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PEPTIDES This invention relates to u W es of the onega conotoxin
(wconotoxin) class, and their use as phaggacol ogi cal tools and in any

i ndi cati on where bl ockade of N-type cal ci um channels nmay be of benefit, for
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di seases whi ch cause bronchoconstriction, and in the inhibition of
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probes useful in finding useful anal ogues of these peptides. 10 Predatory
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cysteine residues nean that the peptide nay nationalTy be considered to
conpri se fasig plobegyseftitie findingpusedil dgaloguswefthesespeptides.r esi dues | and 2, 2
and 3, 4 and 5, and 5 and 6 define |oops, while cysteine residues 3 and 4
are adjacent. 25 Studies of different cu-conotoxins which have been
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sub-types neur ona sensitive cal cium channe
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such as GVI A have a high level of selectivity for Ntype cal ciumchannels
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25 Studies of different w-conotoxins which have been either isolated from the complex peptide
venoms of a variety of different species of Conus, or synthesised as chemical variants of
known w-conotoxins has provided an array of w-conotoxins which display varying affinity
and selectivity for various sub-types of neuronal calcium channels. Such is the affinity of
some of these peptides for VSCCs that a number of the w-conotoxins have become important

30 research tools for defining different sub-types of neuronal voltage sensitive caicium channel.



be of benefit. One particul ar ca-conotoxin, known as WII A or,17i Geptiesber 2002
syn’thetlc form SNX 111, is in clinical trlals for some of these
applications. 20 Despite these advances in the use of c~.~-conotoxins the
presently avail abl e conpounds are not ideal therapeutics. For exanple,

SNX- 111 has weesssasported to cause hypotension as a result of RETiAGIRY/A4288
peri pheral channels. Another of the c~.~-conotoxins, GVIA 1is a potent

ant agoni st of N-type cal ci um channels but binds to such channels in an
irreversi ble manner, and accordingly is2unsuitable as a therapeutic. Mny

ot her of the known c~-conotoxins do not 25 have an adequate |evel of
selectivity for the NNtype channel to be deened suitable therapeutic

candi dat esj, 59&@%6 QYRR age ; .
t here exi sts a nee fsggteﬁ%wt eré%gg?%hzdégyls‘& |chq¥é§gévg} %@é@&ﬁqi %Iy%vor
N-type calwpecalcinancieimelsweliilsPother wpeondiexine kch & VIIC tlavéra Yo weffigiey ﬂir the
the treatnment of 30 conditions related to N-type cal ci um channels.
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and 6 cogmprises the foll ovm ng sequence of amno acids: 5 SGTVGR [SEQ I B
NO 1] or such a sequence which has undergone one or nore am no acid

subst i t ut i Whidst ther availahle corotoxinpariefuseal irdafinings Rustber abtgiciume channel sub-ypps
consi sts of the aboye seque or..such a ce_whi ch has undergone one
or more cd‘ﬁg’eP qbs\/élsa g difieiert ading ATplles 58 afies ary, Drowel dadpher
Pr ef er abl )ﬂeﬁﬁ&g é_mr, h&lﬁ second and third | oops of the c~-conotoxin
pepti de corres tot oop of a naturally occurring e~-conotoxin
peptide, or such a sequence of amno acids 1 S which has undergone one or

nore ami no acid substitutions, additions or deletions. Substitutions
enconpaks Inaddiontel theis pse-asiesesrzh mﬁlsm-momxwh@ha@get Nstype ghlgitsel channglsa
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natural ly-occurring amno acid of simlar character, for exanple Gy--Al a,
Val - | | e~Lp¥ychiagis dx@nsﬂer,mysews;whm@ma@smbmncmnmrxpum,rhyuertemom,omﬂemmauon

el acencACTROiE BAE: LRy AP 55 bE Bk A eifheRBo Of Jehizatitchigifp e production
or ni t hijgey HANPEGH ARH e HihafleFRiId dﬁht@%éu&dr Sl RA. t THI SompPihdd st thes-

invention may be useful in any indication where blockade of N-type calcium channels may

be of benefit. One particular w-conotoxin, known as MVIIA or, in its synthetic form, SNX-

111, is in clinical trials for some of these applications.

20 Despite these advances in the use of w-conotoxins the presently available compounds are not
ideal therapeutics. For example, SNX-111 has been reported to cause hypotension as a result
of action at peripheral channels. Another of the w-conotoxins, GV1A, is a potent antagonist
of N-type calcium channels but binds to such channels in an irreversible manner, and
accordingly is unsuitable as a therapeutic. Many other of the known w-conotoxins do not

25 have an adequate level of selectivity for the N-type channel to be deemed suitable therapeutic

candidates; blockade of P/Q-type channels may lead to death.

Accordingly there exists a need for new therapeutic agents which have a selectivity for N-type
calcium channels over P/Q type channels, and which may be useful in the trearment of

30 conditions related to N-type calcium channels.



25 Substitutions enconpassed by the present invention nmay al s¢7 [8@ptember 2002
"non-conservative", in which an amno acid residue which is present in a
pol ypeptide is substituted with an am no acid having different properties,
such as naturally-occurring amno acid froma different group (eg.

substi t uti ngwa ®Fasswed or hydr ophobi ¢ am no acid with al ani ne) PCraU9%9/00288
alternatively, in which a 30 naturally-occurring amno acid is substituted
wi th a non-conventional am no acid. 17 Septenmber 2002 WO 99/54350 Q_
PCT/ AU99/ 00288 Am no acid substitutionsiare typically of single residues,
but may be of nultiple residues, either clustered or dispersed. Preferably,
am no acid substitutions are conservative. 5 Additions enconpass the

addi ti on of_ ope: r o, ' 0R-= enti. am [
et ducs. *Berboi S SRS ST epch BEHAA e BOBSRMCEL Gled " RigelE'
resi dues. Agofitiiae RBENRORIN Pepidis BINhicAUAB fbe¥th 6t} bl eerPERtdiAe festBudh 5Ghd
one or nore of the am no acids 10 has undergone sidechain rodifications.
Exanpl es o6 ceimpeiseshiie folamiingi seaudnce of aonin@apidat ed by the present invention
i ncl ude nodifications of am no groups such as by reductive al kyl ati on by
reaction with an al dehyde foll owed by reduction with NaBH4; am di nation

wi th net gyl acetim date; acylati og%{;@%(ﬁl)qqpygri de; carbanoyl ati on of

am no groups with cyanate; trinitrobenz on o m no groups with 2, 4,
6-trinitrobenzene sul phonic acid (TNBS); 15 acylation of am no groups with
succi ni ¢ anhydride and tetrahydrophthalic anhydride;, and pyridoayl ation of
| ysi ne wi t9F $9¢R agesusnceswhigh Sathindsrgose 0poen mare 2aune acigsubstitationspier. sidenehain
guani di ne &éggﬁ g%nsargi ni ne resi dues may be nodified by the formation of
het er ocycli ORUENsat i on products with reagents such as 2, 3- but anedi one,
phenyl gl yoxal and gl yoxal. 20 The carbonyl group may be nodified by
carbodiimde activation via O acylisourea formation foll owed by subsequent
deri vi t i@ aRrederablyohe dramiplienp cansistof thespvei sequentieder sl plsgguence grhoeip das
may be nodified by nmethods such as car.bo~. Wtb? | ation wi.ith iodoagetic acid
2~ or i oddHIETEORG #BC Op IRGTH CARETARUYE ANA AFidTH ﬁmé‘?gi gf gidg chajn m UOBH: of
a m xed di sul phides with other thiol conpounds; reaction with nal ei mde,

mal efi ¢ anhydride or other substituted nmal eimde; formation of mercurial
deri vat i va@yefesibiygeath ofi therfuste seond aad zhiad doopsadfl the aresmtwyip pepydesedrespoid-to
aci d, phengll mer cu% chl oride, 2-chloromercuri-4-nitrophenol and ot her

mer cur i al $5€ EQARLBHBIAIAIGH OGFU NG fARARIOBIN RARKAPR] AE YRR 2 soupnaRoel aming: ackit
o Y21 W B GG S 8 A Bl Mo o ABBRRGE", |
sul phydryl group of cysteine wth sel enium equival ents such that the
Substitutions encompass amino acid alterations in which an amino acid is replaced with a
different naturally-occurring or a non-conventional amino acid residue. Such substitutions
may be classified as "conservative", in which case an amino acid residue contained in a
20 polypeptide is replaced with another naturally-occurring amino acid of similar character, for
example Gly~Ala, Val-lle~-Leu, Asp~Glu, Lys~Arg, Asn~Gln or Phe~Trp~Tyr. Itis to be
understood that some non-conventional amino acids may also be suitable replacements for the
naturally occurring amino acids. For example ornithine, homoarginine and dimethyllycine

are related to His, Arg and Lys.

Substitutions encompassed by the present invention may also be "non-conservative”, in which
an amino acid residue which is present in a polypeptide is substituted with an amino acid
having different properties, such as naturally-occurring amino acid from a different group (eg.
substituting a charged or hydrophobic amino acid with alanine), or alternatively, in which a

30 nawrally-occurring amino acid is substituted with a non-conventional amino acid.



17 Septenmber 2002 t~4~0 g9/ 54350 -5 PCT/ AU99100288 pept i de fbr pEPifmber 2002
di sel enium bond in place of one or nore of the disul phide bonds. Tryptophan
resi dues nmay be nodified by, for exanple, oxidation with N bronosuccinimde
or alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl brom de or

sul phenyl haWoOd8&4358 Tyrosi ne residues on the other hand, nay BETAUS¥PEESpy
nitration with tetranitronethane to forma 3-nitrotyrosine derivative.

Modi fication of the imdazole ring of a histidine residue my be

acconpl i shed by al kylation with i odoace#di-c aci d derivatives or

N- car bet hoxyl ati on with di et hyl pyrocarbonate. 10 Proline residue may be
nodi fi ed by, for exanple, hydroxylation in the 4-position. Sonme am no acid

resi dues, {@Ring>sRMPhdstRItionS At BipidiRY df e SRS ORI hiyBe oltffin@lfﬁg@ere&iaues,

oxidation. In sone cases the oxi'dised residue may retaln biologic
activity semhdraiustered loatdispersele 15 parent peptide and accordingly the
oxi di sed form of the peptides are considered wthin the scope of the
present invention, for exanple CVID where the nethionine residue is

oxi di sed. , ' i ] |.g: residue may in sone cases
lead to a g%??’é@é’é aﬁﬁ\hggélp\?sppy%ﬁ&ss%g?ﬁls\%ﬁag'.ve}é\ccordi ngly, where

oxi di sabfe residues are present they nay be replaced with another am no
acid. Replacenent may be with an am no acid having simlar properties, for

exaJnpl e chddigonasacoopaiszbe additionyf leae\or trhorgrnagmatly oaguirding anri rrg-ahinf ériograd
properties. For exanple, in the case of he t hi oni ne resi due. at .
oerti on ' TEnRggeBaenBuscs Jodledaanconasses S geletion g paor Rore aen Fof Teiduse,

-O-net hyl honoserine or alanine. A List of sone am no acids having nodified

side chains and other unnatural am no acids are 25 shown in Table |I. 30
17 Sept enbks st2100 2boxke’ the Arescnd Bventidg inclulie Peiiies th whicH ABe Br more of the amino acids

10 has undergone sidechain modifications. Examples of side chain modifications contemplated by
the present invention include modifications of amino groups such as by reductive alkylation by
reaction with an aldehyde followed by reduction with NaBH4; amidination with
methylacetimidate; acylation with acetic anhydride; carbamoylation of amino groups with
cyanate; trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS);

15 acylation of amino groups with succinic anhydride and tetrahydrophthalic anhydride; and
pyridoxylation of lysine with pyridoxal-5-phosphate followed by reduction with NaBHy.

The guanidine group of arginine residues may be modified by the formation of heterocyclic

condensation products with reagents such as 2,3-butanedione, phenylglyoxal and glyoxal.

The carboxyl group may be modified by carbodiimide activation via O-acylisourea formation

followed by subsequent derivitisation, for example, to a corresponding amide.

