Ay Asp
Ile Leu Arg 485 980 4985 990 495 Arg Thr Asn Val Qy
Asn Phe Ay Asp Met Arg Val Asn Ile Thr Ala 500 505

510 Pro Leu Ser Gd.n Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr 515
520 Val Glu Glu Gln AppcAsncHis Apg ey VRhdep @lTi By Gy &sn Ay Arg Ala Ile
Asn G n Ala 5385 106035 1005 540 Asp Phe Pro Ala Thr
Met Asn Ser Gy Gy Asn Leu G n Ser Ay Ser 545 550

555 560 Phe Arg Ile Ala Ay Phe Thr Thr Pro Phe Thr Phe Ser
Asp Al aGle@l®s@3u Val Ser Gln Glu VabAgg Val Cys Pro Gly Arg 6¥% Tyr WD 95/ 34656

PCT/ | B95/ 0Q4ds3 - 65 - 1015 1020

Ile Leu Arg Val Thr Ala Tyr Lys Glu Gly Tyr Gly Glu Gly Cys Val
1025 1030 1035 1040

Thr Ile His Glu Ile Glu Asn Asn Thr Asp Glu Leu Lys Phe Ser Asn
1045 1050 : 1055

Cys Val Glu Glu Glu Val Tyr Pro Asn Asn Thr Val Thr Cys Asn Asp
1060 1065 1070

Tyr Thr Ala Thr Gln Glu Glu Tyr Glu Gly Thr Tyr Thr Ser Arg Asn
1075 1080 1085

Arg Gly Tyr Asp Gly Ala Tyr Glu Ser Asn Ser Ser Val Pro Ala Asp
1090 1095 1100

Tyr Ala Ser Ala Tyr Glu Glu Lys Ala Tyr Thxr Asp Gly Arg Arg Asp

1105 I 1110 1115 - - 1120

Asn Pro Cys Glu Ser Asn Arg Gly Tyr Gly Asp Tyr Thr Pro ILeu Pro
1125 . o 1130 .. 1135

Ala Gly Tyr Val Thr Lys Glu leu Glu Tyr Phe Pro Glu Thr Asp Lys
1140 - 1145 _ 1150

Val Trp Ile Glu Ile Gly Glu Thr Glu Gly Thr Phe Ile Val Asp Ser
1155 _ 1160 - 1165

PCT/ 1 B95/ 00413



Ser Thr Phe Thr Ile Ay Ala Phe Ay Phe Ser Ser Gy Asn du Val 580

585 woos346s6 D90 Tyr Ile Asp Arg Ile G u Phe Val Pporssesnédis Val Thr
Phe Gu Al a 595 600 605 G u Tyr Asp. Leu
Gu Arg Ala dn Lys Ala Val Asn Ala Leu Phe Thr 610 . 615
620 Ser Ser Asn An lle Gy Leu Lyse Fl@8-Asp Val Thr Asp Tyr H s Ile 625
630 635 ' 640 Asp A n Val Ser Asn Leu Val du
Cys Leu Ser Asp A u Phe Cys Leu 645 _ 650 ' 655

Asp Gu Lys Arg Qu Leu Ser Qu Lys Val Lys H's Ala Lys Arg Leu 660

665 Arg Asn Leu Leu G n Asp Pro Asn Phe Arg
Ay Ile X&h@ygeu Lev gt Wt G‘]A'\S%lBSO _ 685 Arg A n Leu Asp Arg
Ay Trp Arg @’y Ser Thr Asplhf® Thr I'le @ n 690 695

700 Ay Ay Asp Asp Val Phe Lys Qu Asn Tyr .Val Thr Leu Pro Ay Thr 705
710 - 715 720 Phe Asp A u Cys Tyr Pro Thr Tyr
Leu Tyr dfh TERRATIONER 82Q IBJP:3vg 730 735

Lys Leu Lys Ala Tyr Thr Arg Tyr G n Leu Arg Ay Tyr Ile Au Asp 740

745 ; %!Mﬂ.’@?n Leu Gu Ile Tyr Leu Ile Arg Tyr Asn Al a
Lys Hs Qu 7(5)5 SEQUENCE 765 WD 95/ 34656

PCT/ | B95/ 00413 - 68} LENGHE: \Ad3 R0 \Agidpr o Gy Thr Gy Ser Leu Trp Pro Leu
Ser Val Qu 770 (B) TYPE: amino acid/ 75 - : 780 Ser Pro Ile Ay Lys

Cys Ay Gu Leu A(\ép S%fzﬁm%&s’g" asuFl’grloe Hs Leu

(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO =
{(iv) ANTI-SENSE: NO
{ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..133 _
(D) OTHER INFORMATION: /note= "Sub-Sequence A" from CryIE(c)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

_ Ile Thr Ser Pro Gln Tyr Gly Ile Thr Ala Asn Ala Glu Pro Arg Arg
1 5 10 15

Thr Ile Ala Pro Gly Pro Phe Gln Gly Val Pro Ser Leu Leu Tyr Arg
20 25 30

Thr Ieu Ser Asp Pro Phe Phe Arg Arg Ser Asp Asn Ile Ser Pro Thr
35 40 45

Leu Gly Ile Asn Val Val Gln Gly Val Gly Phe leu Gln Pro Asn Asn



785 790 795 800 Au Trp Asn

Pro Asp wows#ps Cys Ser Cys Arg Asp Ay A u Lys Cys 805 PCI/NIB9S/00413 810
815 Ala His Hs Ser H's His Phe Ser Leu Asp Ile Asp Val Ay Cys Thr 820
825 830 Asp Leu Asn Qu Asp Leu Ay Val Trp Val Ile Phe Lys
Ile Lys Thr 835 840 -89- 845 @n Asp Ay Hs Ala
Arg Leu Ay Asn Leu Qu Phe Leu Qu G u Lys 850 855

860 Pro Leu Val Gy GQu Ala Leu Ala Arg Val Lys Arg Ala Qu Lys Lys 865 .
870 50 875 55 880 Trp éog Asp Lys Arg Gu Lys Leu
Gu Leu u Thr Asn Ile Val Tyr 885 890 895
Lys Qu Ala Lys Qu Ser Val Asp Ala Leu Phe Val Asn Ser @ n Tyr 900

905 Phe Glu Sep{lgu/fyy AyayAteArgEGhy Ahy Vad pAsphéernben Pse GAka Met lle Hi s
Ala Ala Asp 845 720 920 15 925 Lys Apg Val His Ser
Ile Arg Qu Ala Tyr Leu Pro Qu Leu Ser Val 930 935

940 Ile Pro Ay Val Asn Ala Ala Ile Phe Qu Qu Leu Qu Ay Arg Ile 945
950 Leu Pro IQ§Fsp Gly Glu Asn Pro LeQOR1MGly Tw Séd HifldsgIen Leu Tyr Asp
Ala Arg Asn Val Ile Lys Agh Gy WO 951534656 95

PCT/ 1 B95/ 00413 - 67 - 965 970 975 Asp Phe
Asn Tyr Ay Leu Ser Cys Trp Asn Val Lys Gy H's Val Asp 980

985 Ser His VaQ9fhr\idu thrtiAfd Sefilau/Ahe 2aNTHY BsrAllle SBf Séal Leu Val Val

Pro Gu Trp 995 100 1000 4g5 1999

Leu Pro Thr Phe Val Trp Thr His His Ser Ala Thr Asp Thr Asn Thr
115 120 125 '

Ile Ala Pro Asp Val
130

(2) INFORMATION FOR SEQ ID NO:4:

. (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 157 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
. (iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(ix) FEATURE: .
(A) NAME/KEY: Region

(B) LOCATION: 1..157
(D) OTHER INFORMATION: /note= "Sub-Sequence B" from CryIE(c)



Gu Ala Qu vVal Ser @n Gu Val Arg val Cys Pro Gy Arg Ay Tyr 1010

1015 09 1020 Ile Leu Arg Val Thr Ala Tyr Lys fdmmesnesdddyr G Y
Au dy QIS ?/31651025 1030 1035

1040 Thr Ile Hs Gu Ile Au Asn Asn Thr Asp GQu Leu Lys Phe Ser Asn 1045
1050 ) 1055 Cys Val Qu &7a-Au Val Tyr Pro Asn Asn Thr Val
Thr Cys Asn Asp 1060 1065 1070 Tyr Thr Al a
Thr AGn AQu Gu Tyr Au Ay Thr Tyr Thr Ser Arg Asn 1075 : '
1080 1085 Arg Ay Tyr Asp Ay Ala Tyr Qu Ser Asn Ser Ser
Val Pro Al a Asp 1095 1100 Tyr Al a Ser
Ala Tyr 4 u(ﬁ') S%@%NQH:QESIWPW REQ I@f}oﬂrg Arg Asp 1105

1110 : 1115 : : 1120 Asn Pro Cys G u Ser Asn Arg
Gy Tyr Ay I U BRI

1135 Ala d yf%gﬁ%//gl;[%?%g 4 Y;ﬁ gyslé@aEPﬁrAsn e e & é%‘ﬁr Asp Lys 1140
1145 1150§/al TrpIIeGIu IeGIyGIuThr%;IuGIyThr Phe
Ile Val Asp Ser 1155 . 1160 1165 WD 95/ 34656

1175 (2) | NFORAH GRF P @E%ﬁ%e%?@e &g‘“)ﬂ’%&ﬁ@%&%&%ﬁ%&%ﬂ cs (4

LENGTH: 133 amino aci (B) TYPE: anmiB® acid (C) STRAMDEDNESS: single

Thr Asn Val Gly Asn Phe Gly Asp Met Arg Val Asn Ile Thr Ala Pro
35 40 . 45

Leu Ser Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr Asn
50 55 60

Leu Arg Phe His Thr Ser Ile Asn Gly Arg Ala Ile Asn Gln Ala Asp
65 70 75 80

Phe Pro Ala Thr Met Asn Ser Gly Gly Asn Leu Gln Ser Gly Ser Phe
85 90 95 -

Arg Ile Ala Gly Phe Thr Thr Pro Phe Thr Phe Ser Asp Ala Ieu Ser
100 105 _ 110

Thr Phe Thr Ile Gly Ala Phe Gly Phe Ser Ser Gly Asn Glu Val Tyr
115 _ 120 125

. Ile Asp Arg Ile Glu Phe Val Pro Ala Glu Val Thr Phe Glu Ala Glu
130 135 140

Tyr Asp Leu Glu Arg Ala Gln Lys Ala Val Asn Ala leu
145 150 155

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
~(a) LENGTH: 13 base pairs



(D TOPOLOGY: linear (ii) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO
(iv) ANKvoSEkbigks NO (i x) FEATURE: (A) NAVE/ KEY: Regi on (BeridesdsioN. 1. . 133
(D) OTHER | NFORMATI ON: / note- "Sub-Sequence A" from CrylE(c) (xi) SEQUENCE
DESCRIPTION. SEQ ID NO3: Ile Thr Ser Pro An Tyr Gy Ile Thr Ala Asn Al a

GQu Pro Arg Arg 1 5 - -71- 10 15
Thr Ile Ala Pro Gy Pro Phe dn Ay Val Pro Ser Leu Leu Tyr Arg 20
25 30 Thr Leu Ser Asp Pro Phe Phe Arg Arg Ser Asp Asn lle
Ser Pro Thr 35 (B) TYPE: nucleic acié0 45 Leu Gy Ile Asn Val
Val dn dy Val y n. P Asn Asn . WD 95/ 34656
PCT/ | BO5/ 00413 g& Sﬁ%ﬁ”‘“‘bﬁ&sg Singld 55 60 Phe A u
Ser Leu Tyr Arg ng?ﬂg()@ ylipmkar val Asp Ser Leu Asp G u 65
70 80 Leu Pro Ile Asp Ay Qu Asn Pro
Leu Val g 90 95
Ser His VaI ("I"ﬁ @@%i"‘% °’§§f '\l‘&helish%uﬂsn Thr Asn Ile Thr Ser 100
105 110 Leu Pro Thr Phe Val Trp Thr H's H's Ser Ala Thr
Asp Thr Asn;iiRr pdebarrIcan: no 120 125 1le Ala Pro
Asp Val 13
(iv) ANTI-SENSE: NO
(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..13
(D) OTHER INFORMATION: /note= "sequence of a plant
consensus translation initiator (Clontech)"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GTCGACCATG GTIC ' i3

(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 12 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid

{iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO



(2) | NFORVATION FOR SEQ I D NG 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
157 am now@ekdfssé¢ B) TYPE: amino acid (C) STRANDEDNESS: si pétfiokmlsyd OPOLOGY:
linear (ii) MOLECULE TYPE: protein (iii) HYPOTHETI CAL: NO (iv) ANTI - SENSE:
NO (i x) FEATURE: (A) NAVE/ KEY: Region (B) LOCATION: 1..157 (D) OTHER

| NFORVATI ON: / note- " Sub- Sequence B" fm7am Cryl E(c) WO 95/ 34656

PCT/ 1 B95/ 00413 -70 - (xi) SEQUENCE DESCRIPTION:. SEQ ID NO. 4: Ille Thr @n

Ile Pro Leu Val Lys Ala Phe Asn Leu H's Ser Ay Ala 1 5
10 (ix) FEaTURgS Thr Val Ala Arg Gy Pro Ay Phe Thr Ay Gy Asp Ille
Leu Arg Arg 20 S 2 30 Thr Asn Val dy Asn
Phe Ay Asp Met &)g%/%'nqﬁcefﬁwﬂ a Pro 35 40
.45 Leu Ser G n ABgLQGATIM:glVdR Arg Ile Arg Tyr Ata Ser Thr Thr Asn 50
?;5 Ala Asp 65 (D) O'ﬁl@RLﬁu‘OﬁﬁlﬁI&le/ﬂt%—Tl}.’éq@?erUfea%ﬁQn@ y Arg Ala Ile Agg

n Ala Asp
Phe Pro Ala Thr Met Aﬁ?n%eéﬁsuﬁﬁa'ﬁlﬁtﬁn%ﬂat@rn(‘gém’é y Ser Phe 85
90 95 Arg Ile Ala Gy Phe Thr Thr Pro Phe Thr Phe Ser Asp
Al a Leu Ser

