PCT/ GB95/ 00917 WD 95/ 29235 Spi der neurotoxi ns and net hod of
produci ng the sane The present. invention rel ates %g @?npvel

t oxi n,. and wo 95129238 -net hod of producing a toxin, particul arIWﬁ H

excl usively to an insect specific neurotoxin - [err]-Latroi nsectotoxin

-LIT), .and t iy A fam |}
of “hi g ol scul ar -wer gRETHEUBLERIRTRa0d methol Y produsing the sqme OO Y

‘the bl ack wi dow spi der ' (Latrodectus mactans Tredeci nguttatus). Sone
of these t oxi ns have been identified as being either vertebrate or

invertebrate specific. Therplebaht ol o¥émt {§@rFdrdfs ada novel toxin, and
[err]-Latroinsectotoxins ([err] -LIT) are two such neurotoxins t hat

have been char actemeséddasfbptaguyibtd ebradei@ncarticularilyebluebnate
‘specific respectively. The prinmary structures of these proteins have
been deternined, epgiusively thapmciesesht$pecbfia Meunotextior al features of
t he cl oned t oxi ns_has not been possibge_due to the inability to

achi eve functionat ~eR5FREFBALBEOXFR] f SgeinkE), and & method of| prpgugsng

obj ect of the present i nvention to provide a novel toxin and a

met hod of produciﬁg a toxin usually natural ly produced by
post-transl ati onal nodification of - a precursor protein, using
reconbi nant technol ogy. According to the present invention

there is . A family of high molecular weight neurotoxins has
been found in the venom of the black widow spider
(Latrodectus macEans Tredecimguttatus). Some of these
toxins have been identified as being'either vertebrate or
invertebrate éﬁecific. e -Latrotoxin («x-LT) and
oc -Latroinsectotoxins (e¢ -LIT) are two such neurotoxins
that haQe been chafacterised as being verteﬁrate and
invertebrate specific respectively. 'The primary
structures of these proteins have been determined, but
characterisation of the stfuctﬁral features of the cloned

toxins has nbt been possible due to the inability to

achieve functional expression of their genes.

It is an object of the present invention to provide
a novel toxin and a method of producing a toxin uéually
- naturally produced by post-translational modification of

a precursor protein, using recombinant technology.

According to the present invention there is
provided a polypeptide, such as a toxin, formed by

expression of a truncated form of a gene sequence, or an



provi ded a pol ypeptide, such as a toxin, formed by expression of a
truncated form of a gene sequence, or an - WD 95/29235
PCT/ GB95/ 009 ©15/29235 - 2- PCI/GB25§0117
t her eof . Preferably the polypeptide is a neurotoxin and
preferably corresponds to a toxic derivativegzol a substantial ly
non-toxi ¢ precursor polypeptide encoded by t he gene sequence. The
pol ypepti de may conprise an ani no aci d sequence that corresponds to
a truncated formof the am no aci d sequence of a substantially
non-t oxi c gradagurorthegiepdept i de.  Preferably the anmino acid
sequence of the polypeptide corresponds to the amno acid sequence
of the precursor polypeptide with truncation t hereof principally at
the carboxy (C end, a si rabl by .about. 150 to 200 am no ,aci ds.
The pol ypeptide am no rg¥é¥%r%ﬁ?ﬂd¥55q38ﬁ883ﬁﬁﬁdfn15d5i?F8ﬁ°£8F?8558ﬁd to
t he precursor ' ' i n . edcat the am no
end (N) preferabl%Fﬁ{fﬂﬁgggﬁt %ﬁ?%i%gg%%ng%a%i%ggqgnggrabgggeéegfr%bly by 7
or 28 amino acidssybstantially non-to&i@Mp}ecGis@rSeeu§pestetiet BRcoded by
pol ypepti de may be honol ogous to the am no acid sequence of the
i nsect : speid | gemeWeaiudtide [ €Mhe lpally@ieptadieomayi @ompeisk- khTEm@hoan
active derivative thereof, and preferably conprises an

acid sequence that corresponds to a truncated form of the

amino acid sequence of a substantially.non-toxic
precursor polypeptide. Preferably the amino acid
sequence of the polypeptide corresponds to the amino acid
sequence of the precursor polypeptide with truncation
thereof principally at the carboxy (C) end, and desirably
by about 150 éﬁ 200 amino acids. The polypeptide amino
acid sequence may in addition correspond to the precursor

polypeptide amino acid sequence truncated at the amino

end (N) preferably by less than 50 amino acids, and

desirably by 7 or 28 amino acids.

The amino acid sequenée of the polypeptide may be
homologous to the amino acid sequénce of the insect
specific neurotoxin £ -Latroinsectotoxin (&£ -LIT) or an
active derivative thereof, and preferably comprises an
amino acid sequence as shown in SEQIDNO1 and SEQIDNOZ or
an active dérivative thereof. Preferably the toxin is
expressed from a nucleotide construct or truncated form
of the gene sequence comprising a sequence as shown in

SEQIDNDO1, or active variants thereof. Preferably the



anm*no acid seguence as shown in SEQ DNO1 and SEQ DNO2 or an active
derivative tW@%839235preferably the toxin is expressed PEHEGBAS00917
nucleotlde construct or truncated form of the gene sequence
conpr|S|ng a sequence as shown in SEQ BNO1, or active variants -
thereof. Preferably the WD 95/ 29235 .
PCT/ GB95/ 00917 toxin is expressed froma sequence substantially
as provi ded in a mcroorgani smdeposited at The National

Col l ections of | nd®timn dis gn@rresedefBant orsaquenteeslybstantialinders
Accessi on No. NCI MB 40632. The invention al so provides a
protein for use a®r@vided l"t@xﬂﬁcéeﬂﬁﬂﬁgﬂﬁﬁ dePafi hed art dThe iadnicanal

substantially as Cq&lectsgggno¥nInESLEmQalAEegrggabn?OB%p %gfﬁgfflve

derivative of
the present urldB4ecaB ol BRT Rol S REPMBUARe 3, nUC! eoti de sequence
conprising a truncate orn1o a. gene sequence or anal ogue
thereof, for use in the expression of a polypeptlde, such as a

t oxi n. Preferably the nucl eoti de sequence corresponds to a

gene encoding for a preduesanvpakypapeige pRvisescatgdotein o Jde o & 1]

end thereof or an active derivative thereof. '
toxin compr151ng an amino acid sequence substantxally as
shown in SEQIDN01 and SEQIDNO2, or an active derivative

-thereof.

According to a further aspect of the'present
invention there is provided a nucleotide sequence.
comprising a truncated form of a gene sequence or an
analogue thereof, for use in the expression of a

polypeptide, such as a toxin.

Preferably the nucleotide sequence corresponds to a
gene encoding for a precursor polypeptide and truncated
at the 3' end thereof or an active derivative thereof.
Preferably the nucleotide sequence cofresponds to the
gene truncated by about 400 to 650 nucleotide bases, and

desirably between 550 to 600 nucleotide bases.

The nucleotide sequence may also correspond to the
gene truncated at the 5' thereof, preferably by less than
100 nucleotide'bases, and desirably by either 84 or 21

nucleotide bases.



Preferably the nucl eotide sequence corresponds to the -gene truncated”®
- by abowig 4592450 650 nucl eoti de bases, and desi rablPhﬁ?ﬂsv%ﬁdbSSO to -
600 nucl eoti de bases. - The nucl eoti de sequence Ty al so
correspond to the ' gene truncated at. the 5 thereof, preferably by

| ess than 100 nucl eoti de bases, ané desirably by either 84 or 21

nucl eoti de bases. 542923 .
PCT/ GR95/ 00917 Prefef@@l? t%% ﬁgcleotlde sequencg corresponds to

Preferably tharpugleqti s e .C espQu( L art of a gene
encodi ng forBarneuro?oggﬁeiEggﬁgqﬁgngﬁ?o% qu%o£8fﬁ8'éPaEﬁgvv%ﬂﬂﬁ i der

(Latrodect us tmecBdrtk Widow $pedeei MUUkralEstusOhadPafgtive derivative
t her eof . The nucl eoti de sequence may correspond to part of

the gene encddieng ctimguptetuss3or opobyipeptiide @érimsetie theregspeci fic toxin
[err]-Lactoinsectotoxin ( [err]-LIT), or an . active derivative
thereof. The nucl eoti de sequence preferably codes for a pol ypeptide
conpri sing a sequence of 991 amino acids. Preferably
the nucl eotide seqUéffc@usdsptidessgaygsee may cocpeapAte bs mdmwofl n :
SEQ DNO1, or .an active de%Lvat%Ke thereof, and preferably as
conprised in-ad mi& SofGSRA RS the PrBEHESPTeAObhNBBPE2ER 26| bisaet NCI VB

40632 at Thegpecs r1cMAbhaRA £ 0PLLEE:HS0S L BEokBUELFLRLrfnd, Mar i ne Bacteria
active derivative thereof. The nucléotide sequence .
preferably codes for a polypeptide comprising a sequence. ‘

of 991 amino acids.

Preferably the nucleotide seqdence comprises a-base
' sequence as shown in SEQIDND1, or an activé'derivative
thereof, and preferably as'comprised in a microofganism
deposited undgr Accession No. NCIMB 40632 at The
National Collections of Industrial and Mariné—Bacteria

Limited.

Preferably the nucleotide sequehce codes for a
polypeptide'having an amino acid sequence as shown in

SEQIDNO1 and SEQIDNOZ, or an active derivétive thereof.

The nucleotide sequence may be a cDNA derived from
mRNA by the use of an'enzyme such as reverse
transcriptase. The nuclectide sequence may alternatively
be an'oligonucleotide DNA construct proddced perhaps

using the polymerase chain reactioh-(PCR).



Li i t ed. Preferably the nucl eoti de sequence codes for a

pol ypept i de WAIAY33n ani no acid sequence as shown in REREBAP2HNd
SEQ DNCO2, or an active derivative thereof. The nucl eoti de
sequence may be-a cDNA derived from MRNA Oy t he use of an enzyne
such as reverse - transcriptase. The nucl eotide sequence may
alternatively be AFF DN Yohhd cotfiurd MBNA asRestr Wit thveoduresdnper haps
usi ng the pol ynerase ch@in reaction (F{E?, WD 95/ 29235 )

PCT/ GB95/ 00917  ifhvention thege JsyiRfPvifdes rumetdiohdfedrasiucing gresent

i nvention there is_proyide t f producing a pol ypeptide, the
Ime;/hodI conpri si nlg %?%gﬁégﬁgdg’ n&ehqnde t&‘eocdgrﬁﬂmlr#arln’tsqﬂ%prﬁﬂdé'ﬁﬁ%@ >é‘gmgri sing a

truncated form of fecombinafENNA WY EXNELH J:[Jl%gc{agp:l it e e moirﬂ 8r a

host expression system such as a viral or

expressi on system géfe pr o8gICEX S s PHY RMHY itdQincated form in a Hsgf erably
the pol ypeptide produced is an active toxin and desirably a -

neur ot oxi n subst anekpréysasn defstnead, such asahowardr efreraldverdikg truncated
formconprises part of a - gene whi ch encodes for a non-toxic
precursor ‘pol ypeptedpression system, to Rrmfdarceblbhet tpo Iypepdditded form
conprises a nucl eoti de sequence substantially as defined above, and
Preferably the polypeptide produced is an active
toxin and desirably a neurotoxin substantially as defined

above. - Preferably the truncated form comprises part of a

gene which encodes for a non-toxic precursor polypeptide.

.Pfeferably the truncated form comprises a
nucleotide sequence substantially as defined above, and
as shown in SEQIDNO1, or an active derivative thereof.
Preferably the expression system cpmﬁrises E.coli BL21
(DE3) bacterial cells fransformed with pT7-7 vectors
comprising the truncated form of the sequence, desirably
substantially as deposited under Accession No. NCIMB. |
40632 at The National Collections of Industrial and
Marine Bacteria Limited. The expression system may

comprise a baculovirus system.

In a further aspect of the present invention there
is proyided a recombinant DNA molecule, such as a virus,
and in particular a baculovirus comprising a

truncated form of a gene encoding for a toxin generally



as.shown in SEQ DNO1, or an active derivative thereof. ~ Preferably
the expp 6§96 system conprises E.coli BL21 ( DESpcpéenssb cell's

transforned wwth pT7-7 vectors conprising the truncated formof. the,

sequence, desirably _ substantial ]y, as deposited under Accession No.
NCI VB 40632 at The National ColTections of Industrial and

Marine Bactegsagqéthi§dandie, €XRd e§§t‘:§’@a§ﬁ/§£? "BY provided P hEE @
bacul ovi rus system . further aspect” of the present

i nvention thei€roarganishSdépeyided @naeﬁommorpl% mol\aee 40%3en as a
Vi rus, and 1n particular a baculovirus conprising a

truncated formof a gene encoding for a toxin generally WO 95/ 29235
PCT/ GB95/ 00917 -6-. as defined
above, and substan6|atiylaEUptbwrdedp¢mttmé the pressrdr dongartiiom deposit ed
under Accession No. NCI MB 40632, A still further aspect of
the present PRO¥AEESHnEN efoe%ﬁb@“de%cﬁﬂfeﬁﬁm%%éﬁkﬂﬂ\Rﬂﬁ&HﬂQﬂﬂﬂﬂwﬁﬂtmg a
truncated for runcat ed. forn}encodlng for a toxin

general Iy as® gé?.ﬁaaeabgt% 9r“"°ateg Fotn SNV iDrF Ao provi des a

cell, such a terial cell transforned with a
r econbi nant ﬁ%ﬁ%cu#gb as'deflggadggﬁngd above. There is

al so provided an insecticide conprising a

The invention also provides a celi; such as a viral
or bacterial cell transformed with a recombinant molecule ‘

as defined above.

There is also provided an insecticide comprising a -
toxin as defined above. The insecticide may be so as to
be administered orally or topically. The insecticide may

comprise ‘'a spray.

- This invention also provides an iﬁsectiEide system

~comprising means for expressing a truncated form of a
gene to produce a toxin as described above in an insect
to kill or'incepaciﬁate the insect...THe insecticide
system may comprise a viral expression system, and ”
desirably a baculovirus expression éyetem.

_ According to a further aspect there is provided a
plant comprising a genetically modlfled cell containing a

truncated form of a gene sequence substantially as

defined above.

Still further according to the present invention



toXin as defined above. The insecticide nmay be so as to be

adni ni st er edW&242P3350r topically. The insecticide nay PEDIGBITNIN T
spray. - This invention also provides an insecticide system
iconmpri sing means for expressing a truncated for gﬂ_)f a gene to

Produce a toxin as described above in an insect to kill  or

incapacitate the i NSGfdre ai-r%eprio@%%%tdi %ieglgpagrxman Bﬁﬁ%f”&%&f@f@i' p€ a

viral expression system y a baculovirus expr ssi on
system o gendACCY 1 diyGhodd Fa elutther caapgshihfes et i sndsd deftrd o
pl ant conprising-a genetically nodified cell containing a truncat ed
form of a gere sequenagersibstqutincal lIsyib8tantiallydeti nediabédVebove.

Still further according to the present invention WO 95/ 29235

PCT/ GB95/ 00917 S -7 - - there is
provi ded a non-human ani mal conprising a genetically nodified cell
containing a truncated forAcfrding to a fugéhersagpenteoSubhe amestnty as
def i ned above. . . Accaording to a further aspect of the )
present i nVeht§ Yt AhenE Ties 15y 8\’;gdé893 fokPHiP of B HyP HrRFERS SR 9

of a.substantially i 'aats%%srk%'tti%?ih‘; Qregg%ggrnon_toﬁ%%flgg%%fe ti de.

The toxin is preferably a neurotoxin and®i-§ Tor med by

truncation toward thg A iue.C)

The toxih is preferably a neurotoxin and is
preferably formed by trﬁncation towérd the carboxy (C)
end of the precursor polypeptide, preferably by
site-directed mutagenesis. Desirably the toxin amino
acid sequence generally corresponds toc the amino acid
éequence of the precursor polypeptide, truncated by
between 150 and 200 amino acids. The toxin amino acid
sequence may also be formed by truncation toward the
amino (N) end of the precursor polypeptide amino acid’
-sequence, the fragment cleavgd theréfrom preferably being
significantly smaller than the fragment cieaved from the

carboxy end, and may comprise 7 or 28 amino acids.

Preferably the toxin has an amino acid sequence
corresponding to polypeptidé encoded by part of a gene of
the Black Widow Spider (Latrodectus mactans
Tredecimguttatus). The taoxin may comprise or be an
analogue of the insect specific neurotoxin

'J‘—Latroinsectotoxin (4 -LIT), or an active derivative



end of the precursor polypeptide, preferably by site-directed

nmut agenwed bg2o2B¥esi rably the toxin am no aci d S e BLPER0sHTIS" ally
corresponds to the am no acid sequence of the precursor

pol ypepti de, truncated by bet ween 150 and 200 ami no acids. The

toxin amno acid ' sequence may al&o-be forned by truncation toward

t he _ %FinoﬁéN) end of the precursor polypeptide am no acid
sequence, the*r'Fa§Rént cleaved therefrom preferably being

significantly smaller than the fragment cleaved fromthe car boxy
end, and may conprise 7 or 28 am no aci ds. Preferably the

toxin has an amno ggid n . (respondi ng to pal ypeptide
encoded by part of aQSeﬁgggr$ the tOXl?kﬁféﬁéﬁ:e i'dov? t’dé"r“(dLatrodectus

mact ans sequéhBEesENBNSL AL US) sETTENG PXd Ay r‘?e){qfd%{ﬂe&; ir'ulsre B aR%134

anal ogue of the insect specific neurotoxin
-Latroi nsect odeximatfeertnétdgf. or an active derivative = WD 95/29235
PCT/ GB95/ 00917 - 8 - ' t her eof .
Preferably the toxin conprises an am no acid . sequence as shown i'n
SEQ DNO1 and SEQ DNO2 or an active derivative thereof.
In a further aspect 18fatferphescasrealyenfithe timgsent inventiisnpteaerded a
nmet hod of producing an active ﬁolxpeptide o ] -
_ 1s provided a method of producing an active polypeptide
from an inactive precursor polypeptide, the method

comprising truncating.the isolated precursor polypeptide. ‘

Preferably the isolated precursor polypeptide is
tfuncated at the Carbdxyl end, perhabs using proteolytic
cleavage, and preferably by site'directed mutagenesis.
Truncation of the N terminus may also be provided.
Preferably the active polypeptide is a toxin and is

substantially as described above.

Accordihg to another aspect of the present
invention there is-provided an isolated nucleotide
base sequence encoding for a toxin ﬁrchrsor polypeptidé
as defined above and preferably with én amino acid
sequence as shown in SEQIDNO4 or an active derivative
thereof;_ The base sequence prefefaﬁly comprises the
sequence shown in SEQIDNO3 or.a derivative thereof. The
nucleotide base sequence preferably encodes a precursor
polypeptide of thé neurotoxin.;-Latfoinsectotéxin

(5-LIT). Preferably the base sequence is substantially

*



frdm an inactive precursor polypeptide, the nethod conpri si ng .
truncating tHh8?¥&@%t ed precursor pol ypepti de. PCRGRISOPRN| v
the isol ated precursor polypeptide is truncated at the Carboxyl

end, perhaps using proteolytic cl eavaBer and preferably by site

di rect ed mut agenesi s. g Truncation of the N termnus may al so be
provi ded. apr provdey dRethet mierporgpepshdecpestedximdeand i s
substantially as gescribed ﬁbove. Accordi ng to anot her
aspect of the pre&&FEssion Noq, HRIMBn4PAEPe is provided an isol ated

nucl eoti de base sequence encoding for a toxin precursor polypeptide
as defined above and preferably with an am no acid sequence as shown

in SEQIDNO4 or an aCtiVQnd%r¥ﬁ§Ekg? asgect EngggoiﬁEgyﬁmggég.gE?%Eﬁ%Qiﬂﬁq}e

preferably conprises the sequence shown I n or a

thereof. The DNANWG1eQLIde shaRea§egUeREBs DT ShE ABLY BOF cur sor
pol ypeptide of the neurotoxin Ferr]?Latroinsthotoxin 4 Emﬁﬁiﬁﬁﬁ{fﬁ-n.

Preferably the bavecsdguwdree compubsingt bakkluence ¥ 85 29¢85in the
PCT/ GB95/ 00917 - - 9 - as provided

in the mcroorganipsecésiog pedagndph. Accession No.. NCl MB 40633.
In a further aspect there is provided a reconbi nant DNA nol ecul e
such as a virus, and nore particularly a :
In a still further aspect the invention provides a
cell, such as a bacterial cell or viral cell, transformed

with a recombinant DNA molecule as described in the

preceding paragraph.

This inveqtion also provides an insecticide system
comp;isiﬁg means for expréssing a gene as described above
to prbduce a precursor polypeptide as described above and
to process the precursor polypeptide to produce a toxin
in an insect to kill or inéapacitate the insect. The
insecticide system may comprise a viral expression

system, and desirably a baculovirus expression system.

According to a further aspect there is provided a
plant comprising a genetically modified cell containing a

gene as defined above.

Still further according to the present invention
there is prbvided a non-human animal comprising a gene-

tically modified céll'containing'é gene as défined above.



>

bacul ovirus conprising a sequence as defined in the precedi ng

par agr&{ebs2923s In a still further aspect theppp\@9bbgey Provi des
a ce%?, such as a bacterial cell or viral cell, transtorned .
with a reconbi nant DNA nol ecul e as descrjbed in the pr ecedi ng

par agr aph. Thi's i nventd orf & so provi des an insecticide-
system conprising neans for expressing a gene as described above

to produce a precursor polypeptide as described above and to process

the precursor pol ypeptd fieed G REQUR & [9ithe preser® ISRl ig1ki 1 or

incapacitate the insect. T ~Insecticide systemnmay conprise a viral
expressi on  now beS¥ySEEMbaNthHasdy alt Yerdanpac | gy Usy iR RFRIr@AcRY St em

According to a further aspect there is provided a . pl-ant conprising a
genetical ly todtheedccehpacphiqi sedquereces, in vwgeimhas defined above. '
Still further according to the present invention’ there is provided a
non- human ani mal conprising a gene- tically nodified cell containing
a gene as defined above. WD 95/ 29235

PCT/ GROS/ 00917  SEQ ID NO. 1 shows the nucleotidg) hase sequence and

Preferred enbodi nents of the present invention wll,_ . now be descri bed
by way of eggﬁﬁlEOBHF§?°QFf%gP%Tb?%n% J sequence of a truncé%e form

of a'gené and a polypeptide encoded thereby, according to

one aspect of the present invention;

SEQ ID NO. 2 shows the polypeptide sequence of
SEQIDNO1;

SEQ ID NO. 3 shows the nucleotide base sequence and
the corr?sponding amino acid sequence of a gene and a
" polypeptide encdded'thereby, according to another aspect

‘of the present invention; and

SEQ ID NO. 4 shows the polypeptide sequence of
SEQIDNO3. |

.Refétring to the sequénées, a ﬁolypgptide such as a
toxin as in SEQIDNO2 is formed by expression of a
truncated form of a gene séquence (SEQIDN01), or an

analogue thereof.

A toxin from Black Widow Spider (Latrodectus

mactans Tredecimguttatus) venom (BWSV),



to ‘t he accongm%' sequences, in which:- SEQ I D NO 1 shows
the nucl eotide’ _gsgg‘_;ssequence and t he correspondi ng am RGT/GBP00917

sequence of a truncated form of a gene _and a pol.ypeptide encoded
thereby, according to one aspect of ~t Hd present invention;

SEQ I D NO. 2 shows ¢he ypenti de sequence .of SEQ DNQ1; |
SEQ I D NO. 3 shoms‘;:hmea&;‘ﬁ%:%/eso 5% (Caloﬁ(zig'é Sgﬁgéﬁ e N3gqbeen 9”%(%“- and shown

corresponding am ng, 46 £k SLAURNGR Olapd 91 ABk1R1ey,  ThROLYPGRLIde

encoded thereby, according to another aspect f the present
i nvention; and structural geneE@dsD@n 419MRWS ahide sRQukReRY dR4SERAMERCE

of SEQ DNO3. . Referring to the sequences, a

pol ypeptide such asnd& C terminiioxif tae inatSEE DNR2 ciug shan)maddby ur¥pE €881 ON
of a - truncated formof a gene sequence (SEQ DNO1), or an

anal ogue thereof. protein toxin havk tbeeim detemmBineck aw dewcSpbeder below.
(Latrodect us . mactans Tredeci ngutt at usr) o)/enom 8W5V) , WO

95/ 29235 _ Site directed mutagenesis o -pdT/ GUabted

- 11 - - [er rl-Latroi nsect ot oxin, ([er rr]-LI.T) has beerz purified and
shown xpression of the mature protein product (toxin) in

bacteria, and this has been shown to be toxic to locusts.

Ekpress;on.ang production of this and other such
toxiné in bacterial expression'éystems has hitherto not
been.poséible. The invention includes identification of
the_sites for cleavage of the precursor protein to
produce the toxin, and the precise site of truncation of
the gene sequence which has enabled the toxin to be

expressed in bacterial, and.indeed other suitable hosts.

Microorganism deposits have been made under the
Bﬁdapesf Treaty on 3rd May 1994, at the National
Collecfions of Industrial and Marine Bacteria Limited, of
23 .St. Machar briVe, Aberdeen, Scotland, United Kingdom.

Escherichia coli (XL-1 Blue pT7.4M) cloned with the

truncated forh of the gene sequence is deposited under

Accession No. 40632, and Escherichia coli (HMS 174
pT7.6FL) cloned with substantially the full gene sequence

is deposited under Accession No. 40633).

In more detail, the cDNA cloning and sequencing was



to possess insect specific toxicity. The [err]-LIT
has beewcodsmard and sequenced and the N
native (precursor) and functional

as descri bed bel ow.

structural gene

~ and C tepgnigosifort Ne
protein toxin have been determ ned
Site directed nutagenesis of [err]-LIT cDNA

enabl ed expressi on of the mature PRotein product (toxin) in

bacteria, and this has been shown to be toxic to | ocusts.
Expressi on and production of this and other such

toxins in bacteri al

expressi on systqﬁﬁlq%% @St 2h 49, ot PO%V(A+QegnAgﬁ§§Lgégl%g@$h}nvention

i ncl udes identiFication “6f 't he tes’‘for
protein to

t he gene sequence e foxin

e Yt ecur sor

| | | TeavA cur sor
e R S Te e o O BB E (Bt oS 1T ©

pressed in

bacterial, E”"hédEEﬁgjFHJH@Ei%@MEQQE@st§BS-a cDNA library cOM&EQREafI Sm

deposits have been made under the

Budapest’ Treaty on 3rd May 1994,

at the Nationaln the plaSalildeateicans pEPk3dYstebabingdtdbKingtiBactey ifl,

Limited, of 23 St. .Machar Drive, Aberdeen, Scotland, United Kingdom

Escheri chi a cd291bqfﬂ\BH@GﬁpT?DFeﬁmpr clloned wethstheened with ramcat ed

formof the gene sequence i s deposited under

Accession No. 40632,

&

and Escheri chi®Ptolabqled #724mer oliggrpcileptiipe) PEPBAcEESRY OB antial |y

‘the full gene sequence
In nore detmlﬁi(gf

i s depogi nder Accession, No. '40633) .
TANA SABEE Siaoheh I dniPRInGageLd F st dtes 118) 2

5! GA(C/T)GA(A/G)GA(A/G)GA(C/T)GG(A/T)GAAATGAC 3!

Hybridization was performed. Positive clones were

colony-purified and analysed by restriction mapping. The

inserts were excised and fragmented by sonication as

described (Sambrook et al, 1989) followed by cloning into

‘the Smal site of pBluescript II SK+ and SK- vectors

(Stratagene, USA). Single-stranded templates for

sequencing were obtained after infe¢tion with helper

phage VCS (Stratagene). The DNA sequences were

determined by the chain-termination method (Sanger et al,

1977) using Sequenase 2.0 version kit (USB Corporation)

and T7 and T3 vector-specific primérs (Stratagene). Each

sequence was determined at least twice on both strands.

Synthetic primers were used to sequence regions that were

not covefed by isclated subcloned fragments.