Sulphydryl groups may be modified by methods such as carboxymethylation with iodoacetic acid
25 or jodoacetamide; performic acid oxidation to cysteic acid; formation of a mixed disulphides
with other thiol compounds; reaction with maleimide, maleic anhydride or other substituted
maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4-
chloromercuriphenylsulphonic acid, phenyimercury chloride, 2-chloromercuri-4-nitrophenol and
other mercurials; carbamoyiation with cyanate at alkaline pH. Any modification of cysteine
30 residues must not affect the ability of the peptide to form the necessary disulphide bonds. It is

also possible to replace the sulphydryl group of cysteine with selenium equivalents such that the
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The c~-cqnotoxins of the present invention are typically amzugeptembertd0d2
C-term nal however conpounds with a free carboxyl term nus or other

nodi fications at the CGtermnal are 20 considered to be within the scope of
the present invention. Preferably the peptides are am dated or have a free
carbo~,yl. Pwef®rsaidoy the peptides will retain the Cps resi due®Card99/00288
characteristic disul phide bonding pattern. Peptides nmay include additional
Cys residues provided they are protected during 25 formation of the

di sul phi de bonds. Preferably the peptide-has a second | oop which conprises
a sequence selected from SILLMYD [SEQ ID NGO 2], 30 SRLMYD [SEQ ID NO 3],
17 Septenmber 2002 WO 99/54350 - 10 DRLMYD][ SEQ | D NO: 4], DKLMYD[ SEQ | D NO
33] , SKLAYD[ SEQ | D NO  34], SKLNI eYD[ SEQ{ ¢ 35],5 SRLNI eYD[ SEQ | D NO:
36], SKLOhnhser YD[ SEQ | D NGO 37]j )SKLOTBM‘%@I‘!Q ID NO 38], PCT/A W99/ QU288
or such a sequence whi ch has undergone one or nore conservative am no acid
substitution 10 or side chain nodifications. In a particularly preferred
enbodi ment Npa=opvengigatloxi n pepfGadie has t M¥or-evnvemtionalsequence: CVI Eqde)
CKSKGAKCSKLMYDCC? CSGTVGRC [SEQ ID NO: 5] .15 I..2 3 4 The four |oops are
shown undefwl?loe%c.é?hi S peptide was isol at n??%gn Conus catuS and has been
desi gnatgd herein as CVID. The peptide has been shown to have a high
potency and a hi gh SEleciivity 10r I~ -Type cal cl um channet over Prgtype
cal ci um chemmanobutyricessbt or 20 Abundi ng adshymethylateninedi fi ed fornms Nmawl D

have al so been shown, t.0 have a,hi gh potency and high selectivity for

N-t ~~pe ca‘i"@mﬂ'gﬁ\ﬁ%mlﬁ‘.’t}ﬁ%se%udesi gﬁﬁiﬁé’aegy&@wﬂeand DOR CVI D2ES

ol lows: RmiE¥flddpdSKOAKCSRMYDCCSCSESQINGRAAE RO N0 6] DIRAfo D
(3} CKSKGAKCDRLI vI'1' 'DCCSGSCSGTV [SEQ ID NGO 7] The peptides according to
t he presentarbarxybmd i on may be natural |y odeNrmethglagmanite acidn pept i dedmaspch

as CVID,  or .may be deriyatives qf such natural occurring peptides., The 30
deri vat }Q,eaémg@lgcgtwéyr,l%q ally oé&n gnlg H‘/nl

ring cOMOUBKIHCPEPRE des may di f f &S om
their nat upahbdorbornyl- Norb L-N-methylglutamine Nmgln
carboxylate L-N-methylglutamic acid Nmglu
cyclohexylalanine Chexa L-N-methylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
15 D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg  L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgln L-N-methyinorvaline Nmnva
20 D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dieu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
25 D-methionine Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dom L-N-methyityrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug
30 D-threonine Dthr L-norleucine Nile

D-tryptophan Dtrp L-norvaline Nva



17 Septepber 2002 WO 99/ S4350 PCT/ AU99/ 00288 occurring cou ne
or nore am no acid substitutions, deletions or additions agt géé’gt{nfb%gg%o@
above. In nodification to formderivatives of naturally occurring peptides
it is useful to conpare 5 the am no acid sequences of active naturally
occurring pegig fAg31d0 determne which, if any, o f the resi duepcan®99/06288
conserved between active species. Substitution of these conserved residues,
while not prohibited, is |less favoured than substitutions of non-conserved
resi dues. Derivatives where Al a replaces_one or nore residues can be used
to identify the I O pharmacophore. Preferably only one or two am no acids
is replaced with Ala at a tine. Additional new peptides can be nmade where
charged, pqlar or hydrophobic residues, respectively, are replaced to

assi st def ﬁﬁ'iyﬁ%f%re preci sely Y®E type o‘i‘"’?“ﬁﬁ%%?&é?@t)’rﬁ%l ved i MaiRe

bi ndi ng of pthiji§e Phar macol ogi calpgh ass of &%fgqu-ﬁﬁiﬂo%gtﬁ&‘éept Of.  Meab
Non- conservative repl acenents, ere charge 1's r'eversed,” or polar re& dues

repl ace hyDropiecljlaaninsi dues, @xnald5 f ur therethyd@ridHeyylalagindues i nvolstestai n
bi ndi ng. Al of these peptides_have potential to show inproved potency, or

greater sePemeiitarginigen- nat i v&OmBaBno acimetiicyieppentyladanineso be i Mepeded

to i nproyenp electivity,andlor stabi Liity. ed_residues,are nost
likely tée%eg%%%ﬁﬁggmﬁﬁ%r ecept)bcfpasﬂi ndi ng“'a}?k}“ﬁn“%’z’?%a%‘%t emat i cg?ﬂ?p
repl aced. PBag-hiegnllapargatehasi s immgba_ced A rielidiNetnitilldngaé dues i nvol wlggni n

bi ndi ng and resi dues just on the periphery of "the pharnmacophore, using

| onger si de-cemethylaysieine or nonDyeyser ved Nf4mgusobutyl)glydineup addi ti dight
binding interactions for inproyed potenc d/or selectivity. 25

Thr ee- di &a—m&lﬁgﬁﬁaws st udi £5887 ¢ heﬁ-?i}aguwmgfmehose_ ski | Nag€i n
the art (Nbel-s@mysiistdline 1996 anghrl999) and(fumimrosiensydded in Exygpie 5,
indicate that CVID adopts a simlar fold to i nrown wconotaxins such as

WI | A, HovRaemethyhisdleinthose cPmilenot oxi MNsamingeg-metbylb@ytdle i s f ouniniaaba

different ,Qri enh_lahi on to that af .t he known c~-iﬁnot oxins and C ~~ID al so
has two hydPoBERYBHARE whi ch hBUEY oops S-2APEYA2RNERt her: factors £A%R nay

30 contri pyeemb@vitgneabi ity of D to ei.s&ivipivgtee anong ~' SCCs. Nphel 7
Sept enber 2002 N 0 g . 8
conf i r mat iRqe-methylmegphidniaad t heDstmdsi | | salN-Grcirbemplethylglypme2 and 4Ngih CVi D,

ore BT e g O Glind1®T ! VA b S RS LARD 2 O TRt on

15 D-c-methylphenylalanine Dmphe N-(2-carboxyethyl)glycine Nglu
D-a-methylproline Dmpro N-(carboxymethyl)glycine Nasp
D-c-methylserine Dmser N-cyclobutylglycine Ncbut
D-o-methyithreonine Dmthr N-cycloheptylglycine Nchep
D-o-methyltryptophan Dmtrp N-cyclohexylglycine Nchex

20 D-o-methyltyrosine Dmty N-cyclodecylglycine Ncdec
D-c-methylvaline Dmval N-cylcododecylglycine Ncdod
D-N-methylalanine Dnmala N-cyclooctylglycine Neoct
D-N-methylarginine Dnmarg N-cyclopropylglycine Nepro
D-N-methylasparagine Dnmasn N-cycloundecylglycine Ncund

25 D-N-methylaspartate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm
D-N-methylcysteine Dnmcys N-(3,3-diphenylpropyl)glycine Nbhe
D-N-methylglutamine Dnmgln N-(3-guanidinopropyl)glycine Narg
D-N-methylglutamate Dnmglu N-(1-hydroxyethyl)glycine Nthr
D-N-methylhistidine Dnmbis N-(hydroxyethyl))glycine Nser

30 D-N-methylisoleucine Dnmile N-(imidazolylethyl))glycine Nhis

D-N-methylleucine Dnmileu N-(3-indolylyethyl)glycine Nhtrp



4 simlar to that seen in CVID. A further preferred group of jdesdptahbires002
are those c~conot oxi ns which have an interaction or interactions between

| oops 2 and 4 which stabilise 5 the confirmation of |oops 2 and 4. Those
skilled in the art nmay readily determ ne the threedi nensionai structure of
particul ar pgetdoggsse the orientation of |oop 4 and interacti onedigivemozgshe
| oops. Another preferred group of derivatives are those which nmaintain or
only have conservative | 0 substitutions at residues 10, | 1, 22 and 23 of
CVID. In another enbodi ment of the presgnt invention there is provided a
chinmeric c~-conotoxin peptide in which one or nore of loops 1 to 3 of

conot oxi n CVI D have been substituted with the corresponding | oop of a
different g~C toxin. 15 A preferred gr f derivatives of CVID are

t hose c, ~-@6ﬁ6’$§§}'ﬁ2§g’8pti des wh]? %’hﬁai nt a?ﬁgsﬁ%é{r%mfla HORAS of C\/Pﬁ?ﬂgﬁ'ése
derivati ves.@a@ BSST i n | I owpog- ;

Cxxx®<xCxKLxYngs %&V@%ﬂnv&]erlgﬁgg%ﬁ X may brg&gg%fﬁ r(ggmam' no aci dDan elth
to one x nRyNimethyldsiithiieon. Pr dPemomd 20 Nehetbyicpelopémylalanineul d be Ninepen
correspondi.n tural am no aci fromc, =-conopeptid wi th N-type BSCC
sel ectivit "'g‘?fgﬁé GO vative sUB¥fitution- @%ﬁﬂaﬁ%ﬁi%i t ut i ondPypphe

t hose am i o1 iC % al so Wi si de chai ns.

exanpl e,ng %t’ﬁ‘f‘gﬂ?‘r’ﬁ“ﬁﬁ%’?g éwreeppgggg W th %an?egwbéde@?ne or O net hyI?IER;STO
hor noser i Né-(1ndh@prapyRplyainecoMNiteoxi ns arP-Msndtloyibepine: M-~I | A ( S| VXOdrhde}

CKGKGAKCSRLMYDCCTGSCRSGKC [ SEQ.ID NO. 8] Lvl~ri|C _
mmmpmwmw%xenpsm“ﬂb NO  9)Pdgmethyitheeaningrher 2002 - Pynathy ~

G GSOGSSC%?_@ =1 G- TKIE%% EQ | R;%¢: equence GVL~
the "0" re erée{@tﬁagﬁ%&y pr o |nt§(klyp$?rj(?'ﬁ?e;[9}alﬁgh2ggg§f]§ resi duefr\%!sul ts
from post D-MNengtigtdyeosile modi fi Eatitpn of tNienethdodapthpphirde and i s Nifdnap

directly encoded by the nucleotide sequence. Chineric c~-conotoxin_

cont enplCaRN-pigthyhalige esent i nidnmvabn i nd¥wmeshyipemmllanpeDd and GEGDNMAeRer e
ab Aor.aGr i: | oops ected fgom , r GvL-~
respecti vf@&%@%ﬁgiﬁg’tgl y DADD%};alglrJr espon s%%c?o R ?f)élyéﬁg 4 bei %\r tyr

sel ected Upm@z@l@AeD and | oopTBugpei ng SN—@mIoeﬁktﬁyl dme/' |1 _4, thi Ncys
chimeric~ wconotoxin is the same as R-CV ID. A nunber of other
v, - conot okr¢thylelyeindes accor di n§tg o t he i w¢aigllrBiNawere found to be Pen