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
TAAACAATGG CT 12

(2) INFORMATION FOR SEQ ID NO:7:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3531 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)

(iii) HYPOTHETICAL: NO

(ix) FEATURE:
© (A) NAME/KEY: CDS
(B) LOCATION: 1..3528
(D) OTHER INFORMATION: /product= "Full-length CryIE(d)
protein®

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ATG GAT AAT AAT AAT CAA AAT CAA TGC ATA CCT TAC AAT TGT TTA AGT 48

Met Asp Asn Asn Asn Gln Asn Gln Cys Ile Pro Tyr Asn Cys Leu Ser
1 5 10 15



100 105 110 Thr Phe Thr Ile Ay Ala Phe Ay

Phe Ser vw@bsi$de¥e ASn G u Val Tyr 115 120 pCT/BYS/00413

125. Ile Asp Arg Ile Au Phe Val Pro Ala GQu Val Thr Phe Gu Ala Gu 130
135 ; 140 Tyr Asp Leu Au Arg Ala @ n Lys Ala Val Asn Ala Leu
145 , 150 -73-155 (2) | NFORMATION FOR SEQ I D

NO 5: (i) SEQUENCE CHARACTERI STICS: (A) LENGIH: 13 base pairs WO

95/ 34656 PCT/ 1 B95/ 00413 -71

- (B) TxXREccnweahelTa GG Hra Cia SARANDERNGSR Tcoi mgy aax Brc BGEROLOGY: 96i near (ii)
MOLECULE_T Rt er ~nuce el i | dal) OTrHET \ (1v) ANTI - SENSE:
“NO (i x) ae Kbl ’%ﬁ) Sl %V%E%ﬁééfdégtﬂge(‘&ﬁ%# 1. 13 (D) OTHER

| NFORMATI ON:  / not €9 "sequence of .&5pl ant consensud®translation initiator
(Contech)" (xi) SEQUENCE DESCRI PTION: SEQ ID NO 5: GICGACCATG GIC

13 (2) @lﬁh El}@ C el S?W ERI STI.CS: (A
'LENGTH: % ase %Jicrlzé&( EE! ?%g = rf‘&ggl%Gl(rc&rgm g 1%
Val Glu Asp Ile Thr Leu Gly Leu Ser Arg Leu Leu Val Ser Ala Ile .
' 35 40 45

CCACTAGG_GGATT'ITATAC’ITGGCTIGTTIGATGTAATATGGGGGGCT' 192
Pro lLeu Gly Asp Phe Ile Leu Gly Leu Phe Asp Val Ile Trp Gly Ala
50 55 60

TTA GGT CGT TCA GAG TGG GAT ATA TIT TTA GAG CARA ATT GAG CTA TTG 240
Leu Gly Arg Ser Glu Trp Asp Ile Phe Ieu Glu Gln Ile Glu Leu Leu
65 70 75 80

ATC GGC CAC AGA ATA GAG GAA TTT GCT AGG AAT CAG GCA ATT TCT AGA 288
Ile Gly His Arg Ile Glu Glu Phe Ala Arg Asn Gln Ala Ile Ser Arg
85 20 95

TTA GAA GGG GTA AGC AAT CTT TAT CGA ATT TAC ACA AAT GCT TTT AAA 336
Leu Glu Gly Val Ser Asn Leu Tyr Arg Ile Tyr Thr Asn Ala Phe Lys
100 105 110

GAC TGG GAA GCA GAT CCT ACT AAT CTA GAA TTA AAA GAA GAG ATIG CGT 384
Asp Trp Glu Ala Asp Pro Thr Asn Leu Glu Leu Lys Glu Glu Met Arg
115 120 125

ACT CAA TIT AAT GAC ATG AAC AGT GCT TTIT ACA ACA GCT ATT CCT CTT 432
Thr Gln Phe Asn Asp Met Asn Ser Ala Phe Thr Thr Ala Ile Pro Leu
130 135 140

TTT TCA GTT CGA GGT TAT GARA CIT CCT CTT TTA TCA GTA TAT GIT CAA 480
Phe Ser Val Arg Gly Tyr Glu Leu Pro lLeu Leu Ser Val Tyr Val Gln

145 : 150 155 160

GCT GCA AAT TTA CAT TTA TCA GTIT TTA AGA GAT GIT TCA GIG TTT GGA 528



(C) STRANDEDNESS: single (D) TOPOLOGY: |inear (ii) MOLECULE TYPE: ot her

nucl ei c %% 'gGi_) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO PCT%?{M 4656

PCT/ 1 B95 -72- (ix) FEATURE. (A) NAVE/ KEY: m scfeaturé L Tl ON:
1..12 (D) OTHER I NFORVATI ON: / note= "sequence of a plant consensus '
translation initiator (Joshi)" (xi) SEJENCE DESCRI PTION: SEQ ID NGO 6:
TAAACAATGG CT 12
(2) I NFORVATION FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:

3531 ba jr YPE: nucl ei.c.aci.,d ((Q .S NRE SS... si ngl D
ToPOLOGY alpgjr?eg?,ﬁ ?ﬁg‘u‘ )Llﬁ/%‘é ey Wg‘éﬁ%’%ﬁ?[ﬁﬁ F%E%TaE(Tl )CAL: NO
(i x) FEATURE: (A) NANBSKEY: CDS (B) RUCATION: 1..3528'Y D) OTHER

| NFORMATI ON: / product= "Full-length Cryl E(d) protein" (xi) SEQUENCE

DESCRI PTI ON:._SEQ |1 D NO 7: ATGGATAATIV[I'AATCI\/IIV[I'CAATGCATA%I’TACIVH’
TGTTTA(R@-I-CGI‘ GGATTTGAC%GCAMAGCCAATCGTCGTTATGATGAT

Gln Arg Trp Gly Phe Asp Val Ala Thr Ala Asn Arg Arg Tyr Asp Asp
180 185 190

TTA ACT ACG AAT ATA GGC GAC TAC ACA GAT TAT GCT TTA AGC TGG TAT 624
Leu Thr Thr Asn Ile Gly Asp Tyr Thr Asp Tyr Ala Leu Ser Trp Tyr
195 : 200 o 205

AAT ACG GGA TTA ACC OGC TTA CCA CGT AAT GAT GGG CTG CGA GGA TGG 672 ‘
Asn Thr Gly Leu Thr Arg Leu Pro Arg Asn Asp Gly Leu Arg Gly Trp '
210 215 220 o

GCA AGA TTT ATT AGG TTT AGA AGA GAG TTA ACA ATA TCA GTA TTA GAT 720
Ala Arg Phe Ile Arg Phe Arg Arg Glu Leu Thr Ile Ser Val Leu Asp
225 230 235 240

ATT ATT TCT TIT TTC CARA AAT TAC GAT TCT AGA TTA TAT CCA ATT CCA 768
Ile Ile Ser Phe Phe Gln Asn Tyr Asp Ser Arg Leu Tyr Pro Ile Pro
245 250 255

ACA ATC TCC CAA TTA ACG CGG GAA GTA TAT ACA GAT CCG GIA ATT RAT 816
Thr Ile Ser Gln Leu Thr Arg Glu Val Tyr Thr Asp Pro Val Ile Asn
260 265 270 ;

ATA ACT GAT TAT AGA GTT ACC CCA AGT TTC GAG AGT ATT GAA AAC TCA 864
Ile Thr Asp Tyr Arg Val Thr Pro Ser Phe Glu Ser Ile Glu Asn Ser
275 ' 280 285 '

GCCATTAGAMCCCCCATCI’TATGGATTTCTTAACTAATATAATTA‘IT 912
Ala Ile Arg Ser Pro His Leu Met Asp Phe Leu Thr Asn Ile Ile Ile
290 ' 295 ' 300

GAC ACT GAT TTA ATA AGA GGT GIT TAC TAT TGG GCA GGA CAT CGT ATA 960
Asp Thr Asp Leu Ile Arg Gly Val Tyr Tyr Trp Ala Gly His Arg Ile



Met Asp Asn Asn Asn G n Asn An Cys Ile Pro Tyr Asn Cys Leu Ser 1

> 0 95/34656 10 15 =~ WO 95/ 34658cTaB9sinoa13 -

PCT/ | 895/ 00413 73 - AAT CCT. GAA TTA GAG ATA TTA GAG ATT GAA AGA TCA AMI AAT
ACC GTA 96 Asn Pro Gu Leu u Ile Leu Qu Ile Au Arg Ser Asn Asn
Thr Val 20 25 -75 - 30 GTA GAA GAC ATC ACC TTG
GGG CTG AGT CGT CTG CTC GIl TCC GCA ATT 144 Val GQu Asp Ile Thr Leu
Gy Leu Ser Arg Leu Leu Val Ser Ala lle 35 40

45 CCA CIfy GGG GAT TTT Ay CTT GGC TTG EJd GAT GTA ATA 45 GGG GCT 192
Pro Leu y Asp Phe Ile Leu Gy Leu Phe Asp Val Ile Trp y Ala 50

55 60 TTA GGT CGI TCA GAG TGG GAT ATA TTT TTA GAG CM ATT
GAG CTA AmMCICT ccR4ATLrexa GE3GyAr GCISerT Gtal CAT ATAATAI AGA Ritect=u G ao@ n Ile Qu

Leu Leu 80 ATC

GO CAC RRASKATRRRE IR TR A Bpe T Bl R AR = e By 288 11

Ay HIS Arg lle Gu G2 Phe Ala Arg A3 G n Alalle 8% Arg 85

90 95 TTA GAA GGG GTA AGC AMI. CTT TAT CGA ATT TAC ACA AAT

GCT TTT u er ey Tyr le Typ.Jhr Asn
Al'a Phe @@@%’B&G”‘Sﬁg Al Mol MR oK 'achWn D ok ! Bt Tt o Car
CCT ACT @&ln CIAGRAALZTIRrANA BRAAAGLAP® @EF Arg Thr BRMAYsBrdrp G u Al a Asp
Pro Thr Asn Leu Gg4gleu Lys G u GszygsMet Arg 115 359 120

125 ACT MA TTT AAT GAC ATG AAC AGT GCT TTT ACA ACA GCT ATT CCT CTT
432 Thr A n Phe Asn Asp Met Asn Ser Ala Phe Thr Thr Ala Ile Pro Leu 130

135 GGT CCT TTIT CARAGETTATG GCIATE CTiGHT GAT AGATAGRACTACTAA GAT CTT 1104 TCA GTA
TAT GIT Eﬁ'rA‘Pro Phedtﬁg Gly Val Pro Ser Leu Leu Tyr Arg Thr Leu Ser Asp
355 360 365
CCT TIC TIC CGG AGA TCA GAC AAT ATT AGT CCA ACC TTA GGG ATA AAT 1152
Pro Phe Phe Arg Arg Ser Asp Asn Ile Ser Pro Thr leu Gly Ile Asn
370 375 _ 380
GTA GTA CAG GGG GTA GGG TTC TTA CAC CCC AAT AAT TIT GAA TCT CTA 1200
Val Val Gln Gly Val Gly Phe Leu His Pro Asn Asn Phe Glu Ser Leu
385 3% 395 400
TAT AGA AGG AGA GGG ACA GTA GAT TCT CTC GAT GAG TTG CCA ATT GAT 1248
{ .
Tyr Arg Arg Arg Gly Thr Val Asp Ser Leu Asp Glu leu Pro Ile Asp
405 410 415
GGT GAA AAT CCA TTA GIT GGA TAT AGT CAT CGA TTA AGT CAC GTT ACA 1296
Gly Glu Asn Pro Leu Val Gly Tyr Ser His Arg Leu Ser His Val Thr
420 425 ' 430
TTA ACC AGG GCA TTA TTT AAT TcrAAT ATA ACT AGC CIC CCG ACA TTT = 1344
Leu Thr Arg Ala Leu Phe Asn Ser Asn Ile Thr Ser Leu Pro Thr Phe |
435 440 445
GTIT TGG ACA CAT CGC AGT GCT ACT GAT ACA AAA ACA ATT GCT CCA GAT - 1392