DNA and protein sequence analyéis was performed

usiﬁg the computer software DNASTAR (Dnastar Inc) and

PCGENE (IntelliGenetics Inc). This work benefitted from

the GCG programme mounted on the SERC Daresbury SEQNET
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- 12 - WO 95R92§uct ed as follows. Pol y(A+)-RNA was i sol at BGTAGBES00917
venom gl ands of the Black Wdow Spider (Latrodectus mact ans

ITr edeci mguttatus) and a cDNA |ibrary construgsed in the plasmd
vector pSP65 (according to Kiyatkin et al, 1993). A library of
6x10[err] clones was screened with an end- | abel | ed 23-ner :
ol i gonucl eoti de probe based on the . ' N-term nal sequence of [err] -LIT

(amino acid resid égn@ng_(Devereugpehpfberll and Smithies, (1984),

GA(CT)GA(A G GAA G G A/ T) GAAATCGA % Hybri di zati on
was per f or med. %1“)[]19\}& (f‘lcdﬁ'és Rg&parch 12?1?:&” oRY=parified and anal ysed by
restriction mapping. The inserts were excised and fragnented by
soni cati on as descri bed (Sanbrook et al, 1989) followed by cloning
into the Smal sitigc0fr QB! PL + V, 0

(Stratagene, USA). Singl g stuggngggs% M\ §§n @{“Qc@fon ﬁgé Jér 1hegd \ﬁé‘rt

obt ai ned after inf&actican owst.h NGbPEEts of olP @Sﬁcyggi(§3r§¥fﬁg¥§”we The
DNA sequences were determ ned by the chain-term nation netho

(Sanger et al, used k97 produicBgNSegHaNGSCove P1YEH Sh@Np&its (84SBS L 1T
Cor por ati on) " -and T7 and T3 vector-specific prinmers (Stratagene).
Each sequerred ings s¢auenceretyapol pastasei cieabm besdit sén ando
Synthetic priners were used to sequence regions that were not
covered by isol at d®cdddtiadfedubrdgningsinto the expressiomnectar priet &'n

sequence anal ysi s Jas pe sing._the conputer softvvare DNASTAR
(Dnastar Inc) and®®"S® p“ﬁ@éEﬂlﬁQlMéFMﬁé%E%“ﬁ% GATESAGARY @nd 3°

benefitted from antlsenggepggﬁegr?pE?nPPARPHE¥€EAERCLEEAEE%%%&E?E?bury

SEQNET
contained BamHI and Sall restriction enzyme sites. Two

other primers -P9, sense (GTCTGAACCATTTACTGTCC) (position
1283-1302) and P3, antisensé (GTAAGATTACCATCTGCAAC)
(COMplémentary to position 2253-2272) were chosen to
produce overlapping fragmenfs with an internal Ncol
(2056)_restriction~site. An oligonucleotide was designed
to.téfhinate the protein sequence after amino écid 991-
5' CGTTTCGTCGACTCATTCCGGTAAAGTACGACGAAA 3! .- The
polymerase chain reaction was performed using 1 unit of
Tag-polymerase (Promega) under standard conditions (30
cycles, 55°C for 1 min, 72°C for 3 min, 94°C for i min,
with 100 pmol of each primer and 1-10 ng Flrst strand
cDNA) In the first cycle the denaturation time was
elongated to 5 min; The molecular mass of fhe amplified
maﬁerial was checked on an agarose gel. Ffirst-strand
cDNA synthesis was carriea out using Firstéstrand cDNA

Synthesis Kit (Pharmacia) with both random and specific



WD 95/ 29235 . PCT/ GB95/ 00917 :
- 13 - woospe3s facility (Devereux, Haeberli and Smthi :
Nucl ei ¢ Acids Research 12(1); 387-395). : %%rlﬁ(;ﬁ?qs?oﬁ}gngt h cDNA

construction was carried- out as follows. Two sets of oligonucleotide .

prinmers were used to produce N- amd -C- overl apping parts of [err]
-LIT codi ng sequences by pol ynerase chain reaction. To

facilitate subcloning into the expression vector the 5[err] sense
primer (Pl) (TTGGGATCCGATGAAGAAGATGGAGAA) and 3f[ err] anti sense
primer (P8) (RENMRIS GRERSRBLOSRATEeTANe manufagsyrarned TBanPERand Sal |
restriction enzyne sites. Two . .. ot her priners -P9, sense
(GTCTGAACCAT#%%%%%%%&»"?&ﬁxﬁ%ﬁ%ﬁ%e“ from po8Top808P latgipg, Ganefiesse

( GTAAGATTACCA(, (ﬁbﬁg:) (c Mot ositign 2253-2272) were
chosen to 3 pr oduce. oIvné:r'I)a’ppl get:sg'r%aryg%n@r#ths%\ﬁn%trﬁpﬁﬁafﬁt BPHEF Rtol

(2056) restriginfesitdanii ld SRRICIRA Ide WAt edfShaBeart ang 10

term nate the protein sequence after amno acid 991- " gferr]
CGTTTCGT CGACTSATTT/ AT i@ land cldfed into e%ygﬁfa‘ﬁe chain
reaction was perfornmed using 1 unit of Tag-:pol ynerase (Pronega)
under standardechomitéshrsiqt3d with theydies larSpedtrkCofoeniymnes, 72ferr]C
for 3 mn, 94[err]C for 1 mn, ~ with 100 pnol of each priner and 1-10
ng first-stramgll-lengthQNA was e sftiedsascyaciresuhé dénhbueatvan tine was

el ongated to 5 mn. The nol ecul ar mass of the anplified .
ligation between N-terminal BamHI/NdelI-fragment,

C-terminal NdeI/SalI-Fragment and pT7-7 BamHI/Sall- ‘-
digested vector. The_final construcf had eighf addi- -

tional amino acid reéidues at'thé émino.términal end
(MARIRARG). All plésmid constructs were verified By
sequehcing ffom Botﬁ ends and through the jﬁnctinn

region. The full length construct wés designated pT78.FL

a sample of which is deposited at thé_NCIMB,laccession

No 40633 and the truncafed cloné (1-991 amino acids) was

designated pT7.§M. (NCIMB No 40632).

In order to Vefify the identify of the J -LIT cDNA,
tﬁis clone was.exprgsséd in the.bacterial pT7-7 vector in
E.coli BL21(DE3) cells. A full-length toxin cDNA
(corresponding to Asp residue 29 to 1186):1214 of
SEQIONO& Qas constructed ahd designated pT7.,rFL. The
first 28 émino acids are believed to be pfesent in the
precursor pdlypeptide in spider vehom'glands, ﬁut cleaved
during N-terminal proéessing. The recombinant protein

constitutes approximately 10% of the total bacterial



materi al was ch%ckec on an agarose gel. First-strand % nt hesi s

was carried YRS3E3BRg First-strand cDNA Synthesis Kit E’ﬁ'ﬁ’ o1:d.Y)

W th both random and specific WO 95/ 29235

PCT/ GB95/ 00917 - _ - 15 - 14 - © priners as
recommended by the manufacturer. The PCR products were purified from
‘agar ose gel using Gened ean Kit (Bio 101 Inc.), digested with
appropriate pairs of enzynes (BanH and Ndel for the N-term nus part
and Sal | / Ndely$ate t heo G irer mihdl yaid nellored iboidy sipeciTic7was

vector restricted with the simlar_pairs of enzynes. The full-length
cDNA was created asFaisedufe g lth?e‘é“ilﬂafylec’ from |sipgaeicory epemugdands, an

N-t er m nal BarrHI/Nd | -fragne el/ gal |l -fragpent and
pT7-7 BanHl/ Sal | - em°”sgfi;€%‘?e%° \}b%ﬁﬂec”{?ﬁe f"irnN(?‘ s’ﬁét“r"d&t hdBi8i ght

addi - tional si dues m n r.mn d
(MARI RARG) . Al glr;]r‘l]i% cons‘?ruc csai.llereaaevteer|r1f|dfal lngt%m qu ég elﬁtozlanbnf rom

both ends and thrOUQQCEQFI%gf ffﬁ%}ng recJﬁﬂEﬁyﬁt EUY&'&%%btheQQt

construct was designated p a sanple of whi'ch is gep05|ted 3

at the NCI MB, accesgb@parison oMNOtHE6RA A dhendssunFaited Glagherii1?9l
am no aci ds) was - designated pT7.{err]M (NC MB No 40632).

In order to verify é¢kpreseedi fylbildmeth eﬁr-]LILﬂ BreDMAe toxin pukigiedoneom
was expressed in the ‘bacterial pT7-7 vector in E.coli BL21(DE3)
cells. A fu||_|engyﬁnggxgha@q»uﬂemonstrated a size difference of

approximately 23kDa, in agreement with the calculated
molecular mass. The full-length & -LIT had no toxiéity
towards insects and is considered to be an inactive

precursor -form of the toxin.

cS -LIT purified from venom glands was analysed by
mass spectrometry (on a Kratos Kompact MALDI 3 Mass
Spectrometer, using sinapinic acid as a matrix. The
nitrogen laser excitatipn was at 337nm, and the positive
ion was detected in the linear mode) yielding a prominent
molecular ion with a m/z+ ratio of 110916. This
corresponds closely to the expected molecular mass of S
-LIT which is truncated at amino acid 991. By
comparison, thelbacterially-expressed full length S -LIT
yielded a molecular ién with an m/z+ ratio of 133631 (VK,
DRB, PNRU, Data not shown), within 100 Da of the
calculated value. Site directed mutagenesis was used to
create a novel S-LIT cDNA clone (pT7<$M). which was

! ' truncated after amino acid 991 of the & -LIT sequence



(corresp.ondi ng to Asp residue 29 to 1186) 1214 of SEQ ONO4 was

const rf%tﬁg 243d designated pT7.[err] FL. The fi pelycHdsagn0 aci ds
are be ieveg to be present in the - precursor polypeptide 1 n spider
venom gl ands, but cl eaved during N-term nal processing. The

reconbi nant protein constitutes dfproxi mately 10% of the total -
bacteri al WD 95/ 29235 _

PCT/ GB95/ 00917 - 15 - | ysate

protein. A po nti.bady speci.fic_was -, raised to.[err]-LIT .

purified froA%ﬁ@ﬁ%‘no#@l%ﬁd‘gﬁ%éﬂdwas expre&?ﬁﬁn%f’ri?ﬁﬁe%g be specific
for the [err i Thi : ot gl i.fi.cal etec a protein
of 130 kba | i 14 Ihe iphotain of BiMiTes HRTScknsT PUplTEECERE D

[err]-LIT.  mature Gouwad iiS¥l 2fed 19 oiDIspGuledr veRS®.Of the bacterially
expressed full-length [err]-LIT and the toxin purified from venom .

gl ands denonstrated a size difference of © approximtely 23kDa, in
agreenent with the cal cul ated nol ecul ar mass. The full-length
[err]-LIT had no toki cdahi BLZ1(DE3tlowelds itmsestfsrard witbopivdetenes o be
an inactive precursor formof the toxin. : o -LIT '
purified from%eHhods Y ands Wadediam seatigining 100mggaapipidlinnielrgt (on a

atos Kormecl ML By Mes | . avarhea BTy s BaR o €261 € e
POELLS, o TR SRR By BB TERL o IPrar L, Ry o e
medium, and incubation continued for 1 hour. For : ‘
functional studies, bécteria were washed and resusbended
in 50 mM TrisHC1, 100mM NaCl, 10mM KCl, 0.4% Triton
X-100, 12% (W/V) sucrose, 5mM DTT, 2 mg/ml éprotonin, imM
EDTA, pHB,.and sonicéted on ice. Ammonium sulphate was
added to the cléared supernatant to a final concentration
of 20% of saturation, and thg pellet was resuspended in
buffer without DTT. These samples (5-1541) were used
for thoracic injection into locusts (100-300 mg body
weight); each test was performed on more than & locusts,
and the locusts were examined for toxicity for.za hours.
Extracts from pT7-7 and pT7.SFL produced no effects on
the locusts, but extracts from bacteria carrying pT7.8M
caused rapid_lethality.' The time of death of the locust§
varied from 5 minutes - 4 hours, depending an the potency

of the batch of toxin.

Preliminary studies were undertaken on




cor'r esponds to the expected nol ecular mass of [err] - L

whi ch !Os trl}ﬁéggig%%ﬁt am no acid 991. By conpari son, RGRIGBIS/00917
bacterially expressed full length [err]-LIT "yielded a nol ecular ion
with an mfz+ ratio of 133631 (VK DRB/ PNRU, Data not shown),
within 100 Da of the cal cul ated value. Site directed nutagenesis
was used to create a novel [err]-LIT cDNA clone (pT7 [err]M, which

V\V\’%S%/ 20235 truncaiRt AlAle AT XL 12t iA) E@‘%rkgé#‘egbérfgggﬁnce

- 16 - (R 1 eTh % pITQIt8I0M AT 08%4REBS $8Em RePAEHEFARic legs
yielding a protein of simlar nolecular mass to the. mat ure toxin

i sol ated from spi et arnNdm(male and female) Bocoekis BUBhePR3bdCehS
transfornmed with pT7 clones _ were grown in LB nedi um cont ai ni ng
100ng anpi ci | |in/ Macdtili, 1968)30[ edrHLQ Tt oasn appdiel oh apphoxrdeletyso. 5.
Then expressi on was induced by addition of |IPTG (1mM to the

medi um and i ncuba®d o e it n¥af k01180 shdk6rl., R@s CaCl2, 2fyHepeenald (pH
studi es, bacteri al%eer_ washed and resuspended - in 50 mM TrisHCL,
100nM Nad , 10mM Kai8) kr 40f 174 gibudies werg ypgeriskepwmeinguepbine Hmv

DTT, 2 /m 0f, 0 v . DTA, pH8, and _soni cated on ice.

Anmroni ugne;lrj} ghat e%\j\{aISChorEarblzz waacfdeoc'f”ttotetﬁe ﬁegﬁragdcggpéﬁﬁ?ﬁﬁfstBe’élef i nal
trati 9 t | Q1 d ended

el er SR PR e R R [y e

pen recorder. Recordings of miniature excitatory

postsynaptic potentials were made from fibres of
metathoracic extensor tibiae muscles of adult'lécusté
(either sex) using intracellular microelectrodes
(approximately 10m{l resistance). JlLIT was applied in
either standard locust saline, saline in which CaCl2 was
omitted or saline which contained MgCl2 substituted for
NaCl. The miniature potentials were recorded on video
tape and analysed on a MassComp computer using. in-house
software. Membrane bilayers were formed at tﬁe tips of
patch pipettes (diam 1-2«m; fabricated from Clark
Electromedical glass) from monolayers of either
diphytanoyl phosphatidylcholine or a hixtufe of 9 parts
isolectin and 1 paff cholesterol using a pipette dipping
technique (Montal anq Muller, 1985. Similar patch
pipettes were used to excise membrane patches from locust
metathdracic extensor tibiae muscle fibres (Huddie-et
al). In order to reduce the activities of endogenous

" potassium channels KCl was eliminated from the pipette



for thoracic injection into |ocusts (100-300 ng body Cowei ght) each *

test wawopsredssned on nore than 4 | ocusts, and tP@nbﬁ%Bﬁ wer e
exam ned for toxicity for 24 hours. Extracts from pT7-7 and .
pT7.[err] FL produced no effects on the | ocusts, but extracts from
bacteria carrying pT7.[err]M caudéd-rapid | et haI ity. The time .of
death of the |ocusts varied from5 mnutes - 4 -hours, depending on
the potency 2and batdt saidnsst.ch of toxin. - Prelimnary

- studi es were undertaken on ‘WD 95/ 29235 .

- PCT/ GB95/ 00917 - 17 -

‘neural | y-excited andr resti n% ; ]et rac nerve-nuscl e

preparations isol at ed' ¥ rSi metdr RSP 8| c I"’gg§ﬁ contragfion of thale and
femal e) |ocustg, d%h§€“¥§¥¥§iﬂ%qdungu1s mw@g&hw*aﬁaggghiﬁﬂ LErr] LIT was

applied in standard | ocust 10; CaC12, 2;
Hepes, 10 (pHapproxinfat®ly dyf ey spudil@s g;e[qrur@gsmgggn HSI ng saline in

which CaCl 2 was omtted. Mechani cal responses were ecorded using a

Grass strain Wmmﬁeﬁ )t ana @éasﬁbol1shedpﬂﬂrﬁ.ﬁ§0596hcﬁf@r‘i difgs of
m niature excitatgyy postsynaptic potentials were nade fromfibres
of net dtthor dtite xeéxt.enSor ltli bpaetansolescohtadukiohocsshst imes
(either sex) using i nt racel | ul m croel ect rodes (appr oxi mat el-y
10nferr] resi s"cfe{-'r\tré) dyrdmng] »frtlﬁaspaéppaédonn The chengéerist andard

| ocust sali ne, line in which CaC 2 was omtted or saline which
cont ai ned N@(]E? tqqéh%&ydpoﬁere accompanied by an irreversible

muscle contracture. The appearance of the contracture "
was delayed and its amplitude was reduced when the
concentration of & -LIT was lowered. A muscle

contracture also occured when toxin was applied when the
muscle was not neurally stimulatéd._ Twitch contractions

do not occur in calcium-free saline and when 10-10
toxin was applled to a preparation equ1llbrated in this

sallne a contracture did not occur even after 30 min

application of the toxin.

When 1n51de out patches excised From locust muscle
fibres were exposed to 10 11b4=< LIT in the patch
pipette, channel opening, of maximum conductance
apﬁroximately ZUpS, were observed. Channel obenings
of this type were never seen in the absence 6F toxin.
The channel current exhibited inward rectification when
the patch pipette and bath contained identical salines

(inéluding 2mM CaCl2), and channel open times were longer

at negative than at positive pipette potentials. VWhen




NaCl . The mw‘i/gsz{?(é)sootenti al s were recorded on video t ape and

anal ysed on a WHESSCOnp conputer using in-house - sof t war FCT{ERBOHE
bil ayers were forned at the tips of patch pipettes (diam1-2[err]m
fabricated fromd ark El ectromedi cal gl ags) from nonol ayers of

ei t her di phyt anoyl ‘phosphati dyl choline or a m xture of 9 parts

i solectin and 1 part chol esterol using a pipette dipping t echni que
(Montal and Muller, 198). Similar patch pi pettes were used to

exci se nenbrane pat dhesef wam laod@stfold Ca2+ngtathenticacr exs emspatdh pitae
nmuscl e fibres (Huddie et al). In order to reduce the activities of
endogenous pateyeTisah cldenslislkal whs ehppnaht edrfenin vae pf petiny,
WD 95/ 29235 _ ) PCT/ GB95/ 00917

- 18 - and Bd¥h sd@n pedng dependent on thenkaZs @npdieRboked twitch

contraction of the | ocust retractor unguis nuscle was reduced by
approxi mately 40% by 10[err]M[err]-LIT (applied in st andard

sal ine) and was abolished Qurifag 3RQle; 634103 Phyer studidd[GhEIM tpddme
Smal | spont aneous contractions soneti nes occurred during [err]-LIT

application. The changes iMwas placeldMihCRh@NMBhtEHAE: ¥EE Be 8CCOIRGIE &h dhh N
irreversible muscl e contracture. The_.appearance of the Contracture

was del ayed and its cpudingsd® Mapprostiaadedpenopbeconductaneoneens rati on of

[err]-LIT was | owered. A nuscle contracture al so occured when toxin

was applied when thebserved. These channels were not seen when toxin was
omitted from the patch pipette. With identical salines
(containing 2mM CaCl2) in the patch pipette and bath, the
current-voltage characteristic of the®< -LITx channel was
sigmoidal with a reversal potentiai at OmY. The channel

was shown to be Ca-selective by manipulating the ionic

regimes of patch pipette and bath.

A cDNA library from venom gland cDNA was screened
Witﬁ_a 23-bp oligonucleotide probe correspénding to the
N-terminal sequence of of -LIT (as described above). To
reduce the number oF_nucleotide ambiguities the codon
usage data available from the nucleotide sequences of
o - LT and =< -LIT cDNA (Kiyatkin et al, 1990, Kiyatkin et
al 1993) was referred to. Five positive cDNA clones were
colony-purified and sequenced. The longest clone (pDT-1)
contained more than 2 (kb) of of -LIT coding region. A
PstI-3' fragment was used to.rescreen the cDNA library to
search for clones encoding the C-terminal part of the

toxin. An additional cDNA clone, pDT-17, was isclated,



-

muscl e was not neurally stinmulated. Twitch contractions _ do not

occur wopwspegisum free saline and when 10[err] M tl‘??ﬂéhb%& applied to -
a preparation equilibrated in this saline a contracture-dld not

occur even after 30 mn - application of the toxin.

When i nsi de-out patches excised from l-ocft- nuscl e fibres were
-exposed to 10[err]MJ[err]-LIT in the patch pi pette, channel

openi ng, of maxi num conduct ance approxi natel y 40pS, were observed.

Channel openin f this type were never seen in the ahsence of
Coxin PO WHEER GRURRER EOF EriSHIMIGE (aRF i RP TR £6& Pon Lbfen
t he patch pi e ' 0 i ned j ical, :saljnes i.ncl udin
2mM gaCI 2)|,O gﬁ&éscﬁgﬁgé?%g%ﬁ ﬂ%l'eé;se\/\eéroce{?%}f)lnn (e enq"lreat"pﬁégéfé\‘?é“ﬁhan gt

posi tive pipetteneot RELE abSen VEES d W@ &R e 5 .
PCT/ GB95/ 00917 °n ence Shtirgty. The two .\ e

was a 10-f ol dc CoRes gnade ebée@Ctd Ofcn st ed), td e part of 24ghHgak, POt enti al
of the channel current was +/- 15nV, t he sign bei ng dépendent on

t he Ca2+ gradetemtinuous RNA from vendm dlendu thyf ipalaimerids@yehashudi es where
10[err] M ' [err] -LIT was placed in the patch pipettes, single
channel - reachpheni agsoed BpHrovE M rR Y BOEY icohd ustisange é waer e '
observed. These channpel s were not seen when toxin was : omtted from
the patch pi p2tEEinGFtReFaent iREIM&EH§ nidte composite clones encode a

cDNA with a frame of 3642 bp starting from the first
in-frame Methionine and ending with TAA stop codon . .!

(SEQIDNO3).

‘'The Met residue is preceded by an in-frahe stop

- codon confirming the full length of the deduced sequence.,

er ~LIT was purified to homqgeneity from Black Widow
Spider'vénom by three rounds of column éhromatography
according to (Krasnoperov et al, 1992). ,23.amino acid
residues of the N-terminal sequence_of“oP-LIT was
sequenced. The pure toxin was digested Qith“trypsin'and
seven individual peptides were isolated and partially

sequenced.

'Direct N-terminal sequence:determinatidn
.demonstfates that the mature proteih starts from the
sequehce DEEDGEM.;., S0 résidue 1 in SEQIDNO1-and 2 is
the_Firét Asp of this sequence. The deduced polypepfide

starting from Asp (+1) consists of 1186 amino acid (as




(cont ai ni ng %ﬂ% ) in the patch pipette and bath, the
current-vol t age %%‘g_acteri stic of the[err] -LITx channel was PCT/GB95/00917

sigmoidal with a reversal potential at OwW. The channel was shown
to be Ca-selective by manipulating the ionic_ ,4 _ regi mes of patch

pi pette and bat h. A cDNA library fromvenom gl and cDNA was
screened . wth a 23-bp oligonucl eotide probe corresponding to the
N-term nal sequence of [err] -LIT (as, described above). To reduce -
t he number of nucl estibde aﬁnguiIDNB!S""fheAﬁmdﬁBidue 29 Hisagss idaied 12vai) abl e
fromthe nucl eoti de sequences of [err]-LT and [err]-LI T cDNA
(Kiyatkin et al, 199@siKiupat kibheé predictedmdbd8)lammasef arfr b 260.1 Fi ve
positive cDNA cl ones were col ony-purified and sequenced. The

| ongest clone (pDT-Ppltons andcphtaf ned morkt tert 2Pl lofo | dihe] pepitide
codi ng region. err+ fragnent was used to rescreen the

A Pstl-3 [
cDNA [ibrary to Seq”eEEQPcHeF%F“‘t‘: DRy FRBY rRf e UGN RI2 TS 16

tgg/e29235 toxin. fneﬁgdiaugoe% Epﬂérg.l.é%t pr%Tﬁ-_li4;e(%“g§.{i'()S°' L8y upstrens
- 20 - _ Whig¢h ¢ RRVRL €Frh DL S ESL MMGkn CON IR I PN ¥ tHE matiubhe T
Two overl appi ng cl ones, covering t%e entire open readi ng frame,

have been sequencedpirBtelfi WheBhi E8hYserJ&€ad Woranslatiorf!iHIAS 13 RE]Rs.
denonstrated to be part of a single, continuous RNA fromvenom -

gl ands by pol yneras@hehaublectide stgaett®Ns@rrOssdilpe terATPRIG N FBirORet

USInq two (-7) correlates better with the claséical Kozak consensus
(Kozak, 1989), but the nucleotide arrangement for Met
(-28) strongly corresponds to starting points for at
least two other known proteins which have been isolated
from arachnids: Major house dust mite allérgen (AAAATGAj
(Yuuki et al, 1991) and Low molecular weight protein
co-purified with o< -Latrotoxin (AAATGA) (Kiyatkin et al,
1992). 1In both cases, the deduced sequence preceding the
N;terminus of the mature protein does not correspond to
classical signal pepfide structurés. We conclude that
post-translational modification of S -LIT N-terminus is
limited to removal of 7 or 28 amino acid residues. The
existence of a cluster of positive amino acid residues
Arg-X-Lys-Arg (-1-4) which can serve as a potential
endopeptidase-cleavage site supports the hypothesis that

post-translational p:ocessing occurs at the N-terminus.

Analysis of the deduced structure of o -LIT with

PEST (Rogers, S. et al, 1986) reveals the presence of an



distinct sets of primers. The conposite cl ones encode a i cDNA with &

frame oWwo38Ag238p starting fromthe first i n-f r ampeiRiges ey e and :
ending with TAA stop codon ( SEQ DNO3) . : ¥ : yqlﬁgﬁlvlet .
residue is preceded by an in-franme stop codon confirm ng the full
|l ength of the deduced sequence. - 22 - [err] -LIT was purified to
honogeneity from Bl ack W dow Spi der venom by three rounds of colum
chr omat ogr aphy _ according to (Krasnoperov et al, 1992). 23 am no

acid | . Of ugnce o rrl -LLT
sequenced. T%@pﬂ??%%xﬁ%%@%%@slﬁgd\?ﬁ?‘hﬁ%;g si%n[agﬁjd]T’ WLRK\?E%@en

i ndi vi dual - peptd des, 9By e ded|aiat aned Pavittinallapid degrada€gyaNEd-

Direct N-term nal sequence determ nation denonstrates that the

mat ure proteiintsterd slframdieteins (Gottegmanca PEGDGEN,. 199250 resigue 1

in SEQDNO1 and 2 is the first Asp of thi's sequence. The deduced
pol ypepti de region masrthe@dquencisfESERAPECSADISHSS ,0bnH186 antasetegi d (as
WD 95/ 29235 ) N PCT/ GB95/ 00917 '

- 21 - betwegm ke § A usEQ TOFH & | .Thas priessingge 0f9the resi due 1214)°

resi dues wit redi ct ed. npl ec r mass of 132671 - . Daltons and pl
of 5.4. It c?n%f’n’?se%ﬁ" of" t ;'He%ﬁrd’emal part ofq&ntdd ddternined by
~amno acid S%ﬂH%QfQ€Eh@”W§@ﬁ“5§terminal processing of this protein.

Computer analysis of 4 -LIT predicts three putative ‘
transmembrane helixes two of them situetihg-in_terminal
regions (residues.39-67 and 221-2405 and the third one of
a minimal length (residues 580-595) being in the central
region. The second putative tranemembfane helix
(residues 221-240) belongs to a Very conservative region
between all spider high holecular weight protein

neurotoxins (Kiyatkin et al, 1993).

Dot-matrix analysis of the predieted 3‘-LIT amino
acid sequence revealed the presence of a repeaeed motiF-
in the central.part of the protein molecule. 460 amino
acid residues of the & -LIT pfimary seructure comprise
tandemly arranged imperfect copies of the ankyrin-like

"repeats (Michaely & Bennett, 1992). Whereas o LT and

o< -LIT (Kiyatkin et al, 1990, Kiyatkin et al, 1993) have
ng less thaﬁ 20 repeats, & -LIT has been found to have
only 13 successive repeated units. ' Their optimal

alignment is with phaeing originally'suggested in (Lux et




Thére are tv& 93 me Met residues (-7 and -28) upstream

N-termnus (39 23 in SEQ DNO3) of the mature pr ot e?ﬁ”ﬁﬁ?%?@yan
serve as translation initiation sites. The nucl eoti de sequence
surroundi ng the ATG codon for Met {-2i) <orrelates better with the
cl assi cal Kozak consensus (Kozak, 1989), but the nucleotide
arrangement for Met (-28) strongly corresponds to starting points
for at | east t her known protei ns which have been isol ated
from arachni ds: M or %%ﬂ e dlR¢ $8IEEnARY &fge? BRARRT@A)ds which PYaekdeet

al, 1991) and Low, cul ar_wei rified wt
[err]- La%rotoxm ﬂgA ; g(ﬁ'f/%ﬁ? %J)ré?beal"le"“ as alggfﬁcleﬂhrsaﬁﬁteaséglt

t he deduced sequegg@ di ng g n of the mature protein
does not correspond t oP&?ﬁ& te 1‘{%] XL orsﬁegl};laeg] pmep;ilstclfe SEPUGEOPEE. we

concl ude that seque-ﬁ)@ét trRoshafdongl Jpdifi (EaltT' %p@fatL%r "uhltk' ire
N-termnus is limted to renoval of 7 or am no aci d residues.
The exi st 2heBsodminel asi®d ™M pasddH vwﬁmtm 2@pdat@SicdHesin 35
Arg- X-Lys-Arg (-1-4) which can serve as a potenti al

endopept i dase- cl eé@hbemdt&éﬁl@boﬂ&dm hyestpeetiiy etllyat

post-transl ati onal processi'ng occurs -at the N-term nus.