L-homophenylalanine Hphe L-at-methylalanine Mala
15 L-a-methylarginine Marg  L-a-methylasparagine Masn
L-a-methylaspartate Masp L-a-methyl-z-butylglycine Mtbug
L-a-methylcysteine Mcys L-methylethylglycine Metg
L-a-methylglutamine Mgin L-a-methylglutamate Mglu
L-a-methylhistidine Mhis L-a-methylhomophenylalanine Mhphe
20 L-ca-methylisoleucine Mile N-(2-methylthioethyl)glycine Nmet
L-a-methylleucine Mleu L-a-methyllysine Mlys
L-g-methylmethionine Mmet L-a-methylnorleucine Mnle
L-o-methylnorvaline Mnva L-¢-methylornithine Morn
L-a-methylphenylalanine Mphe L-a-methylproline Mpro
25 L-oa-methylserine Mser L-a-methyithreonine Mthr
L-a-methyltryptophan Mtrp L-a-methyltyrosine Mtyr
L-a-methylvaline Mval L-N-methylhomophenyialanine Nmhphe
N-(N-(2,2-diphenylethyl) Nnbhm N-(N-(3,3-diphenylpropyl) Nnbhe
carbamyimethyl)glycine carbamylmethyl)glycine
30 1-carboxy-1-(2,2-diphenyl- Nmbc L-O-methyl serine Omser

ethylamino)cycilopropane L-O-methyl homoserine Omhser




~encoded by nRI~TA isolated from Conus cares according to 17hsefz@nséri2002
procedure 1~ described in Exarrple 3. These encoded peptides were

synt hesi sed by standard procedures . and may be consi dered as derivatives
of C-'ID, the sequences ar a as fol |ows: CRSKGAKCSKLMY' DCCSGSCSGI - GRC
[ SEQ I D | * TOWO 99134366) CKSKGARCSKLMY DCCSGSCSGTVGRC [ SEQ | D NO:PCTE4U99($0248)
CKSKGAQCSKLM-' DCCSGSCSGTVGRC [SEQ I D 1T0: 16] (7)

ChSKG. ~KCSKLM-' DCCSGSCSGAVGRC [ SEQ i D \ ~0: 17] Exanpl es of other
deri~~atives of CVID include the fclle%+ ng sequences: 2~ (S)

ChSKG ' ~KCDKL" ~i ~' DCCSGSCSGIVGRC [SEQID NO 1 S (9)

CK1~G ~KCSRL' ~- | ~¢' DCCSGSCSGTVGRC [SEQ I D r~0: 19] i10)

Ck. ShGAhCShLAI ' DCCSGSCSGT~%RC [SEQ ID I ~~O 20] (11 )

CKSKG ~KCSh. LI vl ~' DCCTGSCSGT~' GRC [SEQ I D ~O ? 1] (12)

Ch5KDal : ~Kiste types dfirhofiGSEBOSERy ' beRMppBEQ tb3takilise the p8ptidelif)administered to an
CKSI LG~, KCSKL] vI ~' GSCSGT~' GRCY, [S: . Q ID_NO: ?S] (1,~) CKSKG

a. KCSK. LMim lserdar-ugees a digeapstiy reggent. ~@Wer1m0%§§@%éna2mzmadem the

15 X Al SRR SRR g, o example o

26] (| 7) GKpkketrdi{ontd MBS CS6eHThyEIRchdhie inbludle medH fyling leCHidk ehaill GBRnb 6t Y
DCCSGSCSGIVGRC SEQ | D NO: ' S]'S (19) CK~' KGAKCSRLNI e~ GSCSGTVGRJ SEQ | D

NO  29] ( 20)0DKSKne RCEELIOAteeh vDeCyascIErrogrosEampleNa lipophilic group. Such
30] (21) CKSKG.,4KCSKL Y GSCSGT V. SEQ | D NO
31} § 22% m%@%@%%ﬂé%%@%b%gﬂﬁp sprce e AEPRIBTPYR OTand

(1~) (SEQ ; S0 v bifl 1 DO AG

Cterm naghégﬁgl%)t’ grr% xrl;lﬁgglp%P aelc'i::%;gﬂc?si @@I@%@rp%%%@ﬁ%“?‘gg%L?%pk%fde%’gh%saes a
free car bskijledan theearCwil: neadifyl be bl Godpermibe(d t¢ IhcifDthe Peptitiey dfsthe
acylated at the N-term nal . Cor}'pound &%2) (SEQ ID NO 32). has the

met hi oA PnEVEREPRIUE hEUGHoBPHifiSH Tannsef He Peptide aecopsidersd; Wishinghe iserpefttde by
(O. ?0 A0), (17), (18), (19), {20) and (21 ) (SEQ ID NGCs: '?0,
27, 2~, gﬁf@%'}gﬁe&ﬁég respectively) represent nethionine replacenents at
position 12. :~ preferred group of c~-conotoxin peptides are C'I1D,
conpounds (.~), (d), (109, (11i), (18), (30), aad (21). A par:icularly

pr ef er r edO8her gleniyatix¢sncqiegnplaed iby BeIpDesenhinvarticic inshisigra range of @lysasdation

5800, 5 B0 ShS B ALl B Sef P e

PCT/ AU99/ NO: i
20N oS L S5 A BB NI B RS SRRt s

36Nl eSEQ diffskant Bgdrdelier SEQ | D NO 3 8 ~Onser

)

The w-conotoxins of the present invention are typically amidated at the C-terminal however
compounds with a free carboxyl terminus or other modifications at the C-terminal are
20 considered to be within the scope of the present invention. Preferably the peptides are

amidated or have a free carboxyl.

Preferably the peptides will retain the Cys residues and characteristic disulphide bonding
pattern. Peptides may include additional Cys residues provided they are protected during

25 formation of the disulphide bonds.

Preferably the peptide has a second loop which comprises a sequence selected from:

SKIMYD [SEQ ID NO: 2},
30 SREMYD [SEQ ID NQ: 3},



The peptides according to the present invention preferably hawveSaptember 2002
selectivity for N-type cal ciumchannel over P/ Q t}~pe cal cium channel. The
terms "selective" and selectivity" as used herein nean that the binding
activity of the peptide at the N-type cal ciumchannel is 15 greater than
the bindi ng W&9%8#35 at the P/ Qtype cal ci um channel . Those skPFF&FPR e
art would be able to readily determne the selectivity of the peptides for
t hese cal ci um channel s using standard techni ques. lodinated GVIA and WIIC
are high affinity ligands for the N-typd-and P/ Q type cal cium 20 channel
receptors respectively and are routinely used in receptor binding assays
(Kristipati et al., 1994; Nadasdi et al., 1995). Such assays nay be used to
test the cal ci uppgtvyrel bi ndi fSEacID WO:¥4)9f the peptides of the present

i nvention. Functional assays such as those described by Lew et al. (1997)
may al so be useDHLMYDdet er mi ni(AEQaI N@:t38lat N-type cal ci um channels. The

pepti des accordj the pres i Qv ion may also be used in 25 such
assays. The c~-€gﬂ‘5‘t%89i ns of tﬁghgrﬂ%gﬁ :14§:venti on nmay be used, rypically
in |abelled forggpuglyps radioi gggq@ RH:GQ¥E D, to run assays andlor screens
to identify conmpounds which i nt[er ct with N-type cal ci um channel s andl or
particul ir sub-SRbBYeYD such ciiSBQEDENOtIBE$e skill ed 17 Septenber 2002 WO

99/ 54350 - 16 PCT/A U99/00288 in the art could readily establish such
assays and/or stKbOhmhstYiAri e{§EQIDNBLI37Ad versions of the conpounds of

t he present inv, \on be r L epared by standard net hods and
assessed for réﬁgtppgﬁpgﬁ theifgggﬂxfggl?%ibind to N-type cal ci um channel s
in standard assays. Labelled versions of the conpounds which do retain the
ability to bind to Ntype 5 cal cium channels or binding portions of such
channel s ooushch 2 beuebee whipd has uadsigpse anelbomose carsasvatiie aorind agidysubstitetion
pr esent |nve§%%§?.ext nds .to the use of the peptides of the invention in
screenstq @Tis A MOGHIFBHAYS with activity at N-type VSCCs. The
c~-conot oxi ns of the present invention may be prepared using standard
pepti de 10 synthetic nethods foll owed by oxidative disulfide bond

f or mat i on.In Epantiexhnp|pedfetrbd emnbodiaenphp Li-cepoXiy pbstideyinishs ifslisving seqbdide:
phase mnet hodol ogy using BOC chem stry, as described by Schnoltzer et al (
1992) . Follow ng deprotection and cl eavage fromthe solid support the

pur 11 ed” AR pertkekEARCSKEMPDECREQITTORE RROIARS cxami e as
descrihgd in exanple 2. 315 The oxi di sed peptiges were purified using

preparative chromat ography. References describing the synthesis of
conotoxins include Sato et al, Lew et al and WO 91 107980. 20 The

¢=-conot Othe ?ourﬁgopasl are st?o%v i e%{ir?gd.u%{; e;rat? eoqugls ps%mte ron;[ %ggﬂsoéa%g}' éncﬁ'xas

been designated herein as CVID. The peptide has been shown to have a high potency and

a high selectivity for N-type calcium channel over P/Q-type calcium channel in receptor
20 binding assays. Two modified forms of CVID have also been shown to have a high potency
and high selectivity for N-type calcium channel. These are designated R'>-CVID and D°R"’-

CVID as follows:

RI-.CVID (2) CKSKGAKCSRILMYDCCSGSCSGTVGRC [SEQ ID NO: 6]
25

D°R-CVID (3) CKSKGAKCDRIMYDCCSGSCSGTVGRC [SEQ ID NO: 7]

The peptides according to the present invention may be naturally occurring conotoxin
peptides, such as CVID, or may be derivatives of such naturally occurring peptides. The

30 derivatives of the natrally occurring conotoxin peptides may differ from their naturally



nucl eoti de sequence encoding the desired peptide sequencelmggptmbepsmpped
into a suitable vector and protein expressed in an appropriate expression
system In sone instances, further chem cal nodification of the expressed
pepti de may be appropriate, for exanple C-term nal am dation. Under sone

Ci rcunst anca¥ove/5488y be desirable to undertake 25 oxidative bdRfeF/ABI¥A8E%%nN
of the e~, ~pressed peptide as a chem cal step follow ng peptide expression.
This may be preceded by a reductive step to provide the unfol ded pepti de.
Those skilled in the art may readily edéferm ne appropriate conditions for

t he reduction and oxidation of the peptide. 30 Naturally occurring C-r~D
was isolated from Conus catus by assay guided fractionation of 17

Sept enber RQ02riNPOHBHARE by ohé or Mok SRR l8ld QINBGNIAYNS CHHIANS W aﬁaitiBHFas
purified peptide. PCTI AU99/0D0288 The invention further provides an 1sol ated
nucl ei ¢ aaledcnibddeaboive. conpri sing a sequence of nucl eoti des encoding or
conpl enentary to sequence encoding a c~.~-conotoxin peptide as 5 descri bed
above. In a further aspect of the present invention there is provided a
nucl ei ¢ agj : i8R dadivak f eot | =0d| r

conpl enen ? g(r}?l&glgp%mgle qu eh@e&gﬁ g%‘%?ﬁ’gq@ E&%% 8 ?%{%lﬁg :)dg gﬁ?%‘gig q‘fgg%/e?l%gﬂ £°P8aS n

| oop of Lvhduminai didreqivncessiadiingnauradly weoRighpsptRieY d de@hhinelwiet,tif ahy,

| oop 4 of the c~-conotoxin CVID, or such a sequence which has undergone one
or rore amif ribeagrigues aret cansenved bgtweandectiveaspeciendi Substitutionsof thesa conserved
particul arl referred e ijment the nucleic acid. prohe conprises a.
sequence 6?5){41'%& ‘55"591 %@?r@ﬁ@%&r }‘fgeﬁ Wy ‘bﬁ%ﬁ?gﬁ“f}m{ 59 é@&ff@nﬁé@ﬁ%@“ﬁﬁ

t he sequence shown in 1 S SEQID NO 1. As used herein a reference to a
"probe" includes reference to a prinmer used in anplification or a probe for
use in di Dectvaniybs i wherat Alan replfreSt oried oanmbiee residyesctamnfbet hsedonesidgtify the

invention |s directed to_antibodies to the ¢c.~-conotoxin peptides according
to the onpBaEMaePhage hPIAMrARY ANGS ORGYT HYO RFHBR ReidAIS HPLaed it Ads agh dmtay

b Cect ‘ . bt et . _
be ! ect 40 ol s R e D BERS oo PR B,
of the |at ivélpcapegilhcdd so axyst defising 1ee@ precibdly Ass apealfeterdctibnsinvalvet er

nol ecul e. e antibodi es of the present invention 2~ are particularly
usef ul asin Herbipdingiof this phiagarresagieal £ipshEE peptide to s resgpiod, Nercoriseryative
anti bodi e1§ep a%gmgx%s,uw ee(%le Et%rgé: {s?ee\pergeg,r oxI ;?oqarp lecglidiugse ?ep?é:c%c}{y%irg;ﬂmﬁ)c rteglgues, can
15 further identify residues involved in binding. All of these peptides have potential to show
improved potency, or greater selectivity. Non-native amino acid changes could also be

included to improve potency, selectivity and/or stability.