Val Trp Thr His Arg Ser Ala Thr Asp Thr Lys Thr Ile Ala Pro Asp
450 455 460



s o

Phe Ser Val Arg Ay Tyr GI u Leu Pro Leu Leu Ser Val Tyr Val G n 145
150 155 160 GCT GCA AMT Thrirfds TCA GIT
/0
TTA AcA SRPB#8%ca Gt TTT a= 528 WD 95/ 34656 b
PCT/ 1B95/ 00413 -74 - Ala Ala Asn Leu His Leu Ser Val Leu Arg Asp Val Ser
~Val Phe Gy 165 170 _v6. 175 CAA CGT TGG GGA TTT
GAC GTA GCA ACA GCC AAT CGT CGI TAT GAT GAT 576 A n Arg Trp Gy Phe
Asp Val Ala Thr Ala Asn Arg Arg Tyr Asp Asp 180 185
190 TTA ACT ACG MI ATA GGC GAC TAC ACA GAT TAT GCT TTA AGC TGG TAT
624 Leu Thr Thr Asn Ile Ay Asp Tyr Thr Asp Tyr Ala Leu Ser Trp Tyr 195
200 GIC ATT ACC CRA AT CORATTAGTAGAG GOIATHOBRTCCLY TRA TCB/AGEGT AA4OAT GGG CTG
CGA GGAviSJ1e Thr GLbte A%H 1bliIvad %{SLﬂh Phe Aémea%ts%e@ éyg Asn Asp Ay Leu
Arg Gly4 p 210 4 _ AGA TTT ATT AGG
TTT AGA GAG TTA ACAYEA Tca ara TTAYBAT 720 ﬂ a Arg Phe lle Arg
Phe Arg Arg Qu Leu Thr-.Ile Ser VaI Leu Asp 225 230 '
235 ece co6 GrT GeT 24K cdr GeSohr A GHCC&AT TClagfCGA TTA TAT
CCA ATT CCA 76866%-e I'le Ser ﬁﬁe Phe G.n Asn Tyr _Asp Ser Arg Leu Tyr
Pro || e ?PRFro4¥L Ala Arg Gly Pro GlyjBje Thr Gly Gly Asp Ille LeB-Argca ATC TCC CAA TTA
ACG CGG GAA GTA TAT AR GAT CCG GTA #0T AAT 8m6 Thr Ile Ser G n Leu
Thr Arg G u Val Tyr Thr Asp Pro Val Ile Asn 260 . 265
270 ATA. ACT GAT TAT AGA GIT ACC CCA AGT TTC GAG AGT ATT GAA AAC TCA
864 || e ARRrACRSMAITGYT BFTy AHQITITHIGAPFAT ARdy O ETAGART ST AQTE® | AskP36er 275
280 Arg Thr asn Val &8p Aﬁg@hé\ﬁyﬁﬁﬁ ffﬁCAgﬁaﬂEn Gié ThEQIGAT TTC TTA ACT AAT
ATA ATT ATT 0912
50 505 . . 510
CCA CTA TCA CAA AGA TAT CGA GTA AGG ATT CGT TAT GCT TCT ACT ACA 1584
Pro Leu Ser Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr
515 ' .. 520 - . - 525
AAT TTA CGA TTC CAT ACA TCA ATT ARC GGA AGA GCT ATT AAT CAG GCG 1632
Asn Leu Arg Phe His Thr Ser Ile Asn Gly Arg Ala Ile Asn Gln Ala
530 535. . - 540

GAT TTT CCA GCT ACT ATG AAT AGT GGG GGT AAT TTA CAG TCC GGA AGC 1680

Asp Phe Pro Ala Thr Met Asn Ser Gly Gly Asn Leu Gln Ser Gly Ser

545 550 555 L .. 560

TTC AGG ATT GCA GGT TTT ACT ACT CCA TTT ACC TTT TCA GAT GCA CTA 1728

Phe Arg Ile Ala Gly Phe Thr Thr Pro_Phe Thr Phe Ser Asp Ala Leu

565 570. 575
AGC ACA TTC ACA ATA GGT GCT TIT GGC TTC TCT TCA GGT AAC GAA GTT 1776
Ser Thr Phe Thr Ile Gly Ala Phe Gly Phe Ser Ser Gly Asn:_Glu Val
, 580 . 585 . 590
TAT ATA GAT CGA ATT GAA TTT GTT CCG GCA GAA GTA ACC TTT GAG GCA 1824

Tyr Ile Asp Arg Ile Glu Phe Val Pro Ala Glu Val Thr Phe Glu Ala
595 : ' 600 ' - . 605



Ala Ile Arg Ser Pro Hi s Leu Met Asp Phe Leu Thr Asn Ile Ile Ile 290
295 WO 95/34656 300 GAC ACT GAT TTA ATA AGA GGT GIT BéfaBbadosIsSG GCA GGA

CAT CGT ATA ~ 960 Asp Thr Asp Leu Ile Arg Ay Val Tyr Tyr Trp Ala Qy
"His Arg Ile WD 95/ 34656 '
PCT/ 1 B95/ 00413 -75 - 305 - -77 310 315

320 AAT TCT CGC TTT ACC GGG ACC GCT TTT CCA CAT ATA ATA ACA TCT CCT
1008 Asn Ser Arg Phe Thr Ay Thr Ala Phe Pro His Ile Ile Thr Ser Pro 325

330 GAA TAT GAT CTA 8&¥ abkMiscA Aha Gty A \cRCAATSGA: AN 199 ncd A CCg7AGA CGT ACA
ATA GCG%I,’T 1056 T _ | e. Th a n Ala Gy Pro Arg Arg Thr
GTG CCT TCGIETA CTT TAT AGRIACA CTA TCA GAG20 1104 Ay Pro Phe An Qy
Val Pro Ser Leu Leu Tyr Arg Thr Leu Ser Asp 355 360

365 CCT ﬁﬁﬁ%ﬁfﬁ GAC_AAT ATT AGI_CCA ACC TTA GGG ATA AAT
1152 Pr A 8%&?—“%@6 MG ETASALG SPD TR CATATTS v | $¥%0Asn 370
375 - Ser Ser Asn Gln 386 GIF AcGTAsCEE SEOVAT AnO®Sy TIFE HEAIBAC CCC AAT MM TTT

GAA TCT ggdA 1200 gygl Val A n Aycyal Ay Phe Leugids Pro Asn Asn Phe
Gu Ser Leu 385 390 395 400
TAT AGA AGG AGA GGG ACA GTA GAT TCT CTC GAT GAG TTG CCA ATT -GAT 1248

Dy Hode b oo et s 02
CAC GTT *RRSn Vallﬁ%ﬁiﬂﬁ fmﬁ%ﬁﬁ%%‘gﬁeﬁgﬁ @%%rcyge}e‘i-ﬁ s Arg Leu Ser

H.s Val Thr 420 645 425 650 4853 TTA ACC AGG GCA TTA
TT AAT TCT AAT ATA ACT AGC CTC CCG ACA TTT 1344

GAT GAA AAG CGA GAA TTG TCC GAG AaA GIC AAA CAT GCG ARG CGA CTC 2016
Asp Glu Lys Arg Glu Leu Ser Glu Lys Val Lys His Ala Lys Arg Leu
660 665 670

AGT GAT GAG CGG AAT TTA CTT CAA GAT CCA ARC TIT AGA GGG ATC AAT 2064
Ser Asp Glu Arg Asn leu leu Gln Asp Pro Asn Phe Arg Gly Ile Asn
"~ 675 680 685

AGA CRA CTA GAC CGT GGC TGG AGA GGA AGT ACG GAT ATT ACC ATC CAA 2112
Arg Gln Leu Asp Arg Gly Trp Arg Gly Ser Thr Asp Ile Thr Ile Gln '
690 695 700

GGA GGA GAT GAC GTA TTC ARA GAG AAT TAC GTC ACA CTA CCG GGT ACC 2160
Gly Gly Asp Asp Val Phe Lys Glu Asn Tyr Val Thr lLeu Pro Gly Thr
705 710 715 _ 720

TIT GAT GAG TGC TAT CCA ACG TIT TTA TAT CAA AAA ATA GAT GAG TCA 2208
Phe Asp Glu Cys Tyr Pro Thr Phe Leu Tyr Gln Lys Ile Asp Glu Ser
' 725 730 : 735

AAA TTA AAA GCC TAT ACC CGT TAT CAA TTA AGA GGG TAT ATC GAG GAT 2256
Lys Leu Lys Ala Tyr Thr Arg Tyr Gln Leu Arg Gly Tyr Ile Glu Asp

740 745 750

AGTCAAGACTIAGAAATCTATTI‘AA’ITCGCfACAATGCAAAACATGAA 2304



Leu Thr Arg Ala Leu Phe Asn Ser Asn Ile Thr Ser Leu Pro Thr Phe 435

440 s3a6s6 . 445 GIT TGG ACA CAT CGC AGT GCT ACT @etmivsioefidA ACA ATT
acT cca B8RP 1392 Val Trp Thr His Arg Ser Ala Thr Asp Thr Lys Thr Ile
Ala Pro Asp 450 455 460 WD 95/ 34656
- PCT/ 1 B95/ 00413 -76 -  GTC ATT ACC CAA _pdA CCG TTA GTA AG GCT TTC Mr CTT CAT
TCA GGT 1440 Val Ile Thr- @dn Ile Pro Leu Val Lys Ala Phe Asn Leu
Hi s Ser Ay 465 470 _ 475 480
G AT s 1488
Ala Pro %EI gi a Arg gﬁgro‘g Jrﬁléb\%?%r EA&[e Leu Arg 485
490 755 495 AGA ACHSRAT GTT GGT 6‘i’TT GGA GAT ATA CGI GTA AAT
ATT ACT GCA 1536 Arg Thr Asn Val Ay Asn Phe Ay Asp Ile Arg Val
Asn |le 10 A TCA CAA
Ao TaT TAACE ARk oo qom ot e 398 56 pog g 1om e, @y O n e A
Arg Tyr TargVajapsmiVgl|Bre GlygThr Ely\Ser Sev TR PryHeusses Val Glu 520

525 MI' TTA €A TTC CAT ACA TfsA ATT MC GGA Agé GCT ATT MF CAG CCG
1632 Asn Leu Arg Phe His Thr Ser Ile Asn Gy Arg Ala Ile Asn G n Ala 530

535 540 GAT TTT CCA GCT ACT ATG AAT AGT GGG GGT AAT TTA CAG
TCC GGA BEHCCA ATC-GG5JAG/ES GileGRy GTARAT THA T0DICCRSPEASHC CFYy G y24%h Leu G n
Ser Gy S6rpad3e Gly Lys Cys Sy G 28 As s Ala Pro BBPle 560
TTC AGG ATT CCA GG TIT FRCTAET AT AR i TCAGATGCACTA -
1728 Phe& g.1le Ala Ay aﬁhe Thr Thr Prd%he Thr Phe SeP%sp Ala Leu 565
570 575 AGC ACA TTC ACA ATA GGI' GCT TTT GEC TTC TCT TCA GGTI
AAC GAA &TTGG AAT C&Z7&T CTA GAT TGT TCC TGC AGA GAC GGG GAA ARA TGT 2448

Glu Trp Asn Pro Asp Leu Asp Cys Ser Cys Arg Asp Gly Glu Lys Cys

805 _ : 810 . 815
GCC CAT CAT TCT CAT CAT TTC TCC TTG GAC ATT GAT GIT GGA TGT ACA 2496
Ala His His Ser His His Phe Ser leu Asp Ile Asp Val Gly Cys Thr
820 - 825 _ 830
GAC TTA AAT GAG GAC TTA GGT GTA TGG GTG ATA TTC AAG ATT AAG ACG 2544
Asp Leu Asn Glu Asp Leu Gly Val Trp Val Ile Phe Lys Ile Lys Thr
835 _ : 840 ‘845
CZ}AGATGGCCATGCAAGATTAGGAAATCTAGAATTI’CTCGAAGMAAA 2592
Gln Asp Gly His Ala Arg leu Gly Asn Leu Glu Phe Leu Glu Glu Lys
850 855 : 860

CCA TTA GTA GGA GAA GCA CTA GCT CGT GTG AAA AGA GCG GAG AAA ARA 2640

Pro Leu Val Gly Glu Ala leu Ala Arg Val Lys Arg Ala Glu Lys Lys

865 870 875 880

TGGAGAGM:AAACGTGAAAAATI‘GGAA'TTGGAAACAAATATTGTTTAT 2688

Trp Arg Asp Lys Arg Glu Lys Leu Glu Leu Glu Thr Asn Ile Val Tyr

885 890 . 895
AAA GAG GCA AAA GAA TCT GTA GAT GCT TTA TTT GTA AAC TCT CAA TAT 2736

Lys Glu Ala Lys Glu Ser Val Asp Ala Leu Phe Val asn Ser Gln Tyr



Ser Thr Phe Thr Ile Ay Ala Phe Ay Phe Ser Ser Gy Asn du Val 580

585 WO 95/34656 590 TAT ATA GAT CGA ATT GM TTT  GITeEf@esoea1EAA GTA
ACC TTT  GAG GCA 1824 Tyr Ile Asp Arg Ile Qu Phe Val Pro Ala G u
Val Thr Phe Qu Ala 595 600 - 605 WO

95/ 34656 -79 - PCT/ | B95/ 00413

-77 - GAA TAT GAT CTA GAA AGA GCA CAA AAG GCG GIG MI GCG CTG TTT  ACT
1872 A u Tyr Asp Leu Gu Arg Ala An Lys Ala Val Asn Ala Leu Phe Thr 610