Anal ysis of the deduced structure of [err] -LIT with PEST (Rogers,
S. et al, 1986) reveal Sy the resence of an WO 95/ 29235
PCT/ GB95/ 00917 nalysis with the PCOMPARE prpgramme showedaﬁhﬁo acid

Sequence enr'Chedlineg} cdrref‘tlod gwgégLn %%e repeated units of two

insect-specific toxins. Strong linear correspondence has
been found for & -LIT repeats R2-R9 in Eomparison to the
analogous repeats in = -LIT (Kiyatkin et al, 1993). The
first repeat in 4 -LIT does not correspond well tao the
first one in «-LIT and éhows high similarity to R7 from
(= -LIT. d -LIT repeat R10 is most similar to R19 from

< -LIT: this repeat is unusual in having Ser and Gly
residues at positioh 8 and 31, respectively. The next
stretch of similérity is found between R11-R13 of J-LIT
and R10-R12 of e -LIT. We have noted that the R7, R2 and
R9 repeats are the most highly conserved between the
insectofoxins, suggesting a functional role in
insectotoxicity. It has been éhown that Erythrocyte
Ankyrin repeats are not equivalent in respect of their
functional ability to bind different proteins (Davis e£
al, 19?1), and thus toxin repeats are also expected to

make different contributions to their function.



previ ously been correlated with rapid degradation of intracel | ul ar

pr ot ei W dsfz@sdsesman & Mauri zi, 1992). This regi o?cigg%gét;@l;equence
EESGAPEGSFDSPSS, and is situated bet ween resi due The '
presence of the PEST-region in the Gternminal part of [err]-LIT is

consistent with C-terninal processing éf this protein.
Conmputer analysis of [err] -LIT predicts three putative _
transmenbrane helixes two of themsituating in term nal regi ons

(residues 39-67 anwZ%%1%§Q)C%ﬂg ghgrkh %d‘ggeaggg|onLITTﬁBgQQLQ%% | engt h.

(residues 580-595) being in the"cen putative

_transnenbrangéieldnare a s:.m(1'1%§' @W%?aiilo?ég)ra EISEEHQS WOLg VLY.

conservative regl-on bet ween al SplI | ecul ar” wei ght pr ot ein

neur ot oxi ns s(tifioyay lciem tetalald,ia§883)L. broken once (betWOEnMBhi Xn@nNH ¥Hi s of
the predicted [err] -LIT amno - aci d sequence reveal ed the presence

of a repeat @dimst jsicid residurst b€ ceefl FRITpashdofesberpaotei newel ecul e. 460
am no acid residues of the [err] -LIT primary .structure conprise
t andem y arﬂéﬁéedﬁlnﬁ@ﬁﬂ@c@cééﬁlé§ bpthhboank§F|ﬁh¢|ﬂ88placememEp£ﬁtS

M chaely &, Bennett 99 re err err] -LIT
gKlyatklﬁ ett §I°ef§§(§Jl Rﬁ?QPRPﬁ FféLCtiggﬁﬁ ﬂaﬁéerence g%otgéss than 20

repeats, [enrl ee nd to 13 ‘'successi ve
repeated unite? t#ﬁeﬂ?ain EQH amlnglF@hﬂ%n?h?gtﬁftﬁhﬁ%a%F%g originally

t ed )
Eé%?éégﬁl obgf%le“% %tpecch\Qo%ﬁéz%éﬁt )

The mature protein can be divided into several
structural domains: an N-terminﬁs consisting of about 470
amino acid residues and possessing strong linear homology
with o(eLIf; the central domain of about 430 amino acids
almost completely comprised of tandemly arranged
ankyrin-like repeated units and a C-terminal domain of

about 160 amino acids.

Alignment of the insectotoxin protein sequences
shows that both the N- and C-terminal'structural démains
demonstrate the presence of high identity.reg;ons_
separated by rather dissimilar sequences, with a high
level of identity (44.9% for the N-terminal domain and
37.1% for the C-terhinus). The most dramatic éhanges in
primary structure of the Ewo insectotoxins éfé

.concentrated in C-terminal parts of the repeat containing
domains. A stretch of homology is localized to 13

ankyrin repeat units of £ -LIT. This region.is followed




- 23 - : 990). The sequence of 13 am no acids which precede
the first réﬁ&é@&%ﬁ_ be viewed as a reduced repeated unit PCB&S@%?HF%Q

to its good corrélation with a consensus : sequence. The majority of
[err] -LIT repeated units are - 33-34 ami o acids in length. but two
repeats contain 35 (RI') and 36(R6) residues, respectively.

Anal ysis with the PCOVPARE progranmme showed the | i near correl ation
bet ween the repeated units of two i nsect-specific toxins. Strong

I'i near correspondehgeahasquence béeabbdotnt1( camired rdcid TregstpRrALsS tRAtRBakn
conparison tq the anal ogous repeats in [err] -LIT (Kiyatkin et al
1993). The f nPspbrépeat hpmolegy] eftAedoestmet 4drTr espedd Twalolr wa thhe
first one in [err]-LIT and shows high simlarity to R7 from [err]
-LIT. [err]-LIT repB4t ORROTi BTABSLNS| AT PArNBRF O R rdadAbase. [err]-LIT:
this repeat is unusual in_having Ser and G . . residues at_posigion_8
and 31, respective??gefﬁéthgﬁhy’ §hlss??%?t%’oﬂh%ﬁnﬁﬂiﬂﬁQ%qusﬁﬁﬂ@h&§béﬂﬁeen
R11-R13 of J-LIT apd 2 r]-LIJ, W have noted that. the
R7, R2 and °F$Be§tSB%?éP%ﬁeQ%%éﬁﬁh%%h$§F (ﬁﬁﬂﬁﬂ%ﬂfﬁﬁﬁ éﬁ_Pﬁe

i nsect ot oxi ns, sugERSLIAYtAatURELI BRBLNEOLEL | Musteridd HHCIQ 2 eSilles! hind

has been shown that Erythrocyte ~ Ankyrin repeats “are ndt equivalent in
respect of their possebuBsthomndloghi kit homdbanchliddearionte REi(RS yaPRYKS
et al, 1991), and thus toxin repeats are al so expected to make

different contributetond,t ®98Bei.r Sonstrbking structural difference between
| ' the two insect-specific neurotoxins:suggests that the

C-terminal part.of the ankyrin-like repeated domain plays
a particular role in providing a stfdctural basis for

their different functional properties.

The high.molecular weight protein toxins from the
vendm of the Black Widow Spider are a potent and specific
class of toxins. These tdxins offer a great potential
for eiucidating the function of neural proteins, and fdr
providing insect specific toxins. However this potential
has not previously been realised due to the inability to
express these prdtein toxins with any function. The
present invention provides for the cloning of a novel DNA
transcript encoding for a novel insect-specific foxin,
and functional expression of this toxin, and other

polypeptides in bacteria.

The §-LIT cDNA was cloned with an oligonucleotide

based on the sequence of amino acids 1-23 of the toxin,



WO 95/ 29235 ' - PCT/ GB95/ 00917 :

- 24 - w - Dot-matri x conparison of [err]- a err] -LIT shows
t hat 095’%9@5;/ share a simlar overall organization, w #’fe’ﬁ%;mw” strong.
central diagonal broken once (between 900 and 1130 am no, aci d ’
resi dues of [err]-LIT) and restored f ars t-he | ast 160 -am no aci.ds of
both toxins. The displacenent of the central diagonal reflects the
difference in toxin |l ength; [err]-LIT is 190 am no acids shorter than
its i nsect-specific pounterp_art. o The mature protein
can be di vi deﬂ”?nfgssé‘%‘?%&ty confignarttRir AdHdrkanssk Pop thdeer ni nus

consi sting of _about 470 ._amng acid resjdyes and possessing strong
linear horol oByIYE"CeS i 3P [HPTYN9GPE™ 1GR4 C‘Edrﬁ"rltef‘lstydor?ﬁlr‘i‘go@”alﬁé #2299 ani no

aci ds a t i sed..0 arrange
ankyrin-1ike %g%‘zgfggnﬁéft@%n%o%t e?rnqel;\a € gcer?rg ﬁ”&f‘““ Sqrét‘ﬁ&ﬂfelao
amino aci ds. of S-LIT has AASINEMUL A 1A 1SR ULEH Wainh]geauences

shows that both the N and Cterm nal struct ural “donmi ns enonstrate
the presence spedifhc ikt idnd reagd Oitlsect -spevafarcalerd Ly M dluligesdiiagi m | ar

sequences, with a high - level of identity (44.9%for the N-term nal
domai n and  that37hdésfooxide O ¢ grantnus) .a Tremidystwidmasdmid aghanges in
primary structure of the two insectotoxins are . concentrated in

C-term nal paftBueturte rEprathramtrialisips have gom@ntsalAdomeénch of
honol ogy is localized to 13 : ) _ '
' which 1s composed of "ankyrin-like" repeats, with 13
repeats in & -LIT. The ankyrin Family of proteins couple ‘
spectrin to a variety of integral membrane proteins |
(Bennett, 1992), and it is belieQed that the "ankyrin
repeat"” domain of the ankyrins is responsiﬁlelfor
specific binding to proteins (Davis and Bennett, 1990 J
Biol Chem 265: 10589-10596; Dav.is et al (1991) J. Biol
Chem 266: 11163-11169). This structural similarity with
the ankyrin family is reflected in the known functional.
properfies of the latrotoxins; o< LT is known to bind to a
receptor with high affinity (K ;U-gM). It
remains to be determined whether this specific binding to
.the9< LT receptor is mediated via the ankyrin repeat

region of the toxin.

Surprisingly;cs.-LIT has no greater similarity to
the insect-specific o-LIT (38%) than to the mammalian-
specific-oKLT (37%). Whereas e -LIT has only 13 repeats,
the o< LT and eX-LIT have 19 and 20 ankyrin repeats,

respectively. The latter 6/7 repeats have no counterpart




anKyrin repeat units of [err]-LIT. This regionis followed D

95/ 29235 ~ WO095/29235 PCT/ GB95/ 0091PCT/GBIS/00917

- 25 - by a sequence.of about 110 ami no acid residues that has

no obvi ous honol ogy either with [err] -LIT orZ{err] LT nor with any
ot her proteins from NBRF-PIR dat abase. " “Interestingly, this donmain,
which is absent from[err] -LIT, forms a specific region in the
primary structure of [err]-LIT that has an unusual clustering of

Cys-residues and jn thepgssew?saharr@épgwevutékmmlalannﬁ&e,mafslQhLWLLT
(Kiyatkin et al, 1993). So striking structural difference between
the two insect-spetbkiasnbotbt eahtsisugoepsise idmtrddicdues in tEitserigiah,
part of the ankyrin-like repeated domain plays a particular role in
providing a structwidh bastsaldy conservetespacinfg.er diawevarct iionaliew of
properties. ) The hi gh nol ecul ar wej ght protein toxins from
t he venom oftPeh8iBf§ERNGP Bow SPREGPE o &x &f ot ¢t EHRd=Epdcianidc

class of toxins. Th toxins offer a great, pofenti; . for

oo dating the PAnEISon Sk R cnphrpass bl R EAdERLMYy this shrdintyrad

i nsect specific to¥gg§.rt@mgggﬁ_%ﬂggcpggggéigqc toxicﬁ{f§ not previously
rnity’to e

been realised due to theIna express se protein toxins
with any function. The present invention provides for the cloning of
a novel DNA transcri pt encoding for a novel insect-specific toxin,

and functional expressio# of 1thesnipxts, aongrivédiedisparity A HWERPL ithes in

bacteri a. _ _
‘'molecular weight of the toxin, as deduced from the cDNA
sequence, and the relative mobility of the pure toxin
purified from venom. Whilst the N-terminus of the
protein has been identified unambiguously by protein
séquencing, the brecise position of the C-terminus has
been difficult to document. Expression of the full
length & -LIT cDNA in bacteria demonstrated that the
calculated molecular mass is accurately reflected in the
relative mobility of the protein on SDS-PAGE, and that
the natural venom derives predominantly, if not wholly
from proteolytic, C-terminal processing. The full-length
recombinant proteih was.purified, but was not toxic to .

locusts under any conditions. The full-length protein is

an inactive precursor of the functional toxin.

The precise site . of the C-terminus of S LT
purified from venom was assessed by MALDI-mass
spectfometry, which localised the site of cleavage to

amino acid 991 of the protein. The cDNA was mutated to



The [err] -LIT cDNA was cloned with an oligonucl eotide based on the -

sequenapo 9429388 N0 aci ds 1-23 of the toxin, . WO 95/ 21%’13@8

PCT/ GB95/ 00917 | - 26 VRSO L its
identity confirnmed by additional peptide sequences, and

i mmunocheni cal identity, using an anthéﬁy - sgpecific for the [err]

-LIT. The d t LIT h d bl
sinilari?y ?gygﬁe n;hg§¥ %15”8% 59135@tn?|%91%%rﬂi%heﬂufﬁéﬁ;éggnis rane

I nsect - speci et L] g [ ese t re part of
a famly mﬁt%hgrhi h SEbIbNEEQ ?ﬁﬂ ?8?resﬁ%F %é#égf%ﬁ%ﬁeTns %# f€entra
donmain rec%b@hah§TﬁPUE’9§ﬁdw9§ amfm shd Keas TEPERES AM”‘ 13
repeats in [err]-LIT e ankyrin famly of protelns couple

spectrin to @owastely PartDaegpakiMEODE 26® &F Of1d NSrotein su&#ﬁ?{@ﬁtt,

1992), and it is believed that the "ankyrin repeat” domain of the .
ankyrins is kbspohbebkexioris highlyspexiéic binding to proteins (Davis and
Bennett, 1990 J Bi ol Chem 265: 10589-10596; Davis et al (1991) J.

Bi ol Chem 266: 11163-11169). This structural simlarity with ’

t he ankyrin fan1|y is reflected in the known functi onal properties

of the 1 atrotoxinst xFéPFflET PE KRBWAIEYr S Fexin from using tdweptor with
a3 LRER BORSTRE bbb rull copnoanaf 7 0 bt 0,
via the ankyﬁbgvgengétccn51dera5?g'nggétgggétoxflrstly, the toxin

can be produced relatively easily'by functional '

expression of the truncated form in a bacterial systenm,

thereby obviating tﬁe need to puriFy'tdxin'From venom

glands of spiders. This enables industrial production of

the toxin and hence commercial exploitation, for example

as the major component of an insecticide system.

Moreover, it presents possible administration
systems for the toxin as an insecticide, beside
conventional methods such as spraying. For example it
may be possible to produce a modified plant ceil or
plant, such as a crop plant, containing a reéombinant:
molecule incorporating the truncated sequence. Such a
system comprises a recombinant baculovirus comprising the
truncated_Form} Such viruses are highly infectious in
vivo and resistant to inactivation in host cells, and are
capable of high levels of expression of the inserted
nucleotide quuenée in host insect cells. This is

expected to be harmless to the plant and indeed to




Surpr|5|ngly Lerr; -LI'T has no greater simlarity to t he

i nsect - speci PY?: 5[’@? 3-LIT (38% than to the nmamali an- RCTEGRIS[00917
[err] LT (37% . Wereas [err] -LIT has only 13 repeats, the [err]
LT and [err]- LIT have 19 and 20 ankyrin rep2ats, respectively. The
| atter 6/7 repeats have no counterpart . WO 95/ 29235 -
PCT/ GB95/ 00917 - 27 - in the
[err]-LIT, and may uctural unit, as. the r] t oxi ns both

contain 6 cysteine F5§F858 g tHP%“ré@F%ﬁt1°” o t%&t?ﬂ?ﬁ#t?%ﬁ#WBd%hserved.

ing. Ho , di ff t f
The lery) LT ana 1SEELY, vakg, 1f '.a%'t%%é@?ﬁf?%n%om?ﬁ%%fiwq g O
structural tEQ%Uf‘?Es £ Onl n?ff?%ﬁ?@ﬂﬁ r?El‘Pé"c?éQé’h of the, lﬁeelcd‘ht

[err]-LIT exhibits a narked I spari et we

of the toxin, as dgdweedtheogbkbhe ?P'\lfnsect sp§@ﬂf"?@celtaf§j éi}?%ét?éé‘té

nmobi lity of the pure toxin purified from venom
N-terminus of the have nopdeteimehtslbeefet e ifiman &Ne i GLOME YudBh

protein sequenci ng, the precise position of the C-term nus has

been difficult to doosw@ptiofxpression of the full : length [err]-LIT

cDNA in bacteria denonstrated that the cal cul ated nol ecul ar nass is

accurately reflected in the relative nobility of the protein on

SDS- PACGE, and t hat t he natural venom derives predom.nantly, if not

whol Iy | ThlS is an example of one use of one embodiment of
the invention to express a toxin that is usually produced
by post-translational modification of a precursor proteln
in blologlcal systems, in a bacterial expre551on system
It is to be appreciated that the truncated form of other
genes coding for other proteins could be expressed in
this way; and fall within the scope of the present

invention.

- The invention also_provideé toxin formed from the .
expression of a full, isolated gene to produce a
precursor pﬁlypeptide which is then post-translationally
modified. The precursor polypeptide has an.émino.acid
sequence as shown in SEQIDNO4, and the toxin has a

sequence as shown in SEQIDNO2.

The isolated gene (SEQIDNO3) (or an analogue)
encoding for the precursor polypeptide of the taoxin
& LIT can be cloned into a vector for expression of the

precursor polypeptide. A baculovirus expression system



fromproteolytic, Ctermnal pr ocessi ng. The full-length ~ reconbi nant*

prot ei |f|ed but was not toxic to | ocust s under a
condltlr"(v)erﬁl/ggi?#efull-length protein is an |nact|v§ Uyof t he
functional toxin. . The precise site of the C—term nus of
[err]-LIT" purified fromvenomwa®) assessed by MALDI - nass .
spectronetry, which localised the site of cleavage to am no acid
991 of the protein. The cDNA was nut at ed to WO 95/29235

PCT/ GB95/ 009 - produce a
protein of 99 a%rﬁenou%%? ds Wi P LER AP L speptldze sti‘Pd\ﬁnPFﬁdSE@IdDNeE and

expressed in bagt efd a  J& t P te| n was sol uble and
was |ethal to | ocUST S, gflt ¢ pSuJ'rtlr ’FP:! O'?:ﬂa'lo é'ﬁtadt gan sdfgest s

t hat the tOXIdhtéb&H&ﬂHd&ééBﬂé%ls, to produce arPEIES S 3k thehn%ture
toxin fromusing the truncated form of the fuII gene Séquenceé as

descri bed enataboy et hast oainsi QI Ebl o atv A HE0RS .d el it s tRE re@¥i N

can be produced relatively easily by functional expressi on of 'the
truncated forte ibe op tducad aulndgmremntly of titer @iy ckbWialownGpliRerneed to
purify toxin fromvenom ands of spiders Thi s enabl es industri al
production ofdnd thug HentQﬁ(lJrﬂg-lﬁ)tWeﬁ*ﬂcé%iblmierfmralussa(plsolmmlcem,edf as

exampl e or conponent of an insecticide system
np an 1nsect141de. Al y

Whilsf endeavouring in the foregoiné.specification, !
to draw attention to those features oF.the invention
believed to be of particular importance it should be
understood that the Applican£ cleims e:oteefion in
respect of any patentable Featu:e or combinetion of
features hereinbefore referred to and/or shown in the
drawings whether or not particular emphesis has been

placed thereon.



Mor eover, it: presents possible adm nistration systens for the toxin
as an i nsectW@pe23%esi de conventional nethods such as EG/EBISE For
exanple it " "'firay be possible to produce a nodified plant cell or

pl ant, such as a crop plant, containing a reconbi nant nol ecul e

i ncorporating the truncated sequence. Sucl¥la- system conpri ses a
reconbi nant bacul ovirus conprising the  SEQUENGEnLLZFEENG orm Such viruses
are highly infectious in vivo and resistant to inactivation in host
cells, and ard1) GENEBARAANFERMATIONgh | evel s of expression of the inserted
nucl eotide sequence;in,bost.hnsect cells. This is expected to be

- ]

harm ess to the plant apgyiNaleedhazorsn T=c 2 E%g :
PCT/ GB95/ 00917 ~ (B) STREET: To#aNEWENg;%Eg%AU%& P LMITp

vertebrates. Upon ingesﬁbrﬁé”fﬁtmogﬂlant ti ssue an insect will take
UNITED KI

in the reconbi nant nol e¢E ego Yo UNT ,f‘g esul'ting ultimately in
the death of the insect %F‘; éﬁﬁzgoﬁ%ec%zﬁé't %?T}bald; I nsect specific, it is
expected to (iHavEINGE et LAvENTTION : &f NOCEL ITOXINMANS O MERROITRE SPHéBOCING A
consunpti on. TOXIfhjs is an exanpl e of one use of one enbodi nent

of the i nvgnjtii)oguhg?_e)ggrgﬁ%sﬁ?éggi‘p that is usually produced

by post-translational nodifticatiron of a precursor protein I n
bi ol ogi cal syst ens(iviin COMBUETIR: REAJABREPFGRMI ON Ssystem It is to be

appreci ated that the trg%%ﬁ%\#gﬁﬁﬁef"hﬂm disk genes codi ng for other
ERAT

: ER: IBM PC compatible
proteins could be expre ING SYSTEM: PC~DOS/MS-DOS

(D) SOFTWARE: PatentIn Release £1.0, Version £1.30 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2976 base pairs -
{(8) TYPE: nucleic acid
(C) STRANCEDNESS: double
(C) TOPQLGGRY: unknawn

(i) MOLECULE TYPE: other nucleic acid )
(A) DESCRIFTION: /dese = "PLASMID DNA"

(vi) ORIGINAL SOURCE: '
(A) ORGANISM: LATRODECTUS MACTANS TREDZCZIMGUTTATUS -

(vii) IMMEDIATE SOURCE:
" (B) CLONE: pT7.deltaM

(ix) FEATURE:
_ (A) NAME/KEY: CDS
(8) LOCATION:1..2978

(x1) SEQUENCE DESCRIPTION: S=Q ID NO: 1:

GAT GAA GAA GAT GGA GAA ATG ACT CTA GAA GAA AGA CAA GCA CAA TGC
. Asp Glu Glu Asp Gly Glu Met Thr Leu Blu Glu Arg Gln Ala GlIn Cys
1 s 10 1§

AAA GCA ATA GAG TAC AGC AAT TCA GTT T1T GGG ATE ATC GCT GAT GTA
Lys Ala Ile Glu Tyr Ser Asn Ser Val Phe Gly Met Ile Ala Asp Val
: 20 25 30

GCT AALC GAC ATC GCGT TCC ATT CCT GTA ATT GGC GAA GTA GTT GGC ATT
Ala Asn Asp Ile Gly Ser Ile Pro val Ile Gly Glu val val Giy Ille
35 40 45 -

GTA ACT GCTC CCA ATT GZZ ATC GTA AGT CACT ATT ACT AGC GCA GGC T8
T Thr Aia Prg Ile Ala Ile Val Ser His Ile Thr Ser Ala Gly Ley
5 €60

T TCT ACG GCA TTA GAT TGT GAT GAT ATA CCT T7T GAT GAG
Aso Lie Ala Ser Thr Ala Leu Asp Cys Asp Asp Ile Pro Phe Asp giu

48

g6

240



this way, and fall within the scope of the present. i nvention. -

The i al so provides toxin forned fromthe ﬁlﬁvﬁ n of a
full, Wén%b@gd gene to produce a precursor pol ypept|§§ i|7?:h is then
post-translationally nodi fi ed. The precursor pol ypeptide has an

am no acid sequence as shown in SEQ DNO4, and the toxin has a-

sequence s shown in SEQ DNOZ - 32 - 75 The isol ated g?be ( SEQ DNO3) .

~(or an %?a % & @F“’[ ﬁf@ r;lgg‘fépr tcP precur sor pol ypepti of the toxin

[err] LI Eb I?ﬁ'e T ar, r'“e% $i BAT REAtANG TTG 283
precursor Epo ypept i cul 6virus hex pBEs ?31‘@%' Sy8ErM"e '-’9’5 L%XD 95/ 29235

PCT/ GB95/ 00917

- - 30 - can be :
used. T PABufso A Tid&E ﬁsG TET chivk CTG GTA AGTeAMDe trungat ed
at the S|s[§) €§ ca{%ﬁyg% y]‘Gs ?’t%‘,; @JQ e’alLrVécféﬂ mt%ﬂj‘eh\é%l s, to
produce an \a}_Ctlée t oxi n. 'Ic'irll S enabl es the toxin [err]LIT or an
active JRVEL A AAA ACRAGRe ANTOBas cAFG AdemadesTt ryr of t hggpl ack
Wdow Sd%r rr""'“E Va" 4lﬁg’ﬁt’.l?t‘srﬂﬁls”b'sn éﬁ ATRISY PP Mtapsn GlgrAsnsBhers | ndi cat ed

| nsect i ci de. Whi I st endB3vouri ng in the

foregm n Aepﬂsﬁ | BITATT®BAA ACT ATA GAGr BT aUUCBAAOATA BARITIREAFeatAIr es Ofygbhe
i nventi okys %gg val Leu Giu Thr I;g Gly Ser Lys Glu Ile Lys Ser 1]; Val
. 1 140

TTC AAA ATA AAT GAT TTT AAA AAG TTT TTT GAA ASA GAA CGA

CAA AGA
Fhe Lys ITe Asn Asp Phe Lys Lys Phe Phe Gilu Lys Glu Arg Gla Arg 480
148 1580 188 160
ATT AAA GGT TTG CCT AAA GAT AGE TAT GTT GCT AAG CTT CTA GAA CaA 528!
Ile Lys Gly Lau Preo Lys Asp Arz Tyr Val ATa Lys Leu Lsu Glu Gln

165 7o 178

FAA GGT ATT TTA GGT TCT TTA AAA GAA GTA AGA GAA CCA TCT G3A AAC
Lys Gly Ile Leu Gly Ser Leu Lys Glu Val Arg Glu Pro Ser Gly Asn
180 185 . 180

LGT CTG AGC TCC GCE TTA AAT GAA CTC TTA GAC AAA AAC AAC AAC
fier Leu Ser Ser Alz Lau Asn Giu Leu Leu Asg Lys Asn Asa Asa Ty
188 - 200 _ 20§

AT 824

-
Y]
Tyr

GCC ATC CCA AAA GTE G7T GAT GAT AAT AAG GCC 77T CAG BCZ CT2 TAT.
ila Lle Pro Lys Val val Asp Asp Asn Lys Ala Phe Gla Alz Leu Tyr
210 : 215 220

eT2

GCT TTA T7T TAT GGA ACT CAG ACT TAT GCA G&C @TT ATG@ TTT TiC T7A
Ala Leu Phe Tyr Gly Tar Gin Thr Tyr Ala Ala Val Met Phe Phe Leu
a2 ' 23¢ 235 . 240

GTC GAA CAA T TCT TAT CTG GCT GAT TAT TAT TAC CAA AAA GGT GAT 768
l.eu Glu GIn His Ser Tyr Lau Ala Asp Tyr Tyr Tyr GIn Lys Gly Asa
243 250 253

720

GAT GTA T TiT T GCA 'GAA T AAT T GTA GCA ATT ATT 777 GAT 816
Asp Val Asn Phe Asn Ala Glu Phe Asn Asn Val Ala ile Ile Phe Asp
260 o 263 : _ 270

- BAC TTT AAA TCA TCA CTA ACA GGA GGA GAT GAC GGA TTA AT'A T AAT 884
AsSp Phe Lys Ser Ser Lau Thr Gly Gly Asp Asp Gly Leu Ile Asp Asn
: 278 : 280 288

(3TC ATT GAG GTT CTT AAC ACC GTG AAA GCA TTA CCA TIT ATA AAG AAC s12
‘‘al Ile Glu Val Leu Asn Thr Vval Lys Ala Layu Pro Phe Ile Lys Asn
280 2985 ' aaa :

C GAC AGT AAA CTA TAC AGA GAA TTA GTA ACT AGA ACA AAA GCT T7A
a Asp Ser Lys Leu Tyr Arg Glu Leu Val Thr Arg Thr Lys Ala Leu
3 . ale ' 333 329

(143
(4]
(@]

nNam Ames ——
3AG ACY CTT AA
R Thoe-

A SAT 1Cc08e
L2y Lys Asn
3

CAA ATC AAA ALCG ACT GAT T7TG CCT W
s Ass

Gin Lle-Lvs Thr Thr Ass Leyu Fro Lau

(A -
o —-§
e )

SUBSTITUTE SHEET {RULE 26}




believed to be of particular inportance it should be under st ood t hat

t he Applicarwoes9238 protection in respect of any pat PEHGBEM0Y: ur e
or conbination of" features herei nbeferesreferred to and/or shown in

t he dr a@ATg £ TAhEEReBAHRCTIOT G PlbTt Coalleas AAP ST schagtd 2 AAT 10
pl aced thereon.#s™ 118y 85EbHTRE Leu Ser Gin Yal Asn Phe Pra Asn E’fﬁwgmsn 38
PCT/ GB95/ 00917 S - 31 - 3s0

SEQUENCE LI STI Ne3A ng%%BENERAEAINFm*mGG GTT GAT G?C)GVQPEM ANhaa

! | 1104
(A) NAMVE: BRI TIGH OV EreUPeLE M Trp val Asp G ¥({)] STREET Arg 101

NEW NGTON CAUSEWAY (O CITY™" LONDON S (E) COUNTRY:

UNI TED KI NGDOM TAC GCA GTA CAG RNTREBTALT GADEACZAPE: TAEXCE8AAA TTe agr Glki)  11s2
TI TLE OF | NVENTTON: 412 NGVEET T NeTANER A LKETBIEDMer | NG Ahe Ser Glu

TOXI N (iii) ER OF SEQUENCES 4 (iv) 3 UTER READABLE

FORM TGG TEP)GAXEBEAMTTYRE: 6Td aaRYeat ke GCT TGT ces act (WB) asa 1200
COVPUTER: | BM PErEoRmiGIM Ero Phe Tar val Gln(®)y GRERATS NGSSHSTEM I1e Lys

PC- DOS/ M5- DOS 389 (D) WARE: Pat ent | n3%#&| ease 1.0, Ver®Pon

1.30 (EPO afr?) ceNERMRRF iR SkALR MR aka 1T aTc T7T (b SEQENCE 249
CHARACTERI. STI CSval Arg Val Asp PricA)yd ENGHRrg 287G rigasteu [(Iier Bhe Arg Lys Phe

(B) TYPE: nucleic acid 405 (C) STRANBEBGNESS: double 41§

(D) TOPOLCGY: uniagovBa cea aaa cdt bie Wk kel &ed W A98 Wit %:@t%

(A) DESCRI PTI ONAsn SdesGly Lylsl ivg\VETh BAE\'ATa Gly The Met)THeRM :

(A) ORGANI SM LATRODECTUS MEZBTANS TREDECI MERIATUS (\438) | MVEDUATE

SOURCE: AAT TTT AAA GAT ATT CAT CGT GAT CTA TAC GAT GCA GCC TTA

1296

AAT ATT 1344

Asn Phe Lys Asp Ile His Arg Asp Leu Tyr Asp Ala Ala Leu Asa ile
435 440 ' 445
AAT AAG TTG AAA GCA GTG GAT GAA GCTT ACA ACT T7G ATT GAA AAG GGT 1382 -
Asn Lys Leu Lys Ala Val Asp Glu Ala Thr Thr Leu Ile Glu Lys Gly
450 485 ' 480 :
GCA GAC ATA GAA GCA AAA T7T GAC AAT GAC AGA AGT GCA ATG CAC GCA 1440
Ala Asp ITa Giu Ala Lys Phe Asp Asn Asp Arg Ser Ala Met His Ala
485 470 _ 473 . 480
GTT GCA TAT CGA GSA AAT AAC AAA ATA GCC TTA AGA TOT C7T TT2 AAA 1488
val Ala Tyr Arg Gly Asn Asn Lys Ile Ala Leu Arg Phe Leu Lau Lys
483 450 . 493
T CAA TCC ATT-GAC ATC GAG TTA AAA GAT AAA AAC GGC TTT ACT CCT 15386
Asn GiIn Ser I7e Asp [Ta Gilu Leu Lys Asp Lys Asn Gly Phe Tar Pro
. s0a . 5as : §10
CTA CAC ATC GCA GéT GAA GCA GGT CAG GCA GGA TTT GTT AAG TTA CTA 1884
" Leu His Ile Ala Ala Glu Ala Gly Gln Ala Gly Phe Val Lys Lsu Lsu
5138 _ - 820 §235
ATA AAT CAT GGA GCT GAT GTG AAT GCA AAA ACA AGT AAG ACA AAT TTG 1632
Ile Asn His Gly Ala Asp Val Asn Ala Lys Thr Ser Lys Thr Asa Lsu
S30 - 838 5§40
ACA CCA TTA CAT CTT GCA ACA CGT AGT GGA TTT TCA AAA ACT GTA AGA 1680
The Pro Leu His Leu Ala The Arg Ser Gly Phe Ser Lys Thr Val Arg
S48 ’ 8§30 8§33 $&0
AAT TTA CTA GAA AGC CCA AAT ATT AAG GTA AAT GAA AAG GAG BAT GAC 1728
Asn Leu Leu Glu Sar Pro Asn Ile Lys Val Asn Glu Lys Glu Aso Asp
. o 583 _ s70 - §75
GGA TTT ACA CCT TTG CAT ACT GCA GTA ATG AGT ACT TAT ATG GTT GTC 1778
Gly Phe Thr Pro Ley His The Ala val Met Ser Thr Tyr Met Val Val
s80 &8s §90
‘ GAT GCT TTG CTA AAT CAT CCA GAC ATT GAT AAA AAT GCG CaG TCV ACG 1824

AsSp Ala Leu Lauy Asa His Pro Asg Ila Asg Lys Asn Ala Gin Sar Thr

SUBSTITUTE SHEE! (QL_ 27



(B) CLONE:. pT7.deltaM (i X) FEATURE: - (A) NAME/ KEY:
CDS . (B) LOCATION: 1..2976 - (xi) Viobo17 :
DESCRWEP¥RSSEQ ID NO 1: - GAT GAA GAA GAT GGA GAA ATG ACT CTA GAA GAA
AGA CAA GCA CAA TGC . 48 Asp Gu QQu Asp Gy Gu Met Thr Leu Gu
Gu Arg dn Ala dn Cys 1 5 : 10 -

15 AAA GCAs43A GAG TAC AGC ARl FTCM GIT TTT GGgesATG ATC GCT GAT GTA

96 L¥s Ala |le Gu Tyr_Ser Asn Ser Val Phe G_ly Met 1le Ala Asp Val
20 - A GGA TTG Ac;rzis; TC CAT TTA GCA ATT3ATT AA

> A : CCEMGAATC GGT8TROC
ATT ocT BT AATH A AR AR BT U i te e A5 ?ﬂ & Eﬁ%ﬂ\gn Aso Ile Ay
Ser Ile Pro Val Ile Ay Gu Val Val y lle
40 GTT GCA GAA TCT {%

0

a . 35
A GTG Gy MR A‘G@{f T ABTCATITCAGBGATAGT CABRATT
ACT AGCe@hA GEHReT Bov 12 Gﬁﬁ‘:‘f@ sn acggg’ﬁﬁ‘ngIAzf"Pf?FI‘% #Pa 1le val Ser
Hs Ile Thr Ser Ala Ay Leu ) . ’ : 55

60 @g AN CATTATECBCACRS TGAAT TN gﬂf GOAT GCRTT@RTATASTAET TIT GAT GRE3

240 VAT &R Yo aTR ATE T TAS gL £ TAsPeAdNe T FbY B2 Pite Asp Glu
WD 95/ 29235 ~ o - PCT/ GB95/ 00917
35 AAA ATG CTT AGH(FAT CTC ATT TGC ATA AAA BT AAA GTT AGT ATT AAT80 2008 T
AAG GAA HQ(FAM‘TTA%A%%%NA"A@' tte %mg%ALMAsGAW%d&‘Agg FigAsn 288

Ile Lys Gu fle Leu u Gu Arg Phe n Qu lle Asp Arg Lys Leu

85 TIT GTG ACT GASO(RAT AAT AAC TGG ACA CCHSITA CEACTAAGCPAACAAAY GCT @08a TTG
GAA GAG BrevstTT TETSNGAsn AST Thr Pro Le&SH"s'zg)_A"L?sUAs'Fw‘Thr Ala Ala
Leu Gu GQu Val ¥ Lys Leu Val & Lys _ 100

105 TIT AAA AAA GAAldAY o AstalAda GRA €85 TFEGCARA/CANBARGACARKA AAT %A‘b

AAC GAA T Ly$TOys Glu Asp 334 AlaThys Rie, LefalLebhLy¥aG1rGAsplAsy Thy Arg Asn G u
Met Asn G u®&8n Phe 695115 798 120

125 LT A& BT T6HGRAx GAAAEGAARTEArA ARA AMFCA ATT. GTA
432 Lﬁ?nGﬁ %ﬁnﬁuva Wl Iﬁﬁ gﬁaa Sﬁﬁ%ﬁ%@ ut.éﬁ S?ky&u&%fﬁl e \%&?J

130 735 135 710 196G ~ TTC AAA ATRRAT GAT TTT
AAA AAG & TC-.‘ETIE)A ceARh AR CAATEAT RaA@A TTa TTe 288 aca BBE LYS Jig Asn
Aso Phe typ dersThR@IBh@1ddelisn G Y LA Qeu Lddtdys Arg Gly 150
155 16028 _ ATT AAA. GGT 738G CCT AAA GAT A8 TAT GIT GCT AAG
CTT CTA Géé\g%n can 8GR anal hér RER Gl bR AchySef e/t Ty Val fgg Lys
Leu Leu ggb' AMIle Glu Glu Lys Thr Gly Glu Gly Tyr Thr Ser Leu His Ile '
740 748 : ‘750 '
G>T GCG ATG CGA AAG GAG CCA GAG ATA GCT GTT GTT TTG ATT GAA AAC 2304
.Ala Ala Met Arg Lys Glu Pro Glu Ile Ala val Vval Leu Ile Glu Asn
785 780 ' _ 768 _
G3T GCT GAC ATA GAA GCT CBA TCA GCT GAT AAT TTA ACA CCT TTA CAT 2352
Gly Ala Asp lle Glu Ala Arg Ser Ala Asp Asn Leu Thr Pro Lsu His
770 775 . 780
T3T.GCC GCA AAA ATA GGA AGG AAA TCT ACA GTA 'C'lT TAC TTA TTA GAA 2400
Sar Ala Ala Lys Ile Gly Arg Lys Ser Thr val Leu Tyr Ley Leu Glu
735 - o 790 798 . . 800 _
AAMA GGA GCT GAC ATT GGA GCT AAA ACA GCA GAC GGT TCT ACT GCC TTG 2448
Lvs Gly Ala Asp lle Gly Ala Lys Thr Ala Asp Gly Ser Thr Ala Leu
80S " 810 815
CAT TTA GCT GTA TCT GGT CGT AAA ATG AAA ACT GTT GAA ACT CTA TTA 2496
His Leu Ala Val Ser Gly Arg Lys Met Lys Thr Val Glu Thr Leu Leu _
820 825 ' 830 '
ALT AAA GGA GCA AAT TTA AAA GAA TAC GAT AAL AAT AAA TAT T7G CCA 2544
Asn Lys Gly Ala Asn Leu Lys Glu Tyr Asp Asn Asn Lys Tyr Leu Pro
838 840 : 845_
ATA CAT AAA GET ATT ATT AAT GAT GAC CTT GAC ATG GTA CGT TTG TTT 2592
Ile His Lys Ala Ile Ile Asn Asp Asp Leu Asp Mes Val Arg Leu Phe

850 835 860

‘SUBSTITUTE SHEET {RULE 26)

m




165 170 | 175 AAA GGT ATT 500 eT
TTA AAA GAAVESZ R GAA CCA TCT GGA AAC - 576 Lys @'y 116 Leu @y

Ser Leu Lys Qu Val Arg Gu Pro Ser Ay Asn _ 180
185 190 [ *AGT.CTG AGC_TCC GCE TTA AAT GAA CTC TTA GAC
AAA AAC AAC ARG BA aaa cat 824 acr &RF ARGa3CEAPasasAlBALEAR ASR dgtlhdatU Leplg, o
Asp Lys Asn Aty LFgrAsp Pro Ser Leu 195 Asp asp Glu Thr G1@Q@Iy Gly ATg

205 - GCC AT CCA AAA GTG GFf GAT GAT AAT ANG coc TTT CAG GRESCTE TAT
672 Al a | lsciProalars Mab Tval aTsprAIRGARLR byrs ¥ cPMec d Al srleie Tyr zsaa

210 Thr Ser ipsMet Leu 1le Val Gln LpPQeu LewGEPUTHN: TUET TyATABCA ACT
CAG ACT TAT GCA GCC GTT ATE®STTT TTC TTA %30  Ala Leu Ph¥5Tyr Gy Thr

A n Thr Tyr Arsr Ata Al abetaRPheaPleet ey acT 228 GAT GAA GAA GeT Tra 7Y 2725
235 Tyr Phe DlpnAsn AsOTTYTGAAR R4 TAT LRGTATARICGTR &iaQek AT TAT TAC
'CAA AAA GGT GAT ' l.eu Gu PRHs Ser Tyr Lel®Ra Asp Tyr Tyr

Tyr G n Lys GaxCASIE TTA GAT GAA CAA GGG Asa T24SeAG CTT GCA TAT Ate #0cat

2732
255 GAT 6FA ARRTLEU RsAAGTWCEMN GAX TVST Lep /] yAATE GTR ?%q AETPRETEi ATT GAT
816 Asp Val Asn Phe Asn Ala G u PR Asn Asn Val Al d“Fle Ile Phe Asp
260

_ AAT AAA BRD GET GAT GCA AAA GaG G2T0ETT AAGACATRETANE THAGTEA CTAsaz
ACA GGA GGA GASn(GAG GIA GYAASTT AIGASARTL Ala Val Lgg4Pro TRSpIPhéed Y8l Ser Ser

Leu Thr Ay Ay A Asp Ay Leu I I1¥¥38asp Asn 840 575

280 ACA ATT AZRTTT ATEEEAATE TG GATAL RAAAETAGRCCEG RAATEEA TThAgeg
CCA TTT ATA AABrAN@ Lys LeidBet GluVeyr Cie LEuulysiLyscue\ATgTRIu B3k Seys Al a
Leu Pro Phe |I%¥SLys Asn 85890 988 205 980

300 - GCC (x &8 AVl Agt Aler s @AA THRACEI AACTCAGR A CAL ARA ST TTAxg0q
960 ~ Al a AspiySela lBrs &hi GTyrsedr prdlass Lsr Fab Sdrr sdrgLyEhGih\cys Alla Leu
305 310 8s3 . 315870 378 GAG

ACT CTT AAA AAT:CAG ARG AOA ARG ACLAGAT: G EaF &3 AbFAEtEes eas 1eal008 27
G u Thr Leu LyserATHr #Hensét &luyZssTBTu MR 6 BrbeArFmar-Le IFe dAap = 78
325 330 88 WO 95/ 29235988 . 890

PCT/ GB95/ 00917 : 33 -

| GAT ATA CCC
GAA ACT TTG TCzLAA=6AMATAOG sERTs£CEaANd: @AC GAA AAT 1056 Asp lle
Pro Gu Thr Leu Ser ?B)n s\‘{%_‘ﬁcs_ncﬂlﬁ Eg%ségg%)Asp d u Asn

340 3 SEQUENCE CHARASTERLSTAGY: CAA TTG CCT ACA CCA ATA
GGA AAT TGG GTT GAT Go{RTHidhasait ABIE° **°% 1104  dn Leu Pro Thr Pro
Ile Ay Asn Trp Val Asp(od yor&uocH U ivadr Arg 355

360 ::+300 o = JAC GCA_GIA CAG TAT GAA AGT AAG GGC ATG TAT
TOS ana TTC ACT G} B B L Yol . Tyr U Ser Lys Gy et
Tyr Ser Lys Phe Ser élu 370 375 :

380 Asp Glu Glu As3 Gly Giu Met Thr Leu Glu Glu Arg Gla Ala G}g Cys
1 s _ 10

Lys Ala Iie Glu Tyr Ser Asn Ser val Phe Gly Met Ila Ala Asp Val
20 28 30

Ala Asnt Asp Ile Gly Ser Ile Pro Val Ile Gly Glu Vval val Gly Ile
as 40 45

"val Thr Ala Pro Ile Ala Ile Val Ser His lle Thr Ser Ala Gly Leu
50 88 60

Asp Ile Ala Saer Thr Ala Leu Asp Cys Asp As3 Ile Pro Phe Asp Glu -
85 70 ) 75 80

Ile Lys Glu Iie Leu Glu Giu Arg Phe Asn Glu Zle Asp arj Lys Leu

es 80 as

ASS Lys Asn Thr Ala Ala Leu Glu Glu Vé'n Ser Lys Leu val Sar Lys
100 ~1CSs 110

Thr Phe Val Thr Val Giu Lys Thr Arg Asn Glu Me= Asn Glu Asa Phe
115 120 128

L e

~ ~ B - -
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TGGTCTGAACCATTTACTGTCCAAGGTAACGCTTGTCCGACTATAAAA, 1200
Trp Seﬁvo@s}h?srso Phe Thr Val An-dy Asn Ala Cys Pro ThrPUrR;ﬂsb’/ﬁmn 385
T CCG

390 : 395 400 GIT CGI GIT GA .
AAG AGA AAT AGA CTT ATC TTT AGG AAG TTG- 36 - 1248 Val Arg Val Asp Pro
Lys Lys Ar oY & b,e A PRerARgel P
a0 S A UFLA sl A S s B e %:véerK er Lt’i’rs“é@i‘ﬁd% ATG
ACT CAT TCA CAA ACA 1296 Asn Ser g/ Lys Pro G n Phe Ala Ay Thr
Met Thr Hi §f§ﬁ-‘fe F1thfsn Asp Phe Lys Lys PhgoPhe Glu Lys Glu AARS1n Arg
430 / TT AAA GAT ATT GRP cGT GAT CTA TAC G8T GCA GCC. TTA AATBRTT
1344 I 1 I Al a Leu Asp.lle
134 A PN vy ee, §‘§g iy /Asa_ Avg ek m AR B2 182 5 2{4# S G
GAT GAA GCT ACA ACT TTG ATT GAA AAG GGT 1392 Asn Lys Léu Lys Ala
Val Asp G U-¥8 BThrITRhileuclly [Sergleu wysGGJu Val Arg GB) Pro Ser Gly Asn
455 4689 GCA GAC ATABGAA GCA AAA TTT GMBAAT GAC AGA

'AGT GCA ATG %As 4 | | Lys Rhe Asn Asp
Arg Ser Ala %‘q : S1er Ser A“ﬂa qg?x Asda‘édo‘s(ﬁu nguq\%n]A.fs n Asn ésnpryr475
480 GIT GCA TAT CGA GGA AAT AAC AAA ATA GCC TTA AGA ITT oTT  TTG AAA
1488 \alaALbhe Tro Ay @Y Vah Asm Asps Adre LisaAlauPhie Binhalbeled qyrlys
485 210 490 215 495 AATZZMA TCC AT GAC ATC

O T8 SRR TR iy o Al

505 A CAC ATC GCA Gc%az‘AA GCA GGTI CAG CiA
TTT GIT AAGL.E?AGCEAG'M l-hs $8B84Tyr Led ean & Asd ITQrAI'I'grAT?lr @1h Ave &y aghn
Ay Phe Val Lys Leu Leu . 24§ 515 250 520 255

525 ATA GT AAG ACA AAT TTG
1632 | RSP ﬁ”Hf‘é“?i} ? g@ﬁ %‘ ﬁ %%gl V'FEAA TenPhadsp ey
530 5 : ACA CCA CAT CTT GCA
ACA CGT AGT AGGAPFETL?QASM%C[eGTﬂhA%Ty Gly AfBAsp Gly I8 MlOAsS S S
Leu Ala Thr Arg Ser zesy Phe Ser Lys ThstaI Arg 545288

550 - AAT TTA CTA GAA AGC CCA
AAT ATT AAGETA G@!AVNAGESAésﬁA SGA&aT °Lys At d-au gg° fas Jleylyspsg u
Ser ProAsnIIe Val Asn A u Ly§°8 u Asp Asp ' °

570 Asp fefoLys Leu TGPAAFETACALEE TV TGhGA“A'réC?n sGAa Aldg AGT
ACT TAT ATG:GIST 1776 319 dy Phe Thr Fm(s Leu Hi s Thr Al aezdal

Met Ser Thr Tyr Met Val Val 58

590 ey u & G Loy ﬁ‘mﬂecAveAEhAT;é;CGAePb MR RAT leaGl G’*SPCT
ACG 1824 Asp Al a L$8/F Leu Asn His Pro e Asp Lys AsfSAla G n

Ser Thr spvﬁe%lﬂ'lazgagﬁhr Leu Ser G1n Val Asn Phe Pro Asn Asp Glu Asn
PCTI / GB9SJ00917 3490 345 330

Gln Leu Pro Thr Pro Ile Gly Asa Trp Val Asp Gly Val Glu Val Arg
-1t 380 383

Tyr Ala Val Gln Tyr Glu Ser Lys Gly Met Tyr Ser Lys Phe Ser Glu .
: 370 _ - 878 380

Trp Ser Glu Pro Phe Thr Val Gln Gly Asn Ala Cys Pre Thr Ile Lys
388 390 : 388 - ' 400

- Vval Arg Val Asp Pro Lys Lys Arg Asn Arg Leu Ile Phe Arg Lys Phe
- 408 : - 410 . 418

Asn Ser Gly Lys Pro Gln Phe Ala Gly Thr Met Thr His Ser Gin Thr
420 425 430

Asn Phe Lys Asp Ile His Arg Asp Leu Tyr Asp Ala Alz Leu Asn Ile
. 433 _ 440 433

Asn Lys Leu Lys Ala Vval Asp Glu Ala Thr Thr Leu Ll2 Glu Lys Gly
430 _ 4353 ' 4EQ

Ala Asp Ile Glu Ala Lys Phe Asp Asn Asp Arg Ser Ala Met His Ala
485 470 47s - 48C

SUBSTITUTE SHEET (RULE 26)



595 600 34 605 T:A GGA TTG A TC CAT
TTA GCA ATT NIRRT GAA AGT CAA GAA 1872 Sar Ay LeWﬂE@%’he
Hs Leu Ala Ile Ile Asn Gu Ser Gn Qu 610 615

620  GITT GCA GAA TCT TTA GIG GAA AGT AST GCT GAT CTA AAT ATT CAG GAT

1920 VI Ala G wSeratkety¥ah~43c1 +Sg gn Al Asn 1lle A n, As 25-
630 635 rgel4a§ e iy mGLﬁ%%Aké“cﬁ’rgi?E b&‘fpﬁTﬁ”

ATT CAT TTT GCA %r TCA ATG AGT ATT 1968 Vil Asn His Met Ala

Pro Ile Hs Phe AP AL S&F %A@W I3 Glpgeu LYS Asp Lys Asn GBABhe Thr Pro

650 | 655 A ATG CTT AGA TATPXTC ATT TCC ATA AAR GAT

AAA &TT AGT AT, AAdu His Ile R0dG1a loasy Meh G&BW &9 AR dq@u_pgégv;sﬁrwlsl Ba Y5,
M

Asp Lys Val Ser Ile Asn- §1§ 660 520 5

670 T ?T GIG ACT GAG AAT AﬁT C TBG ACA CCT TTA CAT TTT GCT ATA TAT
2064 Sr Vval Tht'8 g@GSAE Y 3¢ sy ’gg& £78 £by LY Titre SAralys ShiFyAsn Leu
675 ' 68 999685 TrT AAA AER GAA GAT GCT

GCA AAA GAA 116 TT6rABYo QAN B GAC ARAThr Arg sedl®) ' y
Ala Ala Lys Gu Le4SLeu Lys G n Asp s II-Ir.e e 1%9)6 25% Bar Eyéyﬁ“-G@&H %gg

700 AKT TTA ACA ATT GIT GAT GuT AAT _CTT ACC GIT TTA CAT CTT GCT
2160  Asn Leu THM FBHVeA® A4 38D Re9 ARSn IlSuLYAr YahIASR T bys diluAkse Asp
7)5 | 710 715 570 720 STH T

TCG ACA GGA CAA ATA yAfRe ATHY AF : : . -
VIt Ser Thr Ay dn y'IA“I‘é\eeAsn ISag ﬁéﬁ\ ﬁéﬁ{gﬁ;ﬁ?ﬁ% g >pn' 2352%9? Val

725 730 ] 735 ,: C AAT ATA GM GAA AAA
ACT GGA GAA GGA TA??spAéAa}'%?-EG'-F@ BAT WIT Pro Asp Ile58sp L rAsfsAle| @1rGSer Ghe
Lys Thr Gy Gu Gy Tyr TAtSSer Leu His Vie 899 - 746808

745 -K 0 at 3 3 - T 3 GQ‘ e Ar\ !
G TTG AT? GAA ARCT 21% Leu T8, BeEne ﬁé %e&i@‘&?%ﬁgb 31 @50 4Ty
Val Val Leu Ile @u Asn 755 760 '

765 G 3T GCT AT Afla GhA B30T LEGAVIT/C BCTS @A RSAANT a TASp Ay GER TTA cTATAsp
2352 Ay Ala AsPR¥le Gtu Ala Arg 88F Ala Asp Asn LouS3&r Pro Leu His 640

g3 psa Tor aca T ERPL i gzatie 214 il 5 ARSI g e
7

€30
Gy Arg Lys Ser Thr  Val Lou Tyr Lau Lou Gu 735 S
795 Ly80@t LauARsdg Gk GEU The & I0EA LYSTAAAALAE AN aCCe 10 e Glsn
TCT ACT GCC TTG 2446882 | fs Ay Al'a AsgP88 e Ay Ala Lys TRTQA a
Asp Ay Ser Thr A a.L - mT A =805, _ .. Vous 8 _-
813 CAT TTA BOTSGIATERIEM &SP AR ATR BT PG?TLG}S\AHMZ'I:;QT%\?TI;A& Ty
2496 H's Leu Ala Val Ser Ay Arg Lys Met Lys Thr Val G u Thr Leu Leu
820 : Ph82bys Lys Glu Asp Ala A1830ys GlW\Aesu ABL O\ EIGAAAATRSETH e
AAA GAA TAC GAT AAC AASSMAA TAT TTG CCA €8S 2544 Asn7Bs Ay Ala Asn
Lou Lys G u Tyr As&sﬁsﬂeﬁa‘sinnrl‘)ﬁe-rvg'l LAelua Rrsg Gly Asn Leu Thr Val Leu His Leu Ala
703 710 718 . 720
val Ser Thr Gly GIn 1Ile Asn Ile Ile Lys Glu Leu Lau Lys Arg Gly
725§ : 730 735
Ser Asn Ile Glu Glu Lys Thr Gly Glu Gly Tyr Thr Ser Leu His Ile
| 748 745 _ 750
Ala Ala Me: Arg Lys Glu Pro Glu Ile Ala Val Val Leyu ITe Gilu Asn
- 7S5 780 785 .
Giy Ala Asp Ile Glu Ala Arg Sar Alz Asp Asn Lsu Thr Pro Leu His
770 s 773 780
Sar Ala Ala Lys Ile @iy Arg Lys Ser Thr Val Leu Tyr Leu Lay Giu
785 750 : 783 8acC

Lys Gly Ala Asp Ile Gly Ala Lys Thr Ala Asp Giy Ser Thr Ala Leu
803 ' g10 C 815

Eis Lau Ala VvVal Ser Gly Arg Lys Met Lys Thr Val Glu Thr Lay Leu



835 840 845 Ar A CAT AAA GCT A T ATr

AAT GAWdAf9s3str GAC ATG GTA CGT TTG T. r 2592 ﬂcll'fc ﬂjq .-sﬁ s Ala lle

Ile Asn Asp Asp Lau Asp Met Val Ar; Leu Phe OJI)/ .