Exposed residues are most likely to be involved in receptor binding and can be
20 systematically replaced. Particular emphasis is placed on changing residues involved in
binding and residues just on the periphery of the pharmacophore, using longer side chain
forms or non-conserved changes to pick up additional binding interactions for improved

potency and/or selectivity.

25 Three-dimensional '"H NMR studies, of the type known to those skilled in the art (Nielsen
et al. 1996 and 1999) and further described in Example 5, indicate that CVID adopts a
similar fold to known w-conotoxins such as MVIIA. However, unlike those w-conotoxins,
loop 4 of CVID is found in a different orientation to that of the known w-conotoxins and
CVID also has two hydrogen bonds which hold loops 2 and 4 together; factors that may

30 contribute to the ability of CVID to discriminate among VSCCs.



invention. Techniques for such assays are well knouln in tiieSeptemberd 2002

i nclude, for exanple, sandwi ch assa3~s and ELI SA. Know edge of peptide

| evel s may be inportant for nonitoring 30 certain therapeutic protocols.
17 Septenmber 2002 VWO 99154350 -1S PCT/ AU99/ 00288 The nucleic acid

nol ecul es of MOB9/5838sent i nvention may be DNA or RNA. VG hen t RETHIIPEPTEE
acid nolecule is in DNA form it may be genom c DNA or cDNA. RNA forns of
the nucleic acid nolecules of the present invention are generally nmRNA. S
Al t hough the nucleic acid nolecul es of-ihe present invention are generally
inisolated form they may be integrated into or ligated to or otherw se
fused or associated with other genetic nol ecul es such as vector nol ecul es
and in par {4 ¢iewast tRMovestanfirtReibAlof B4 4he the EKIliSARNBEIWEHPIRHS L UAd 4 of
vectors are %ener ally capable of replication and, if applicable, expression
in one or OMIP,ohe preferedigpoun of derivatives areghesgrwhich enaintain alPosérmtitn ¢f loop

k ' Lls include E. lj,.Bacill d Pseudom .
Pr of o1 1 o0 SNEIFHI At dpr 1 (Yo ASaeher ProiyEed crbeh felmv e Asdiope o
cells. ACCéHntﬂ;dl}g{szhi@ﬁ‘HExVbeén ﬁﬁ&%ﬁ&?xggn ixﬁ&a&ﬁcﬁﬁ%&wée‘ﬁ"l‘é@ égggg%{\gﬁigﬁ's?a%ﬁ?sea

genetic cons conprising a vec portion and a gen

encodi ngs athp epifirteatian 66 labpe @ and 4t MEhokb skilled i therart Fag freadib} Neterriige de@iree-
portion of the genetic construct is operabld% linked to a pronoter on the

vect or suctimensionalaptaqierenef particylas speppides, ohe dirieationgofe Janpe4 sAndnintsiractinms
gene porti,on_in an,appropriate cell. 20 The present invention extends to
such genet!?eéwﬁ?fh@’f’rlﬁ%%s and to prokaryotic or eukaryotic cells conprising
sanme. In view of their high potency and selectivity towards N-type cal ci um
channel over PIQ 25 type the c~-conotoxin peptides of the present invention
may be useAndthérprefayred grhupatfi densvatimes arelthasekvelieh afaintainygreondn havaicorsbovatiet s

may be of benefit. Such . indjcatiqns inglu lge reducti on of neuronal
darmage HoISUBSHREONSA FeHiyes lrpr’g uﬁﬁi%ﬂ%ofgﬁ%{i esia, enhancenent of opiate
anal gesia, treatnment of schizophrenia, stinulant psychoses, hypertension,

i nflanmati on and di seases whi ch cause bronchoconstriction, and inhibition

30 of progdnemsihencaboditmsmpdithe prazentinvéivngsreds pravided b ehingdriced-cdhoaim
generally and includes relief of acute, persistent_ _or neuropathic pain.
Pr ef er r ed PePtideda whigisoneraymoxerf loops 1 to 3 of conotoxin CVID have been substituted with

the corresponding loop of a different w-conotoxin.

A preferred group of derivatives of CVID are those w-conotoxin peptides which maintain

certain residues of CVID. These derivatives are represented in the following sequence

CxxxGxxCxKLxYxCCxSCSGxVGRC

where each X may be any other amino acid and up to one X may be a deletion. Preferred
20 selections for x would be the corresponding natural amino acids from w-conopeptides with

N-type BSCC selectivity and conservative substitutions or alanine substitutions of those

amino acids, all of which may also have modified side chains. For example, methionine

may be replaced with O-methyl serine or O-methyl homoserine.
25 Some known conotoxins are as follows:
MVIIA (SNX-III) CKGKGAKCSREMYDCCTGSCRSGKC [SEQ ID NO: 8]

MVIIC CKGKGAPCRKTMYDCCSGSCGRRGKC [SEQ ID NO: 9]
30



17 Septenber 2002 -19 peptides r.-~zy be useful i:aclude fpr QQH'T‘émibQP Ho2
anai Jesi a, enhancenent of opiate a.~al;esia, and irlzibition of progression

of neuropathic pain. Assays useful for assessing conpounds with activity at
~' -type cal cium channels, such as 5 t'~e w conotoxins of the present
invention, may be in vitro or in vivo assays and are know to those skilled
in the art. Exanples of assays include thoselllescribed or referenced in

V4' 091/ 07980, V~%993il 312S, US~, 824, 646, ~~'097/0~797) Drugs of the Future
(1994 and 1998), Dn:g Data Report (1993), or Heading (1999). 10 Parti cul ar
assays which be of AR P M NI NaTe T says; [ [
tests such as‘ﬂ??,té form%C?Q?FEg@J%%&M‘Tg?j@gﬁ (" vl %éﬁ;eén\c@]
Yaksh, 1990, the tail flick and nechani cal paw pressure tests (note et al.,
19961, or nodels of neuropathic pain (~~fhite and Cousins, 199S5);

neur opr ot ect ilneht asqienseidbr &V Ithehe 4D" 4efees mek-lndediss peslimedeip)or Thiz ahinbOacid

cell survival assays,; other assays |ooking at_effects on neurotransmtter
rel ease, 1 ~TPEEUKEHPE dT8NLREA IEAshatiopal Madifigation1of the eaewstedepeniide, and is not

1998). The ~a=-con i , e j.,nvention have shown usef ul
activity i%n ?gﬁéﬁ%?ﬁ%ggﬁ'égéEi‘/g%@é%%gg% |ehgl y in a further aspect of the
present invention there is provided a conposition conprising: an isolated,

synthetic or reconbi nant ~~-conotoxin peptide in which the fourth | oop

bet ~a~een cy$iheneme r eF0AQKIn- cantémplaodrpy itheprestrd ifivdrition-int lnge SADBENDAGD and
am no acids: SEQ | : 1] -or such sequence, Y~=hi has under gone
one or nore 5@%&%‘ S aaﬁ'r :}g oéc% & eppsert &qpé%sfecéﬁﬁ’dﬁg%ﬁ%%cw&%aﬂr [GVIA
accept abl e casbb8lveds dj me ol £ 70 r

conposition ?{,‘sb%ﬁ{\teﬁre f%'l#%ez) °1g(i?o;ﬁg%)rr%ceu?|8€§f C)co; %%olé i_"t ia%%’_ﬁﬁ%ég teghi)ég‘tegl%é%m
provi ded 10heQ¥5B arfd hopi 3 benfgestlecssdhfibet MVIAA, ties ahihedotw-constoxiat i9xthe same as

peptide in V‘hiz&ayt he fourth | oop be~~~een cysteine residues d and 6
conpri ses t h& 5LVt owi ng sequence of alrlino acids: SGTVEGR [StQ ID ~' 0: 1]

A number of other @-conotoxin peptides according to the invention were found to be
encoded by mRNA isolated from Conus carus according to the general procedure
15 described in Example 3. These encoded peptides were synthesised by standard procedures

~and may be considered as derivatives of CVID, the sequences are as follows:

(4) CRSKGAKCSKLMYDCCSGSCSGTVGRC [SEQ ID NO: 14]
" (5) CKSKGARCSKLMYDCCSGSCSGTVGRC [SEQID NO: 15]

20 (6) CKSKGAQCSKLMYDCCSGSCSGTVGRC [SEQID NO: 16]
(7) CKSKGAKCSKLMYDCCSGSCSGAVGRC [SEQID NO: 17]

Examples of other derivatives of CVID include the fellowing sequences:

25 (8) CKSKGAKCDKIMYDCCSGSCSGTVGRC [SEQID NO: 18]

%) CKYKGAKCSRLMYDCCSGSCSGTVGRC [SEQID NO: 19]

(10) CKSKGAKCSKLAYDCCSGSCSGTVGRC [SEQID NO: 20]

(11) CKSKGAKCSKLMYDCCTGSCSGTVGRC [SEQIDNO: 21]

(12) CKSKDalAKCSKIMYDCCSGSCSGTVGRC [SEQIDNO: 22]

30 (13) CKSKGAKCSKLMYDCCSGSCSGTVGRCY [SEQ ID NO: 23]
[

(14) CKSKGAKCSKLMYDCCSGSCSGTVGRC SEQID NO: 24}



or such a sequence which has undergone one or rnore conservative am no acid
10 substitutions or side chain nodifications in the manufact &f eeptemper 2002
medi canment for the reduction of neur oval darla~e follow ng ischem a,
production of anal gesia, enJnancenent of opiate anal gesia, treatnent of

schi zophrenia or the treatnent of stinulant psychoses, hypertension,

i nfl anmmation, diseases which cause bronchoconssriction, or for ir~~ibition
of pro;ression of neuropatric pain. 1~ The invention filrther provides a
met hod for reducing neuror.~l damage follow ng ische:ria, for the
production of _anal gesi a

@ _for _enhancenent. Wtﬁ anal gesia, for the

treatment of ($32hi zophr eniKSKEEARLSKREMED :2CSEFYdeRbnsi di$EQ ID NO: 23]

i nfl anmati on,,, di seases whi ‘ hCl ] or fQr.dnphibitian
;)f progr esisi cgr]1 o;_ Ineu; Omﬁﬁmﬁﬁgﬁgﬁtiﬁjﬁ?t pfﬁm% ngt
0 a manma -efi' ecti ]@qu@ NEYDEC eti bj-Ran
-conotoxin p g{fde 111 Q\;\:Alw(% cht ;Sﬂoﬁé}t hél oop bthvveen cyst isggp%g\l dues S
and G conpri &8 the f ol CHSKGAKSGHRIIIE YO CARGAQ SECTUSRCSCT VEREHDING 281 O
1J ?~ or such a sequence_which_has unde‘thﬁ(ég:%ﬁone or_ nore conse:-vative

amino aci @ sbBtit uti onSKIKGAKC NN LG ENSREr ef dPER) P NX 29]

mammal is in ed of s -PRRLY) iv .