615 : 900 620 TCT TCT Agg6 CAA ATC GGG TLé AAA ACA GAT GTA ACG GAT
TAT CAT ATT 1920 Ser- Ser Asn @n Ile Ay Leu Lys Thr Asp Val Thr Asp
Tyr Hs Ile 625 630 635 '

640 GAT RRARTITATERRA SAF GAT ACCARCAUS GRECATGATT CAT NG GCALGAETT TAR78TG
1968 Assfl ArgViedu B ALS Mish ertir it flelala) fetl @le 85 2ASPuE asPhe Cys Leu 645

650 915 655 GAT 0AAG CGA GAA TTG. TCC GAG AAA GIC AAA CAT GCG
AAG CGA CTC 2016 Asp u Lys Arg Qu Le er A u Lys Val Lys Hs Ala
Lys Arg Leu 660 665 : "~ 670 AGT GAT GAG CGG AAT
TTA CTTWM@AHEGAW aaG cre Td08f Ser A G u Arg

Asn Leu Pro Ph IIe Asn 675 680
685 AcA ERATET ‘2?% @a@t‘?cé Aé %@&Lﬂt;?r‘i\é&;“éﬂ $FTV#cC ATC CAA
2112 Arg A980Leu Asp Arg A9B5Trp Arg Gy Seo Thr Asp Ile Thr Ile A n 690

695 ' 700 GGA GG, GAT GAC GTA TTC AAA GAG AAT TAC GTC ACA CTA
CCG GGT ACC 2160 d %c}f Asp Asgmv Phe Lys GQu Asn Tyr Val Thr Leu
Pro Gy APRrCCRQEGT GIC AAT ATT/TIT GAA TTA GAA GGG GGISATT 2880
720 TTT 11eGAb GAGVAGAs Ala GIA ACPhe ER I Aed ATu @A) AYATATA GAT GAG TCA
2208 g5 950 955 960

TI‘CACTGCA‘ITCTCCCIA'TATGATGCGAGAAATGTCATIAAAAATGEE 2928

Phe Thr Ala Phe Ser Leu Tyr Asp Ala Arg Asn Val Ile Lys Asn Gly

965 870 975
GAT TTT AAT TAT GGC TTA TCC TGC TGG AAC GTG ARA GGG CAT GTA GAT 2976
Asp Phe Asn Tyr Gly Leu Ser Cys Trp Asn Val lLys Gly His Val Asp
980 985 9%0
GTA GRA GAA CAA AAC AAC CAC CGT TCG GTC CIT GIT GIT CCG GRA TGG 3024
Val Glu Glu Gln Asn Asn His Arg Ser Val Leu Val Val Pro Glu Trp
995 ,‘ 1000 1005
GAA GCA GAA GTG TCA CAA GAA GTT CGT GIC TGT CCG GGT CGT GGC TAT 3072
Glu Ala Glu Val Ser Gln Glu Val Arg Val Cys Pro Gly Arg Gly Tyr
1010 . 1015 1020

ATC CTT CGT GIC ACA GCG TAC AAG GAG GGA TAT GGA GAA GGT TGC GTA 3120

Ile Leu Arg Val Thr Ala Tyr Lys Glu Gly Tyr Gly Glu Gly Cys Val

1025 ' 1030 1035 1040

ACC ATT CAT GAG ATC GAG AAC AAT ACA GAC GAA CTG AAG TTT AGC AAC 3168.

Thr Ile His Glu Ile Glu Asn Asn Thr Asp Glu Leu Lys Phe Ser Asn
-1045 1050 . 1055



Phe Asp Gu Cys Tyr Pro Thr Phe Leu Tyr A n Lys Ile Asp Qu Ser 725

730 WO 95/34656 735 AM TTA AAA GCC TAT ACC CGI TApcEeIslaAGA GGG
TAT ATC GAG GAT 2256 Lys Leu Lys Ala Tyr Thr Arg Tyr @dn Leu Arg Ay
Tyr Ile Au Asp 740 - 745 750 AGT CAA GAC TTA
GM ATC TAT TTA ATT CGC TAC AAT GCA AAABICAT GAA . 2304 WO 95/ 4656
PCT/ 1 B95/00413 -78 - Ser A n Asp Leu Au Ile Tyr Leu Ile Arg Tyr Asn Ala
Lys Hi's Gu 755 760 765 ACA GTA AAT GIG CCA
GGTI ACG GGT TCT TTA TGG CCG CTT TCA GIC GAA 2352 Thr Val Asn Val Pro

700 Acr TR KR crmabtacile MR Frlie A M e

2400 SerCyerall fin Gly Gly ValytyrGuo %nJAtxeu‘hASIalAmg @psAshl BspPro His Leu 785

790 105 1065 800 GAA TGg7HAT CCT GAT CTA GAT TGT
TCC TGC AGA GACGGGGAAAAATGT 2448 A u Trp Asn Pro Asp Leu Asp Cys
Ser Cys Arg Asp Ay du Lys Cys 805 810 815

GCC CAT TATAICECCATT CAK GRAGARCOTTEE GACAT TAGACTGET @B AaMGT ACS264 2496

a5 eemihidlhe g e Gl %bei@%\% B oTo ATa TTC AnG

ATT AAG ACG 107544 Asp Leu AX80G u Asp Leu @%5val Trp Val Ile Phe Lys
Ile Lys Thr 835 840. 845 CAA GAT GGC CAT GCA

AGA TTA T 2 Hs A
Ao Lou GyDR et Ehe G B A ol 20 o oo ey B 'SP s A8
860 CCAM@AGUTWWP@MWIGHT @@rsagewm HBRABAG AAA AAA

2640 1090 1095 1100 - . ‘

TAT GCA TCA GCC TAT GAA GAA AAA GCG TAT ACA GAT GGA CGA AGA GAC 3360

Tyr Ala Ser Ala Tyr Glu Glu Lys Ala Tyr Thr Asp Gly Arg Arg Asp
1105 1110 - : 1115 1120

AAT CCT TGT GAA TCT AAC AGA GGA TAT GGG GAT TAC ACA CCA CTA CCA 3408
Asn Pro Cys Glu Ser Asn Arg Gly Tyr Gly Asp Tyr Thr Pro lLeu Pro
1125 _ 1130 : 1135

GCTGGCTATGTGACAAAAGAATTAGAGTACTTCCCAGAA-ACCGATAAG 3456
Ala Gly Tyr Val Thr Lys Glu Leu Glu Tyr Phe Pro Glu Thr Asp Lys
1140 . 1145 : 1150

GTA TGG ATT GAG ATC GGA GAA ACG GAA GGA ACA TTT ATC GIG GAC AGC 3504
Val Trp Ile Glu Ile Gly Glu Thr Glu Gly Thr Phe Ile Val Asp Ser
- 1155 - 1160 - 1165
GTG GAA TTA CTIC CIT ATG GAG GAA TAG 3531
Val Glu Leu Leu Leu Met Glu Glu ' ' '
1170 - 1175

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:



"Pro Leu Val Ay Gu Ala Leu Ala Arg Val Lys Arg Ala Qu Lys Lys 865

870 WO 95/34656 875 880 TGG AGA GAC %,%W AAA TTG
GAA TTG GAA ACA AAT ATT GIT TAT 2688 Trp Arg Asp Lys Arg u Lys Leu
Gu Leu Au Thr Asn Ile Val Tyr 885 © 890 E 895
AAA GAG GCA AAA GM TCT GTA GAT G -81- TA MAAC TC CM TAT 2736
Lys Qu Ala Lys Au Ser Val Asp Ala Leu Phe Val Asn Ser @ n Tyr WO

95/ 34656 ' ' PCT/ | B95/ 00413
-79 - 900 (a) LENGTHY0B8 76 amino acids - 910 GAT AGA TTA CAA GCG GAT
ACC AAC ATC GCG ATG ATT CAT GCG GCA GAT 2784 Asp Arg Leu @ n Ala Asp
Thr ‘Asn Ile Ala MP TFEEPUIng acid 5 Asp 915 920

925 AAA CGC GIT CAM AGRIAGE: Ci#eaAA GCT TAT CTG CCT GAG CTG TCT GTIG
2832 Lys Arg Val His Ser Ile Arg Gu Ala Tyr Leu Pro Qu Leu Ser Val 930

935 940 ATT CCG GGI GIC AAT GCG GCT ATT TTT GAA GAA TTA GAA
GGG CGT ATT (1i) MOBBGULE| BPR; frefginval Asn Ala Ala Ile Phe Gu Gu Leu Qu
Gy Arg Ile 945 950 955 960
TTC ACT GCA [ \[ GIC ATT AA AAT GGT 2928
Phe Thr Ala?%g%g%@ %&Pﬁ%@%  Val Ile Lys Asn Ay 965

970 ' 975 GAT TTT AAT TAT GEC TTA TCC TGC TGG AAC GIG AAA GGG

CAT GT. Q u LYsu Bep Asn Val Lys @
ol Va%pl ggsbn 2488 Hn Sk g!‘ﬁGﬂ?@gJﬁﬁ.e Fr¥ HelasCy, 990-§GTA GAA GAA >C/IAA A}&C

Asp
AACCAC&GTTCGGTCC’?TGTTGTTCCG&%ATGG 30241%al Gu Gu An Asn

Asn His Arg Ser Val Leu Val Val Pro Gu Trp 995 1000
1005 Gy GEA, G ST Rl At BAA 1T BrF T GLE AFTaf0R ST COT COC TAT

20 25 30

Val Glu Asp Ile Thr Leu Gly Leu Ser Arg Leu Leu Val Ser Ala Ile
35 40 45

Pro Leu Gly Asp Phe Ile Leu Gly Leu Phe Asp Val Ile Trp Gly Ala
50 55 60

Leu Gly Arg Ser Glu Trp Asp Ile Phe Leu Glu Gln Ile Glu Leu Leu
65 70 75 ' 80
Ile Gly His Arg Ile Glu Glu Phe Ala Arg Asn Gln Ala Ile Ser Arg

. 85 90 95

Leu Glu Gly Val Ser Asn Leu Tyr Arg Ile Tyr Thr Asn Ala Phe Lys
100 105 110

Asp Trp Glu Ala Asp Pro Thr Asn Leu Glu Leu Lys Glu Glu Met Arg
115 o120 125

Thr Gln Phe Asn Asp Met Asn Ser Ala Phe Thr Thr Ala Ile Pro leu
. 130 135 140 '

Phe Ser Val Arg Gly Tyr Glu Leu Pro lLeu Leu Ser Val Tyr Val Gln
145 150 155 160



Gu Ala Qu vVal Ser @n Gu Val Arg val Cys Pro Gy Arg Ay Tyr 1010

1015 G¥0951m5§ 1020 ATC CTT CGI GIC ACA GOG TAC AAG Gherwkobsys CGA GAA
GGI TGC GIA 120 Ile Leu Arg Val Thr Ala Tyr Lys Au dy Tyr Ay Gu
dy Cys Val 1025 1030 11035 1040
ACC ATT CAT GAG ATC GAG AAC AAT ACA GAGBEAA CTG AAG TTT AGC AAC 3168.
Thr Ile Hs Qu Ile Au Asn Asn Thr Asp G u Leu Lys Phe Ser Asn. 1045

1050 1055 WD 95/ 34656

PCT/ | B95/ 00413 -80 - TGT GTA GAA GAG GAA GTA TAT CCA AAC AAC ACG GTA ACG
TG AAT GAT 3216 Ci\h[_s Val Gu GQu Ju Val Tyr Pro Asn Asn Thr Val Thr
Oys Asn ASf MFedsn leu His leu Ser Yyjgkeu Arg Asp Val'Sexr ValnBhe T ACT GCG ACT CAA
GAA GAA TAT GAG GGT AQB5TAC ACT TCT CEI AAT 3264 Ty Thr Ala Thr A n
Gu Qu Tyr Au Ay Thr Tyr Thr Ser Arg Asn 1075 1080

1085 CGA GGA TAT GAC GGA GCC TAT GAA AGC AAT TCT TCT GTA CCA GCT GAT

3312 Arg @pyaArg TrnGhy @hg AspVatyhlaclhy 843 Asafrgdirg Bey Apafsro Al a Asp 1090

1095 18400 TAT GCA TC8f3CC TAT GM GAAMM GCG TAT ACA GAT GGA
CGA AGA GAC 3360 Tyr Ala Ser Ala Tyr Gu Gu Lys Ala Tyr Thr Asp Gy
Arg Arg Asp 1105 : 1110 - ' ' 1115 1120

AAT CCT T&n TATMCEsmAe AN ZRATYRATRCAS @aT AIAGenGRerChye T¥A CCA 3408

Asn Pro Cys duiger Asn Arg dyagyr Gy Asp Tyraeghr Pro Leu Pro 1125

1130 1135 GCT GGC TAT GIG ACA AAA GAA TTA GAG TAC TTC CCA

GAA ACC GAT AAG 3456 Ala Ay Tyr Val Thr Lys GQu Leu Qu Tyr Phe Pro

‘A u Thr Assp ThwsGlyl46u Thr Arg Leu Pro Afig 4Sn Asp Gly Leu Arg GIVITHH GTA TGG ATT GAG
ATC GGA GAA GG GAA GGA ACA AET ATC GIG GACHEC 3504 o ‘

Ala Arg Phe Ile Arg Phe Arg Arg Glu Leu Thr Ile Ser Val Leu Asp
225 230 - . 235 240