855 860 = - , SUBSTI TUTVE
- L SHEET RsULI E 261 WD 95129235

- 38 - :
PCl?GBQS 17 35 - CIT GAA AAA GAT

%g% Yy S&T“‘GAFW”A&‘ (gé,ﬁ e\ Qf@TAAMS“ Lys Typ3eg P10u A u Lys
Asp Pro Ser Leu Lys Aso Asp Gu Thr Au Qu Ay Arg 863

870 Ile His Lys Alyjde Ile Asn Asp Asp Legfgp MetAGHT REA LALTPHIG TA ATT GTT
CAGAAATTG%ST T GAA TTA Tﬁﬁ':AAC ' 25889 Thr Ser Ila I\/E%Leu Ile
Val G n Les Gew UsuAtmPr& Serlees Tyys Aspnasp Glu Thr Glu Glu GIy A }

890 CLE 805 87OTAT 7zis ATA AATSAAT TAT GCT CRA 8 S G AT GaA
GAA CCT RheA M 7 Ve heel !l Al a Glu Thr Leu Aso
Guau Als E%.-qughee et ggg :".3!@ Va? élnPL s Ja.sga LAénLASEX )f.gb .y.-

910 AAK\C C%ﬁ l\@ _ AAA TTA GAG CTT GCA TAT ATC | TC CAT
2784  ASYTAFBeLE ggm ‘é“u’%l“ﬁaév aps o AGPu%UeﬁTNAe}aTbﬁu PRe Phe Hi s -
ST %0 925  AAT AAR'BAA GUT GAT GCA AAA
GAG GCT GER AAG GRAAACRIATEITCGlyGIvs Leu Glu 2882A1a Agn IgspHbHi&EH Yy Asp Al a
Lys Gu Ala Val ¥V% Pro Thr 11le L%RP val 930 925 935

940 AQ&:'A_D/_S% Giy PR PLAYEASI T G3a™ Vi Ape W'Fﬁ- e E% GAG TeT
2880 Thr IsanLys Leu Me-. deasTyr Cys Lou Lyssd.rys Lou °Ar u G u Ser

945 60 .GGA
coT CzT G &t81 LA%F*“,",’“G@Q“ TEF Bt p ng ke CARS Rt ‘A*F*rSe" 2929
GIyAIaProGIuGIySer Ph. As; Scr Pro Ser er Lys @ n Cys PFo TCT AC
, , TCA G\ & E:‘N\GAIZGWTEGCIFW# sy MP"°/‘$@033‘GAYB@n Cys 11e2976 - Ser
Thr Ph. Ser Gu As; Gu %%t Phe Ar: Ar: $AP Lou Pro G u 978 980
g8s Ser Thr Phe Ser9&fl Asp G1(uz)llet AR | Y NOR2MA B &

(i) SEQUENCE COARAAGRBIEPSTIC. - 988§ (A) LENGTH€0992 am no ac 1j ds
(© TYPE: amnno.acid (t) TOPOLOv: linear - (i)

MOLECULE T¥PEnsdRMAidN For szq rd Mo} SEQUENCO DESCRI PTON: SEQ ID NO  2:

(i) SEZCQUENCE CHARACTERISTICS:
(A) LENGTH: 3706 basa pairs
(8) TYPE: nucleic acid
{C) STRANDEONESS: dauble
(D) TOPQLOGY: circular

(i1) MOLECULE TYPE: other nucleic acid -
(A) DESCRIPTION: /desc = "PLASMID DNA"

(vi) ORIGINAL SOURCE:
(A) ORGANISM: LATRODECTUS MACTANS TREDECIMGUTTATUS

(vii) IMMEDIATE SOURCE:
(8) CLONE: pTT.de'I‘.:aFL

{(ix) FESATURE:

(A) NAME/KEY: CUS
(B) LOCATION:4S..3686

(xi) SEQUENCZ DESCRIPTION: SEQ IO NO: 3:

GETCAATTGA AACTTTATGA TAGGBATTCAC TTTCTTATAT AGAA ATG CAT TCC AaA I3

i Me* His Ser Lys

. =3-1
GAA TTA CAA ACT ATT TCA GCA GCG GTA GCA CBA AAA GCA GTA CCC AAT 104
Giu Leu Gln Thr Ile Ser Ala Ala val Ala Arg Lys Ala val Pro Asn
1000 10Cs 1010

AST ATG GTT ATT CGG 7738 AAA AGA GAT GAA. GAA GAT GEBA BGAA ATG ACT 152
Thr Me<s

val Ila Arg La2u Lys Arg Asp _G‘lu Giu Asp Giy Glu Met Thr

Qi'S " * mpopyem
ST oz SKEETRULE 26,




As; du G ugps, Gu Met Thr Lou GBu Elu Ar; Gln Ala G n Cys 1

5 &8”&& 10 15 Lys Ala -|e REUCH00KT,

Asn Ser Val Phe Ay Met !la Ala As; Val 20 _

25 30 Ala Asn As; sble Gy Ser Ile Pro Val te Ay
Gu Val vVal dy ile 1015 35 4020 . 40.l

45 Val TQ_‘[A éIA% Prop!GIA. cﬁ.%enlg Val Ser His LI e Thr lé“"esr Ala Ay Lou

SO A CAA TGC AR GCA EAG| BAQNagc ST Tt Al a

Leu Asp Cys Aléepu 15323 5§ B A@;?@éfys Lygghia I.?g ‘f‘:oTyr Ser AspQSer 200
75 80 lie LyS Qu tleLeu du &% Ar. Phe Asn Qu lle

As; Ar: LYs LEIT TTT GGG ATG ATC GCT GAT GES GCT AAC GAC ATC GGT SGc ATT cCT 248
95 As; LyF. AN FhY METalhe & lgabsmaval c&ﬂi/zfisnseﬁy§ Ehy S¢al 118ePrd ys

0oo i C 110 t Pne Val Thr Y9 Qu

Lys Thr Ar; ASTA @TT BBC GY\1GTh LGTASEGEPAET GTA ACT GCC CCRIBTT gee aTe GTA

120 - vVal Ile Gjpdgsiu Vval val Gly Ile val Thr Ala Pro IRABS3E METVaSHEET' 2ss
(U E 26) VO 95/ 29235 1968 | 1070 1075

PCT/ GB95/ 0091RGT CAC ATT ACT AGC GCA GGC TTG GAT ATA GCT TCT ABa-Gca Tra BYF LeU 4.,
Val Leu G u TRer |His @la Bur SkysAl@ a1y [teulsp S8re hla Séal Thr Ala Leu

135 | - 1401980 Phe Lys LI &9®&n Asp Phe Lys 1998 Phe Phe G u
Lys G u Arg GreTASAr GAT ATAL42T TTT GAT GAG ATT AAEOBAA ATA TTA GAA 55 |
160 || eClysASE AWshall EFpolpte Asp GAgITyILyG14 Fd yeuland ERUALL U G n 392
165 C 1898 ' 1100 175 Lys1®§ Ile Lou Gy Ser

Leu Lys G u VakreAlGr Gal HTADr&TS%

4TS e
185 Phe Asn GI20ITe Asp ¢ cSeRepely s han it 45D AhuLseditau Asppe0
Lys Asn Asn Asn Tyt1i0 ' 955 11200 '

205 Al a bl by 2aNare Vel ARP &Dﬁgw%#gﬁ% A B Eu T

g y
1 Gir@ ?-\A-l-“ A h¢as
Glu Val Lys Leu Val Ser Lys OP val vk%‘@%h s# Ay T
A n Thr Tyr Ala2él a Val VT Phe1t¥re Leu 2'?51135 Y 1 2(9 :
235 ' 240 '
AGG AAT GAA ATGE AAC GAA AAT TTT AAG CTT GTT TTG GAA ACT ATA GAA 538
Arg Asn Glu Met Asn Glu Asn Phe Lys Leu Val Leu Glu Thr Ile Glu
1148 1150 1188
AGC AAA GAA ATA AAA TCA ATT GTA TTC AAA ATA AAT BGAT 77T AAA AAG s84
Ser Lys Glu lIle Lys Ser Ile Val Phe Lys Ile Asn Asp Phe Lys Lys
1160 . - 1168 1170
TTT TTT GAA AAA GAA CGA CAA AGA ATT AAA GGT TTG CCT AAA GAT AGS 632
Phe Phe Glu Lys Glu Arg GIn Arg Ile Lys Gly Leu Pro Lys Asp Arg - :
1178 1180 1185
- TAT GTT GCT AAG CTT CTA GAA CAA AAA GGT ATT TTA GGT TCT TTA AAA €80
Tyr Val Ala Lys Leu Leu Glu GIn Lys Gly Ile Leu Gly Ser Lsu Lys
1180 _ 1195 1200
GAA GTA AGA GAA CCA TCT GGA AAC AGT CTG AGC TCC GCG TTA AAT BAA 728
Glu val Arg Glu Pro Ser Gly Asn Ser Leu Ser Ser Ala Leu Asn Glu
1208 i 1230 N 121§ 1220
CTC TTA GAC AAA AAC AAC AAC TAT GCC ATC CCA ARAA GTG GTT GAT GAT 776
Leu Leu Asp Lys Asn Asn Asn Tyr Ala Ile Pro Lys Val val Asp Asp
122§ . 1230 1235
AAT AAG GCC T7T CAG GCG CTG TAT GCT TTA TTT TAT GGA ACT CAG ACT 824
Asn Lys Ala Phe Gin Ala Leu Tyr Ala Leu Phe Tyr Giy Thr Gln Thr
1240 _ 1248 1230
TAT GCA GCC GTT ATG T7T TTC TTA CTC GAA CAA CAT TCT TAT C7TG GCT 872
Tyr Ala Ala Val Met Phe Phe Leu Leu Glu Gln His Ser Tyr Leu Ala
1285 . 1260 1265 .
GAT TAT TAT TAC CAA AAA GGT GAT GAT GTA AAT TTT AAT GCA GAA T7T $20
Asp Tyr Tyr Tyr Gln Lys Gly Asp Asp Val Asn Phe Asn Ala Glu Phe

1270 1278 1280



Lou & u Gn Hs Ser Tyr Lau Ala Asp Tyr Tyr Tyr G n Lys Gy Asp 4

245 o 250 255 Asp A e Asn Al a
A u Ph¥OA¥RZREn val Ala 12a Ile Phe Asp PXF’I%@%B&
265 270 Asp Phe Lys Ser Ser Lou . Thr Ay Ay Asp Asp
Ay Lau AJTeS\(SIs%_?sgﬁ aQTT 6_1_ __2™8 T.\'Zi AAA "'Cél < 280 JR
285 : Pe g‘{g IRy | % 4 TA ACH Il e bgs Asn
290 Ties #1ATE 395 230 R g 3 s 83 “R¥ I PAsPiiger Lys Lau

Tyr Arg GunGIK'PuGA\éacls -T%LAAE‘& 'tls'g_r_ L nglﬁ a@ﬁou ﬁ__' 1:3%5 ' 310
315 H ] qﬁ uﬂ’%% * MCIACE € Thr 1BhE Asp
Leu Pro 1auFF eAsRsf)?? 1%351 e AsP 131QG 5 Asﬁe"' Asn :g;svﬁ 330

335 A;Aégg Ile Pro Gu Thr Léu Ser G n Val Asn Phe Pro Asn Asp. A u Asn

! P
340 TTA CCA ATA AAG AAC GCC GAC % AAA CTA TREAGACBAMPr 0 THICSRT O
lle Ay W AR pLE\‘/'af:g%gp d 1ye VAP _?f—"l?éggf‘aﬁp _§s Lys Leu :ygg“' g G155
360 _ 365 Tyr Ala Val A n Tyr él u Sar Lys Ay Met
Tyr ser [ SReSetoitt a7 Tl o7 {1 Ak o e e
ggg rp s ég.ggoro Pie TS VAP OB n3§§y ’ﬁsqgﬁg'ﬂ“@’s’ PY%4'(I)’8r Ile Lys
Vel o $58 SO THE T AT MDINOTOET B AR T cthe | 1o

: 1

Y47  A18 Jago " LASTESEI"Qy Lys Pro
Gn Phe Ala Gy Thr Met Thr H's Ser ¢-in Thr - 420
425 GTG AAC TTT CCHR3MAT GAC GAA AAT) Weﬂ?§°ﬂs$€& ICSAHATA BGA)AAED Lowu2Bar Asp
Ala Al a tgb.sﬁﬁé\nl’lfx? &ro Asn Ag; Glu Asn Gjggle Pga hr Pro 1le GhpAsn
: 1 1 - 1
445 . Asn Lys Leu Lys %\Ia.VaI Asp G u lFa Thr Thr Leu FT® Qu Lys ‘y
45¢ GG GTT GAT GGLL5ETA GAA GTT AGE TAC GCA/HB CAG TAT GAN AGTA#wGI | e QlassAl a
Lys Phe ASB YanAmg(Rlx Yak@iuaral RET Mrshlg /3l G1n TvgeBlu Ser Lys 470
47, | 48 VO 95/ 29235%°0 o
PCT/ GB95/@O9ATEE TAT TCG AAA TTC AGT GAA T@E TCT GAA CCA-TT37AGT GTC cAaval Al 1@elyr
Arg Gy A3p ¥eh szsfjgoém?ae@%r &y %SEéLF‘L"eﬁ’Eﬁ!‘e The Val Gln
485 490 495 W8 an ser e Asp
lle Au Ly Aas GRSpPTATY SCAATTCATA Rhe &r CBTY 037TT GAT CCG AAA AAG AGAL00 | 13s2
505 (ily Asn (“la_cys Pea(hr Ile ';i;g‘@"HiASQIY@ AB8 ﬂ;QLG_GyﬂlpdsGly A@n Aa
dy Phe val Lys %88 Leu v ' = o
hAT ABA CTT ATC T7T AGBG AAG TTC AAC TCA GGA AAA CCT CAG 77T GCT 1400
nsn Arg Leu Ile Phe Arg Lys Phe Asn Ser Gly Lys Pro GIn Phe Ala
1430 . 1435 - 1440 . g
(3GA ACC ATG ACT CAT TCA CAA ACA AAT TTT AAA GAT ATT CAT CGT GAT 1448
{ily Thr Met Thr His Ser @ln Thr Asn Phe Lys Asp lle His Arg Asp
. 445 1450 14538 1460
GTA TAC GAT GCA GCC TTA AAT ATT AAT AAG TTG AAA GCA GTG GAT GAA 1486
.ay Tyr Asp Ala Ala Leu Asn Ile Asn Lys Leu Lys Ala Val Asp Glu
1468 1470 - .- 1478
3CT ACA ACT TTG ATT GAA AAG GGT GCA GAC ATA GAA GCA AAA TTT GAC 1544
Ala Thr Thr Leu Ile Glu Lys Gly Ala Asp 1le Glu Ala Lys Phe Asp
1480 1488 1480 _
MAT GAC AGA AGT GCA ATG CAC GCA GTT GCA TAT CGA GGA AAT AAC AAA 1592
Asn Asp Arg Ser Ala Met His Ala Val Ala Tyr Arg Gly Asn Asn Lys
1495 1800 ) 1508
ATA GCC TTA AGA TTT CTT TTG AAA AAT CAA TCC ATT GAC ATC GAG TTA 1640
Ile Ala Leu Arg Phe Leu Leu Lys Asn Gla Ser Ile Asp Ile Glu Leu
1510 - _ 1515 : 1520
aAA GAT AAA AAC GGC TTT ACT CCT CTA CAC ATC GCA GCT GAA GCA GET 1688
Lys Asp Lys Asn Gly Phe Thr Pro Leu His Ile Ala Ala Glu Ala Gly
1525 1530 1535 : 1540
CAG GCA GGA TTT GTT AAG TTA CTA ATA AAT CAT GGA GCT GAT GTG AAT 1736

Gin Ala Gly Phe Val Lys Leu Leu Ile Asn His Gly Ala Asp Val Asn



515
Asp
535
Phe
555
du
575
580
Hi s
600
Ile
620
625
Val
645
Asp
670

675-

Al a
695
Thr
715
Au
735
740
Au
760
Asn
780
Au
800
Leu
Hi s
820

520 525 Ile | Al a
Val Asn ¥PES335 Thr Ser Lys Thr Asn Leu 530 Asﬁr“;ﬁgs%oyn
' ~ 540 Thr Pro Leu H's Leu Ala Thr Arg Ser Gy
Ser Lys Thr Val Arg 545 550
580 .-+ Asn Leu Ley,.G.u Ser Pro Asn |le Lys Val Asn
Lys A u Asp Asp 1545 565550 1555570
A yedheathic e Lay ks .1hr "Pélaégb ;.ASEL' Thr T_yr MEE Yal A;%l?‘
Ala Lys T er Lys Thr Asn Leu re Leu H-. th AﬁBU €<
Pro Asp Ile Asp Lys AsaeAla A n Ser Thrsss
Leu_Ibl: éDJo Phe His. ‘Leu Ala Ile
C\-HllllAnnAnc% AR An -~ ™ -
Asn Gu SeBeIGc-nbe S;r Lys Thr ﬁb Asn Leu Leu Glu Coa AAT AT 1822

val Al a Ghsrf-‘Ser Ceu Val Q asder Asn Al a Asp g Bsh*1Fé® G n Asp

e s wOREREE B ST EIESIME L gL | e

Leu Arg Tyr 1 ﬁul H’ssélf“' A8 Lys

Lys Val Ser Ilaf_ AT AT, ATG, ETE. &7 665 '
Sen g Gftﬁ; B AT i%g@ PFEE 'smméuxleacl le Tyaes
1603 1610 1515 PBPIy4sgu Asp
AIaLysGliLeGA_LHuAALsgcancé‘stAsplle rea
' TS @-ﬂl 63 &I NTa'm TTWAASN L
val Leu Hi SI ﬁ %Lg n ATaﬁg Ser nhr er Leu 7hg Pro Phe %?s Lyeu ﬂ?a
720 Val Ser Thrdy Gnile Asn I11&F1e Lys
Leu Leu LySECAr §TGIAJT AAT c,.A AGT CAA GAA GTT GCA7RBA -c- TTA GT& GAA AGT 730 2024
SerA A'e I%‘C{‘gl_,_ &'t 1875 SThe'@ ¥ %‘h“(&cy T V brﬁlgeaerl s lle
| 745 ¥ Met Arg Lys
Pro G u | |AATARET \GHT V24 AIAEUA"I ke RAT ASTI AAC CAT ATC au CCT AT? caT

2072
Asn Ala Aggolesu Asn *TGC'yﬂA&%g X&h Asre N Men ai#\rPQQSéa Wisa Asp
Leu Thr Pro Leu H ¥ 70'8 1§55

SetTAkasAder tys Avcecsd )Ad\rm las e crThieaVahr Lot ByrrdeU Leysqq
785°he Alz Ala Ser Met GOEer Iie Lys Metz Leu Arg/9%~ Lau Ile Ser

Lys G? N a Asp Ile Gy‘sAFa Lys Thr Ala 8 Ay Ser Thr A a

ATA AAA GAT AAA d CT ATT AAT TIT %*OCH’ AAT AAT AAC 8%5

Leu Al a Val IBery6l yspALgs Lyas sfe Ngsadirsevatalime GIv ABR Aoty 1o e

1685 825 Es0 830 16888 - 1700

ACA CCT TTA CAT T77 BCT ATA TAT T11 AAA AAA BAA BAT &CT GCA asA 2218
Thr Pro Leu His Phe Ala Ile Tyr Phe Lys Lys Glu Asp Ala Alz Lys
_ 1708 1710 1718

GAA TTE TTE AAA CAA GAT GAC ATA AAT TTA ACA ATT GTT GCA GAT GaT 2262
Giu Lasu Leu Lys Gin Asp Asp Ile Asn Lau Thr Ile Val Ala Asp Gly
1720 1728 1730

AAT CTT ACC GTT TTA CAT CTT GCT 67T TCG ACA G3A CAA ATA AAT ATA 2312
Asn Leu Thr Val Leu His Leu Ala val Ser Thr Gly Gla Ile Asn Ile
1735 1748 1745

T ATT AAA GAA TTA TTG AAG AGA GGEC TEC AAT ATA GAA GAA AAA ACT GGA 2380
Ile Lys Glu Leu Leu Lys Arg Gly Ser Asn Ile Glu Glu Lys Thr Gly
1780 178§ 1760
AA GEA TA? ACA TCT CTC CAC ATC GIT GCG ATE CGBA AAG GAC CCA GAG 2408
Tyr The Ser Leu His Ile ATz Ala Met Arg Lys Glu Prs Glu
s 1770 1773 . 1780

-—I

[ A

ATA GST GTT GTT
ile A

ATT GAA AAC GET GCT GAL ATA GAA GCT C3A TC2A 2438
T2 val val Ile

Iie Glu Asn Gly A1 Glu Ala Arg Ser
3 17 . 178S

-I"'

eu
-
i

GCT CGAT AAT TTA ACA €27 T7A CAT TOT GOC GCA AAA ATA GGA AGE AaA 25064
Alz Asz Asn Leu Thr Pra Leu His Ser Ala Ata ie Giy Ars Lys
' 1800 i18CS 1810



VO 95/ 29235 PCT/ GB95/ 00917

- 38 Lys Ay Ala Asn Leu Lys GIuTyr Asp Asn AgtriomosibydizLeu Pro

835 wo 53838 840 845 Ile His Lys Ala I]e Ile Asn
Asp Asp Leu Asp Met Val Arg Leu Phe Leu Gu Lys Asp Pro Ser Leu Lys Asp
Asp Au Thr Qu Gu Gy Arg 865 870 : 875

880 T‘I;q_r A%ngIAeC_I\T/eg%Igerl_Jml 'lr‘gA\é%.l; ?j{]‘GL S Iéeu Lqeu Leu d UEL% Tyr Asn
885 ' Pg%:l n Asna23yz Al a
1

du Thr eLr- Th ‘I{)gﬁLueuG '&Ieu teu %g Lys Gly g a Asp )?;3 GE' 905
910 Acﬁsrécﬁr A‘I:_eeu TAs %cu cca;ccr:] TC_IEI_GycLys Le; Gu Leu AI a Tyr Ile Phe Hi s
915 = GTgPHT ACT AT TTAQ GTA AST 6§% CGT AR y Aspsdd a
Lys G quA']' £1§%f\siy¢§l Yp 8!"13' ﬁ«hgsieé:unl Leu Ala Y%Wer Gly Arg Lys 035
940 Thr Ile Lys Leu Met Qu Tyr Cys Leu Lys Lys Leu Arg Gu G u Ser

945 ATG AAA 3:‘\' G":\" %29 ACT CTA TlF;A AAT AAA G%BSG?A AAT TTA AAA GAAD60 2868y
Ala Pro Y3 yhSefalp “A?ggi Bap vy AsR Ly G1yy 8185 ABPNCRau Yy Glu
965 - Ly | 970 'o%¢ | 9?§r§g Ser Thr Phe °§8r G u Asp

Au Mt TPbesAm QALr GATTIRALTEAT Ra €BAIATA CAT AAA GCT ATT ATHSQAT GAT 2696
985 Tyr Asp Asn Asn LggQTyr Leu P9 INRFORVAFSON #CGR eSEQe tABNNGSP 3:
(i) SEQUENCE CHARACTERP&Y cs: 1870 (A) LENGTH: 3'#36 base pairs

(B) TYPBichneet &iag Afd GTA caT TT& TTT CTEQRAS FRANBEPNESS gt oty Raa 744
(D) TOP&ES(Yeu GispcUétval Arg Leu Phe )LeMGRCUlE A¥PEProiSkerLsuucy<i C amé

(A) DESCRIPTION: 1#8fksc = "PLASM D 8RA" - (viyeswR G NAL SOURCE
(A) ORG&'\.'%SM %RQ%GL% AT ATESrra A -( | MERLA

RCE: A‘:.p As; Glu Thr GI1 Sﬁ@i\r@ﬁhx—d # atle Me!:J Leﬁ 11 G TURE E ?
(A) NAVE/ KEY: OB85 . 198 LOCATI ON: 45. . 3985

A/A TTG CTT CTT GAA TTA TAT AAC TAT TTT ATA AAT AAT TAT GCT GAA

4 | 2840
Ly's Leu Leu Leu Glu Leu Tyr Asn Tyr Phe Ile Asn Asn Tyr Ala Glu .
1810 - 191§ _ 1920

AT TTG GAT GAA GAA GCT TTA TTC AAC CGC TTA GAT GAA CAA GGG AAA 2888
Ther Leu Asp Glu GTu Ala Leu Phe Asn Arg Leu Asp Glu Gln Gly Lys
1428 o 1830 ) : 1938 1840
TA GAG CTT GCA TAT ATC T7C CAT AAT AAA GAA GGT GAT GCA AAA GAG 2936
Lau Glu Leuw Ala Tyr Ile Phe His Asn Lys Glu Gly Asp Ala Lys Glu

_ 1943 1980 19585
GUT GTT AAG CCA ACT ATC €77 GTT ACA ATT AAA CTT ATG GAA TAC T&C 2984
A’a val Lys Pro Thr Ile Leu Val Thr Ile Lys Leu Met Glu Tyr Cys

1960 : 1965 1970
TTA AAA AAA CTT CGC GAA GAG TCT GGA GCT CCT GAA GET AGT T7C GAT 3032
Leu Lys Lys Leu Arg Glu Glu Ser Gly Ala Pro Blu Gly Ser Phe Asp

1878 1980 1985
T{T CCA TCT TCA AAG CAA TGT ATT TCT ACC T7T TCA GAG GAT GAA ATG 3080
Ser Pro Ser Ser Lys Gln Cys Ile Ser Thr Phe Ser Glu Asp Glu Met
1980 1988 2000
TIT CGT CGT ACT TTA CCG GAA ATT GTA AAA_GAA ACG AAC AGC AGA TAT 3128 -
Phie Arg Arg Thr Leu Pro Glu Ile val Lys Glu Thr Asn Ser Arg Tyr
2008 2010 : 2018 2020
TTA CCA CTA AAG GGC TTT TCT CGC AGC CTA AAT AAG TTT CTC CCT TCT 3178
Leu Pro Leu Lys Gly Phe Ser Arg Ser Leu Asn.Lys Phe Leu Pro Ser
2028 2030 2035

CTA AAA TTT GCC GAA AGT AAG AAT AGC TAC AGA TCT GAA AAT 717 GTT . 3224
Leu Lys Phe Ala Glu Ser Lys Asn Ser Tyr Arg Ser Glu Asn Phe Val

2040 ' 2048 20350
AGC AAT ATT GAT TCC AAC GGA GCA TTA CTT TTA CTC GAT GTA TTT ATC 3272
Se:r Asn Ile Asp Ser Asn Gly Ala Leu L2u Leu Leu Asp Val Phe Ile

2055 2060 2065 .

AGA AAG TTT AST AAT GAG AAA TAC AAT TTG ACT GGA ARA GAA GCT GTA 3320
A Thr

Arg Lys Phe Thr Asn Glu Lys Tyr Asn Leu Gly Lys Glu Ala Vaj

SUBSﬂT'TtSHT:T&“jigpr

.



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 3: GGTCAATTGA AACTTTATGA '
TAGGATTCAC WOTESRPZBAT AGAA ATG CAT TCC AAA 56 - PCT/GBISN0917

Met His Ser Lys GAA TTA CAA ACT ATT TCA GCA GCG GTA GCA CGA AAA GCA
GTA CCC AAT . 104 Au Leu dn Thr Ile Ser Ala Ala Val Ala Arg
Lys Ala Val Pro Asn ' 1000 o 1005 ;
1010 “ACT ATG GIT ATT CGG TTG AAA AGA4GAT GAA GAA GAT GAA ATG ACT

152 Thr Met VBA79%1e Arg Leu LyP7Arg Asp Gu Gu?2R8p Gy Gu Met Thr

WD 95/ 29235 cee TAT CTG GAA GCA AAG GCT TCA TCA TTA CGT ATC GCT ?Hﬁow 183
- 39 - Pro Tyl G eu Glu Ala Lys Ala $5@20ser Leu Arg Ile Ala s b s P

GAA AGA CAA CERSEAA TGC AAA GCARIRTA GAG TAC AGC AQ9S TCA 20 Leu

Gu Gu Arg GeRAALR @17 6V abY Taf! @i L8 SN clesullcns® o

1035 R TR R AT B IR e anc A
GGTI TCC ATT CCT 24810%/al Phe Ay Met210e Al a Asp Val 2441 Asn Asp
lle Ay Ser

1060 " GTA AT B BARSCRY GIF ABSE PR A TS G AT AT ra 4o

296 Val Ile Ay GQu Val2ad dy lle Val ZhesAla Pro Ile A2asble Va
1065

ccc Trc oar ST IRt 180 A el B e

Ala Ay LeuAspIIeAtmsSer Al a Lez2nalss 21450

1085 TGT GAT GAT G ATT AAG GAA
ATA TTA can GTEART TOT Cla S zggsg%ﬁéss‘f R He B o L
Gu lle Leu AU Gz g 2189 2160l

1105. TTC AAé&IGAA ATA GAT AGA AAGé-Iﬁ_TG GAC AAG ArﬁAA% AEQICGCT GCT T-%GAA
440  Phe Asn e g’ r3Y L % hg g"# E;A u 3505
1110 EF‘ _slj_r %‘ gfc;s er E?i) 2 % rGF

AGT AAA ACT TTT GTT ACG GTG GAA AAA 488 d u Val Ser

Lys Leu
Val Ser Lys TWPW@'@V—FA'EEP G| ﬁ (SLyE "I';%A AGA ATG GCT CAA CTT130 3656
1135 Asn Led; ag TR AEGT TN AT YABES SR AR MPFTA BBl EPUGTT TTG
GAA ACT ATA GAA 536 Arg Asn Gu Met Asn G u Asn Phe Lys Leu Val
Leu G u Thr ||ATAIGAT GTG CAT CAA AAG ATG TTL4GTA CGT TAAAATACCA TIQHUCTET 3706
1155 . AGC AARl EN?HAT’A‘% §n LATI”’GTA"‘?T%;Q%AAEATA AAT GAT TTT AAA AAG
584 Ser Lys GQu lle Lys Ill.e Val Phe Tys Ile Asn Asp Phe Lys Lys
1160 1165 1170 TTT TTT GAA AAA GAA CGA

CAA AGA ATT AAARGGINFRRMATION ARl SEATINNG: 4: 632 Phe Phe G u Lys
GQu Arg An Arg Ile Lys Gtzhed cRARadPERIASFCSY O

(A) LENGTH: 1214 amino acids
(B) TYPE: amino acid
(D)‘ TOPQLOGY: linear

(ii) MOLSCULE TYPES: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Met His Ser Lys Glu Leu GIn Thr Ile Seg Ala Ala val Ala A;g Lys
1 § 1

Ala val Pro Asn Thr Met Val Ile Agg Leu Lys Arg Asp G;g Glu Asp
' 20

Gly Glu Met Thr Leu Glu Glu Arg Gin Ala GIn Cys Lys Ala Ile Glu
35 40 45

Tyr Ser Asn Ser Val Phe Gly Met Ile Ala Asp val Ala Asn Asp Ile
g0 -85 B -1¢)

Gly Ser Ile Pro Val Ile Gly Glu val val Gly Ile val Thr Ala Pro
65 70 75 8a

Iile Ala Iie val Ser His Ile Thr Sar Ala Gly Leu Asp Ile Ala Ser
gs S0 93

Thr Ala Leu Asp Cys Asp Asp Ille Pro Phe Asp Glu Ile Lv¥S Glu Ile
1co ' 108 110

SUBSTITUTE SHEET (RULE 26)



1175 ' : 1180 1185 TAT GIT GCT AAG CTT CTA

GAA ()%D, ATT TTA GGI TCT TTA AAA 680 Lys Leu -
Leu G % ys Gy Ile Leu Ay Ser Leu Lys 1190;é‘f/(;¥§§/ooﬁ7a 1195