admi ni st ered(‘?@ a prophﬁgFgﬁ%@g‘Lm%%gé}%%%gg%gﬁ%gwgﬂ:g%%a C)121
PCT/ AU99/ 002@2313A_s Wil brSKendK Of KaIPheslYD©dSOE OSWEEGRA | [[SEQID Koe 527t ,
the route of adm nistration and the nature of the pharmaceutically

accept abl e c&dier wi | ICHEEEKEARINM(QDEESHSCHTVERITt i GREQID N 32]
manmal to be treated. It is believed that the choice of a particular
carrier or delivery system and route of adm nistration could be readily
determn b i ; . 19: ; :
Fonnul =t fon GoE R B B P T R OB 22 A R AR A B et o e
t hat the act Cvietrypinal andhN-teemninatieespsctivetv.dest royed in the process and t hat
the peptide is able to reach its site of action w thout being destroyed. In
some circunstances it nmay be necessary to pratect the peptide by nmeans
known in the oG lcQr {00 Pl M larly the
route of admcﬁlﬁ‘J PP@?’?@R%%Q%??;@;&E?}ET é@beg °§J’§Ey{a‘ﬁ3?2’ t@'{hfeeprglenba‘?i de reaches
its site of action. The pharmaceutical forns suitable for injectable use
include sterile injectable soluti oni,or gg{sci>er%i S, anag sterile powders
for the éxtecapBPaned()ESERAINCE0d1s ayeated at f ﬁ%fﬁ%‘b‘? - sol utions. They
shoul d be stabl e under the conditions of manufacture and storage and nay be
15 preserved agai nst oxidation and the contam nating action of
M cr oor gani sgempueERd &2)Q8ECEID NOr 3T)ungiths nidivisrinskesitieslat positien B bxided to its
readily determ ne appropriate fornulations for the peptides or

sulfoxide, 2s indicated by (O).

20 Compounds (10), (17), (18), (19), (20) and (21) (SEQ ID NOS: 20, 27, 25, 29, 30 and 31,

respectively) represent methionine replacements at position 12.

A preferred group of w-conotoxin peptides are CVID, compounds (4), (5), (10), (17), (18),
(20), and (21). A particularly preferred w-conotoxin peptide is CVID.

t2
(V4

In the accompanying sequence listing the amino acids Xaa ars as shown in Table 2.

Table 2
SEQIDNO: Xaa

SEQIDNO: 22 Dal




nodi fi ed peptides of the present invention using conventiongl sepmeac res2
I dentification 20 of preferred pH ranges and suitable excipients, for
exanpl e antioxidants, is routine in the art (see for exanple Celand et al,
1993). Buffer systems are routinely used to provide pH values of a de rg
range and i OYHE4358r box3~iic acid buffers for exanpl e acetat fCHAY P%&gs
| actate and succinate. A variety of antioxidants are avail able for such
formul ati ons includi ng phenolic conpounds such as BHT or vitam n E,
reduci ng agents such as 25 met hi oni ne-df -sul phite, and netal chelators such
as EDTA. The sol vent or dispersion nmediumfor the injectable solution or
di spersion may contain any of the conventional solvent or carrier systens

for peptide actives d contain, for ¢ wat er, ethanol, polyol
(for exanple, gl yce'§ﬁ6m ene | vcoI an?ﬁgng d pol 5r et hyl epne gl ycol,

30 and the like), spi EQ%Z?N b7,rtures t her f and vegetable ofls. The
proper fluidity can_g.e_nm_ngJ_n.ecL, far exa n by the use of afcoating
such as | ecithin, bysf;bemnﬁbntzgnance of thg N1e17 Sept enber 2002| WO 99/ 5435U

_22 PC'I'/ AlJ99/ UU288 n:\ul navt e} n c: Ze | s + hn case nf rh cpnr "‘| on and by
t he use of surfact aFEQ ﬂﬁhﬁopggventl on of th@eactl on of m croorpgani sns can

be brought about where—recessary by—thetngtustomof—var+ots—anti bacteri al
and antifungal agen SEQf[BrN@xaﬁpl e, parabenmhderor obut anol, phenol, sorbic
acid, thinmerosal and The TTKe Tn many casgs, 1t w1l pe preferjable to

i ncl ude Sagents to 5 %E@J@tN@s%l ality, for |&msgsl e, sugars or sjpdi um

chl oride. Preferablly (ﬁﬁ 8 l'at1on Tor |%ect|on wll be Isgtonic with
bl ood. Prol onged a 5%11:' dof> t he inj ect abE®conposi tions can |be brought
about by the use in ogitions of age del ayi ng absor ptji on, for
exarrpl ey al um num éﬁﬁgﬁmfgﬁand gel at u?l Nll)%ar m:mZnt ?ral fnP 5 suitabl e
for injectable use WQI@g}d{glgwered by any Bsepr i ate route ircluding

i ntravenous, i ntrangset-ar—+rAtracerebral—30—+rtrathecal—epi-dur al
i njection or infusi (HEQEDN(D{B i I’lj ect abl e ;;ojmgetons are prepar rd by
i ncor pql‘ ating the actrTve bUIIpUUIIUb r—tie EqUTT ed—amount—Tmthe

appropri ate solvent with various of the other ingredients such as these
enuner at ed above, as required, followed by filtered sterilization.

Ceneral ly, dispersions are | S prepared by incorporating the various
steri | i zeGha@eptides a@paﬂn&m thmpcﬁsantsmcmtm prsti¢rably haviech seloetivitinfort Neype

basic dis I’SIO the re i ngr edi nts,,f has
enrer at CHHSHBVEARPR §¥7s HHGPE pETER FRanBbuabe Lt SEIREHYA o SO
sterile i f f

d—i ng orﬁ%eﬁﬁéiféﬁﬁ?’??%g*%“’éfmgap f‘” P@“‘%%‘E & 3 e e ﬁfb&?’?’?ﬁsﬂ?ﬂ he
act i ve 16 ngreacirethtin pheulsinding agtdicy iaptel P/Qesipe edlczmuchmrmdil ditiose skified int the art

active |ngred| ents are suitably protected they may be orally adnini stereld

for exanpPeuldde:ablesto repdift d@ﬁmﬁtthwelwwyaﬁ %B‘mﬂdle&ﬁ?féhéiﬁ GAlGiug,

or it may_ b l.ose hard or soft shell gelatin capsule, or it may
be conpreggﬁ%l‘g{;ﬁg%r%ttg%ﬂnéﬁ@? or it may be incorporated directly with the
food of the diet. For oral therapeutic adm nistration, the active conpound
may be incorporated v~~ith excipients and used in the formof ingestible
tablets, mndimatd GidlAearsl MIVIEC aes highogffinitye Higaredsi for the, N<tyiseamds PAQ sy pesgataips,
waf ers, and the |ike. Such corrp05| tions, and prepar ations preferably . contain
at | eadf ghangl rerepigrs respectvely\apdaserpRtingly uRgd Hh gesseior dvnding aswys H{nstlpaﬂ

conveni enfh 9 o HaIVRERTEL N2 10990 s £l BRI G TRl chanpel

anount of binding activity of the peptides of the present invention. Functional assays such as those

described by Lew et al. (1997) may also be useful in determining activity at N-type
calcium channels. The peptides according to the present invention may also be used in

25 such assays.

The w-conotoxins of the present invention may be used, typically in labelled form such as
radioiodinated CVID, to run assays and/or screens to identify compounds which interact

with N-type calcium channels and/or particular sub-types of such channels. Those skilled



17 September 2002 WO 99154350 - 23 PCTIA U99/00288 active conppuyagténhesusin?
therapeutically useful conpositions in such that a suitable dosage v~rill

be obtained. The tablets, troches, pills, capsules and the |Iike may al so
contain the conponents as listed 5 hereafter: A binder such as La,
corn starch WP %EF5Pi n; exci pi ents such as dical ci um phosphat e?gim“%&%
di sintegrating agent such as corn starch, potato starch, alginic acid and
the Like; a lubricant such as nagnesium stearate; and a sweeteni ng agent
such a sucrose, |actose or saccharin md -be added or a flavouring agent
such as peppermnt, oil of wintergreen, or cherry flavouring. then the
dosage unit formis a capsule, it nmay contain, in addition to 10 materials
of the abdneahé wneoukl fehdiiy dstatlishisach abkayk and/optdreensred erarighys offpeldel werevant
as coatings or to otherw se nodify the physical formof the dosage unit.
For i nst arfddahe cemppeyngs ofijthe present inverionagnayhy repdily paepagedvby rstandaid methodsigar

or both. A_syru reel i xit ontal.n the t;V.e_ conpound. sucr.ose as

aveet eni nd i sseRrfof rorttion B wEE AR b G FnE BHE AT Grartiey i Serlfe”
flavouri ngseneh 138eNdievdr¥iofs oP&@%%ﬁdnﬁ‘d?WhichQO FdthIRe abiliYy HR Eﬁ't@'N-'tSiﬁ:d
inl 5 prepafing any dosage unit form shoul d be pharmaceutical ly pure “and

subst ant5 ahlcyumeharineis ar bindingeoatiensafssuehwhanynets. cdubd dwbdi bel wsed ih lassags hnd/er
conmpounds) may be in pr%?r’ﬁt ed i nto sustained-rel ease preparations and

formul at i SFREERSTHACCRTENEHE R PESTERLITVERLQR extendsde thoussRf e peptigesafghe
Sk € i : ot kel i
orean, ©1 UNerBBNA AR b Wenddrd ofbBIRICwRR LORLE & NADPe VLT DUCH @S

i ntranasal delivery, for exanple solutions or dry powders. Parenteral
dosage forns are preferred, including those suitable for intravenous,
i nt r at hecdhe w-aenciexine bf the presespinMentipn gedyi heeprgpared upingrsianderd peptidey

I ' I il .i ncl d all I :
ai Sper PRt ool faifred il Shadend v 30k Fondlion, “ERreacrie ot oni c
4 ab : : : I ' :
ggen? 5819 E)Eh%ﬁg)rergrg{j:eut Ih}?g? @g@g iés\slsee%g%bg({]ginﬂéi%@{ns wedldl ékﬁ%\?\‘#‘l IBFID t ﬁe ngﬁt;i‘j.ﬂ,das

Except i ndestrbedby Sohnaizer engd dA82). nEdlleawing depestection dndcciepaie fitoen wiet dolidhe
3 0 active ingredient, use,thereof }_ln t he therag,eut i c conpositiaons is,

cont enpl afPROTISH B Peptdes G purified HElge PFPAIEYS CRIUBaIgEraphy or HisrRirHied
into the x%%ﬂ??é’a%ép‘ﬂﬁ@? are oxtdisef Bf GiFP&ed %9ggrnmo?%kgé§léoas&§c£&ylﬁ‘%?(%8%2§8

15 The oxidised peptides were purified using preparative chromatography.

References describing the synthesis of conotoxins include Sato et al, Lew et @l and WO
91/07980.

20 The w-conotoxins may also be prepared using recombinant DNA technology. A
nucleotide sequence encoding the desired peptide sequence may be inserted into a suitable
vector and protein expressed in an appropriate expression system. In some instances,
further chemical modification of the expressed peptide may be appropriate, for example

C-terminal amidation. Under some circumstances it may be desirable to undertake

t2
wn

oxidative bond formation of the expressed peptide as a chemical step following peptide
expression. This may be preceded by a reductive step to provide the unfolded peptide.
Those skilled in the art may readily determine appropriate conditions for the reduction and

oxidation of the peptide.