Ile Ile Ser Phe Phe Gln Asn Tyr Asp Ser Arg leu Tyr Pro Ile Pro
245 . . 250 - . _ 255

Thr Ile Ser Gln Leu Thr Arg Glu Val Tyr Thr Asp Pro Val Ile Asn
260 .. 265 270

Ile Thr Asp Tyr Arg Val Thr Pro Ser Phe Glu Ser Ile Glu Asn Ser
275 : - 280 285

Ala Ile Arg Ser Pro His Leu Met Asp Phe Leu Thr Asn Ile Ile Ile
290 o 295 . 300

Asp Thr Asp Leu Ile Arg Gly Val Tyr Tyr Trp Ala Gly His Arg Ile
305 . 310 . 315 ' 320

Asn Ser Arg Phe Thr Gly Thr Ala Phe Pro His Ile Ile Thr Ser Pro
325 . 330 . - 335

Gln Tyr Gly Ile Thr Ala Asn Ala Glu Pro Arg Arg Thr Ile Ala Pro
340 _ 345 350



Val Trplle QGu lle Ay Au Thr Qu Gy Thr Phe Ile Val Asp Ser 1155

1160 WO 95/34656 1165 GIG GAA TTA CTC CTT ATG GAG GAAPEAIB9ISI00413

3531 Val Gu Leu Leu Leu Met Gu Gu 1170 1175. (2)

| NFORMATI ON FOR SEQ I D NO 8: (i) SEQUENCE CHARACTERI STI CsS: WD 95/ 34656
PCT/ 1 B95/ 00413 -81- (A) LENGTH 1176-8kitno acids (B) TYPE: anino acid (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON. SEQ
ID NO 8: Met Asp Asn Asn Asn G n Asn Gn Cys Ile Pro Tyr Asn Cys Leu Ser 1

5 Gly Pro Phe Glnli@y Val Pro Ser Leu Leu T¢b adgnrhzr DeuCheér bspl G u Ile Leu Qu
Ile Gu Arg SgssAsn Asn Thr Vggy 20 365 25 30
Val Qu Asp Ile Thr Leu Ay Leu Ser Arg Leu Leu Val Ser Ala Ile 35
40 45 Pro Leu Ay Asp Phe Ile Leu Gy Leu Phe Asp Val Ile
Trp G yPAl Bhé®he Arg Arg Ser Asp Asn Tbe Ser Pro Thr Ieu Gly 180 akeu Gy Arg Ser GQu
Trp Asp |l gsfhe Leu Au Gy, IIeGIuLeuL 70
75 80IIeC3yH|sArgIIe&uGIuPheAlaArgAsnGnAla
Ile Ser Arg 85 90 95 Leu Au Gy Val Ser
Asn Leuvdlyva\iGln d1g VR GiihPhe \B&w AL PRH@shYiBn 1B Glu Ser Leu 105

110 Asp3é|'5rp Au Ala Asp3£)ro Thr Asn Letggg u Leu Lys d liogil u Met Arg

TyrArgArgArgGlyThrValAspSerLeuAspGluLeuPro Ile Asp
405 410 415

Gly Glu asn Pro leu Val Gly Tyr Ser His Arg leu Ser His Val Thr
420 425 430

Leu Thr Arg Ala Leu Phe Asn Ser Asn Ile Thr Ser Leu Pro Thr Phe
435 440 445

Val Trp Thr His Arg Ser Ala Thr Asp Thr Lys Thr Ile Ala Pro Asp
450 _ 455 460

Val Ile Thr Gln Ile Pro Ieu Val Lys Ala Phe Asn leu His Ser Gly
465 470 475 480

Ala Pro Val Ala Arg Gly Pro Gly Phe Thr Gly Gly Asp Ile Ieu Arg
_485 490 495

Arg Thr Asn Val Gly Asn Phe Gly Asp Ile Arg Val Asn Ile Thr Ala
500 505 ' 510

Pro leu Ser Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr
515 520 525

Asn Leu Arg Phe His Thr Ser Ile Asn Gly Arg Ala Ile Asn Gln Ala
530 | 535 540 '

Asp Phe Pro Ala Thr Met Asn Ser Gly Gly Asn leu Gln Ser Gly Ser



115 120 125 Thr @ n Phe Asn Asp Met Asn Ser

Al a Phe TiookRkesél a 11 e Pro Leu 130 135 pCI/IB9S/00413 140
Phe Ser Val Arg Ay Tyr GQu Leu Pro Leu Leu Ser Val Tyr Val G n 145

150 155 : 160 WO 95/ 34656

PCT/ 1 B95/ 00413 -82 - Ala Ala Asn Leu Hi&deu Ser Val Leu Arg Asp Val Ser
Val Phe @y 165 170 : 175 A n Arg Trp Ay Phe
Asp Val Ala Thr Ala Asn Arg Arg Tyr Asp Asp 180 185

190 Leu ®Bap Thr Asn Ile @y Asp Tyr Thr 4s% Tyr Ala Leu s Trp Tyr 195

200 205 Asn Thr dy Leu Thr Arg Leu Pro Arg Asn Asp Gy Leu
Arg Ay Trp 210 _ 215 ' 220 Ala Arg Phe lle Arg
Phe Arg Ahg ApulleedlaTBly Phe TherThyaPro Bie Zey) PhoSer Asp Ala leu 230

235 249 lle lle Ser Be Phe G n Asn shgr Asp Ser Arg Leu
Tyr Pro Ile Pro 245 250 255 Thr Ile Ser An
Leu Thr Arg Qu Val Tyr Thr Asp Pro Val |l'e Asn 260 265
270 || e Ber MgpPheyThiAlle Y AhrPher GlySehe Béwe S& GlBasn|Gla @lu Asn Ser 275

280 580285 Ala Il e ArggsSer Pro H s LejggMet Asp Phe Leu Thr Asn
e lle Ile 290 295 ~ 300 Asp Thr Asp Leu lle
Arg Ay Val Tyr Tyr Trp Ala Gy H's Arg Ile 305 310

315 Tyr Ile Asp Arg 32€ GAGIPhEcVal/Pxp RhweGIhvalGTiir EHhe @uaA¥the Pro His Ile
Il'e Thr Ser Progg25 _ . go0 330 605 335

Glu Tyr Asp Leu Glu Arg Ala Gln Lys Ala Val Asn Ala Leu Phe Thr
610 615 _ 620 .

Ser Ser Asn Gln Ile Gly Leu Lys Thr Asp Val Thr Asp Tyr His Ile
625 630 635 - 640

Asp Gln Val Ser Asn Leu Val Glu Cys Leu Ser Asp Glu Phe Cys leu
645 650 655

Asp Glu Lys Arg Glu Leu Ser Glu Lys Val Lys His Ala Lys Arg Leu
660 . 665 : 670

Ser Asp Glu Arg Asn leu leu Gln Asp Pro Asn Phe Arg Gly Ile Asn
675 680 685

Arg Gln Leu Asp Arg Gly Trp Arg Gly Ser Thr Asp Ile Thr Ile Gln
6390 : 695 - 700 '

Gly Gly Asp Asp Val Phe Lys Glu Asn Tyr Val Thr Leu Pro Gly Thr
705 710 715 -~ 720

Phe Asp Glu Cys Tyr Pro Thr Phe Leu Tyr Gln Lys Ile Asp Glu Ser
725 730 735

Lys Ieu Lys Ala Tyrx Thr Arg Tyr Gln leu Arg Gly Tyr Ile Glu Asp
740 745 . 750 .



An Tyr Ay Ile Thr Ala Asn Ala Gu Pro Arg Arg Thr Ile Ala Pro 340

345 WO 95/34656 350 WO 95/ 34656 PCT/IB95/00413

PCT/ 1 B95/ 00413 -83 - Gy Pro Phe An @y Val Pro Ser Leu Leu Tyr Arg Thr
Leu Ser Asp 355 g 360 365 Pro Phe Phe Arg Arg
Ser Asp Asn Ile Ser Pro Thr Leu vy -lgse Asn 370 375"

380 Val val An @y Val Ay Phe Leu His Pro Asn Asn Phe A u Ser Leu 385
390 395 400 Tyr Arg Arg Arg Ay Thr Val Asp

Ser Leu Asp Qu Leu Pro-l1le Asp 405 410 - 415

Gy d Pro Leu Val.d r Ser_ Hs A u_Ser.  H s Val Thr 420

425 Sef Uln A 18 Gﬁ‘sgl‘f_éréz%}’ %ﬁgmﬂ y’lé%‘ Eﬁ%l‘ﬁr}hge YAsn Ile Thr Sex Leu
Pro Thr Phe 486 760 440 765 445 Val Trp Thr Hs Arg
Ser Ala Thr Asp Thr .Lys Thr Ile Ala Pro Asp 450 : 455

460 Val Ile Thr A n_lle Pro Leu Val_Lys Ala Phe Asn Leu H's Ser Qy 465
470 ~ Thr Val Asn Val Pyp,Qly Thr Gly Ser Leu TrpBep AP SeF 0/alfluala Arg Gy Pro Gy
Phe Thr AA0Ady Asp Il e LaasArg 485 . 780 490 495
Arg Thr Asn Val Gy Asn Phe Gy Asp Ile Arg Val Asn. Ile Thr Al a 500

505 510 Pro Leu Ser A n Arg Hr Arg Val Arg Ile Arg Tyr Al a
Ser ThreeFHroshls Gly Lys Cys Gly Glu LppoAsn Arg Cys Ala Pro Higolpuasn Leu Arg Phe Hi s
Thr Serrgpl e Asn Ay Argofl a Ile Asn d ngsAl a 530 800 535

540 Asp Phe Pro Ala Thr Met Asn Ser Ay @y Asn Leu A n Ser Ay Ser

Glu Trp Asn Pro Asp Leu Asp Cys Ser Cys Arg Asp Gly Glu Lys Cys
805 810 815

Ala His His Ser His His Phe Ser Leu Asp Ile Asp Val Gly Cys Thr
820 825 830

Asp Leu Asn Glu Asp Leu Gly Val Trp Val Ile Phe Lys Ile Lys Thr
835 840 845

Gln Asp Gly His Ala Arg lLeu Gly Asn leu Glu Phe Leu Glu Glu Lys
850 S . 855 860

Pro Leu Val Gly Glu Ala leu Ala Arg Val Lys Arg Ala Glu Lys Lys
865 870 875 880

Trp Arg Asp lys Arg Glu Lys Leu Glu lLeu Glu Thr Asn Ile Val Tyr
' 885 890 _ 895

Lys Glu Ala Lys Glu Ser Val Asp Ala Leu Phe Val Asn Ser Gln Tyr
200 205 910

Asp Arg Leu Gln Ala Asp Thr Asn Ile Ala Met Ile His Ala Ala Asp
915 920 925

Lys Arg Val His Ser Ile Arg Glu Ala Tyx Leu'Pro Glu ILeu Ser Val
930 ' 935 940



WD 95/ 34656 | ' PCT/ 1 B95/ 00413

-84
Arg
570
Asn
Au
605
615
Tyr
Asp
650
Lys
Leu
685
695
Pro
Phe
730
Ile

- 545 550 555

I1e

Au
Phe
Au

Hi s
dn
Arg

Leu
Arg

Ay
Asp

Au

: ' 0 Phe
AWé”éf’g‘/‘sﬁhe Thr Thr Pro Phe Thr Phe Ser Asp Al a Lg&rg%sg:moﬁ@

575 Ser Thr Phe Thr Ile Ay Ala Phe Gy Phe Ser Ser Ay
Val 580 585 -86 - 590 Tyr Ile Asp Arg lle
Val Pro Ala Gu Val Thr Phe Au Al a 595 600
Tyr Asp Leu Gu Arg Ala A n Lys Ala Val Asn Ala Leu Phe Thr 610
Tle Bro Gly @2 OasnChraRia é%% (1):% 1kl Qe él%ueigbé gsrgT Rie Asp Val Thr '228
Va#5 ser Asn Leu VAO Qu Cys Leu §éP'Asp-'G u Phe (%9% Leu 645

655 Asp Qu - Lys Arg Qu Leu Ser u Lys Val Lys H s Ala

L : Asp G u Arg Asn

cFhe 18D e Prg Serchen Ty R pup g den Yppghle 1Y e By "SR G A0

An Leu Asp A'¥5Gy Trp Arg G%0Ser Thr Asp IP& Thr Ile A n 690
700 Gy Ay Asp Asp Val Phe Lys A u Asn Tyr Val Thr Leu

fitp EDS 220 mvs Bvrien S PR QP 19O BISTR AR cor 725

- 98935 Lys Leu Ly98Ala Tyr Thr ‘Ar0Tyr A n Leu Arg Ay Tyr.