1200 GAA GTA AGA GAA- CCA TCT GGA AAC-AGI CTG AGC TCC GCG TTA AAT GAA

1385 Gu Yal &g g}g :Prng PRR Agnyeﬁnifgr ALSUA%ru?‘?rLeu Aslﬁeyys_l_Ai\fGGrHr cre

TTA GAC AAA AAC AAC AAC TAT GCC ATC CCA AAA GTG GTT GaT &RY 776
Leu Leu AsWLayéTAshesAsﬁTsAsﬁiuryra’AlSsrl F¥spkeuLYal \Ber \lars Anp Mis val Thr
1225 © 1230 1235 AAT WG GCC TTT CAG GCG

CTG TAT TAT 8 L he Gn
Ao Lou Tynam & CeltBri Ty smarir o rfen O1u%&ds endstig, 9 [ag O

1245 1250 TAT GCA GCC GIT ATG ¥ 11 1A CTC GAAS%AA
CAT TCT TABWIGheCctle Glu Semiyys Glpydlal &val §eVaITNEVaPl?exePb¢s LEene hen G u
Gn Hs Ser Tyr Leu Ala 185 1255 170 1260 175

N i @E’*@h%&a‘@@ﬁ‘fﬁﬁﬁ% Eadlip el
1270 1275 : WO 95/

PCT/ GB95/ 00BPdd Lys Asp Arg Tyr val Ala Lys Leu Leu Glu-GW Lys GMTIM'[EG;TA
GCA ATT ATT TTT GATISSAC TTT AAA TCA T@AOGCTA ACA G 205 Asn Asn

Val Ala Ile.lle_ Phe Asp Asp.Ph ys Ser, S T 1285 :
1290 oty ser Led Ty B1u Vat 2814 gfé’o%‘-" - éabAz BetakeEerTSArATA
GAT AAT GTC ATTZHAG GIT CTT AAC AR TG 1016 y Asp Asp Ay Le
Il'e Asp AsnaVal Leédeadd @1Valekeuadsasg lys/dlsn Asn Asn Tyr Ala Il 1@@ ‘J
1310 225 1315 ABBOGCA TTA CCA TTT 238 AAG AAC GOC GAGLRGT
AAA CTA TAC AGA GAA 1064 Lys Ala Leu Pro Phe Ile Lys Asn Ala Asp
Ser Lys LeuV®yr VAl A%® fisp Asn Lys Ala Phefjjn Ala Leu Tyr Alaigg Phe Tyr

1330 TTA GIA ACT AGA ACR*EAA GCT TTA GAG ACTOCTT AAA AAT CAA 3T

1112 Leu Al Thr 14 ﬂ}r Th¥s adbaatew me@rpﬂeeuhuieésa QS‘T%F%IE%ECTT

ATA GAT GAT ATA CCC GAA ACT TTG TCT CAA 1160 Thr Thr Asp Leu Pro
Leu Ile Asp Sﬁs'p‘l'vrel-gvoﬁ«t; RSPhTYFelySelyTiGin Lys Gly3sgs Aso Val Asn Phe 1355

1360 GTG AAC TT#'BC0G AAT GAC GAA 2480 CAA TTG CCT ACA #83A ATA GGA AAT
1208 Val A%%nARQeC?gOP%mﬁFng Va’?‘sﬂ'lgﬁéieﬂ PheRspPAL Plh§ g‘@' g
1365 290 295 300 380
GTT GAT GGC GTA GAA GTT AGG TAC GCA GTA CAG TAT GAA AGT AAG 1256
Trp Val Asp %f_‘y Ley TaruGlalGlar %SWASAI @lwaked I eTyspGASnSéz1 (Iyie Glu Val
1385 1390 1395 3815 320
Leu Asn Thr Val Lys Ala Leu Pr-c Phe Ile Lys Asa Ala Asp Ser Lys
- 325 330 335

Leu Tyr Arg Glu Leu Val Thr Arg Thr Lys Ala Leu Glu Thr Leu Lys
. 3440 345 350

Asn Gln Ile Lys Thr Thr Asp Leu Pro Leu Ile Asp Asp lle Pro Glu
355 360 365

Thr Leu Ser Gln Val Asn Phe Pro Asn Asp Glu Asn Gln Leu Pro Thr
370 _ : 378 ' 380

Pro Ile Gly Asn Trp Val Asp Gly Vval Glu Val Arg Tyr Ala Val G1n
385 330 385 400

Tyr Glu Ser Lys Gly Met Tyr Ser Lys Phe Ser Glu Trp Ser Glu Pro
405 _ 210 415

Phe Thr Val Gla Giy Asn Ala Cys Pro Thr Ile Lys Val Arg Val Asp
29 425 . ] 43C

-3
Pro Lys Lys Arg Asn Arg Leu Ile Phe Arg Lys Phé Asn Ser Gly Lys
43s 440 445

Pre Gln Phe Ala Gly Thr Mat Thr His Ser Gin Thr Asn Fne Lys Asp
- 4 .
5C s



GEC ATG TAT_TCG AAA TTC AGT GAA TGG TCT GAA CCA TTT ACT GIC 8%'/GB95/009171304
Ay Met Tyr VPN phe Ser Gu Trp Ser Au Pro Phe Thr Val n' St

1400 1405 . 1410 GGT AAC GCT TGT CCG ACT
ATA AAA GTT CGT GIT GAT CCG AAA AAG AGAS - 1352  Qdy Asn Ala Oys

Pro Thr Ile Lys VMad vAisg AVRl AL @ykYRSL VBT VAN Leu A Alo L
11420 485 1425  AAT AGRGCTT ATC TTT AGG ARG Irlr?:]“i,&c"’f&"eé'm’éﬁ
AAA CCT CAG TTT

- 1400 Asn_Arg Leu_Jle Phe Arg Lys Phe Asn Ser
Ay Lys Pro d@n %V/ﬂ‘a““ S 2’ 3§ Throleu e f‘ AysS gly Ala Asp Ile Glu
1.440 GGA ACC ATG ACT CAT T CAA ACA AAT TTT GAT ATT CAT CCPAT

1448 Gy Thr Mt Wy AtesASBrALd AsphArdsse PheTd WeetASi sl h€a H 5 ARG B8P arg
. 445 1450 500 1455 §Q& 146G 19 CTA

TAC GAT GCA GCC A J ATT AAT. TTG AAA GIG GAT GAA 1496
eu Tyr Asp Ala Af‘[_lyL‘Q%' w4 ﬁ%stEBuA G?‘A?a"%l"eﬂsbyﬁ n Gin Ser Ile
1465 147 1475 ACA ACT TTG AT AAG GGT

GCA GAC ATA GAA BEA WA ATl LeGAGs Asp L¥B4Asn G1A pndhmrTRroLedl IHig S o A14S
Ay Ala Asp Ile Au 3& Lys Phe Asp 53s 1480 §440
1485

49 T GAC_AGA_AGT ATG CAC GCA GTT GCA TAT
CGA GGA AAT AAC %& cté%ha fgyokin 4 ﬁ‘xssﬁﬂrﬁggﬁ\-yﬂ%gv&ﬂk}?ﬂsa ¥i$ Glya
Tyr Arg Gy Asn.Asn Lys - %495 1500 ¢
'1505 ATA GCB1aTAs@GAal BER ATd TysGCTARASAATLEAATHCASN LeGAThAERoCAG, THIA

1640 Ile Ala Leu Arg Phe Le&8%eu Lys Asn @ n SBTOIle Asp Ile d ustgu
1510

15_ 1520 ﬁAA T AAA AAC GCC TTT
ACT CCT CTA cac Afd &%& B ASRASEClysPhe 3&? g§§8§ a "aq&/‘é' SARH! ILEY A& Ty
Phe Thr Pro Leu His.lle Ala Ala u Ala Ay 525 ~ 1530

1535 Ser P5d0Asn I1eCAEs ORfY (eh GG G ANG ASkA ASPAGAT AmAThEAAre

GGA GCT GAT GIG AAT $851736 Gn Al&EG y Phe Val Lys LedSLeu Ile Asn

EIC-SF/ g3g5f\|089?§p -\@elu 38 Thr MVAOVgE/ 31:235 ghr Tyr Met Val Val Asgp Ala Leu Leu
A& 135 %?

1555 GCA AAA ACA A AAG ACA AAT ACA CCA TTA CAT CIT GCA ACA cCGT

1784 Al a Lys TAen 8dk Bys AdY IASNAse U yRWASY AllzeG1hi Set athrAbar TdTy Aed Thr

1560 1565 62§ 157630 AGT GGA TTT T& AAA ACT GTA AGAs40

AAT TTA CTA GAA AT ATT 1832 Ser Phe Se s Thr
val Arg Asn Leu f%f’ % é@ﬁ g"i%gnlil?ene Asn Glu gf %ﬁ" di% V81 A Gg! Ser
1580 1585 : GTA AAT GAA AAG GAT GAC GGA TT-F KCA

CCT TTG CAT ACT G#u val Blu SdB83(3n Ala Asp Leu Asn Ile Glin Asp Val Asn His Met
’ 680 _ -1-1) . 870

Ala Pro ITe His Phe Ala Ala Ser Met Gly Ser 1lle Lys' Met Leu Arg
675 680 , 885

Tyr Leu ITe Ser Ile Lys Asp Lys Val Ser Ile Asn Ser Val Thr Glu
. 880 : 695 ' 700

Asn Asn Asn Trp Thr Pro Leu His Phe Ala Ile Tyr Phe Lys Lys Glu
705 _ 710 718 720

Asp Ala Ala Lys Glu Leu Leu Lys GIn Asp Asp Ile Asn Leu Thr Ile
725 730 : 735

Val Ala Asp Gly Asn Leu Thr Val Leu His Leu Ala Val Ser Thr Gly
740 745 750

Gln Ile Asn 1le Ile Lys' Glu Leu Leu Lys Arg Gly Ser Asn Ile Glu
758 780 _ 765 -

Glu Lys Thr Gly G'Tu Gly Tyr Thr Ser Lau His I[le Ala Ala Met Arg
770 775 780

Lys Giu Pro Glu lle Ala val Val Leu Ile G‘IL_J Asn Gly Ala Asp Ile
785 780 785 . 800

Glu Ala Arg Ser Ala Asp Asn Leu Thr Pro Leu His Ser Ala Ala Lys
805 810 _ g81s



Lys VaI Asn Gu Lys Gu Asp Asp Ay Phe Thr Pro Leu HIS Thr Al a:

1590 1595 1600 WdiGT TAT ATG
GIT G‘I‘E’é&’% TTE CTA AAT CAT CCA GAC 1928 IE@:#E@H Ser Thr
Tyr Met Val Val Asp Ala Leu Leu Asn His Pro Asp 1605

1610 1615 - 1620 ATT GAT AAA AAT GCG CAG
TCT ACS T@@WTEGLégTsmhygagAleg/,\ v e Led ¥ 1yel LF, AR kYg Asn Al

@ n Ser Thr Ser d'ysgkeu Thr i gzkseu B25
1530 ° - 1635 GCA ATT ATT AAT GAA AGT aA GAA GIT GCA
GCA GAA TUF G AdRGLEAAThAGT 2 Asp G1yoGRE Thridba llen IHie den AJauvser G n
GIuVaIAIaGIuaoaesr Leu Val G u SeB49 B330
1645  ger Arg L slﬁ@Q L TrﬁATl @CEIGA"T'hQTE\e TT CAG T,GIT AAC
CAT ATG &OT g ‘AT i : _M ﬁq? i i Asp val
Asn H's Met Ala Pro IIe Hi s 1655 ' 1660 -
1665 2 Tirepchy BE uTTA™ 3P AP ASP AVE AXR Aﬂ; P@"INAG% FATysCRCaATT TCC
2120 88Re Ala Ala Ser 87y Ser Ile Lys MBISLeu Arg Tyr Leuaﬁpe Ser.
ATA  AAA:GAT  ABANGT TAACRs AT MATed o t1E AGF (CR \ C.l
2168 Il'e Lys Asp Lysg aIeSersp | e Asn qsg\/thAﬁq g% éﬁﬁ Aﬂgn Trp
1685 1690 - 1695 1700
ACA CCT TTR 8AT ey %TWAAWTGWﬁMW1W1YWQG§F SEA I\ Met
2216 Thr Pro Lew®® s Phe Ala Il1e Tyi%%Phe Lys Lys Gu A3B Ala Al a Lys
1705 I1le val 6 1Q0s Loy L 1u 1% 4% CAA GAT
GAC ATA ARF 14 584 At %‘fT N e\t r e i e TyEz‘%‘i 54 ! &g 1 he %, Lys
An Asp AsP Ile Asn Leu Thr Ile Val AIaAspGy 1720 ‘
1725 Asn Tyr Ala GIY3hr Leu AST GIT QUL ASRET LBTAPBATAGT ArgCleE@EpGTT TCG
ACA GGA CAA RFR AAT ATA 9332 Asa Leu ThP4¥al Leu His Leu Al a Vval
Ser Thr & d
1745 K‘rg’MngfA‘“rﬁé Aké“Aﬁ}fcﬁfl ek A58 AR 230 AACHAA T con
2360 IIeLysGIuLeuLeuLysArgGIySer Asn Ile AQu Gu Lys r dy
1750 - Asp Ala Lys Glyu56la val Lys Pro Thr IVéO-eu Val TiA IGEBALFATLACA TCT
CTC CAC ATC GCT GCG ATG 5\ AAG GAG CCA GAFTO 2408 seﬁu Ay Tyr
Thr Ser ld t . Arg S u " e
190 Lgde FFu 'ébg ﬂ@% WsILkY QSS efd %‘%éer Giy gégAF(i’HG'G'TT -
TTG ATT GAA AAC GGT GCT GAC ATA GAA GCT CGA TCA Ile Ala
Val Val Lélyl|$er @he Asn Siry#kt:aS%-pSIereLGsuem Loy g'nSeEer- Thr Phe Ser
1785 - 888 1790 1000 1795 BRO9S GAT AAT TTA ACA
CCT TTA l?(éQAP AT AAg\ 0 0 Asn
Leu Thr PSSIL%%H S er Ml%leg F &” AT Glu!f%ioéal Lys &2 e 1800
1805 PCT/ GB95/ 00917 WD 95/ 29235
: Asn Ser Arg nyr Leu Pro Leu Lys Gly Phe Ser Arg Ser Leu Asn Lys
1025 1030 1038 _ : 1040
he Leu Pro Ser Leu Lys Phe Ala Glu Ser Lys Asn Ser Tyr Arg Ser
© 1048 : 1080 1083
3Tu Asn Phe val Ser Asn 1le Asp Ser Asn G1y A1a Leu Leu Leu Leu
1060 108§ 1070
© Asp Val Phe Ile Arg Lys Phe Thr Asn GIu Lys Tyr Asn Leu Thr Gly
1075 1080 1083
- -¥s Glu Ala val Pre Tyr Leu G]u Ala Lys Ala Ser Ser Leu Arg Ile
1090 _ 1095 1100
ala Ser Lys Phe Glu Glu Leu Leu Thr Glu Val Lys Gly Ile Pro Ala
1105 1110 | 1115 1120

31y Glu Leu Ile Asn Met Ala Glu Val Ser Ser Asn I1e His Lys Ala
1125 . ' 1130 : ' 11335

£l1e Ala Ser Gly Lys Pro Val Ser Lys Val Leu Cys Ser Tyr Leu Asp
1140 ' 1148 1130

Thr Phe Ser Glu Leu Asn Ser Gla GIn Met Glu Glu Leu val Asn Thr
1155 _ ~ 1180 165

SURSTITUTE SHEET (RULE 26)




. 42 - TCT ACA.GIA.CTT TAC TTA TTA GAA AAA GGA GCT GAC ATT GGA GCT AAA
2552 Ser ThQAF2%¥ Tyr Leu Leu GQu Lys Gy Ala Asp |l e Gy EQTGHS5E0917

1815 - 1820 _ 4¥825 AC. A GCA GAC GGI TCT ACT
GCC TTG CAT TTA GCT GIA TCT GGI CGT AAA 2600 Thr Ala Asp Ay Ser
Thr Ala Leu H's Leu Ala Val Ser Ay Arg Lys 1830 1835 -

1840 ATG AAA ACT GIT GAA ACT CTA TTA AAT AAA GGA GCA AAT TTA AAA GAA
2648 Met Lys Thr Val @ u Thr Leu Leu Asn Lys Ay Ala Asn Leu Lys Qu
1845 1850 .o 1855 ' 1860 TAC

GAT AAC AAT AAALTAT TA CAT GCT, ATT ATT AAT GAT 2696
Tyr Asp Asn AsnT-Ig?s %&%Eeul%g’ﬁepﬁﬁgwg% 318 dhn §eAsA1AsBer Ala Asp Tyr
1865 1 870 75 GAC CTT GAGBRTG GTA cGT
TTG TTT CTT GAAGAAALGATLECCPAGTASH A .dPAeu Thr A AR t

Val -Arg Leu Phe1183 G u Lys Asp Proiss Leu Lys1a Zi.1‘4.‘4;1:%'95 . ET%Q%% il
1885 _ A,[lsgq GAT_ GAT GAA ACA GAA GAG GGT AGA ACT TCA ATT
ATG TTA ATT GTTMEAGA1a Gln Leusihe ASRRIAdY SHR) iy SCMetGPb eGLyu A Thr
Ser Ile Met Leu Ile Val @n S 1895 1210 1900

1905 AAA TTG CTT CTT GAA TTA TAT AAC TAT TTT ATA AAT AAT TAT GCT GAA
2840 Lys Leu Leu Leu A u Leu Tyr Asn Tyr Phe Ile Asn Asn Tyr Ala Qu
1910 1915 1920 ACT TTG GAT GAA GAA CCT
TTA TTC AAC CCC TTA GAT GAA CAA GGG AAA 2888 Thr Leu Asp Qu Qu
Ala Leu Phe Asn Arg Leu Asp Gu A@n Gy Lys 1925 1930
1935 1940 TTA GAG CTT GCA TAT ATC TTC CAT AAT AAA GAA GGT
GAT GCA AAA GAG 2936 Leu Gu Leu Ala Tyr Ile Phe H s Asn Lys
Gu Ay Asp Ala Lys Gu 1945 ' 1950

1955 GCT GIT AAG CCA ACT ATC CTT GIT ACA ATT AAA CTT ATG GAA TAC TGC
2984 A a Val Lys Pro Thr Ile Leu Val Thr Ile Lys Leu Met G u Tyr Cys
1960 : 1965 1970 TTA AAA AAA CTT CCC GAA
GAG TCT GGA GCT CCT GAA GGI AGT TTC GAT ' 3032 Leu Lys Lys Leu
Arg Qu Au Ser Ay Ala Pro Au Gy Ser Phe Asp 1975

1980 1985 TCT CCA TCT. TCA AAG CAA TGT ATT TCT ACC TTT
TCA GAG GAT GAA ATG 3080 Ser Pro Ser Ser Lys An Cys Ile Ser
Thr Phe Ser A u Asp Gu Met 1990 1995

2000 TTT CGI CGT ACT TTA CCG GAA ATT GTA AAA GAA ACG AAC AGC AGA TAT
3128 Phe Arg Arg Thr Leu Pro GQu Ile Val Lys Qu Thr Asn Ser Arg Tyr
2005 2010 2015 2020 TTA
CCA CTA AAG GGC TTT TCT CGC AGC CTA AAT AAG TTT CTC CCT TCT 3178
Leu Pro Leu Lys Ay Phe Ser Arg Ser Leu Asn.Lys Phe Leu Pro Ser

2025 2030 _ 2035 CTA AAA TTT GCC GAA AGT AAG
AAT AGC TAC AGA TCT GAA AAT TTT GIT 3224 - Leu Lys Phe Ala Qu
Ser Lys Asn Ser Tyr Arg Ser du Asn Phe Val - .

Arg
1200



2040 . 2045 . 2050 ACC AAT ATT GAT TCC AAC GGA GCA TTA
CTT TTAv&¥pdahd GTA TTT ATC 3272 Ser Asn || epfsén n dy
Ala Leu Leu Leu Leu Asp Val . Phe Ile : 2055 é?d’ogﬁs 2060
2065 AGA AAG TTT ACT AAT GAG AAA TAC AAT TTG ACT. GGA AAA GAA CGCT GTA
3320 Arg Lys Phe Thr Asn Qu Lys Tyr 48sk Leu Thr Ay Lys Ju A a Val

WO 95/ e : P\,u &B895/.00917

- 43 - | Tr|u~26?® - 2075 | TAT CTG
GAA GCA| AAG Gk OGT ATC GCT AAﬂMH sli ll " I!IECCB Pro
Tyr Leu m‘m a Ser Ser Leu AEb.ﬁllﬂé Al

2090 2095 2100 GAA GAA CTT CTA ACT GAA
GIT AAA GGT ATT CCG GCT GGA GAG CTA ATT 3416 GQu Qu Leu Leu Thr

G | | e . 210
2120Va s Gy tha ? ﬂ@'ﬂ e%t%é ’AT%CGEESI get&’fé“ AGTOTRRY ABE ATA éA'SI' AAG GCA

ATT CCA AGT Spression o¥@4 trutﬁ%fét'g@t FA'rﬁ gfuavalan§e§e§§£n§§,n diegtis Lys
Ala lle Ala Ser Ay

2130 AAG Tila Ielguel GheAdd fGTC TTA TGT TCG TAT TTG GAT ACC TTT TCT GAA
3512 Lys Pro Val Ser Lys Val Leu Cys Ser Tyr Leu Asp Thr Phe Ser Qu

2135 2140 2145 TTA AAT TCT CAA CAA ATG
GAA GAA TTA GIT AAC ACA TAC TTA TCC ACC 3560 Leu Asn Ser An dn .
Met G u GI u eu ValA Redypeptige @sucdadimelr in claimpipoin which the 2155
2160 Cgf TCT GIA ATT ACG T(IEAGCATCT GCA GAT TAC CAG AAA CTT CCT
3608 Lys PO YBEP RIS 145 aTREUSQEo iR -Ser Ala Asp Tyr @ n Lys Leu Pro

2165 2170 2175 : 2180 A/"
TTG TTA ACT GCA ACT TGC TTA GAA CCA GAA AGA ATG GCT CAA CTT - 3656

Drgs - ot DY A W peheial GetcTulnGy f B he B e i anc

ATG TTT TTA GGlicmepEB@@ECEG?responds t8786toxik! @ez‘)?\paé/ﬂe Hs dn
Lys Met Phe Leu Arg 2

| NFORVATI ON FOCRESE&QH@MJ.GAIy non- tox1c p@e):uSE@JENﬁIEyWERI STI CS:
(A) LENGTH. 1214 am no aci ds (B) TYPE: am no acid
(D) TOPOLOGY:eNqafiss by the gene sequence.

4, A polypeptide as claimed in any preceding claim, in
which the polypeptide comprises an amino aéia sequence
that cofresponds to a truncated form of the amino acid
sequence of a substantially non-toxic precursor |

polypeptide.

5. A polypeptide és claimed in claim 4, in which the
amino acid sequence of the polypeptide corresponds to the
amino aciq sequencé of the precursor polypeptide with
truncation thereof principally at the carboxy (C) end.

6. A polypeptide as claimed in claim 5, in which '

truncation is by about 150 to 200 amino acids.
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(i 1) MOLECUGR TYPE: protein (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO
uLeu dn Thr Ile Ser Ala Ala Val AGGERY009Y
15 Ala Val

10 '-
I ~ - o o g 50

GIuArgGInAIa nQ/sLysAIaIIeGIu s
40 45 Tyr Ser Asn Ser Val Phe - ' a Asp Val
Ala Asn Asp Ile 7. A peQypeptide as claimeB5in any of claims 4 ta0 6,

Ay Ser Ile Pro Val Ile Gy Qu Val Val dy Ile Val Thr Ala Pro 65

70 in wpgch the polypeptide gmino acifespvente i\talacselrtnqrs
Ile Thr Ser AIaGCyLeuAs le Ala Ser

90 °r§§SP°“thrt°AIthLBGeA§ISS®§sPA§bP?\BbW’? ea'Mf'EP F&Fel%sp Au
558 Lys (;U[;gg/2§f§§ence truncateg ‘at the amino end }R?

PCT/ GB95/ 00917 - 44 - Leu Gu Gu Arg
Phe Asn Gu Ile Asp Arg Lys Leu Asp Lys Asn Thr 115

120 8. 123 polyfegkadél@sLEQaQ%HdGiH Yahimwef, Lys hfibnvalneSer
Lys Thr Phe Val- Thr 3 135 140
Val GQu Lys Thr AtguhsmtGom Mat bAsneesutAan Bbeahyfolevid®] dmdl desiratAly

150 155 160 Au Thr Ile Qu
Ser Lys Gu |le Lpy Sewrl |28 WalinRhecligs .l | e Asn 165
170 _ 175 Asp Phe Lys Lys Phe Phe-Qu Lys Qu Arg @n
Arg Ile Lys Ay Leu 180 185

1 ' Pro L Val, Ala L L Gudn L lle L
1gg ro y% ASpoér%oEy$ep%ide %s Xiggggd ?g an%;&rééﬁgfhﬂlq5&$£;l;ﬂj

Val “‘Arg Gu Pro Sef n Ley. .
215 hlgﬁ’zém anih A(F‘H‘? i‘s’e”&eu"ﬁe hﬁeﬂ°g§pe@§/‘sd%s’ﬁ Asn Asn
Tyr Al a e Pro L%%mologgu%2ﬁo the amino acid séqdence of t?ﬁ insect 23

240 Val Val Asn Lys Ala Phe @dn A'a Leu Tyr Leu Phe Tyr
245 specZ&Qc neurotoxin & - LaE551nsectotQ<YnT(“Z-Cﬂlnl')ﬂ'ﬁr-EW
Ala Ala Val Met Phe Phe Leu Leu Gu @ n His
265 actiB0derivative thereof.

10. A polypeptide as claimed in any preceding claim, in

which the polypeptide comprises an amino acid sequence as
shown in SEQIDNO1 and SEQIDNDO2 or an active derivative

thereof.

11. A polypeptide as_claimed in any preceding claim, in
which the toxin is expressed from a nucleotide_construct
of tfuntated form of a gene sequence comprising a
.sequence as shown in SEQIDNO1, or active variants

thereof.

12. A polypeptide as claimed in any preceding claim, in

This Sheet Has Been Repl

AW i




Ser Tyr Leu Ala Asp Tyr Tyr Tyr A n Lys Ay Asp Asp Val Asn Phe

275 wo 95129235 280 285 As he Asn
Asn Val Ala ile Ile Phe Asp Asp Phe Lys Ser ?@@l'&g’ouﬂp |
295 _____300 - €l Leu Thr Ay Gy Asp Asp Ay Leu'lle -Asp

Asn Val Ile Au

320 Leu Asn : Eyﬁ A;INa '%Le:J ?D? o. Phe,mmmu“"u I'NMI'ASD SBlSLyé

325 : ¢ bed"TYr Arg Qu Leu
Val Thr Arg Thr Lys AI a Leu du Thr Leu Lys 340 -

345 hich tthB°1YPePt1d%hs@%Plr?%sm/sfrrcm arrﬁeqammu_eeu Pro Leu Ile
Asp Asp lle s%tnt 1 g

365 '?Hr L8534 A \AFO WA Phi" 4 %&‘ff’%‘if"@ﬂ“ &erP"GlrFeI?eli‘tPro Thr
370 PoIIeGIyAsnTrp
val Asp dy \1}2|e Naltjle/g%:f’ olﬁ_ecth?nsv%f aé@gtrlal %ﬂar 390
395 Bacterla4QQm1ted, una—é’f Qé‘essﬁfort-yﬁogyNd\MB Tie3Er Lys Phe Ser
GQu Trp Ser Au Pro 410

415 Phe Thr Vval G n Gy Asn Ala Cys. Pro Thr Ile Lys Val Arg Val Asp
420 425 : . 43C : Pro Lys Lys Arg Asn
Arg Leu Ile PBe Ar§ byst®he Psn Gee @ yaliysxin comprising an 43fino

440 , 445 Pro Gn Phe Ala Gy Thr Met Thr His Ser
d'n Thr Asp pﬁédL§§qp3@ce substantialky as shown in SEQIDMNB and WO

95/ 29235 PCT/ GB95/ 00917

- 45 - FFQIPWEZAr@rA%’b i‘éﬁ“r?/rd‘?l&’pvﬂ’av%lfd‘q_wf,&sn Ile Asn Lys Leu Lys
465 470 475 480

Ala Val Asp Gu Ala Thr Thr Leu Ile Gu Lys Ay Ala Asp Ile Gu

485 p Asn Asp
Arg Ser Ala Nétt HISA 'r&lf}tg‘pi/%llzlﬁasgr?/uen?e COlllei?ISIS.'Lng a@xa}.lrltyaé:(quefoﬁ

505 of a geneddfquence 6}Ya£6£h£§@b¢¥5tﬂéﬁéd¥fidd?luéﬁglathkeu Leu
Lys Asn G n Ser Ile .