30 Natrally occurring CVID was isolated from Conus catus by assay guided fractionation of



It is especially advantageous to fornul ate parenteral conpdsteptamber 2002
dosage unit fog for ease of adm nistration and unifornuty of dosage. Dosage
unit formas used herein refers to physically discrete units suited as
unitary dosages for the mammal i an subjects to be treated; each unit

cont ai ni ng awy edeksy M ned quantity of active material cal cul atrerk/A1¥99/00288
produce the 5 desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the novel dosage unit forns
of the invention are dictated by and djjf¢ctly dependent on (a) the unique
characteristics of the active material and the particul ar therapeutic
effect to be achieved, and (b) the limtations inherent in the art of

conpoundi ng_suc Y teri.al r the.treatment of disease in living
subj ect s h%ﬁh‘g’%ﬁ E‘?@g‘;aege@’ 5%“%%%%91’@}?9‘1{‘% i%ﬁﬁhgg'dily heal th is inpaired
as herein disclosed in detail. The principal active ingredient is
conpounded for convenient and effective adm nistration in effective anounts
with a sui Thelirventian fantkartprovidey amisodpedbhcleic acid molacniecconggisingi seduenoe o
unit dosage form can, for exanple, contain the principal active conmpound in
anount s r aRdgleryides epgoding op somplementasy 1@ seRIGACHENCORINR: & seANOLIKIP PEPLfE DN,
the actiye .S generally present in fromabout 0.25 pg to about 200
ngl m ofgcg‘?srgfrg&lg?on‘}ef he case of conpositions containing supplenmentary
active ingredients, the dosages are determ ned by reference to the usual
dose and manner of adm nistration of the said ingredients. 20 In order to
facilitat elnamfurthesaspesh af g presan énventien thess iy prowided cenweil¢it abid pratie to t he
exanples and figure which illustrate so referred embodi nents of the,.
Cvent | on. SR &isfible oF pihHes eEREng RE CahEmAiRY thR sesengr enciing
descri ptiof.d t LUl ant ; fol |l ow ng
descripti O(E'doégt’&%g} é@l’l gaﬁtagﬁg%gﬂgﬁggg%a %Fgﬁ?éb%ai@%%%@fg%@’ of a

nucl ei cl@cioinplenesmeetocalt oflpmg oftoop 4 bE tendronewikth E¥IDe BE udhg ketieng: t he

| eader sequence and term nal glycine is also shown. The nucleic_acid
sequence aWiichhirfEndgrEeneaptehBereaaing ardd sHhstiftios amisle chaippmadifieaignSEQ m
NGO 13 30 respectively, v~~hile the nucleic acid encoding the fourth | oop
is shown in SEQID NO: | 1 The primary nucl eoti de sequence is 382bp in

| engt h andpGasEfibisaty phefetred efibodRaaiR Menucldid aSANrObS ebmBHse: /62q@8hRAR50 -
25 PCTI AU99/00288 (am no acid residues 1 to 45), the mature peptide (am no

aci d resi duekotddes encadingrat dosydernentaneto saguencerasicadiog the gequencaigmutiad by
| ower c rji\ng i mredi ately follow ng the region of the mature

pept i de?%ié%h&ﬁr portion of the 5 untranslated region that was
incorporated into the CSRD 301A primer (depicted in bold italicised |ower

case lettering at the start of the 5 sequence). The start and stop codons
del i neat i ngs tided Heegihiadeferenieng o Qoobe!' mckidentfedehceth a prisnepused inve ami no

aci d sequences_for the |eader and mature peptides have been translated from
t he pri maramplifisation pae psebr fTase ap dirgetdhydRIIFRLPA: singl e | etter abbreviation
bel ow t he nucl eoti de sequence. The nunbering above the nucl eoti de sequence
relates to the position of the am no acid residues taken fromthe start

codon. JhestI0sothe? At bithe pelensiiiéntRials dfedted M Entiolilds fo tHew C¥hElormauence
| he ANCHOR I'd be

is highlighted in bold and italicised: the primer wou

posi t i onedpeptidescicadbrling @ the onvtehgopolyshantibodie§ may deddorioglonallor poiyahanaband he
argi ni ne resi due at sition 45 indi,cates the mst pr.gbable site far
enzymat | ¢ ERRR SEREtt FOMAaARUAlIE poCUETiRS tiborish1Q e RERHIAFOTIBR Do pecilisalh

]E g; [ﬁh ng:c posfg& DeuRpebfifestishl ShefrFIRAGTIET 1R &SP of the'IEHRY B JRYtidA Hay
first need to be associated with a carrier molecule. The antibodies of the present invention

25 are particularly useful as therapeutic or diagnostic agents.

In this regard, specific antibodies can be used to screen for the peptides according to the
invention. Techniques for such assays are well known in the art and include, for example,
sandwich assays and ELISA. Knowledge of peptide levels may be important for monitoring

30 certain therapeutic protocols.



transl ati-onal nodification to |eave an am dated C-term nal cygt§é¢ptembert 2002
protein isolated fromsnails. E ~AMPLES 20 Exanale 1 Assay gui ded
fractionation of the venom of Conus catus was perforned as follau~s: 25 The

omega conotoxin CVID (1 ) was isolated originally fromthe cr
e~, rtracted ?‘loo??(st“#g venom ducts of Conus catus collected frompgﬁ/é@/gg%ss

Barrier Reef, Australia. Using gradient reverse phase HPLC the crude venom
was separated into a nunmber of fractio and these fractions then assayed
inal SI GVIA binding assay (see Exar?gle' 4). Fractions active in the

bi ndi ng assay were further purified by assay-gui ded reverse phase HPLC and
the primary 3 0 structure obtai ned unanbi guously by Edman sequenci ng. The
fracti on cbhe negendeidgnaleculdyof thdpresent troertion may be BNAor RNAn Wiks-tBe nucleic

phase. HPLASHLEEIRHB I e /o oot PR ot AN A N8 e P i
anal ~~ti caqMHdRcules g&hg%m§m‘,§ﬁmg8§/§§%§%,t%al ly run using a 1 %

gradient ( 100% A, S mn; 100% A to at | nmn and nonitored
at 214 nm Additional fractionation was at tinmes achi eved using

si ze-excl usi on HPLC. Fractions for assay were 5 collected either at |
mi nut e ihtélthangd the nucleie aeid axqienwiestal thropresend invertiamargigenerally inisolated domay .

The buf fer,,_syst for_.al i .. l,ysi A=Q. 9T EA .in H.0. and .
5o, 0ouirrAbS B Bh et ling o 1BRRNIR 57 ottBPuiE Riset op BPe b Woth B eengsic

per f or ned nisieil&y §igh hOvedder mblekolel Bl ARSI RRprebiidrevicibrsmaReulbet VieEtsrsl 5
Material s Synthesis of C-term nal am dated peptides was conducted on p- MBHA

resin, obtanil eapressionyeerrs asugeneralyepable plreplicrtiopapd,iifizpplicable; axpegssion in

substitution val yes. ranged f 0,66 ,to0 20 9 L., Cterm.nal,acid re
aynt hes! s 80 9% SafEor APRET e B £ SeE Sy EiFRathy, mishF e Brdfeids b
Boc pr ofge ¢bRdBaNTOsPad P momBispl Pestefre® BhiBeRSticARIS MRhide yesst, BAgdthem
Nova Bi ochem Fl uka, Biosearch and Auspep. The side-chain protection chosen
for the bownmmalieo andinssctwsls. Ar g( Tos), Asn(Xan), Asp(CcHex), His(DI~TP),
Lys(C1z), Thr(Bzl), Tyr(Brz), du{CcHex), Ser(Bzl}, HyP(Bzl), Trp(CHO,
Cys(p-MeB zl), A@n(Xan). Al other 25 Boc am no acids used were side-chain

unpr ot ect @dcoddh i anbiedd adpe& dithd Fi&éeﬂi li RO _@cTntérﬁg%gers hohbig snsandt

hydr axybenzotri azol e were all pep e synthesis gr from Auspep

( Mel bour neompuisibg alveetpr patien and targehe capatiiensftenarding § Pemteteswbomrdidgto thy/ gr ade)
were fraom BDH, (Pool e, 1JK}. Water was obtained froma tandem Wi pore
MI1i-R® MR - Q system p-cresol and p-thiocresol were from Fl uka
(Germany). HF was supplied by BOC :

Preferably, the gene portion of the genetic construct is operably linked to a promoter on the
vector such that said promoter is capable of directing expression of the gene portion in an
appropriate cell.

20
The present invention extends to such genetic constructs and to prokaryotic or eukaryotic

cells comprising same.

In view of their high potency and selectivity towards N-type calcium channel over P/Q
25 type the w-conotoxin peptides of the present invention may be useful in any indications

where blockade of N-type calcium channels may be of benefit. Such indications include

the reduction of neuronal damage following ischemia, production of analgesia,

enhancement of opiate analgesia, treatment of schizophrenia, stimulant psychoses,

hypertension, inflammation and diseases which cause bronchoconstriction, and inhibition
30 of progression of neuropathic pain. Analgesia means the relief of pain generally and

includes relief of acute, persistent or neuropathic pain. Preferred indications where the



30 Gases (Brisbane, Australia). Anunonium acetate (AR) and anmoni um

sul phate (AR} were from AJAX Chenicals (Australia). Guanidi hé.Septemyerognq2
and reduced and oxi di sed 17 Septenmber 2002 V~I Q 99/ S4350 -27 d utat hi one
were from Signma Aldrich (USA). A~ethods Synthesis PCT1AU99100288 Aut omatic
pepti de synthesis was conducted on an Applied Biosystens 430A synt hesi ser,
using symmetric anhydride or active ester eli@nistries to couple
Boc-protected anmino acids to 10 the resin. Manual stepw se synthesis was

conduct ed usi ng BOC chem stry net hodol ogy, where 2mol of each am no acid
| EA, _and .in-situ

is activated of _Q d,470ul

coupl i ng takB 95\-/{9 g‘ggs uBﬁNw&o&SBP%i% g@@ S I PR I & oPialE i2palsesia,
ni nhydrinZ agad Mm&no@erg\hﬁ%%@ﬁoﬂd@\ﬁ% wede sk@rting fronp- MeBHA or PAM
resin (0. Smmol scale ere - OCHz Ielresm was used the first amno acid
was on the resin. Rermval of I 5 the Boc protecting group prior to coupling
was acconplished by +yorteX| ng.or shaking in 100%FA. . DMF was used for flow
washes and a8s§ayé uéwbrfwn@ssgﬁmgemmp@a@ﬁ WSS REHMETY etnhbtwemkmmmanmly such as

i nhyar i o val He TRt e peeena sbrk T Vi PG B R s kown

I ess than 99t%thb£@slbﬁ3@'ﬂ'tﬁ9 agtim Bsaarg 1RSI 248 agaaalzﬁ@s%ddéééh i
anhydride in (87UUH11| . 20 ?ectl on éﬁdl Cl eavaee For Bg%%?géfe?emed in

cont ai ni ng hV\Qﬂld(i)?i?@ODNPO%HelP.&I lﬁ:;ﬁnéﬁéct BOPER4 TR Dagsfafitbe Fatbhp oo and
to thiolysis % ~i t oe O% DI n DM, 2 x 30mn), to
remove the si 9&55{%’%@8%8?4&5 %‘{RgéF@c?é group was then renoved
(TFA, 2 x 1 mn), and for pepti des cont ai ni ng tr5~pt ophan- CHO,

defornyl ation u-as perforned using a solution of ethanolamne (1.5g) in

25mL 5% Wt eRariiculBMEsséPs whidhnimy . beTbugzeiclude; mas:tmabimddmg/vaishy@@dcﬂd%@ndélt@ﬁs

under nitrogen. C eavage . .fromthe reS|P§ and Sw Lt aneous deprotection of
si de- chai ns SWAB a&%ﬁ"é’ﬁ%ﬂl‘”" And the Ratireee testy QMphabsse aad cakshs 1999, the tail flick

scavenger s RergsslenAl sl BISGLES0h: (ol of ol 1yl BY AOITE) cBlcocdone 36

for 1.5 hr, er -vacu Was “precl
col d ether, (w{zteem(ie@o@sm 111998 HtricaFoRbtedtivd ﬁtﬁrsﬁdhfablm}ﬁ@fataiﬂﬁeswsd&msWd fhodel
cold 17 Sept enber 2002

or in vitro cell survival assays; other assays looking at effects on neurotransmitter release,

15 for example Substance P (Ray er al., 1991; Cabot er al., 1998).