Asp 740 . 745 750
Val Glu Glu Gln Asn Asn His Arg Ser Val Leu Val Val Pro Glu Trp
995 : 1000 - 1005

Glu Ala Glu Val Ser Gln Glu Val Arg Val Cys Pro Gly Arg Gly Tyr
1010 1015 . _ 1020 '

Ile Leu Arg Val Thr Ala Tyr Lys Glu Gly Tyr Gly Glu Gly Cys Val
1025 1030 ' 1035 1040

Thr Ile His Glu Ile Glu Asn Asn Thr Asp Glu Leu Lys Phe Ser Asn
' 1045 . 1050 - 1055

Cys Val Glu Glu Glu Val Tyr Pro Asn Asn Thr Val Thr Cys Asn Asp
1060 1065 - - 1070

Tyr Thr Ala Thr Gln Glu Glu Tyr Glu Gly Thr Tyr Thr Ser Arg Asn
1075 : 1080. 1085

Arg Gly 'Tyr Asp Gly Ala Tyr Glu Ser Ash Ser Ser Val Pro Ala Asp
1090 : 1095 1100 '

Tyr Ala Ser Ala Tyr Glu Glu Lys Ala Tyr Thr Asp Gly Arg Arg Asp
1105 1110 1115 . 1120

Asn Pro Cys Glu Ser Asn Arg Gly Tyr Gly Asp Tyr Thr Pro Leu Pro
.1125 1130. 1135

Ala Gly Tyr Val Thr Lys Glu Leu Glu Tyr Phe Pro Glu Thr Asp Lys



e e

WD 95/ 34656
PCT/ | BOS%@04d4856 85 - Ser G n Asp Leu Gu Ile Tyr Leu || epdffodigarsisn A a

Lys
Pro
780
790
Cys
815
- 825
Lys
H s
860
870
Leu
895
905
H s
H s
940

Hs Au 755 _ 760 ' 765 Thr Val Asn Val
Ay Thr Ay Ser Leu Trp Pro Leu Ser Val Gu 770 775
Ser Prolle Ay Lys Cys Ay Qu t8U-Asn Arg Cys Ala Pro His Leu 785
795 800 Gu Trp Asn Pro Asp Leu Asp
Ser Cys Arg Asp Ay G u Lys Cys 805 810
Ala Hs His S840 His His Phe S5 Leu Asp Ile 2180 Val Ay Cys Thr 820
830 Asp Leu Asn Glu Asp Leu Gy Val Trp Val Ile Phe
Ile Lys Thr 845 G n Asp Ay
Al aVadr §R &te @1‘9 Tag Flycfluchy ﬁHéGbétThGH?edJ@ Yais Ags §er 855
Pro Leu Vaissdy G u Al a LeisoAl a Arg Val LyssArg Ala G u Lys Lys 865
875 880 Trp Arg Asp Lys Arg Qu Lys
GQu Leu Au Thr Asn Ile Val Tyr 885 890
Lysvad] Glunlen Iey Ig MeScfluvElu Asp Ala Leu Phe Val Asn Ser G n Tyr 900

1170 910 AgpsArg Leu A n Ala Asp Thr Asn Ile Ala Met Ile
Ala Ala Asp 915 920 925 Lys Arg Val

Ser Ile Arg Gu Ala Tyr Leu Pro A u Leu Ser Val 930 935
3D DEFOBMBIEN FOR SEQ ID NO:9: .

PCTI 1 B95100413 -86 -

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 133 amino acids
(B) TYPE: amino acid-
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
{iv) ANTI-SENSE: NO
{(ix) FEATURE:
(A) NAME/KEY: Region
(B) LOCATION: 1..133
(D) OTHER INFORMATION: /note="Sub-Sequence A’from CryIE(d)"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

Ile Thr Ser Pro Gln Tyr Gly Ile Thr Ala Asn Ala Glu Pro Arg Arg
1 S 10 15

Thr Ile Ala Pro Gly Pro Phe Gln Gly Val Pro Ser Leu leu Tyr Arg
20 25 30



Ile Pro Gy Val Asn Ala Ala lle Phe Qu Qu Leu AQu Gy Arg Ile 945

950 955 960 Phe Thr Al a Berpassndssd TY' Asp
AIaArgAsni/IsﬁleLysAsnGy%S - 970

Asp Phe Asn Tyr Gy Leu Ser Cys Trp Asn Val Lys Gy H's Val Asp 980 _
985 990 Val Qu du d.8gAsn Asn His Arg Ser Val Leu Val Val
Pro Au Trp 995 1000 1005 u Ala du Val
Ser An du Val Arg Val Cys Pro Ay Arg Ay Tyr 1010 ' 1015
1020 Ile LeuTﬂEg}et\.{aéerTIk%; ﬂ@rﬂ'é/'@hé)lﬁg% $arYas :FyﬁsnGIYe Getl PR VmEys Val 1025
1030 1040 hrIIngsGIuIIeGIuAsn
Asn Thr Asp Qu |_eu351_ys Phe Ser As#91045 1050 |

1055 Cys Val Au Qu Gu Val Tyr Pro Asn Asn Thr Val Thr Cys Asn Asp 1060
1065 Leu Gly T180KR Y vl G1Alad Wé'i &lyNed Heditls BYS A@nthsg y Thr Tyr
Thr Ser Arg Asn 6 { g Gy Tyr
Asp Ay Ala Tyr 5@ u Ser Asn Ser 38er VaI Pro Al as‘Asp 1090

1095 1100 Tyr Ala Ser- Ala Tyr u GQu Lys Ala Tyr Thr Asp
dy Arg Arg 1

1120 Asn Pr oﬁéﬁe‘é&“ P g“?;lﬁf&%s}? By VR PR SE 1RY ]%PgGlEeu Pro 1125
1130 65 + 1135 Ala’™®y Tyr Val Thr7iys Gu Leu G WB0Tyr Phe Pro

G u Thr Asp Lys WD 95/ 34656
PCT/ 1 B95/ 004 3 87 1150 Val Trp

e Gulle Jl?ﬂ#wcﬂy a@%rraﬁsu#% S Fofeuss 2 i

Ser His Val Thr Leu Thr Arg Ala Leu Phe Asn Ser Asn Ile Thr Ser
100 105 S 110

leu Pro Thr Phe Val Trp Thr His Arg Ser Ala Thr Asp Thr Lys Thr
115 ' 120 125 '

Ile Ala Pro Asp Val
130

{(2) INFORMATION FOR SEQ ID NO:10:
(i) SF.QUENCE CHARACTERISTICS:
(A} LENGTH: 157 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(ix) FEATURE:



1155 1160 ' 1165 Val GQu Leu Leu Leu Met Gu

G u 1170w095/34656 - 1175 (2) | NFORVATI ON FOR SEQ | D d&x/foshedns SEQUENCE
CHARACTERI STICS: (A) LENGTH. 133 am no acids (B) TYPE: am no acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (iii)
" HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO 89x) FEATURE: (A) NAME/ KEY: Regi on (B)
LOCATION: 1..133 (D) OTHER | NFORMATI ON: / not e-" Sub- Sequence A' from Cryl E
(d)" (xi) SEQUENCE DESCRI PTION:. SEQID NO9: Ile Thr Ser Pro @dn Tyr Ay

Ile Thr Al a Asn(3\ ¥AMB/KEY?rRegoy Arg 1 5 10
15 Thr Ile Ala horsda¥id.00Phe; G n Gy Val Pro Ser Leu Leu Tyr Arg 20

25 i 30“5{' %/\brig-é/ 34656 )

PCT/ | B95/ 00413 (TRgOTHERINFPRYATERY: fagvep, Sulptfequmnse &' gfmmgCxydE(AEp Asn |l e
Ser Pro Thr 35 _ 40 . : 45 Leu Ay Ile Asn .val
Val Gn dy Val Gy Phe Leu H's Pro Asn Asn 50 55

60 Phe Qu Ser Leu Tyr Arg Arg Arg Ay Thr Val Asp Ser Leu Asp A u 65

70 (xi) SEQUENCE;DESCRIPTION: SEQ ID NO:18¢

Ile Thr Gln Ile Pro Leu Val Lys Ala Phe Asn leu His Ser Gly Ala
1 5 10 15

Pro Val Ala Arg Gly Pro Gly Phe Thr Gly Gly Asp Ile Leu Arg Arg
20 25 30 '

Thr Asn Val Gly Asn Phe Gly Asp Ile Arg Val Asn Ile Thr Ala Pro
35 a0 . 45

leu Ser Gln Arg Tyr Arg Val Arg Ile Arg Tyr Ala Ser Thr Thr Asn
50 ' 55 . €0

Leu Arg Phe His Thr Sgr Ile Asn Gly Arg Ala Ile Asn Gln Ala Asp
65 70 : 75 ' 80

Phe Pro Ala Thr Met Asn Ser Gly Gly Asn Leu Gln Ser Gly Ser Phe
85 90 .95

Arg Ile Ala Gly Phe Thr Thr Pro Phe Thr Phe Ser Asp Ala Leu Ser
100 105 110

Thr Phe Thr Ile Gly Ala Phe Gly Phe Ser Ser Gly Asn Glu Val Tyr
115 120 : 125

Ile Asp Arg Ile Glu Phe Val Pro Ala Glu Val Thr Phe Glu Ala Glu
" 130 135 140

Tyr Asp leu Glu Arg Ala Gln Lys Ala Val Asn Ala leu
145 © 150 155



Leu Pro lle Asp Ay GQu Asn Pro Leu Val Ay Tyr Ser H's Arg Leu 85

90 95 Ser Hi's Val Thr Leu Thr Arg A a Lepchiifdshgdis Ser Asn
wOo9 56 3

Il e Thr Ser 5866 105 110 Leu Pro Thr Phe Val

Trp Thr H's Arg Ser Ala Thr Asp Thr Lys Thr 115 120

125 Ile Ala Pro Asp Val 130 (2) |INFORMBJEON FOR SEQ I D NO 10: (i) SEQUENCE
CHARACTERI STICS: (A) LENGITH. 157 amno acids (B) TYPE: amno acid (O
STRANDEDNESS: single (D) TOPCLOGY: linear (ii) MOLECULE TYPE: protein (iii)
HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (ix) FEATURE: WD 95/ 34656

PCT/ | B95/ 00413 - A) NANVE/KEY: Region (B) LOCATION: 1..157 (D) OTHER

| NFORMATfEN: ﬁm bSES MR B from Oryl E(d)™ (xi) SEQUENCE _
DESCRI PTI ON: SEQIDNOlO IIe Thr Anlle Pro Leu Val Lys Ala Phe Asn Leu

' His Ser Gly UEN CE CHARACTERISTRS: 10 15
- Pro Val rg Pro Gy Phe Thr Ay Ay Asp Ile Leu Arg Arg 20

| 25 mﬁHT SR RMEFS G y Asn Phe Gly Asp Ile Arg Val Asn lle
! Thr Ala Pro (B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer SONOOO3 used to construct
pSOG10

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:

CTCGGATCCAGCAGATTCGAAGAAGGTACAG ' 3

(2) INFORMATION FOR SEQ ID NO:12:

_ (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer SON0004 used to construct
PSOG10



35 40 - 45 Leu Ser G n Arg Tyr Arg Val Arg

e Argydyss@se Ser Thr Thr Asn 50 55 peTMBYS/00413 60
Leu Arg Phe Hi's Thr Ser Ile Asn Ay Arg Ala IIe Asn A n Ala Asp 65

70 75 80 Phe Pro Ala Thr Met Asn Ser Qy
Ay Asn Leu G n Ser Ay Ser Phe 85 -91- 90 95
Arg Ile Ala Ay Phe Thr Thr Pro-Phe Thr Phe Ser Asp Ala Leu Ser. 100

105 . 110 Thr Phe Thr Ile Ay Ala Phe Ay Phe Ser Ser Gy
Asn G u ValiilynvebiRETICAL: NO 120 125 Ile. Asp Arg
Ile Qu Phe Val Pro Ala Au Val Thr Phe Au Ala Gu 130 135
140 Tyr Asp Leu Qu Arg Ala A n Lys Ala Val Asn Ala Leu 145

150 (iv) ANTI-SENSESHO WO 95/ 34656

PCT/ 1 B95/ 00413 -90 - (2) I NFORMATION FOR SEQ I D NGO 11: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 31 base pairs (B) TYPE: nucleic acid (C
- STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic
acid (A DESCRIPTION: prinmer SONOOO3 used to construct pSOGLO (iii)

HYPOTHETI CAL;,) &Quﬁhéﬁ) pédEeR5hS S0 NP othd: SEQUENCE DESCRIPTI O\ SEQ 1D

NO: 11:

ACGGGATCCAACTTCCTAGCTGARARATGGG - ' 31

{2) INFORMATION FOR SEQ ID NO:13:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B} TYPE: mucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nuéleic acid
(A) DESCRIPTION: primer SON0031l used to construct
pSOG1S

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

CATGAGGGACTGACCACCCGGGGATC c : 26

(2) INFORMATION FOR SEQ ID NO:14:



CTCGGATCCAGCAGATTCGAAGAAGGTACAG 31
(2) I NFORMMa/ssdOR SEQ ID NO 12: (i) SEQUENCE CHARACTERI piin@osmdafy LENGTH:
31 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
| inear (ii) MOLECULE TYPE: other nucleic acid (A DESCRI PTION: priner
SON0004 used to construct pSOGLO WRD5/ 34656

'PCT/ 1 B95/ 00413 -91 - (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO (xi)
SEQUENCE DESCRIPTI ON: SEQ I D NO 12: ACGGGATCCAACTTCCTAGCTGAAAAATGEG

31 (2) INFORVATION FOR SEQ ID NO 13: (i) SEQUENCE CHARACTERI STICS: -(A)
LENGTH: 26 bgse aucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: ﬁz 5&?#% M@#&P’E ot her nucleic acid (A DESCRI PTI ON:

pri mer 80\10031 u@¢ OLENGTR:0 R4 thaee tpap80G19 (iii) HYPOTHETI CAL: NO (i V)