525 Aspxblresé&lionlLef aysolﬂﬁmemysdd%srsﬁly d¥he Tthj’x.ll?f.o Leu Hs Ile Ala
530 535 540 Ala Gu Ala dy @dn A

a Gy Phe Val Lys Leu Leu lle Asn Hs Gy

15. A nucleotide sequence as claimed in claim 14, in
which the nucleotide sequence corresponds to a gene
encoding for a precursor polypeptide and truncated at the

3' end thereof, or an active derivative thereof.

16. A nucleotide sequence as claimed in élaim 15, in
which the nucleotide sequence corresponds to the gene
truncated by about 400 to 650 nucleotide bases, and

desirably between 550 to 600 nucleotide bases.

17. A nucleotide sequence as claimed in any of claims-
14 to 16, in which the nucleotide sequence corresponds to

the gene truncated at the 5°' thereof.
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545
Al a
565
Ay
585
Asp
605
610
Asp
635
du
655
660
‘Al a
680
Ile
700
705
Asp
725
Leu
745
Arg

ASp
Phe

Gy P

Lys
Val

Al a

Asn

Al a
Thr
Ay

765 -

770
Al a
795
Hi s
815

Val

Ser

550 555
val WERSRZS Lys Thr Ser Lys Thr Asn Leu Thr Pro Leu l_rcﬁéggs/own
570 575 Leu Al a. Thr Arg Ser _
‘Asn Leu Leu Gu 51 - 580 s« niEw
Emll“ﬁ"ﬂl“”mm" Ser Pro Asn |le Lys VaI“ Asn Ghui Lys du A{fp
Prom s-. 666 -

Leu HIS Thr Al a VaI Met Ser Thr Tyr Met Val Val Asp Ala Leu Leu
8615 A nucleotide sequergx) as cla1m@§h1H|§lpp@ Agp ihe
Asn Ala G n Ser Thr Ser. IEv)lLeu Thr tg\ ) 630
whighothe trungsbighelgity d&Psatdan 400 gusdfosideser @ n
Ala G u Se . 630
Leu Val EEfﬁSSe?"%ﬁeﬁ%a%’b ti_yef"%"nerl & @5 zﬂsﬁuﬁéle"ﬁéﬁeHP%sﬁ/Et
665 670 Ala Pro Ile H s Phe
Ser Met Ay Ser Ile Lys Met Leu Arg 675
19. 68R nucleot;.rd'é é@&béﬁ& Sy d.l'r-ﬁnle)éﬁ rﬁsﬁn'yYSf'Véllagﬁgi
Ser val Thr Qu

Asn Asn1AseoTnp, Tha \HﬁpcrLethd-lnﬁ;cFirEhche IéemuEyfcePherhysSpbyas&u
710 715 ' 720

Ala Lys d gateuotea gqse Gemlcd!@pﬂg&sﬁpn : ] mRarT dtax ifhrinl [tbe venom of

Val Ala Asp Ay Asn
Val Leu H|§hEe§lAF5 Wh¢°$e$Pﬂ¢ﬁr(jHFtYOdECtUS mactans 740 -

Ser Aén ||ér@F5c1mguttatu§%, éi?@ésgkglfé erlégilve7é5%%e%%u Lys
G u Lys Thr GIyGIuGIyTyr Thr Ser Leu Hs Ile Ala Ala Met Arg
775 780 Lys Gu Pro Qu lle

Val Leu Il@ﬂg u ﬁsnugiXOQ}aeA§@b$éﬁ%e as cldfed in claim_19, in/90
[a"Arg Ser Alla Asp Asn Leu Thr 'Pro Leu

Ala Ala LYthch the nucleotide sequeﬁﬂﬁ5corresponds to par8l@f the
WO 95/ 29235

PCT/ GB95/ 00917 gene encoding the precursor-pdbypeptidd efGinsAey Lys Ser

Thr

Val

Leu Tyr Leu Leu Ay Lys G)/ Al a Asp
specific toxin Lactoinsectotoxin (& -LIT), or an

active derivative thereof.

21. A nucléotide séquence as claimed in any of claims
14 to 20, in whlch the nucleotlde sequence codes for a

polypeptlde comprising a sequence of 991 amino acids.

22, A nucleotide sequence as claimed in any of claims
14 to 21, in which the nucleotide sequence comprises a
base sequence as shown in SEQIDNO1, or an active

derivative thereof.

23, A nucleotide sequence as claimed in any of claims

14 to 22, in which the nucleotide sequences comprises a
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820 830 sle dy Ala Lys Thr Ala
Asp 4 Al a Leu HIS Leu Al a Val 835 _
840 WoRnsly S 'Ser".".GI’y Arg Lys Met Lys Thr l’\Eelrll(;lgs{?Mllhr_ Leu Leu,
Asn Lys ~. 850, ; 855 _ 860 '
Asn Leu [yr A:ﬁ‘“'At‘n ‘Adn_Lyd Tyr 2@u Pro Ile His Lys Ala 865

870 875 . 880 sle Ile Asn Asp Asp Leu
Asp Met AT SEPHTF U@t AN 2Ady as comprxsed in a migpg-

890 8 P I Th u u (Hy
Arg Thr Ser 1rgi%&sm é¥5031teJ(ﬂA%% 93%% 91on o NgIﬁB 6@69&

910 Leu I V@Atﬁﬁhlet%ltleeteth%sL%tr inx'il}sq. I /AN MEYGENe 11 Asn
915 %iEﬁHbH .y;¥nPE*@Lu_Thr Leu
Asp Gu Qu Aa@cwlfhelmdﬁrg Leu Asp

940 Gu d@dn dy Lys Leu Qu Leu Ala Tyr Ile ;m’mum,mummmu a y

945 950 : 955

Ala Lys Qu Ala Val Lys Pro Thr IIe Leu Val Thr Ile Lys Lel

965 24. A mppleotide sequence as07H aimed Nt a@lyuoTyle{msLeu Lys
Lys Leu Arg Qu GQu Ser Gy Ala Pro Qu 980

985 14 to 23 goip whlcfgsb%éwqir?@tw Seauens eserdger fogsad n Oys
Ile Ser Thr Phe Ser h 1000

1005 a LP%?s)bP"d’iﬁ%t %‘é‘gArad‘ wnmace& §8,9yeacs |a|SeSVarmLy§ G u Thr
1010 101 rqg Tyr Leu Pro
Leu Lys G F%EQ%%NI,O%\I’&(T IDND&S.noLr an acQ.Ilde derlvaralve tﬁ\ ge g30

1035 1040 Phe Leu Pro Ser Leu Lys Phe Ala G u Ser Lys'
Asn Ser Tyr Arg Ser 1045 1050

1055 Qa5 Asn Ph@ué@éoﬁﬂfe @éﬁde‘rﬁ:ep\%}, %qrar‘lﬁra ci\"ny aNyaolFeHlL?Hs Leu Leu
1060 Asp Val Phe Ile Arg Lys
Phe Thr .Asn G tquEyr1d¥NhﬂﬁﬁJfHH dﬂqﬂeotlde sequenckOEE a cDNA

1080 1085 - Lys Qu Ala Val Pro Tyr Leu Gu Ala Lys Ala -
Ser Ser Leu Aderiyed from mRNA ()00 the use of an erzy9® such as reverse 1100
Ala Ser Lys Phe:@u Qu Leu:-Leu Thr Au Val Lys Ay Ile Pro Ala 1105
1110 transcriphase; | 1120 Gy Gu Leu Ile Asn
Met Ala Qu Val Ser Ser Asn Ile His Lys Ala 1125
1130 Ile Ala Ser Gy Lys Pro Val Ser Lys Val Leu Q/s Ser Tyr Leu Asp

26. A nucleotide sequence as claimed in any of claims
14 to 25, in which the nucleotide sequence is an
oligonucleotide DNA construﬁt proauced perhaps using the
polymerase chain reaction (PCR). |

27. A method of producing a polypeptide, the method
comprising producihg a recombinant DNA molecule
comprising a truhcaﬁed form of a gene, and'ekpressing the
truncated form in a host exbression system, such as a
viral or bacterial expression system, to.produce the
polypeptide.

28.

A method as claimed in claim 27, in which the
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Thr Phe Ser G u Leu Asn.
1155 WO 95/29235 1 161

PCT/ GB95/ 00917
Thri Lys Pro Ser Val |l¢ a bgp_Tyr 1170

1175 E§s==tat] Pro Asn Leu Leu Thr Ala Thr Cys -
Leu Gu Pro Gu ArgplypediSde produced is an 3¢9@ve toxin Substantléﬂﬁﬁ as

GInGInNEtGIuGIuLeuVaI Asn Thr
S . WD 95/ 292 FCT/GBIS/00917
47 - Tyr Leu Ser

1200 Met Ala Gn Leu Ile Asp Val Hs G n Lys Met Phe Leu Arg

1205 claimgei)) in any WDe@5d29235laim.

PCT/ GB95/ 00917 - 48 - 1. A
pol ypepti de, such as a toxin, formed by _ expression of a truncat ed
formof a gene seq#bence or %ﬁn anal ogue t her eof.. A
pol ypeptide as cl ith mathiof s chadfedhifneiain 27 gg) ghapei él%, iEna

neur ot oxi n. eptide as clainmed in precedi ng cl aim
in whi ch the lp% ytpheepﬁrgl C%Q Fﬁéndgof"Brésfaxf’@rge¥|fvat pgRe which

encodes for a non-toxic precursor polypeptide.

30. A method as claimed in any of claims 27 to 29, in
which the truncated form comprises a nucleotide sequence -

substantially as claimed in any of claims 14 to 26.

31. A method as claimed in any of claims 27 to 30, in
which the expression system comprises E.coli BL21 (DE3)
bacterial cells transformed with pT7-7 vectors comprising

the truncated form of the sequence.

32. A method as claimed in any of claims 27 to 31, in

whlch the expr3551on system comprises a baculovxrus

system,

33. A recombinant DNA molecule comprising a truncated
form of a gene encoding for a toxin generally as claimed

in any preceding claim.

34, A recombinant DNA molecule as claimed in claim 33,

in which the molecule comprises a virus.

35. A recombinant DNA.molecuIe as claimed in claim 34,
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of -a substantially non-téxic precursor pol ypeptide encoded by the

gene SQgUERERs 4, A pol ypeptide as clai ned P@n@%&mﬁbﬁped'ng
claim iIn whi ¢ - e conprises an anmno acid sequence ,
t hat corresponds oga tLuncabed £eiinl of the amino acid - sequence of a-
substantial | y nonijt oxi cs preeufsor ) 54 polypeptlde 5. A

pol ypepti de as cl ai : i ch '~ amno acid sequence
of the polypeht1 o e§5§ﬁ§§q; CPW@rlses a Qﬁcﬂ&°ddFﬁssequence of the

precursor pol ypeptide with truncation thereof principally at the
carboxy (C) end. 6. A pol ypeptide as clained in claim5, in

\3@};3235 34 I UNCAti W riisSi b A mﬂai(éctﬂ@%b@vam@gégoagﬂ WO

7. A pol ypepi i dked asn nﬁctﬂdmaﬁyu@‘m dedidWithd @nBler AccessiBnWhich the
pol ypepti de am no acid sequence in addition * corresponds to the
precursor pNgpepit I8 aad4dR aci d sequence truncated at the am no end:
(N). 8. A pol ypeptide as clained in claim7, in which the
truncation is by less than 50 ami no acids, and desirably by 7 or "28
am no aci ds.

37. An express;on vector comprising a truncated form aof

a gene generally as claimed in any of claims 14 to 26.

38. A cell, such as a viral or bacterial cell '_
transformed with a recombinant molecule substantially as

claimed in any of claims 33 to 37.

39. An insecticide comprising a toxin substantially as

claimed in any of claims 1 to 13.

40. An insecticide as claimed in claim 39, in which the
insecticide is so as to be administered orally or

topically.

41, An insecticide as claimed in claim 39 or claim 40,

in which'the insecticide compfiseé a.spray.

42. An insecticide system comprising means for
éxpressihg a truncated form of a gene to produce a toxin
substantially as claimed in any preceding claim in an

insect to kill or incapacitate the insect.
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9.~ A pol ypepti de as - any pneqedlng claim in whi ch the
ami no aci d sSREHRIBDT [t he poL_yp _c{@a,t-_‘_s' " .. honol ogous t PCIHBHHIH
aci d sequence of the i ALY Jc neur ot oxi n

[err]-Latroi nsectotoxin ([err] LI 1) or—am - 55 -active derivative thereof.
10. A pol ypeptide as clainmed in any preceding claim in whi ch the .
pol ypepti de conpri $8s anAanineeatidideqsegstemass claimedhbaeldidSEP,DNGL
and SEQ DNO2 or an active derivative t her eof . 11. A

pol ypeptide as cl aiféghi #hgnynpeetididg eyatem temprises ghvitel hexpresisioins
expressed froma nucleotlde construct or truncated form of a gene
sequence conprisingYgtem. sequence as shown in SEQ DNO1, or active
variants t her eof . 12. A pol ypeptide as clained in any
preceding claim in nucl eotile sequence conprises a base

b lgl ' ! d d
Accession Mo, NCIMS 40633 ot TG C Rt PEndroten Sk (1 ERLAEE' 2T CERRE A7 1"

and Marine Bacteri gnliich %t@d- viral ex&?es51€hp9%¥9§ﬁl@9ﬁbg§s§§q¥qﬂﬁﬁuﬁﬁl us
claimed in any one or Clains 9 to 16 in which nucl eoti de sequen ce

codes for a pol ypepixipde skavnngygbeaM No aci d sequencc as shown in

SEQ DNO1 and SEQIDNO2, or an active derivative thereof ' 18. A
pol ynucl eoti de sequence as clained in any one of Clains 9 to 17 in which
t he nucl eoti de sequence is a cDNA derived from nRNA by the use of an
enzyme such as 45revers@lensnsomppiaieg a genetically modified cell

containing a truncated form of a gene sequence

substantially as claimed in any of claims 14 to 26.

46. A non-human animal comprising a genetically modi-
fied cell containing a truncated form of a gene sequence

substantially as claimed in any of claims 14 to 26.

47. A toxin formed by processing of a substantially

isolated non-toxic precursor polypeptide.

48, A toxin as claimed in claim 47, in which the toxin
is formed by truncation toward the carboxy (C) end of the

precursor polypeptide.

49, A toxin as claimed in claim 48, in which the toxin
amino acid sequence generally corresponds to the amino
acid sequence of the precursor polypeptide, truncated by

between 150 and 200 amino acids.
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10 19. A pol ynucl eotide sequence as claimed in any one of Clains 9 to 18

|n whi B ? nucl eot'i de sequence is an oIigonucleogbﬂéjggﬁkgpnstruct.
po ynucleotLde as.clalneduln any one of -C ai ns
n the formof a reconbinant DNA rmol ecul e.

characterlsed “nnmhat st i
l s claémed in daim20 in which the -

21. A reconbijnant DNAtnDtecule
nol ecul e 15 &hﬁ§§§$s= """""" ' . 22. f,A reconbi nant DNA nol ecul e as
clained in A% m 9Xhigsh SlRd mES dBuREY °F d8idsi 4dsta BReutBvirus.
23. A recqi ha |Hyéjw%£n%(gﬂyn% %% G alred i Cla¥n120 substantially as
t S tndar TRERESSP

provi ded in m-croorgani sm e oS ndér dn No. NCI MB
40632, 20 ¢ Ahcat fih ROYAPHE \é‘ﬁﬁ%r( TS0 el BHAERLEH: OL M of 2

gene generally as clal in any of ai s A

virus or ceuolgagatga%ehdxﬁaeyagﬂ seehbﬂc@ransforned with a.reconbi nant
nol ecul e WO 95/ 29235

- PCT/ GB95/ 00917 18.. A nucl eotide sequence as clained in claim
17, in which the truncation is by |l ess than 100 nucl eoti de _
bases, and dekirabhytdnireiasherlagmesr 121 cladimedil ddrhatdsh the 19. A

nucleotlde sequence as  claimed in any of clains 14 to 18, in which
t he nucl eot i ‘e ¥Rk it BT efserdh(H‘et gmino endyg s(ﬂ’fgr‘d'FdéﬁQtéMCOdl ng for a
neur ot oxi n |n t i der gLatrodectus

Tact ans A DFed SRR Hne raoment” sl ehviad, o ARl he ops

P& 8BF -
20. A nucl eoti de sequence as clained in claim19, in whi ch the
nucl eoti de sequence corresponds to part of the
52. A toxin as claimed in claim 50 or claim 51, in ' (

which the fragment cleaved off comprises 7 or 28 amino

acids.

53. A toxin &s claimed in any of claims 47 to 52, in
which the toxin has an amino acid sequence corresponding
to a polypeptide encoded by part of a gene of the Black

Widow Spider (Latrodectus mactans Tfedécimguttatus).

54. A toxin as claimed in any of claims 47 to 53, in
which the toxin comprises or is an analogue of the insect
specific neurotoxin ‘S-Latroinsectotoxin ( J-LiT), or an

active derivative thereof.
55. A toxin as claimed in any ef claims 47 to 54, in
which the taoxin comprises an amino acid sequence as shown

in SEQIDNO1 and SEQIDNO2 or an active derivative thereof.

56. A method of producing an active polypeptide from an

This Sheet Has Been RTlaced




ene encodi t hrecur soff” ot ypept i ge; of -k nsect specific toxin
?err]-LactoMQ@B&%’%ﬁxi n ([ rT?]-I_gi,s_';IE);,_Mqrr;-;a an i active deri PGl/cHas00917

t her eof . 21. A ~eotde-sequence’ as clainmed in any of clains
14°to 20, in which the nucl eotide sequence eosies-for a pol ypepti de
conprising a sequence of 991 am no aci ds. 22. A nucl eoti de '
sequence as cl ai medSsiehadfy dMagtdvRsPrecursorpedbypeptide whtod ndthod

nucl eoti de sequence conpri.ses  a , b@ﬁe sequence as shown in SEQ DNO1,
or an active CORBFFA9y & TURERELRY the isolabed Pracupseegineeptide.
sequence as clained in any of clains - .14 to 22, in which the

nucl eoti de sequences conprises a WO 95/ 29235

PUT/ GB9S/ 00917 57, A method as claimed in claPf 56, in whESE geduence
substantially as conprised in a mcro- or gani sm Heposi t ey urtfer
Accession No. NCI NBoAQR32 afrecursor pBeyPebtonal iEottertions of dndustrial
and Mari ne 24. A nucl eot1 de sequence as clained in any of

cl ai s 14 t §a2Boxiyrl wmidch t he nucl eoti de sequence codes for a

pol ypepti de having-an am no acid sequence as shown in SEQ DNO1 and
SEQ DNO2, or an active derivative thereof. -

58. A method as claimed in claim 56 or claim 57, in
which the truncation is effected using proteolytic

cléavage, and preferably by site directed mutagenesis.

59. A method as claimed in any of claims 56 to 58, in

which truncation of the N terminus may be provided.

60. A method as claimed in claims 56 to 59, in whibh
the active polypeptide is a toxin and is.substantially as

claimed in any of claims 1 to 13, 47 to 55.

61. An isolated'nucleotide base sequence encoding for a
toxin precursor polypeptide with an amino acid sequence

as shown in SEQIDNO4 or a derivative thereof.

62. An isolated base sequence comprising a base

sequence as shown in SEQIDNO3 or a derivative thereof.

63. An isolated base sequence as claimed in any of
claims 61 or 62, in which the nucleotide base sequence

encodes a precursor polypeptide of the neurdtoxin

. L
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25. A nucl eoti de sequence as clained in any of clains -~ 14 to 24, in
whi ch {Beshék eoti de sequence is a cDNA derived immm-)by t he use
of an enzynme such Lever Se= | transcrlptase _ .
nucl eoti de se U’ﬁ@é:aé clalnB@Nlﬁ any % cl ai ns 14 to 25 |n whi ch

t he nucleotlde‘ equengesks-an __ M |gonucleot|de DNA const ruct produced

per haps u5|ng{1¢§%¥ﬁinse EH%&QEH’ S JQQqUn reacti on (PCR). 27. A
nmet hod of producing a po ﬁypeptlde t he et hod conpri sing producing a
reconbi nant DNA nol ecul e conprising a truncated formof a gene, and
expressing the truncated formin a host expression system such as a
viral or bacé&rial Amxpsebst e e egquende adiestdrteially as @Qb&ﬁ@@ﬁ'de

28. A method as clainmed in claim27, in which the A

pl ant conpri &hnghe @e#mnaIgﬂﬂ3smnihﬁq&xtaﬂﬂundnnnknaasg}qm m@Iynucuaetlde of
seqguence corres?ondlng to a truncated formof a gene sequence substantially
as claimed i any of Clains 9 to 19. 43. A non- human ani mal
conprising a genetically nodified cell containing a 5 polynucleotide of
sequence corresponding to a truncated forn1of a gene seguence

substantlallg as CA&IQE%& {haggquA(%éyec cr]c"ionoliJysloubqlId@El_qln‘&l']lc&nrne*thod'of :

pI’OdUCI ng an aCtIVG I NS speC| C neuro OXI

| solated | naghbyeaRE eEH{$ ks NOL Y3 d1Y1dW Ak Al N ag] ¢ sequence

corresponding to e |nsect speci fi¢c neurotoXin _
“[err]-latroinsectotoxin ([err]-LIT) present in the venomof 10 the Bl ack
W dow Spi der (Latrodectus nactans Tredeci nguttatus) or an active derivatige

or anal ogue é&ereoh, rédembidrod iU IS8 Ngs ta LEDeEd NOh td e ins @53t a6
precursor pol ypepti de.
which the molecule comprlses a virus.

67. A recombinant molecule aé claimed in claim 66, in

which the virus comprises a baculovirus.

68. A cell, such as a bacterial or viral cell,
transformed with a recombinant DNA molecule substantially

as claimed in any of claims 65 to 67.

69. An insecticide system éomprising means for
expressing a base sequence substantially as claimed in
any of claims 61 to 64 to produqe a precursor polypeptide
gnd to process the precursor polypeptide to_produce a

toxin in an insect to kill or incapacitate the insect.

70. An insecticide system as claimed in cLaih 6%, in

which the system comprises a viral expression system.
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45’ A net ainmed in Cla|m44 |n whi ch the |solated precursor '
pol ypept i dewgggﬁgﬁgt r un% | end. CTEBROAMNAY as

clainmed in Claim44 or 45|i “‘\‘/\ﬁ1 t;*ﬁ' the ‘tkH}thtlon S effect ed using 15

pr ot eol ytic cl eavage. ATENLARE rfet_hod__‘-asgcl.ai med in any one of O ains
44 to 46 in which truncatlon of the —~ Ntermnus is provided. 48. -
A met hod as cl ai med Tn amn oirsesft i igiems y44 emo 847 cilm iwleidc i nt led aamt BY® in

pol ypepti de’ tOXI n substantially as clainmed in any of Cains 1 to

8 and 37 to 43. Zd”‘sz he phi Tado|atPed SSdiommsisesm Geomendseisngatoloaitaexin
precursor pol ypeptide with an amno aci d sequence as shown in SEQ DNO4
or a derivative thereof. 50. -An i sol ated pol ynucl eoti de conpri si ng
aghase sequence as spown 4 AR b Yeing o 3eHREEANNYCnbTHESh cen

PCT/ GB95/ 00917 contaldihdwﬁ(Hhéﬂgiﬂﬂaee%%H?egg@psu%%%agfggﬁggggﬁaufﬁémed

36. A reconbi nant DNA nol ecul e substanti al

m cr oor gani sm deposin eshyngierc ACRS¥10no 64. No. NCI MB 40632.

37. An expression vector conprising a truncated form of a gene
generally as clainmed in any of clains 14 to 26. - 38. A cell, such
as a viral or bacterial cell transfornmed with a reconbi nant nol ecul e

substantially as 73- ch ft%fdhymernamp iofa lc lcaimps 133 nigo a3genetically

_modified cell containing a nucleotide sequence

substantially as claimed in any of claims 61 to 64.

74. A novel ‘toxin substantially as hereinbefore

described with reference to SEQIDNO1 and SEQIDNOZ2.

75. A nucleotide sequence substantially as hereinbefore

described with reference to SEQIDNO1.

76. An isolated polypeptide substantially as
hereinbefore described with reference to SEQIDNO3 and

SEQIDNO4.

77. An isqiated nucleotide sequence substantially as

hereinbefore described with reference to SEQIDNO3.

78. Any novel subject matter or combination including
novel subject matter disclosed, whether or not within the
scope aof or reléting to the same invention as any of the

preceding claims.
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39. An insecticide conprising a toxin substantially as _

any of we @&j293ssl to 13. 40. goAn insecticide aspglaby i.n claim

39, in which the pEL Rt

t opi cal | freceived by thellnteraationskdureawl@nass sepiamberi 996! @igT08Y50k ¢l ai m
iariginadhclaiasi hi8crepiaded bynpmérgess claimpriayd (9 pages)] 42.  -An

I nsectici de system conprising neans for -

40,

i nsect i AMENDEDSCIAIMS'S t0 be adnminr's

of a gene tad. pr oducectivet inxéch specific newotrsdrpblypeptided Torhedl BR Sxprassiidy of a
precedi ng cl ai c@téd"fan : . insect to kill or 1ncapacitate the insect.

WO 95/ 29235 trun

orm of a gene sequence corresponding to part of PgmecRoEiND Mt Zn insect

.

rally or

clained in

expressing a truncated form

. 55 . . J o) Y . ima42, in -
whioh the i RS neuns RS LERETdTLARE Bhck VAR Spidbs . ofectis rgelns
44. - AnSi nTeadetimgintang); oean amaloduitiisrebfi N cl ai m 43, in whi ch t he

viral expression system conprises a baculovirus
45, A plant conprising a genetically nodified cell ( .
truncated form ofy BoBpRfdeH Bififled in any prdBERE kil ' Fick' R Pofplgkd™Y. ©f

10

15

2C

corresponds to a toxic derivative of a substantially non-toxic precursor polypeptide encoded

by the gene sequence.

3. - A polypeptide as claimed in any preceding claim, in whic_h the polypeptide
comprises an amino acid sequence that corresponds to a truncated form of the amino acid

secjuence of a substantially non-toxic precursor polypeptide.

4 A polypeptide as claimed in claim 3, in which the amino acid sequence of the
polypeptide corresponds to the amino acid sequence of the precursor polypeptide with

fmncé.tion thereof principally at the carboxy (C) end.

5. A polypeptide as claimed in claim 4, in which truncation is by about 150 to

200 amino acids.
6. A polypeptide as claimed in any of claims 3 to 5, in which the polypeptide amino
acid sequence in addition corresponds to the precursor polypeptide amino acid sequence -

truncated at the amino end (N).

7. A polypeptide as claimed in claim 6, in which the truncation is by less than

50 amino acidé and desirably by 7 or 28 amino acids.

8. A polypeptide as claimed in any preceding claim, in which the amino acid sequence
of the polypeptide is homologous to the amino acid sequence of the insect specific

neurotoxin &-Latroinsectotoxin (6-LIT) or an active derivative thereof.
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467 " A non-gy i mal conprising a genetically nodi- fied cell
cont ai ni ng a runca ed formof a gene segyence subst afCT4FRIN00947
clalmedln any of clainms 14 to 26. 47. A toxin formed by

e go %9 A s o, 381 B B AR, Sl S5 YA e
t oxi n i s f@bxlﬂipdsés)antdhﬂﬂé aé:d%eqﬁeﬁﬁéiésjshbﬂﬁ i SEQQDNO@ @hd ‘SF@%IBNO@'B‘?M active
precur sor pol ypept.i de. : A toxin-as clainmed in c

which the toxin derivativgthesepfaci d sequence general ly corresponds to the
am no ~acid sequence of the precursor pol ypeptide, truncated by
bet ween 150 and 200 am no aci ds. WO 95/ 29235

PCT/ GB95/ 00917  10. A Bélypeptifie b9 ¥lafin@PinGhiprReting cRRY 1walﬁél?{h€‘fm&1¥ istékpftSsed
in which the toxin amino acid sequence is fornmed b

truncation towdr dftomea awsleetidergonsmet of truneated fermuofmgene sequencpodu;zmqmg alsequence
am no aci d sequenge, oxin as.clapnmed in claim50, in
whi ch t he i\lboﬁpg’hltnscq%m Pf?ﬁﬁvfﬁénﬂﬁ? 8re8f1d is significantly

smal | er than the fragment cleaved fromthe car boxy end. 52. A
toxin as claimed in claim50 or claim51, in

11. A polypeptide as claimed in any precedmg claim, in which the polypeptide is

expressed from a sequence substantially as provided in a microorganism deposited at

The National Collections of Industrial and Marine Bacteria Lumted under Accession
10 No. NCIMB 40632.

12. A protein for use as a toxin comprising an amino acid sequence substantially as
shown in SEQIDNOI and SEQIDNO2, or an active derivative thereof.

13. A nucleotide sequence comprising a truncated form of a gene sequence,
corresponding to part of a gene encoding for an insect specific neurotoxin present intthe
15 venom of the Black Widow Spider (Latrodectus mactans'Tredecimguttatus) or an analogue

thereof, for use in the expression of an active insect specific neurotoxin polypeptide.

14. A nucleotide sequence as claimed in claim 13, in which the nucleotide sequence
cori‘esponds to a gene encoding for a precursor polypeptide and truncated at the 3' end

thereof, or an active derivative thereof.