The w-conotoxins of the present invention have shown usefu] activity in some of these

assays

20 Accordingly in a further aspect of the present invention there is provided a composition
comprising: an isolated, synthetic or recombinant w-conotoxin peptide in which the fourth

loop between cysteine residues 5 and 6 comprises the following sequence of amino acids:

SGTVGR [SEQ ID NO: 1]

18]
W

or such a sequence which has undergone one or more conservative amino acid

substitutions. and

a pharmaceutically acceptable carrier or diluent.



WO 99/ 54350 - 28 PCTI AU99/00288 ether to renove scavenger fddestémbeFh2002

pepti de was di ssolved in either 50% AcOH or 45% aqueous acetonitrile,

diluted with water and | yophilised. Folding and Oxidation 5 Purified

reduced peptides were oxidised at a concentration of 0.02 to O OSnMMin

ei t her aqueous 0.33M 1~Tl-i40Ac / 0.5M GHCI, or aqueous 2M (NH,)2SO4 /

0. 1M NH40Ac with pH adjusted to 7.5 - 8.0 usi;mmg O O M NH40H. The sol ution

was stirred for 3 to 5 days at 4C, in the presence of reduced and oxi di sed

gl ut at hi one (rml ar rati o of peptide GSH: GSSG | Ovvas | :100 10 ). The

reaction mxtIp re sa er.i odi aII d anal g by RP-HPLC and

el uant fracti dns" e ¥ I]%q %‘sap? @HeRTPERERRI ¢

anal ysis. When LC and M confl rmed that oxi datl on was conplete, the

oxi dation was term nated by lowering the pHto 2-3 with TFA. 1 S

Chr omat ogr apiherdAnalajssdi pravided tid fike alfl an 6] Ml ek prubetc rdi?LEEcéh%ﬁﬁéﬁte%JdaHSféxrn

with an auto-injector was used for all RP-HPLC. Anal ytical RP-H

conduct ed on papveéa em swhisht mepé&umblssvomdxm\ £M IYSRITBO Lo duss| ummcbr6 a:om;adﬁes Ghe

18, S~c { 4 25 colu Ies were run using a |l %agradient 20 ( |

00%A, Smi 01}&% °t58 GW%? | mMimn and nonitored at 2 |4nm

The buffer system used for all anal ysr s was A=O0 1 %FA in H20 and

B=0. 09%FA, | o%120, 90%CH3CN. A Vydac C 18, 5~ ( 1.0 x 25cm) col unm was

used for sem preparative RP-HPLC an@GTWgRSELDPIIEND: 1J0, u (2.2 x 25cm

colum was used for preparative RP-HPLC. The crude reduced peptides were

purified by preparative chronat ography using a | gradient (100io0A to 80%B,

80mn) v-~rit o] d cLlo ctrons .
I3ra’5 w E?c;u mh srglggir a%o\ﬁe She Bf opd %%gg%pﬂaa cid

wer e col |l ected an ana by e mass spectrone actd

whi ch gaye t hghstiesionedorTeige sHRie nﬁ&tﬁﬂcﬁft&isywmebmaﬁﬂﬁdcmrbcﬁ? aﬁﬁeﬁebﬁeﬁzofor the
confirmpurity, and 30 those fractions which were pure were conbi ned

| yophi | i sed regugiiare of neumdhdemagmﬁmliaj’envcmm:'rueclpxpépcm@egf wezlgesiay mfhaademym

Izggczil \r;\% gg/e5g§|ggrja¥e|2g‘?alé%?-ac,;tlgagpg@tzgg sC rlggph_rtr:]}vg oexl‘ e t %rtr%tc{n\/ gf snrlnzlla%?ri:ts?gﬁoesres

hypertension, inflammation, diseases which cause bronchoconstriction, or for inhibition of

progression of neuropathic pain.

The invention further provides a method for reducing neuronal damage following
ischemia, for the production of analgesia, for enhancement of opiate analgesia, for the
treatment of schizophrenia, stimulant psychoses, hypertension, inflammation, diseases
which cause bronchoconstriction, or for inhibiticn of progression of neuropathic pain,
20 including the step of administering to a mammal an effective amount of an isolated,
synthetic or recombinant w-conotoxin peptide in which the fourth loop between cysteine

residues 5 and 6 comprises the following sequence of amino acids:

SGTVGR [SEQID NO: 1]

25
or such a sequence which has undergone one or more conservative amino acid
substitutions or side chain modifications.
Preferably the mammal is in need of such treatment, although the peptide may be
30 administered in a prophylactic sense.



colum at- a flow rate of 8m/nmin, washing through wth | 00%Sapemtberalb02
oxi dation buffer had eluted and then applying a | %gradient ( 100%A to
8098, 80mn) with a flowrate of 8mM/mn and u.v detection at 230nm
Fractions were collected and anal ysed as for the reduced peptides. |f
further puri%98¥843%8h was necessary the peptide was repurified Bni/AU/00288
sem preparative colum on a 1 %gradient ( I 00%A to 8098, 80mn) with a
flowrate of 3m/mn and u.v detection at 230nm Fractions were coll ected
and anal ysed as before. Mass Spectrone?ty 10 Mass spectra were neasured on
a PE Sciex API-111 triple quadrupole lon Spray nmass spectroneter. Data was
obtained in the positive ion node by the accunul ation of data in the range
400- 2100 aywill bereadiis appresiatashydbbosialier anthsten tBé réud omumuﬁ@ﬁaz?orpﬁicﬁy
time of 0.3 s. Peptides were dissolved at a concentration of | nmglm in 45%
aqueous athet ratuneraf| the ébmcnmtwgllmccppmler patrieFmilt depend ooise natuze ofsthel

w t hout furt treat me er the.orifice via a

gl ass capF?[PJ:?\ 39‘?81 rr8 aﬁfcggq HER S?KZGS’P;ICYJQCF&@ g’qzﬁl}l?&fy‘?f[ea P?F"@E@br into
a 30-40ul Sty 0

TFA. The (r:z({aﬂs-lgf ta gﬁ%{l dat g&%ﬁs] ?{%@gg&@g eco?\)\agohd B@r%lg%e@rﬂﬂne% cS ec
3.2, SChBperséiaskitied i thedet. efmiheeréfpzatidn of afynforoladeionccbnpdiningnhé pebtiigeci es.
20 Qther hi gh-resol ution data were obtai ned on a Bruker Spectrospin Bi oAPEX
ext er nal - Raiyes sanecshowgihe taken foAnsursy thatethe acivigp phiherpapside jenet dastoyed it a
magnetic fiel for_.sonme of. the. tides sised is

abut at ot args atd bel e Rge o bieéoz"v@ é@%ﬁ@@@w%%ﬁeﬂa&ﬁﬁ sszgyeéam e
3 List of insyymdigsdiregarRedtt 8sbe Aikles ﬁhdmﬁél n in the
PEPTI DEREDUCED YI ELD %OXI DI SED YI ELD ¢ X CTED MA (M, Da) OBSEF\’VED MASS
(M, Da) C\ArD3wick 35, fo 2R&APES Riici0\dro3psubRing 4 25187 ol thEVo D@37 SAs1iniRE4ton

10 chosen should be such that the peptide reaches its site of action.

The pharmaceutical forms suitable for injectable use include sterile injectable solutions or

dispersions, and sterile powders for the extemporaneous preparation of sterile injectable

solutions. They should be stable under the conditions of manufacture and storage and may be
15 preserved against oxidation and the contaminating action of microorganisms such as bacteria

or fungi .

Those skilled in the art may readily determine appropriate formulations for the peptides or
modified peptides of the present invention using conventional approaches. Identification
20 of preferred pH ranges and suitable excipients, for example antioxidants, is routine in the
art (see for example Cleland et al, 1993). Buffer systems are routinely used to provide
pH values of a desired range and include carboxylic acid buffers for example acetate,
citrate, lactate and succinate. A variety of antioxidants are available for such formulations

including phenolic compounds such as BHT or vitamin E. reducing agents such as

[ 3]
wh

methionine or sulphite, and metal chelators such as EDTA.

The solvent or dispersion medium for the injectable solution or dispersion may contain any of

the conventional solvent or carrier systems for peptide actives, and may contain, for example,

water, ethanol, polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol,
30 and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be

maintained, for example, by the use of a coating such as lecithin, by the maintenance of the



10 Exanpl.e 3 Isolation and Characterisation of the CVID Gene
extraction and cD! A synthesis 15 Two speci nens of Conus calﬁggggér@%r%%z
collected fromLady Elliot Island on the Queensland G eat Barrier Reef. The
ani mal s were anaet hesi sed on ice, and dissected to renove the venomduct in
a region frovnobhsszgenom bulb to the proboscis. The ducts were BETHUSHEBERSS

pl aced in a bufFer containing guanidiniumthiocyanate/ N-|auroyl sarcosine,
then enul sified 20 with manual grinding. Poly-A tailed mRNA was extracted
fromthe m xtures using the Pharmaci a.Bpotech Qui chPrep nRI ~TA purification
system Strand-1 cDNA was 3' end synthesised fromthe C. cazus poly-A nRN A
tenpl ates using a Notl-d(T)1~ bifunctional priner

m e ci!ona ] o N oin
Con unct 1 Sopored BRI Fobe e A olspefiiortapt 5 uns O R REbR i e Shriope
resul t ant o fNACHBABY MR8 oMRAABmY 86l bk BrdiiRAt ARtk WHRrdiiteiaArp by alRdRduGst of A

using a RNaseH DNA pol ynerise procedure as per the Pharndcia Bi otech cDNA
Ti mesaver varnaup agtbaateriad an@ edtfuigal agess, 350 exapl@Prratisns)/chireButenal; ploanbl,

Mar at hon ont ech). adapt or e then added.to.the 5! d 3. ds of the
e DA b Mol e ThE LTRArEGHtes it b preierslls o ioehuasEgtis o
conpl et ; | : floS ' ' : CR
Gor T vat | o DRRABlolERAEAER., A6e DN SRLACHIdReD RREICHRY), the foalifition (07
sanpl es cijecdbnmwilybe sotdnidtrwith biocd. darblenged hiesofigiin &hé\irjedtable coSpositions can

ﬁ%@hﬁ@w 'AT%@% g @3{_&@;;&@'},'?;95%%%5@% %Iamgiﬂwfﬁirew@ple,
A : _ i ;
ot oy od ARELAERDAAkaraRAd ki, Pl KIBKNMLABAK o WechiRle (e oy be

cycle, 9Xdligbred®® any apfiopBaeaouttdntitfing éttrdvenowd) imtiedvesulan itratefebiddd, r ai ns
for 1 cycle. This PCR produced a heterogeneous DNA product of approximately

3 80 byl tintraberah. epsbijeldaieetiomen ipfisiprof cl ones 15 derived fromthis PCR
product have shown it to contain the sequence CVID as well as other related
venom pepti de sequences. C oning and sequencing of C-'1D 20 The DNA product

produced Jte@itjb&aliotbuaOds fePrephedihy ficorRPatighthe hetfvedimpbutBiNG the
required amount in the appropriate solvent with various of the other ingredients such as these
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are

15 prepared by incorporating the various sterilized active ingredient into a sterile vehicle which

contains the basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, preferred methods of preparation are vacuum drying or freeze-drying a of a
previously sterile-filtered solution of the active ingredient plus any additional desired

20 ingredients.