ANTI - SENSE: NO (é?)ﬁg%g@c%@l PTION: SEQ I D NO 13:

CATGAGGGACT GACCA
26. (C) STRANDEDNESS: single

(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer SON0010 used to construct
PSOG19

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

AGCGGATAACAATTTCACACAGGA - 24

(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) IENGTH: 24 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer SON(0016 used to construct

. pSOGl19

(iii) BYPOTHETICAL: NO



(2) | NFORVATI ON FOR SEQ I D NG 14: WD 95/ 34656

PCT/ | BOwW®osskese 92 - (i) SEQUENCE CHARACTERI STICS: (A) Lec@Bbso0ds base
pairs (B) TYPE nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: |inear
(i) MOLECULE TYPE: other nucleic acid (A) DESCRI PTION: prinmer SONO0O10 used
to construct pSOGL9 (iii) HYPOTHETI CABS -NO (ivVv) ANTI-SENSE: NO (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NG 14: AGCGGATAACAATTTCACACAGGA

24 (2) | NFORMATI ON FOR SEQ I D NO 15: (i) SEQUENCE CHARACERI STICS: (A
LENGTH: 24 (e eNmiesENsE: BYo TYPE: nucl eic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic acid (A) DESCRI PTI ON:
primer SONOO16 used to construct pSOd 9 (iii) HYPOTHETI CAL: NO WO

95/ 34656 : - PCT/ 1 B95/ 00413

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

GCTACCATGGCCACATAGAACACC " 24

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(3) DESCRIPTION: primer SON0017 used to construct
pS0G19

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUFNCE DESCRIPTION: SEQ ID NO:16:

(2) INFORMATION FOR SEQ ID NO:17:



-93- iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ ID NO 15:

GCTACCAT Gk A3 AACACC _ PCT/IB95/00413
24 (2) I NFORVATION FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STICS:. (A

LENGTH: 23 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPAO GY: linear (ii) MOLECULE TYPE: otRh&#-nucleic acid (A) DESCRI PTI ON:
primer SONOO17 used to construct pSOd 9 (iii) HYPOTHETI CAL: NO (ivV)

ANTI - SENSE: NO (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 16:

. CGAGAGCT CGCACTICARSUERTES CHARACTERISTICS :

' 23 (2) | NFORMATI O, F Q WO 95/ 34656 | |
. PCT/ | B95/ 00413 - 94% %‘%E&ﬁ%ﬁg%mgm STICS: (A) LENGTH 28 base pairs

- (B) TYPE: nucl ei c (BciT¥PR:CpudFRARBEDNESS: single (D) TOPOLOGY: linear (ii)
' MOLECULE TYPE: ot hey smeabemneseCising18) DESCRI PTION: prinmer SONOO39 used to

~ construct pSOG30 ((b) bbed DB EATHELLCAL: NO

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer SON0039 used to construct
PS0G30

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

CGACATGGTACGTCCTGTAGRAACCCACA : o ' . : 28

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 24 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: othe_r nucleic acid
(A) DESCRIPTION: primer SON0041l used to construct
PSOG30

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO



(iv) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NG 17:
CGACAT 0 A6/84666_T G- AGAAACCCACA - PCT/IB95/00413 28
(2) INFORVATION FOR SEQ I D NO 18: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
24 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: other nuct®®ic acid (A) DESCRI PTION: primer
SON0041 used to construct pSOG30 (iii) HYPOTHETI CAL: NO (iv) ANTI-SENSE: NO
WD 95/ 34656 PCT/ | B95/ 00413
-95 - (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 18: ATCGCAAGACCGGCAACAGGATTC

24 WD 95/ 34656

PCT/ 1 B95/ 00413 -96 - | [err] d ains:

[err] What is clained is: 1. An isolated DNA nol ecul e encoding a toxin

pr ot ei n ofxity hsEQBENCEFDESOREPTHON £ ISEQ IDad:282 agai nst Hel i ot hi s speci es but
does not exhibit an activity agai nst Spodoptera exigua. 2. An |solated DNA

nol ecul e accordlng to.claiml1l encoding a toxin protein wherein
GCAAGAC TTC

ATCH 24



said toxin protein conprises a sequence selected fromthe group consisting
of Sub- Semoess#sd® (SEQ | D NO 3) and Sub- Sequence B ( SEQ |PrBogipodand i s
active against Heliothis species. 3. The isolated DNA nolecule of claim1l
wherein said toxin protein conprises both Sub-Sequence A (SEQ ID NG 3) and
Sub- Sequence B (SEQ I D NO 4). 4. An isol%t-ed DNA nol ecul e according to
claim1l encoding a toxin protein wherein said toxin protein conprises a
sequence selected fromthe group consisting of Sub- Sequence A' (SEQ ID

NO 9) and Sub- Sequence B' (SEQ ID NGO 10) and is active against Heliothis
. species. 5. The isolated DNA nol ecule of claiml MMD—M( ' ' | otein

conprises both Sub-Sequence A' (SEQ ID NG 9) and Sub- Sequence B. (SEQ I D

' NO. 10). 6Chaims: sol at ed DNA nol ecul e of claim 1, emnlmﬂj“ (i 11 u'ir otein
; is CrylE(c) having the amino acid sequence set font i §e IO @ 7 The
i sol ated DNA nol ecule of claim1, wherein said toxXin*prbtetn'ls cryl E(d)
havi ng t h¥Vhatiswlaimedds:sequence set forth in SEQ ID'NO. 8. 8. The isol ated
DNA nol ecul e of claim6 having the nucl eotide sequence set forth in SEQ ID
~NO1. - WD 95/ 34656

 PCT/ | B95/ 0041 An-isciatefl EXNA molecule@ncoding a toxin proteth of the CpylEType whioh ist antivédONA

. nol ecul e cladm fo-hav ; ' 1D NO 7.
10, “The" i SoppChPNaliS el cut Bogh 5or SRAER o BOURY 3EaRGH Sockohlbrd o \”, 0y 1
- protein is a reconbinant protein. 11. The isol ated DNA nol ecul e accordi ng

i to any one of gl ai - i im z . r Lon, in.
prants 120 The® Boiodd o Rifesu 8o g 8 Bhir s irraifé a M BRI HORAIr o
for expresaiddoxin pratein comprises a sequence selected from the group consisting of Sub-

: Sequence A (SEQ ID NO:3) and Sub-Sequence B (SEQ ID NO:4) and is active against

Heliothis species.

3. The isolated DNA molecule of claim 1 wherein said toxin prbtein comprises both
-Sub-Sequence A (SEQ ID NO:3) and Sub-Sequence B (SEQ ID NO:4).

4. An isolated DNA molecule according to claim 1 encoding a toxin protein wherein
said toxin protein comprises a sequence selected from the group consisting of Sub-
Sequence A’ (SEQ ID NO:9) and Sub-Sequence B' (SEQ ID NO:10) and is active against
Heliothis species.

- 5. The isolated DNA molecule of claim 1 wherein said toxin protein comprises both
Sub-Sequence A’ (SEQ ID NO:9) and Sub-Sequence B’ (SEQ ID NO:10).

6 The isolated DNA molecule of claim 1, wherein said toxin protein is CrylE(c)
having the amino acid sequence set forth in SEQ 1D NO:2.

7 The isolated DNA molecule of claim 1, wherein said toxin protein is CrylE(d) .
having the amino acid sequence set forth in SEQ 1D NO:8.

8. The isolated DNA molecule of claim 6 having the nucieotide sequence set forth in
SEQ ID NO:1. '

|



13. The isol ated DNA nol ecul e of any one of clains 6 to 12 whi ch encodes

the t oxiwoossasér agnent of the toxin protein Cyl E(c) angcfanvsiisd’,
respectively. 14. A nutant or variant of any of the isolated DNA nol ecul es

according to any one of clains 1 to 13, which areé—s-ubsi—antral—i—y-hvrml‘gous

to the said DNA nol ecul es and yield aSfrotein of the Lgh is
active against Heliothis species but does not exhi;blﬂﬁﬂ‘“ﬁl:uiﬁmmai nst
Spodopt era exigua. 15. An isolated protein noleculie Ype which
is active against Heliothis species but does not exhibit an activity

agai nst Spodgqptera i 16. An [so]lated protein lLecul e according to
cPai m 15 havBndneioated Hiasacietie ot pak  hadfighenaiettos seavenis Setipett By

pr ot ei nSEQ BNOey.according to claim15 having the sequence set forth in SEQ

ID NO 8 18. An isolated protein nolecule conprising a sequence sel ected
fromthe group consisting of Sub-Sequence A (SEQ ID NGO 3) and Sub- Sequence

B (SEQ | D NO1@) TheisolatediDNAVRolaciHé Bbanytiitiel of iclirfis 3185 Odiestein said\W6kif protdin
PCT/ 1 B95/ 0413 errlJ 19. An isolated protein nolecule conprising a sequence
sel ect elf"?FW'{bH@" POtR™consi sting of Sub- Sequence A (SEQ ID NO 9) and
Sub- Sequence B' (SEQ ID NGO 10) and is active against Heliothi-s species. 20.

An isol ated | equl di { laim1 I S .Qot h Sub-
Sequence. A (30T saSted DA ARG SEeHEHbE KEaDkm oot 1770 SRR col at o
pr ot ei nbewh eptirhized tor@xpiessioh in stamtsm 19 conpri sing both Sub- Sequence A

(SEQ ID NO 9) and Sub-Sequence B (SEQ I D NO 10) and is active agai nst
Heliothis species. 22. An isolated protein nolecule according to any one of

cl ai ms 15- 22 18hiThb isolated DNAOTblewle of Slaini €1 Which has bedhl bptirhized forar i ant of any
the isol at.ed. protein nol ecul es according to any one of clains 15 to 22,

of
whi ch afEP'EEHee HHPA%P1 y honol gous to the said protein nol ecul es and

13. The isolated DNA molecule of any one of claims 6 to 12 which encodes the
toxic core fragment of the toxin protein CrylE(c) and CrylE(d), respectively.

. 14. A mutant or variant of any of the isolated DNA molecules according to.any one
of claims 1 to 13, which are substantially homolgous to the said DNA molecules and yieid a
protein of the CrylE type which is active against Heliothis species but does not exhibit an
activity against Spodoptera exigua.

15. An isolated protein molecule of the CrylE type which is active against Heliothis
species but does not exhibit an activity against Spodoptera exigua.

16. An isolated protein molecule accordihg to claim 15 having the sequence set forth
in SEQ ID NO: 2

17. An isolated protein molecule according to ciaim 15 having the sequence set forth
in SEQIDNO: 8 ‘

18. ‘Anisolated protein molecule comprising a sequence selected from the group
consisting of Sub-Sequence A (SEQ ID NO:3) and Sub-Sequence B (SEQ ID NO:4) and is
active against Heliothis species. '



still of the CrylE type and are active against Heliothis species but do not
exhi bit IPpagideds t Y agai nst Spodoptera exigua. 24. A recopdposdosiINA

nol ecul e conprising a DNA nol ecul e encoding a toxin protein of the CrylE
type which is active against. Heliothis species but [does not exhibit—an

activity agai nst Spodoptera -exigua. 2598 reconbi nant
conprising at |east one of ‘the DNA nol ecul es accor di rlmmmﬂmﬂﬁmmcl ai ns
2 to 14. 26. A reconbinant DNA nol ecul e according tjo ol akm x1 Ng a
chimeric DNA construct, wherein the DNA nol ecul e encoding a toxin protein
of the Cryl E type which is active against Heliothis species but does not
exhi bit an a‘ct1\év-iws%l§'§ﬁﬂ?teﬂﬂB@%ﬂ%F@“%'ms@@eﬂﬁﬂé?le?fﬁé fregvthe grousr

expr essi @@n - ' . (08 p8 [ :

V0 951 3400n SHHPSILE Sdttond & (BBCI NC:9) andSib SeUSRiBRSECHINOROIAS 5
-99 - is activeagpinst,Heligthis 8pRGiefant DNA ol ecul e according to clai m 26;
conprising a chinmeric DNA construct, wherein the DNA nol ecul e according to
any one of clains 2 to 14 is under the control of expression sequences that

are operabl e i28- Andsejated proteiranelecuie,acqerding to claim 18 cameprising betn SubnA

mol ecul e gpgGeRcH AGSEQ IDIND:8) Znd SER8BGlencl @ BEENIDROI4. DNA construct,
wherei n the DNA n‘éﬁecul e agjco'rdi ng to any o‘%e of c?zfi;_ms 11 or 12 is under
the control of expression sequences that are operable in plants. 29. A

recombi nant m‘zqrqmgaaiear&étémﬁéumﬂce&dig%ﬁtcﬁiﬁﬁﬁdcd?ﬁkﬂisﬁfg BoResiisol at ed DNA
nol ecul es. accordi ng _to_any one of clains or 27. 30. A reconbi nant

| . :
ni cr oor g AAWARCANIPER IRNQE) pad Sub-Seguencs BiPERQUPNQABLNDIg agtivedgainshr ot ei n
wher ei N 4d/iBtHisspeBieB! Ot €i n conprises a sequence selected fromthe group ‘
consi sting of Sub-Sequence A (SEQ ID NG 3), Sub-Sequence B (SEQ ID NG 4),
Sub- Sequence A' (SEQ ID NO 9], Sub-Sequence B (SEQ ID NGO 10] and a
conbi nati on 0fpsSiyhr-: t ; o wiinh(iSEQ | D

NGO 9], and/ o_r_2 ZB%(Iég%&ia%?&N%ﬁH&OE , 3#8?@%%3@"3’%? ?}E iur%“%ﬂté‘\glzrﬁicgﬁ lggt ive

agai nst IFRanhingn pEteiBi es. 31. The reconbi nant mi croorgani sm of clains 29

or 30 wherein said reconbi nant : o _ .