20 15. A nucleotide sequence as claimed in claim 14, in which _the nucleotide sequence
corresponds to the gene truncated by about 400 to 650 nucleotide bases, and desirably
between 550 to 600 nucleotide bases. '
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which the fragnent cleaved off conprises 7 or 28 am no aci ds.

53.. Awvboxpapses clainmed in any of claims 47 to 52, in “which the
toxin has an ami no aci d sequence cor rggspondi ng t&"?‘fﬁ?ﬁ@% ptide
encoded by part of a gene of the Black W dow Spi der (Latrodect us

mact ans Tr edggi [
clains 47 to 53”?11‘1?}1‘:@1%6@& sec\%lﬁncehascaérﬁté%% nécggrr%irx# 1?“3# tg?]ﬁ‘l‘ ée of

the insect sequencesprrespbnds todhe genextiuncited afjthé Sitherbors ect ot OXI n( [err]-LIT),
or an active derivative thereof. 55. A toxin as clainmed
in any of clains 47 to 54, in : ‘whi ch the toxin conprises an am no

aci d sequencgr.as ghRwotide sequex'xd% as 'cidimby f{xoﬂﬁﬂ} ?&ér Og}ﬁ)éht&r ﬁgﬁafo%l}%gy less

derivative thereof A et

pol ypept i de mamm(hmclmudewaﬁdtﬂgﬂﬁﬁably by either 84 or 21 nucleotide bas895/ 00917

- 57 - I sol ated inactive precursor polypeptide, the nethod
conprising truncating the isolated precursor polypeptide. ' 57. A

gg]f Dgg - ??:ag' liﬁs ”}[3% @g%ﬁﬁ%&&n&é‘a"@hﬂl&éﬂ ny oFe gia%%s L et(oj 19r oW gigpe
met hod as clmicleotide sequénze corbéSpandsad partofife géne encodmg the precursor polypeptlde of

insect specific toxin 8-Lactoinsectotoxin (8-LIT), or an active derivative thereof.

19. A nucleotide sequence as claimed in any of claims 13 to 1.8, m which the nﬁcleotide

sequencé codes for a polypeptide comprising a sequence of 991 amino acids. ' ‘

10 20. A nucleotide sequence as claimed in any of claims 13 to 19, in which the nucleotide
sequence comprises a base sequénce as shown in SEQIDNO1, or an active derivative
thereof. |

21.  Anucleotide sequenée as claimed m any of claims 13 'to. 20 m which the nucleotide
sequence comprises a base sequence substantlally as compnsed in a tmcroorgamsm

1! deposited under Accesswn No. NCIMB 40632 at The Natlonal Collecuons of Industrial and -
Marine Bacteria Lumted

22. A nucleotide sequence as claimed in any of claims 13 to 2l,in Which the nucleotide
sequence codes for a polypeptide having an amino acid sequence as shown in SEQIDNO1

and SEQIDNO02, or an active derivative thereof.

20 23.  Anucleotide sequence as claimed in any of claims 13 to 22, in which the nucleotide
sequence is a cDNA derived from mRNA by the use of an enzyme such as reverse
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which the tr, p is effected using proteolytic cl eavage, and
‘l}’%@% 39%“ rect ed nutagenesis.

pref érably 59. A metP(dE-B80091%; ned
in ény of clains 56 to 58, in whi ch truncation of the Nterrn'nus ‘may
be "provi ded. t hod as Lai din ms 56_to 59

whi ch the &% ve‘9 BB‘FI%E%%?%“?%“& S‘ﬁ%af‘ﬁwdéﬁ ain shich ﬂegnucleonde

claimed in any of sehaéngs idah Bhé@hucgeZua@D{f@x construct Xyl)rodlﬁ:];:d erhégs '11§1B ypegglyrgerase

nucl eotide base sequence encodrng for a precur sor

with an am no aci ccheingeastioa (PCR). as shown i n SEQI DNO4 or a der| vative
t her eof . 62. An isol ated base sequence conprising a base
sequence as ‘shown in SEQ DNO3 or a derivative thereof. 63. . An

i sol ated base sequgyce @&eﬁhﬁ'o‘ﬂ?ﬂ)dh&ng Q)Sof'}gﬂmde as claitle® i Blafid 1 the ﬁl%thoh @oxggnsmg

whi ch the nucl eoti de base seque codes a precursor polypept
of the neurotoxdn producmg\ﬂe@a'mb‘iﬁﬁﬁENA molecule compnsmg a W%Q gene as claimed

_ 58- -ta t.ot A | at ed
base sequenc[ee;lrj]bslf‘aﬁi?‘ %&%@%&P&&B"r rcated form ina l}%?’&%ﬁj&‘ﬂ Sgﬁt""'rsﬁ? such as a -
deposi ted under AcgeehRkpNAsioh's)tEn, to prédiiid the polypeptide.

26. A method as claimed in claim 25, in which the polypeptide produced is an active

toxin substantially as claimed in any precéding claim.

10 27. A method as claimed in claim 25 or claim 26, in which the truncated form

comprises part of a gene which encodes for a non-toxic precursor polypeptide.

28. A method as claimed in any of claims 25 to 27, in which the truncated form

comprises a nucleotide sequence substahtially as claimed in any of claims 14 to 24.
29. A method as claimed in any of claims 25 to 28, in which the expression system
15 comprises E. coli BL21 (DE3) bacterial cells transformed with pT7-7 vectors comprising

the truncated form of the sequence.

30. A method as claimed in any of claims 25 to 29, in which the expression system

comprises a baculovirus system.

| 31. A recombinant DNA molecule comprising a truncated form of a gene encoding for

20 atoxin generally as claimed in any preceding claim..

32. A recombinant DNA molecule as.claimed in claim 31, in which the molecule

co_mp_ris;s a virus.
1!. f A F ,'a

H
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65. A reconbi nant DNA nol ecul e conprising a sequence substantially *

as cl awoad/2erssany of clains 61 to 64. 66. g;g {]It nol ecul e
as clainmed in claim65, in Whlné t he nol ecul e corrprl é Vi rus. R
67. A reconbi nant nol ecul e as cl ai in claim66, in .Wwhich the = °
virus conprixes A faémbRitht DNA molecule as dfimed i * acterial

or viral cell, transformed W th a reco W@I nan 3?Dl\’l§v?r%ale(§llﬁ ofecule
subst anti al q:gmpnsesabaggom; med in any of clainms 65 to 67. : 69.

An insecticide system conprising neans for expressing a base
sequence substantially as clained in any of clains 61 to 64 to
produce a p3gcur A0kecHRbMBRAPDNAE molecule suBSant recur sor

pol ypeptide to produce a - t oxin sf n an afPl pe{s%rﬁ?xﬁeikﬁf W‘ﬁrﬂ?fﬁ?fﬁ%?t ate
t he i nsect . deposited undef fccession NonNEIMB:4G632syst em as claimed in-claim69, i n
whi ch the system conprises a viral expression system WO 95/29235
PCT/ GB95/ 00917 - T1. An insecticide system as claimed in claim
69, in 5 35 WaheRpleSfor vécdr Ripr 'a‘%ﬂléxﬁ g:lﬂn q}*? Ay

72. A plant conpr ?glfeng a genet | calg?‘ *?&e Meh? §ndh Al ds Udife

in any of claims 14 to 24.

36. A cell, such as a viral or bacterial cell transformed with a recombmant molecule
substantially as claimed in any of claims 31 or 35.

37.  Aninsecticide comprising a toxin substantially as claimed in any of claims 1 to 12.

10 38. An insecticide as claimed in claim 37, in which the insecticide is so as to be
administered orally or topically. |

39. An insecticide as claimed in claim 37 or claim 38, in which the insecticide

comprises a spray.

40.  An insecticide system comprising means for expressing a truncated form of a gene
15 asclaimed in any one of claims 13 to 24 to produce a toxin substantially as claimed in any

preceding claim in an insect to kill or incapacitate the insect.

41.  An insecticide system as claimed in claim 40, in which the inSecticide system

comprises a viral expression system.

42.  Aninsecticide system as claimed in claim 41, in which the viral expression system

20 comprises a baculovirus expression system.
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contaihing a nucl eoti de sequence substantially as clai ned I n any of
clains 61 tJv@3529238 73. A non-human ani mal conpri si R§T#&BIS00917
genetically -~ nodified cell containigsg a nucl eoti de sequence
substantially as clained in any of claing 61 tq,_64. . 74. A novel
toxi n substantial % as %@F@i?ﬁﬂéﬁ?‘gagﬂemaﬁy ’H@‘g‘qu‘E?é‘@Wng@ﬁ@@’@d’fagme
SEQ DNO1 and SEQ dte bstantially #slaimef i SR44iRS 18 nce substantially
as hereinbefore ncesegcrl%lgd vvi%l ré‘lfi]gh‘r;}lence to SE‘QQE%NOL 76.
An isol ated pol ypeptide substantially as her ei nbef ore descri bed

with reference to SEQ DNO3 and ) SEQ DNO4. e LT An

i sol at ed nucl eoti d‘g seﬁ:@%&“%ﬂb%?%ﬂ’&u’&é genetically madified cefl ¢ontaining a tnmcated
described with refgrepes &fsﬁgn% tantiall lairr%ﬁ-' ],A&yl I | ect
matter or conbination fng%u I Ng s no%gicsu jé%?‘n natct£ei?1\é§i3sfgﬁg‘sed,

whet her or not within the scope of or relating to the sane

I nvention as any of the cedi ng cl ai frs. .95/ 29235
60 45. A to:ﬁm{o@&ﬁgdggqegssing of a substantial}/)\pisolr’ated non-toxic precursor

EEED A AR B b8 R S T

pages) ] 1.neurotdiin grésent in tisee venonp axfi the BlaskuWitdowi Spider (aepiécthes, mactans
formed by expression_ of a truncated form of a gene seguence
correspondi ng t o pafdecErgEtaBhe encoding for an i nsect specific

neur ot oxi n ‘present in the venomof the Bl ack Wdow Spi der (Latrodectus
nact ans ) -

10 46. A toxin as claimed in claim 45, in which the toxin is formed by truncation toward

the carboxy (C) end of the precursor polypeptide.

47.  Atoxin as claimed in claim 46, in which the toxin amino acid sequence generally
corresponds to the amino acid sequence of the precursor polypeptide, truncated by between

150 and 200 amino acids.

15 48 " A toxin as claimed in any of claims 45 to 47, in which the toxin amino acid
sequence is formed by truncation toward the amino (N) end of the precursor polypeptide

amino acid sequence.

49. A toxin as claimed in claim 48, in which the _fragment cleaved from the amino end
is significantly smaller than the fragment cleaved from the carboxy end.

20 50. A toxin as claimed in claim 48 or claim 49, in which the fragment cleaved off

comprises 7 or 28 amino acids.

51. A toxin as claimed in any of claims 45 to 50, in which the toxin comprises or is an
analogue of the insect specific neurotoxin $-Latroinsectotoxin (8-LIT), or an active

. .,.deriva_;ive_ thereof.
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5 Tredecinguttatus), or an anal ogue thereof. . A pol ypeptide
as cl agadkposssany preceding claim in which the polypep

corresponds to a toxic derivative of a substantially noﬁéﬂgﬂ‘woﬁ’r Tecur sor

pol ypepti de encoded by the geneggequence.
pol ypept i de5as CLAaloRﬁihslclhuﬁéWmﬁh?éﬁdhﬂﬂ 4865 Min iuic Hgﬁ&{axmﬁgg e\é%ﬁptl dE

10 conprises an anmino acid sequence that correspon

of the am nGmééFQPence as shosain Ddi01 and SEQIEthIZ@khyaMdeﬁ%aﬁiveﬁh&EM SOf
pol ypepti de. 4, A pol ypeptide as clained in claim3, in which
the am no acid sequence of the pol ypepti de corresponds to the amino
aci d sequengg. of A hethvd @ducm@%weﬁvéhﬂect &difi her eof
principally at the car boxy (O .end. \Qg cneuroto p&%{é&;@@la& med
in claim 4, ISOrPt%!@qumqrmlm lalymgtan]mnb acld sequence&ﬁre’sﬁam @i ds.

) | d f. cl wh
ol ypept 30! VAP R bA e Sl bl B b Qb A et O i Bk Jeidow Spider
precur sor pgl,a&maémﬁmt&@%é&bﬁé&&%&)n% method c?ﬁxFﬂr'lnﬂ.@E : nc%gtctﬁee {sﬁfé}eﬁo end

(N). 2C 7. pol ypepti de as claimed in c

truncation psecworn@mmde 50 ami no acids and desirably by 7 or 28
am no aci ds. - 8. A pol ypeptide as clained in any preceding
claim in which the anino acid sequence - of the polypeptide is

horol ogous 54, t ha, Reihod a8 ¢laime® A QRELSDlin WhicH e §ola téP@%lk%& Cpolq,pegpﬁ/g

neurotoxin [err]-Latroinsectotoxin ([err]-LIT) or an a

thereof.  truntegatigoQarboxyl end.

PCT/ GB95/ 00917 _ . 61 9. ‘
pol ypeptide as claimed in any preceding claim in which the pol ypepti de
conpris ags.am ARmSIONE

active 9 9%, delra‘?c\?gﬁoef tE %gﬁggﬁ l%ﬁgﬁh%él g""? g‘g %Eq:{ffl

in any pr ecusihggrotéalytiq cleavaghlan&ptdﬁcrablpbymtedirecteﬁmﬁgdnes;s 5 from a

nucl eotide construct or truncated formof a gene sequence conprising a
sequence as shown in SEQ DNO1, -or active variants thereof.

11, A pol ypept hdgepindChsAbiaRibd B ﬁ@mogegggﬂ'gggg%%'b@}%wh %sﬁlgg % g\c;l ded

pol ypeptide is expressed f

in a m cr ooNgemiinus quoddedd at The National Collections of
I ndustrial and Marine Bacteria Limted, under Accession 10 No. NCI MB
40632. 12. A protein for use as a toxin conprising an am no

acid sequengg s UR%&H&%}Q é%ﬂ& in claims 53 t& 56A \a}}ﬁbhﬁﬁgamejpomgpt’%:e% % O

an active derivative thereo
15 andis substantrally as claimed in any of claims 1 to 12,45 to 52.

58.  An isolated nucleotide base sequence encoding for a toxin precursor polypeptide

with an amino acid seqtience as showr_r in SEQIDN04 or a derivative thereof.

59. An 1solated base sequence comprising a base sequence as shown in SEQIDN03 or

- a denvatlve thereof,

20 60. An isolated base sequence as claimed in any of claims 58 or 59, in which the
nucleotide base sequence encodes a precursor polvpepude of the neurotoxin

-Latromsectotoxm (8-LIT).
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137 A nucl eoti de sequence conprising a truncated form of a gene sequence
correspondi nNYOPF2PdFt of a gene encoding for an insect speci FRCI/GRISIOONDXI N
pregsent ‘in the 15 venom of the Bl ack V8Zow Spi der (Latrodectus mactans
TredeC| nguttatu or eof use in the expressjon
of an active |nﬁct s{%{elch?é QB%SSF%%{:} S#bs%?fgl pragaedmzﬁe m‘°r°°r§¥“5£dﬁ’°s“ed .
nucl eoti de sequander Ascesdion NodNCIMB 40638.13, in Wm ch the nucleotide
sequence corresponds to a gene encoding for a precursor polypeptide
and truncated at the 3" end. t hereof, or an active derivative

t her eof clained in,claim 14, .in _.
whi ch the nucI eo i de sé‘{?ﬂ‘g’#@éspbm E%ghll%%@ﬁgﬁagaﬁﬂufﬂ%e S@’Qﬁémtaﬂéfr?éétaé‘ﬂew
about 400 to 65Q@npaftlaihs SBtogises, and desirably bet ween 550 to 600
nucl eoti de bases. WO 95/ 29235 _

62 PCT/ GB95/ 00917 16. A nucl eoti de

sequence as di 13.1.0 in i.ch,t he, nucl eoji de
sequence cor r es m;‘gehds &m%{’]%'e gL &f&‘;{ﬁﬁ’sac[l%gleégﬂ Flgim 8¢, dn yvjluc[hﬁg Eﬂke.c“'lte comprises
17. A nucl eot iadgrugsequence as clained in claim 16, in which the truncation
is by less t han 100 nucleotide bases, and desirably by either 84 or
21 nucl eoti de bases A nucleotlde sequence as clained in any one
of clains 13 to in cle uen rresponds to
part of the gen& nc@df%@mﬁ’ EF‘@!:%HS&S %dt“ﬁ%é}bf P’&b Which gt"°mlms"s a
specific toxin bmmﬂwﬁﬁpt0|nsectotOX|n ([err]-LIT), or an active derivative
t her eof . . A nucl eoti de sequence as clained in any of clains 13
to 18, in which the nucl eoti de sequence codes for a pol ypeptide

conprising a se nc of 99 cl eoti de
sequence as cl a% 1‘Faﬁlaa ”r?ge“fgmf 3“&'9“?1 Ha%ﬁ‘?re’r?ﬁt A esqmakinant DNA
sequence conpy i me@mwwmmm ficiSEG NG, or an active
derivative t her eof : A nucl eot1 de sequence as clainmed in
any of claims 13 to 20, in which the nucl eot i de sequence conprises a

base sequence sybstanti al | r| sed i,n, a mcrogQrgani sm 15 deposited
under Accessi on%%o %@ KB‘B%? SYFtem, CORPFISIPR Mea8S| 9L EXRIRSSINGr 2| PRs§s saquenice
and Mari n
olai med i nany S e & ki3 any of lptms ip 61 fpide bkt 1l pRucna
codes for a pol yqnpmtcssehdmcmgprqml)qnpmhem@roﬁmeqmmmmnsdwwhllmrﬁﬁ@dahﬂ&
and SEQ DNO2, or, an active derivative thereof. 20 23. A nucl eot | de
sequence as cl aittfissch any of clainms 13 to 22, in which the nucl eotide
sequence is a cDNA derived from nRNA by the use of an enzyne such as
reverse transcri pt ase.

15 67.  Aninsecticide system as claimed in claim 66, mwh1ch the system comprises av1ral

expression system.

68. An mseenczde system as claimed in claim 67, in whxch the viral expression system

comprises baculovxrus

69. A plant comprising a genetically modxﬁeg} gﬂl gontammg'a nucleotlde sequence

.20 substantxally as claimed in any of claims 58 t 6][ . "':} A

e e 1

A non-humanammal comprising a geqetxcally modified cell contmmng a nucleotide

L5 ety

' ‘ sequettce substanttalky as claimed in any of claiis 58 to 6t
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WD 95/ 29235

PCT/ GBX99896a3s |

A nucl eoti de sequence as claimed in any _of clains 13 t()quungﬁmﬁﬂ7ch t he
nucl eoti de o sequence i s an ollg&ﬁucleotlde DNA construct produced -
perhaps usi7hg t Aengel toxir substantially as hereinbéforerdeacived with P ence to SEQIDNO 25.

A net hod of féﬁé ﬁ@g a polypeptide as clained i'n claim1, the netho
conpri si ng ﬁ@ uci ng a reconbi nant  DNA nol ecul e conprising a
truncated form of a gene as cl ai ned in claim 13, and expressing the
truncated formin a host expression system such as a bacteri.al '
expr essi on73yst érucleotjieceiquence ebspmtizlyepd heteinbefore described?With reférefisd iE')Od as
clainmed in_g & in which the pol ypeptide produced is an active

toxi n substHA &b y as clainmed in any preceding claim 10 27. A
method as clained in claim25 or claim26, in whi'ch the truncated form
conprises part of a gene which encodes for a non-toxic precursor

pol ypeptsi d@3.  An 1solaIedZiﬁlypepwdermtbhmhﬂl§r o lhateifitdfore deseribed with 3feRnddtol © 27,

ubst ant i aPERANOE RaE SEGIDNOAny of claime 14 to 24 2o A

method as claimed in any of clains 25 to 28, in which the expreSS|on system
15 conprises E.coli BL21 (DE3) bacterial cells transforned with pT7-7
vectors cofiri siAngisolated nuclédtitlet seqiiticé Gdbstaitinlof ast BeinBsfuRNa&cribed with

30. A net hod as clalned |n any of clains 25 to 29, in which the
expresmtnﬂ%?@? Gsrip SEQID eonprlses a bacul ovirus system :
reconbi nant DNA nDIecuIe conprising a truncated form of a gene encodlng ﬂ[r
20 "a toxin generally as claimed in any preceding claim

reconbi nant DNA nol ecule as clained in claim31, in which the nDIecuIe

24.

conprises a virus. WO 95/ 29235 : _

PCT/ GB95/ 00917 ' 64 - 33.
A reconbi nant DNA nol ecule as clainmed in claim32, in which the nol ecul e
conprises a bacul ovirus. 34. A reconbi nant DNA nol ecul e
substantially as provided in the nicroorganism deposi ted under
Accessi on No. NCI MB 40632. .5 35. An expression vector conprising a

truncated fdrntof a gene generally as clained
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1

in any of c'i“é?”?’f‘é‘“‘l%“’f"ﬁ“’?’4 3i "_;‘L'_ A-Cell: -such ds a VI ral or

béct efial cell transfornmed with a recI nbi fant nol ecul’e ';? t y
as clLairned in any of clainms 31 or- 35 pair 4.8 8. 1997 An:, rnsectr EE@ER’P SHEEF
corrprrsrngatoxrrgbstantrall La nedin. aay.of - elaims 1 to 12. - 10
38 An. i nsectUEITqRYS SERYIChHe Hﬁ's{’ﬂ @ Basg7sequencghsubstantiallyi as ecomiprised insaso

?Srilstegt ibgi de as ¢l al . '| n %HE%WA%e’FgﬁwByC}{MP W‘%ﬁt¥W$ﬁl‘ﬁg@%7§ms

conpri ses a sprafffndustrial and Mafifle Bactéfia Linsi®@! i ci de system conpri si ng neans
for expressing a truncated formof a gene 15 as clainmed in any one of
cl-ainmse 13 to 24 to produce a toxin substantially as clainmed in any

pr.ecedi ng cl ai n hncapacitate t ect . . .

41. An i nsec{wm dé gﬁ S"ﬁr %%ﬁcqf‘é\"eﬁgeo“sr%mﬁ‘le F'H"Wo“c ‘Wr&ﬁﬂl’\? prg m“’thhthe

i nsecti ci de $ysiuciottde scquémRBRbESTOr Apdlipept

An insecticide syst enﬁ sz;:sucl ai ned |rn§l(,: %lf%Izﬁwﬁﬂﬁﬂh@éﬁﬁg%uenfc ‘gxsrl)lrmé"s‘ & on
system 20 rﬁihlmléwmlWQ2usammohesdnroratrmereuf WO 95/ 29235

PECT/ GB95/ 00917 65 . 43.
A pl ant conprising a geneti cal | y nodified cel I cont aining a truncated form

of a gene S Y, ai ns. to
24, 35 S HPEBRGIMR S Blchd ki e W e s 1 7 B
céll contai ni ngmalebndmmha(hc is a cDNA Weriveddtord ngRNA Wwﬁs@efﬁﬂﬁ%ﬁﬁtdu@ﬁ by
as clained in any of clains 13 to-24. . .5+ 45, A-toxin forned
pfocessi ng of ée‘éqliﬁslf‘ﬁ‘ﬁ‘fﬂmy i sol ated non-toxic precursor

pol ypepti de having an am no acid seguence correspondl ng-to that of an :
i nsect specific neurotoxin present in the venom of the Black W dow

Spi der (Lat 1@deet us ATFGIBrﬂﬁlﬂeuudese uenceldsQURREITH driyadnd DF Claims 9 1698 ift Ghich the
tbxin as clained in alm45, in ‘\l/\hr ch the toxi r:{y‘r%s forrre‘d by trunca’fcr on

t bwar d 'll'h'éokt@rt’sam%@)ﬂmmooﬂchme PN genstmetpol ypept i de.
47. A toxin as clained in claim46, in which the toxin am no acid
sEquence general ly corresponds to the am no acid sequence of the

pf ecur sor pol V%Pt ' %pal&ﬁdﬁ%ﬁh@& a nb.ﬂﬂ’%x?%nc of Clain ms Qﬁnolﬁﬂgrj@gﬁae%% %’t itis

agi ds. toxin as c almed”in-any o
vvhr ch the t oxr nn dmfn:m afa cecombinant DNA molecule

21. A recombinant DNA mol_elculc as claimed in Claim 20 in which the moleculc

15 comprises a virus.

22. A rccombinant DNA molecule as claimed in Claim 21 in which the molecule

compriscs a baculovirus.

23. A rccombinant DNA molecule as claimed in Claim 20 substantially as provided in

the microorganism dcposited under Accession No. NCIMDB 40632.

20 24.  Anexpression vector comprising a truncated form of a gene generally as claimed

in any of Claims 9 to 23.

25. A virus or cell, such as a bacteria] cell, transformed with a recombinant molccule
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DA e

sequence” i s FEIIEN BT Puncat i on towargl the’ ami no” (N)endi of tgﬁﬁﬂ-rﬁEEME“ISHEET
pol yp€pti de am no acid seguentei.:: . .4 8 AUG 99 1 At as
iclaiped in claim48, in which the fragfent-cleaved f.rom the anino end

is sfgnificant % SfT?U&?_I‘ than .the fragment cleaved fromthe carboxy end.
120 50. A toxih ad* &4 FREPMNNY agcnrtigally medifi¢d celbeontainingiacpolymmlcotidg vEnt

cl eaved of f | ' | s 51 A
Coxin as ol ai meamineseueaporl i a UncRaTiy o L5k Beerch sbetppinly 8 ipineddn or

is an aaypaf Qlpims Ofto e i nsect specific neurotoxin
[err]-Latroinsectotoxin ([err]-LIT), or an active derivative
t her eof . WD 95/ 29235 :

PCT/ GBY5/ 00917 . | o 66 .. 52.
A'toxin as cl aifted i‘h "é’Hyh“('}fa“CPﬂP}?L REPfI§Ng 12 gepetfally medified sell neangrining skes
an amino = § poRGiublesHdt 8 GBqRRiceS RO bRt ' é; "
active derivat ipvgﬁ'ltuher eof . Squshc 53.p I%E?ét ho %Eqpéggu@\% eglr;] sggqclng/%

i nsect speci fi cubstantiallpas clapmidjipapy ofi€laimo9niealp. isolated inactive
precursor pol ypeptide having an am no acid sequence corresponding to 5
that of an insect specific neurotoxin present in the venom of the Bl ack

D ST e, AR ARAESTRSS I 5 pE

54. A net hod igilated iabée pricuibotipdlypaptidcaVig @ ainflfd dckPlealiaite RbR
pol ypeptide is tr unp(;at ed g?ly?ﬁ%l Carabo§yl aerlld. ealgdieSg. %B'Z‘ﬁﬁ%tmhod
as clai ned i n dhasiofithe3nsoct spegifivingurotaxin §ttroimsedtetoxin(SddT) presdng incthé eeiontlof

usin rote t I .30€e,«.apd preferably b ite, directed nutggenesis.
55,0 A et Hbd BecBrE N serdis g rodorls e TredeSanelealusk i seRth AR of

the N t @ Bildffte tiertdfOWedhdihod comprisi cati {8 ' |
clainms 53 to 56, In ei ch t’he°acti?/ec"B‘cS’f‘i‘B%BﬁZ"ég"‘f @egg%t oxi'n %r%%bgﬁ%ﬂ}‘@'
substantially as clained in any of clains 1 to 12, 45 to 52. 58

An isol ated nucl eotide hase sequence encading for a toxin precursor

pol ypeptide 43 Mthod a5 elamed ity Glaum Ad inwhich shesiselatediprecssor prlgpeptide ds

derivative ther‘ﬁgé od at the &Q%\% An i sol at ed "base -sequence conprising a
EFlown |ncgll:’ f!,

base sequence as s or a.derivative thereof. 20
6D. An isol ated base sequence as clainmed in any of clainms 58 or 59, in
whi ch the nucl eoti de base sequence encodes a precursor polypeptide

of the neurotoffn A method as claimed in Claim 44 or 45 in which the truncation is effected using

15 proteolytic clcavagc.

47. A method as claimed in any one of Claims 44 to 46 in which truncation of the

N terminus is providcd.

48. A mcthod as claimed in any one of Claims 44 to 47 in which the active polypeptide

is a toxin substantially as claimed in any of Claiins 1 to 8 und 37 to 43,

20 49. An isolated polynucleotide éncoding for a toxin precursor polypeplide with an

amino acid scquence as shown in SEQIDNO4 or a derivative thereof.

50.  Anisolated polynucleotide comprising a base sequence as shown in SLQIDNO3 or

a derivative thercof,
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(54) Title: A/PIDH! NEUROTOXINS AND METHOD OF PRODUCING THE SAME
(57) Abstract _ '
A toxin comprising an isolated derivative or analogue of an invertebrate specific neurotoxin, §-Latroinsectotoxin (§-LIT). The toxin

is formed by expressing, in a bacterial host, a nucleotide sequence corresponding to a truncated form of a gene from the genome of the
Black Widow Spider. The gene encodes for a non-toxic precursor protein, whilst the truncated form encodes for an active toxin.
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SEQ DNOL. 5 73. An isol ated pol ypeptide. substantially as her ei nbef or &
described with reference to SEQ DNO3 and SEQ DNOA4. .74, An

i sol ated nucl eoti de sequence substantially as hereinbefore described wth
reference to SEQ DNO3. -
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