23. A mutant or variant of any of the isolated protein molecules according to any
one of claims 15 to 22, which are substantially homoligous to thé said protein molecules and
still of the CrylE type and are active against Heliothis species but do not exhibit an activity
against Spodoptera exigua. - :

24. A recombinant DNA molecule comprising a DNA molecule encoding a toxin protein
of the CrylE type which is active against Heliothis species but does not exhibit an activity
against Spodoptera exigua. '

25. A recombinant DNA molecule comprising at least one of the DNA molecules
according to any one of claims 2 to 14.

26. A recombinant DNA molecule according to claim 24 comprising a chimeric DNA
construct, wherein the DNA molecule encoding a toxin protein of the CrylE type which is
active against Heliothis species but does not exhibit an activity against Spodoptera exigua
is under the control of expression sequences that are operable in microorganisms and/or
piants. ' '



m croorganismis selected fromthe group consisting of nmenbers of the genus
Baci | | uswoBsmagsenonas, Caul obacter, Agnell enum Rhizobi upcTEsYd0éd13vi bact er
or is a baculovirus or yeast. 32. The reconbi nant m Cr oor garmi claim 31
wher ei n sai d reconbi nant nicroorganismis the nu LS virus
Aut ogr aphi ca californica. 33 The reco®Bi-nant m‘cﬂmmamfmpgﬂlggnl m 31,
wherei n said reconbi nant m croorgani smis Bacilil us uri 734 An

ent onoci dai conposi ti on conprising the recombi nant m croorgani smof any one
of cl ai ns 29 270A sscombinant DNAanoleculel atdopding foceiaim26, aomprising aghinieric DNA h a

sui t abl ' ; / . . .

Cr! | B0 2P ffHE Wherejp S DNR 6w aqogring tg.any gre of pas.2 114 B 4RHELYE on
conpr i sicagtreliof expressiouiseguencssrthateire opérabladn mictoorgavismaandinplaots. cl ai ns 15
to 23 in an insecticidally-effective anbunt together with a suitable
carrier. 36. A transforned plant conprising at | east one DNA nol ecul e
encodi ng a t @8i A regombiriant DINArmolecwe according to glaint 27, comprising achimericdNRknce

sel ecte .St i . -

Sub: Seqaanetlel wieslh BRRAR e ket 8 i B 3L Aafis T 177 B e cnce
B' ( SEQcbhtrolof etrpssionisequences thatt are operfabielib patpiences A (SEQ ID NO 3) B
(SEQID NO-4); A" (SEQID NO 9], and/or B' (SEQ ID'NO .10], wherein said
toxin protein is active against Heliothis species. 37. A transforned plant
conpri si ng t [28. B\acombisant micaorganisrmiparisiormey withaat ddast bre ofthé isolatdd!DNAS. A

transgeq,j‘&?macmi%i%yéﬁﬁy Q%gz%téa, a reconbi nant DNA nol ecul e

according To any one 39. A transgenic plant according
to claim38 which is transformed with a reconbi nant DNA nol ecul e accordi ng

accor di ng- Lo i SebBan SRRt cdionpyit AT i DNATHORRURBAERINE 1 1,
i s tr anfactoxiegreteiniwherein saidiioxim ptotdiNéomptisesid sequence selected from the group
consisting of Sub-Sequence A (SEQ ID NO:3), Sub-Sequence B (SEQ ID NO:4), Sub-
Sequence A’ (SEQ ID NO: 9], Sub-Sequence B’ (SEQ ID NO: 10] and a combination of
Sub-Sequences A (SEQ ID NO:3) B (SEQ ID NO:4); A’ (SEQ ID NO: 9], and/or B' (SEQ ID
NO: 10}, wherein said toxin protein is active against Heliothis species.

31. The recombinant microorganism of claims 29 or 30 wherein said recombinant
microorganism is selected from the group consisting of members of the genus Bacillus,
Pseudomonas, Caulobacter, Agmellenum, Rhizobium, and Clavibacter or is a baculovirus or
yeast. '

32. The recombinant microorganism of claim 31 wherein said recombinant
microorganism is the nuclear polyhedrosis virus Autographica californica.

33 The recombinant microorganism of claim 31, wherein said regombinant
microorganism is Bacillus thuringiensis. '

34 An entomocidal composition comprising the recombinant microorganism of any
one of claims 29 to 33 in an insecticidally-effective amount together with a suitable carrier.



according to any one of clains 24 to 28. 42. A transforned plant cell
accor di ng wW@osisgsem 38 which is transforned with a reconbi panjmsdedarsol ecul e
according to claim28. 43. A transforned plant cell according to any one of
clains 40 to 42 which is a pollen cell or a zygote. ‘ - WO 95/ 34656

PCT/ 1 B95/ 00413 -101- [err] [ernPO44. The tra|n mﬂ l | ant
cell of any one of clains 36 to 39 wherein said pl an*t Sﬂm ul 'ﬂfﬂmmnr
respectively is selected fromthe group consisting of raiZe, Lwhtats barl ey,

[l ce, \ obaccogstah bAibmadRi SRR Aiprdihg ahipasabiRn mommecacceﬂdmat cel |

of claims 32 which is a maize pla a cell froma malze plant,

respect i J@BRYY °Q‘B°f #‘Wét‘ﬁdﬁ 2gfin mm@q@lmﬁewpmnmeﬁm \!@%Fé“@h’ﬁ)dl ng a
toxin prehpiep of the Cryl E type which is active against Heliothis species
but does not exhibit an activity against Spodoptera exigua, which nethod
conprises (a) isolating total DNA from Bacillus thuringiensis var kurstaki;

(b) establi shigag sratardtitied pﬂ%cbhi@ﬁélﬁ%at‘ I@as%oﬁblmelehﬁléten%diﬁd‘h%n (c)
probing the said |library a suit probe nol ecule; (d) isolating a

ol one ¢ hAFOtRVHHIERID Said tb¥in preteiR cAMErisan 2 seAuence:srleqta framdhe SrPupKansising
ol one f olof BLE-Seaaendd & (S IBNO-Y), Biib-Sbhuerbs IS 1D NCUUB Seguael @O 2t ed

protein nplecul e o I s active against Heliothi

_speci es KﬁEQdQé%Orﬁit S&ﬁpqucﬁrgﬁgwﬂo dgh'aﬁg@@mpepaswsgwn%l ch

met hod ¢ e} R?Nb@Q) BV(SEQfIDVNO Af) 2 (SE IBRICE of) %ﬁ&/o? BOGEG D NO: W%]awherem
reconbi nant  DNA nol ecul'e according to any one of clains 24 to (b)

growi ng SRS teynproteigrigactive against Helpdis spacies- a suitabl e nedium and ()
i sol ating the reconbi nant protein product produced by the transfonred host ‘

or gani sm upon expression of the toxin gene.
37. A transformed plant comprising the DNA molecule according to any one of

claims 1 to 14.

38. A transgenic plant which is tranformed with a recombinant DNA molecule
according to any one of claims 24 to 28. | |

39. A transgenic plant according to claim 38 which is transformed with a
recombinant DNA molecule according to claim 28.

40. A transformed plant cell comprising the DNA molecule according to any one of
claims 1 to 14.

41. Atransformed plant cell which is tranformed with a recombinant DNA molec_tile
according to any one of claims 24 to 28.

42, A transformed plant cell according to claim 38 which is transformed with a
recombinant DNA molecule according to claim 28.

43. A transformed plant cell according to any one of claims 40 to 42 which is a
pollen celi or a zygote.



48. A nethod of producing a reconbi nant mn croorgani smconprising
t ransf orwong3dese said mcroorganismw th a reconbi nant DRETABYSB041B e

according to any one of clainms 24 to 27. 49. A rr? hod of producing a
transgenic plant or plant cell according to an ne of .clainms 36 to 45
conprising transformng the said plan#®&nd pl ant Cﬁ“lmsmﬁﬂmﬁﬂmnm with a
reconbi nant DNA nol ecul e according to any one of

95/ 34656 . * PCH | BI5F00%13 - 102-
[err] [err] @&a. Tﬁemh‘sfodnedplanmwmyelma@:woaarmcidmsmmrasmheransamcordl ng

to any 0 a 340 500 mX|n the .rec i na

i croor&%ﬁ' 8 llF Ja‘?@ 'S?P@" %Feﬁe%&?}q‘gﬂﬁgr@f cansisbing af'gﬁ'zf)'r@?%t'n ol ecul e
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(a) isolating total DNA from Bacillus thuringiensis var kurstakl,

(b) | establishing a genomic DNA library in a suitable host organism:
(c) probing the said library with a suitable probe molecule;

(d) isolating a clone that hybridizs with the probe molecule; and

(e) probing the said clone for its insecticidal activity.

47. A method of producing an isolated protein molecule of the CrylE type which is
active against Heliothis species but does not exhibit an activity against Spodoptera exigua,
which method comprises
(a) transforming a suitable host organism with a recombinant DNA molecule according to
any one of claims 24 to 28.

(b) growing the so transformed host organism in a suitable medium; and
(c) isolating the recombinant protein pfoduct produced by the transfomred host organism
upon expression of the toxin gene.

48. A method of producing a recombinant microorganism comprising transforming
the said microorganism with a recombinant DNA molecule according to any one of claims
24 to 27.

49. A method of producing a transgenic plant or plant cell according to any one of
claims 36 to 45 comprising transforming the said plant and plant cell, respectively, with a
recombinant DNA molecule according to any one of claims 24 to 28.
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50. A method of producing an entomocidal composition according to any orie of
claims 34 or 35 comprising mixing the recombinant microorganism of any one of claims 29
to 33 or an isolated protein molecule according to any one of claims 15to 23 in an
insecticidally-effective amount with a suitable carrier.

51. A method of protecting plants against damaige caused by an insect pest
comprising applying to the plant or the growing area of the said plant an entomocxdal
composition according to any one of claims 34 or 35. '

52. A method of protecting plants against damage caused by an insect pest
comprising applying to the plant a toxin protein according to any one of claims 15 to 23.

53. A method of protecting plants against damage caused by an insect pest
comprising planting a plant according to any one of claims 36 to 39 and 44 to 45 wnthln an
area where the said insect pest may occur. ' ' '

54. Useof an entomocldal composmon according to claim 34 or 35 for protectmg
plants against damage caused by an insect pest.



WO 95/34656 o PCT/IBY5/00413
| 171

Figure 1

1 2345678 910

200 Kd-|
116 Kd-|
97 Kd -
66 Kd— B



TIPS copy

WORLD INTELLECTUAL PROPERTY ORGANIZATION'
. International Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

CI12N 15/32, CO7K 14/325, C12N 15/82,
A01H 5/00, AOIN 6300, C12N 1/21,
1719 // (C1I2N 1/21, C12R 1:07, 1.38,
1:41, 1:01)

Al

(11) International Publication_Number:

(43) International Publication Date:

21 December 1995 (21.12.95)

WO 95734656

(21) International Application Number: PCT/IB95/W

(22) International Filing Date: 30 May 1995 99(05.95)

(30) Priority Data:

08/257,999 10 June 1994 (10.06.9})/ us

(60) Parent Application or Grant
(63) Related by Continuation
uUs
Filed on

08/257,999 (CIP)
10 June 1994 (10.06.94)

(71) Applicant (for all deszgnated States except US): CIBA-GEIGY
AG [CH/CHJ; Klybeckstrasse 141, CH-4002 Bas}/ CH).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KRAMER, Vance, Cary
[US/US]; 608 Dana Court, Hillsborough, NC 27278 (US).
CURRIER, Thomas, Curtis [US/US]; 4207 Oak Hill Road,
Chapel Hill, NC 27514 (US).

(74) Common Representative; CIBA-GEIGY AG; Patentabteilung,
Klybeckstrasse 141, CH-4002 Basle (CH).

(81) Designated States: AM, Al
EE, Fl, GE, HU, IS, JP, KG, KP,
LV, MD, MG, MN, MX, NO, NZ, PL, RO,'RU, 80, S,
SK, TJ, T™™, TT, UA, US, UZ, VN, Eu
BE, CH, DE, DK, ES, FR, GB, GR, IE,IT LU, MC,
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG), ARIPO patent (KE, MW, SD,

SZ, UG).
Published C\b \2 058/‘7‘

With international search report.

(54) Title: NOVEL BACILLUS THURINGIENSIS GENES CODING TOXINS ACTIVE AGAINST LEPIDOPTERAN PESTS

(57) Abstract

The present invention is drawn to novel toxin genes purified and isolated from Bacillus thuringiensis var kurstaki and given the |
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the invention are plants transformed with at least one of the toxin genes or active fragments thereof, particularly where the transforming

sequences have been optimized for expression in maize.