When the active ingredients are suitably protected they may be orally administered, for

example, with an inert diluent or with an assimilable edible carrier, or it may be enclosed in
25 hard or soft shell gelatin capsule, or it may be compressed into tablets, or it may be

incorporated directly with the food of the diet. For oral therapeutic administration, the active

compound may be incorporated with excipients and used in the form of ingestibie tablets,

buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such

compositions and preparations preferably contain at least 1% by weight of active compound.
30 The percentage of the compositions and preparations may, of course, be varied and may

conveniently be between about 5 to about 80% of the weight of the unit. The amount of



~as el ectrophoresed in | ow nelting point agarose and exci sed. The DNA was
extracted fromthe agarose on Q agen col ums, rephosphoryl at éd SeptenberT2002
DNA ki nase (Progen), blunt ended with Kl enow pol ynerise (Progen), and
ligated with T4 DNA |igase (Progeny into the nultiple cloning site of
dephosphor ylvab esls43sm- | cut pUC-2 8 plasmd vector DNA 25 (PharhR@aeiis9/00288

Bi ot ech). The vector DNA was el ectrotransfornmed into Bluescript E. coli
cells, to produce a library of clones representing the PCR product.
Aliquots of the library were plated onp9.LB, np pl ates, and individual

cl ones sel ected and propagated overnight in TBa",p broth. Plasm d DNA was
purified fromthe culture using the RPM system (BI O 101), and the PCR DNA

17" Sept enBEN R BIGh RiciSBBHBAS A BB spBoBECH P PR LA o b B
Bi ot ech), wall bédebisihetier m nat or sequenci ng chem stries (Perkin El nmer) on ABI
373 sequencers. The sequence data was anal ysed usi ng Sequence Navi gat or

software (Applied Biosystens). 5 CV' m gene sequence C one nunber Cca-6
within the, C . catus RD:,301 A/ AN nom dyct cDNA PCR | i brary proyided
the sequ eﬁB% tqbge';s, Lé’?f’é:g%ellp Spﬁ?ﬁ‘?@@ %%%ﬁﬁ ﬂaé’c#ﬁoa‘éméaéﬁ therfompoRgnts H@BstecY
antici pat n ' ASSRHE b ﬂikfh@ wfgy! D
gene are Eﬁgam%&i %?%Hﬁhgﬁﬁgg %ﬁmtzgﬁé é?égﬁé?%?ggggﬁrgh‘?‘g o oérzl%cpi%%rd gcrgf;n.@/
reveal ed phdsphatk; efdismtgirating eges suth &5 dode starabapotatrstemchealgiAld ackd amlethe fike,e

sequenced | n both orientations to prodyce a consensus sequence. The CVID
seduence hULrIORY e FOTRERFSEA SRR | A eI BIng 155 WG 4 SHHOR AE1se 222

base pair . t i i Ct pii de
coquence SFUinty O Srlaalou B AR Gl Depp Sy, S pf Bk IR S o
f r om snai ¢kertylflavbenmg. nWheg ltycdosege finit fremyis edtapdudy] itaxpr easan, ipaddidbnto s 20
renoved by saone form of post %r agsl ational, nodification to | eave an

ani dat &8 @ategalsiof the aboye type, a hawd samar c Vagounothermatepals mavheprasest as

cystei ne i 3 e T = - 23- .. Crax

nucl eot i dgeoraaﬁgg,\gt{n'%6 ndcgﬂ%rs:‘?% @gg@r}e{%@ é)?l&?m%g?rﬁn &@é Id(g:}gti e%mﬁégt%f &é"?ag'ﬁ%—qﬁ%ts’

mat ur e pejills, @¢ capstlel tayl edtatetialvith ehellay, skipaver boeiRt AderupastediRie enay contain the

active compound, sucrose as a sweetening agent, methyl and propylparabens as preservatives,

a dye and flavouring such as cherry or orange flavour. Of course, any material used in
15 preparing any dosage unit form should be pharmaceutically pure and substantially non-toxic
in the amounts employed. In addition, the active compound(s) may be incorporated into

sustained-release preparations and formulations.

The present invention also extends to any other forms suitable for administration, for example
20 topical application such as creams, lotions and gels, or compositions suitable for inhalation or

intranasal delivery, for example solutions or dry powders.

Parenteral dosage forms are preferred, including those suitable for intravenous, intrathecal,
intracerebral or epidural delivery.
25
Pharmaceutically acceptable carriers and/or diluents include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents
and the like The use of such media and agents for pharmaceutical active substances is well
known in the art. Except insofar as any conventional media or agent is incompatible with the
30 active ingredient, use thereof ir the therapeutic compositions is contemplated.

Supplementary active ingredients can also be incorporated into the compositions.



Further experinments on C. catus simlar to that described aBcSeptesber 2002
undert aken usi ng sone 17 Septenber 2002 WO 99154350 - 33 PCT/ AU99/ 00288
additional priners in place of the CSRD 301A prinmer. These priners were
designed to %ﬁ%cgospem fic and were OM ZA (5' - ATC AAA ATG AAS-ELpodob2ss GT
GIG GIG 3') an a-6-3B (5'-GCG TTT TGA TCA GCC ACA TCT ACC TA-3"). These
experinments led to identification of sequences for sone of the der| vatives
of CvB7. 5 Exanpl e 4 Radi ol i gand bi ndi _Rg assays Prepar ation of'' sl GVIA
and 251 Mrl1C 10 Peptides were iodi ndted using | ODO- GEN (Fraker P.J. et
al ., 1978) (I,3,4,6-tetrachloro 2a, 6a-Bi phenyl -glycuoluril) [Ahmad S. N et
al ., 1988, Crungy et al 1986) 5.75 nmg/nl, 17.4 nCi/mg) Na' ZSl
(DuPont NENIIS R§P6Fi s‘éja’P-E%gﬁ?Lt?dBé?%“UIEBSQPEﬁQ;ef%[ﬁGWQSm@PS@fd0§éﬂ¢ unif PHEsIoRat e

buffer (50 p t

000 cen (repLRfist iR (AR e AR PRALe R AU nlielThehiy o
ma'ture vm@siwltf,t cﬁmekeamﬁs buicedsdsemited dodage’ f@pmem:ﬁalta@tbabﬁemtalueltf&tdd 0
~| of the peptide of interest. This m~.rture was then allowed to react for

anot her 5 &#f upif P@mtmargpwrefietéﬁmn%qwtm@wm sptaril raleulpied ¢o produce the

' 251 - | abgl e e nt 20 ntroller
cqui ppod iehed TBrand ks 478 ROl SiR R e B IFS e e Blfer
detector. gs&ﬁbeﬂi%ﬁ fYeihe n@Qél'db%&‘g?é 0 MYxﬁéi@f 1he idien o BdSfctarelbyaltdl difec
colum (4. 5Q eluted at /1 m/mn with a linear gradi ént of 067%of
sol vent B dependeton (a)rihe swilivecharacteristios afvhe @ctivef hateridaandithe pautucdbar sol vent
B, 90% ACN + 0.09alo TFA. S s.nmoni.tored at .Z 14 n
1 acti ons NSRS EASE B AEREEEE GG oy nE HTGFIATs [sreh o s b ar SUmhEIIng | 3
Vil l'ac 12%4.1aud QARE nfarCFMTEr hE thehfent Epdﬁéh@é inrermEé n@éc@@ﬁ%ﬁg?/a fisedsadi nat ed
pepti des, mass spectronetry was preforned on a mass
spect r orfetcendifiPEBcwhich botity dalthiis infrirad iapherGarnbstdysed HPieGal.r act i ons from
pepti des iodinated with non-radioactive KI2'l were injected directly into
t he mass 17 Septenber 2002 WD 99/ 5435U

The principal active ingredient is compounded for convenient and effective administration in
effective amounts with a suitable pharmaceutically acceptable carrier in dosage unit form. A
unit dosage form can, for example, contain the principal active compound in amounts ranging
15 from 0.25 pg to about 2000 mg. Expressed in proportions, the active compound is generally
‘present in from about 0.25 pg to about 200 mg/ml of carrier. In the case of compositions
containing supplementary active ingredients, the dosages are determined by reference to the

usual dose and manner of administration of the said ingredients.

20 In order to facilitate an understanding of the invention reference will be made to the
examples and figure which illustrate some preferred embodiments of the invention.
However it is to be understood the generality of the preceding description is not to be

superseded by the particularity of the following description.
25 Referring to the figure:

Figure 1 is an example of a nucleic acid sequence encoding CVID. The amino acid sequence
including the leader sequence and terminal glycine is also shown. The nucleic acid sequence
and amino acid sequence are also shown as SEQ ID NO: 12 and SEQ ID NO: 13

30 respectively, while the nucleic acid encoding the fourth Joop is shown in SEQ ID NO: 11

The primary nucleotide sequence is 382bp in length and comprises the leader sequence



-34 PCT/ AU99/ 00288 spectroneter. Mass spectra were acquire I
Maci ntosh I1fx conputer using the software package I\/acSpec%( gcéPg%mp 2002
Toronto). Rat Menbrane Preparation 5 Rat nenbrane was prepared according to
the procedure of Wagner et al. (1988). Rats were sacrificed by cen~ical

di sl ocati on wodetskssbr brai ns renoved and i mredi ately frozen i nPCT/glibg100288
nitrogen. Frozen brains were stored at -78C until required. Three brains
(wet weight , 6.25 g) were thawed and honogeni sed with ultraturrex (IKA,
170 vatt) in 125 m 50 mM HEPES 10 pH-Z54. Honobgeni sed brain was
centrifuged at 16000rpm (3 5000g) for 20m n at 4C and the supernat ant

di scarded. The pellet was resuspended by further honogenisation in 50mM
HEPES, pH [ PP ] i j

s epoat G A MR B, Ul ikpitg b scr Yeflides KPRLIS LAY

r esuspendehe Brunt2hstiteSCegvbrifdepistediby [dwér Cdse2itetingitminmdjatelp dolkiwing cheategionS C.
15 Bi ndi ng Assays. Binding experinments were_perfornmed as previously

descr i bed of Kie BEfUFRPEPtIde), #nd a smalj partioqef45¢ 5" untragslated regign that wasiecosperatedy
assays were _r g : . bes. .

ooty e CRRDLS4 0L pEARE (B AR bolUARiE 1 BRLSREARY e st atens,

room t erfpesduiencsd). aM@ starcaribdtepl cbduns Uelieatifig et geptide codihgirépioh ARUhdediaad Of
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resul ts wWEPHIGEOR HEMILE RBUAG: h procedures. In all cases Graphpad Prism
was used to generate binding curves and cal cul ate ECso val ues. Val ues for
sone of the conpounds of the present 5 invention are shown in Table 4.

Tabl e 45 EThe ferminal glbciat of thepdedigted ssmyssed phiteinds releh@d iby soake formfipdstndi ng

assays 10 ) L . . . -
y translational modification to leave an amidated C-terminal cystine in the protein isolated from

snails.

EXAMPLES
20

Example 1

Assay guided fractionation of the venom of Conus catus was performed as follows:

25 The omega conotoxin CVID (1) was isolated originally from the crude venom extracted from
the venom ducts of Conus catus collected from the Great Barrier Reef, Australia. Using
gradient reverse phase HPLC the crude venom was separated into a aumber of fractions and
these fractions then assayed in a ***1 GVIA binding assay (see Example 4). Fractions active in
the binding assay were further purified by assay-guided reverse phase HPLC and the primary

30 structure obtained unambiguously by Edman sequencing. The fraction corresponding to

CVID had a retention time of around 25-27 minutes.
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~<7,4e-' \Where two figures are quoted, the data in brackets represents data
frominitial binding studies while the other fi gure represents results
obtained fromfurther e~;perinments. Ezadmrie 5 30 In view of the high Level
of selectivity shown by CVID for N-type VSCC, the structural features that
m ght contribute to its N-type selectivity were investigated. This was done
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400-512 Figo,1116- fb.eep08, and a recycle delay of 1 s Extra experinments
recor ded W% &V1D included NOESY 15 ( | 00 ms mixing tine), DQF- COSY
(Rance), and E-COSY (G eisinger)(100% DSO at 293 ,K, and duplicate
experinments at 280 K Solvent was suppressed using the WATERGATE sequence
(Fiotto et al., 1992) and spectra processed using UXNVR F117s were

mul ti pllbelgxgx [%200| ynom al function and apodi sed usi ng

The synthesis of peptides was performed according to the following procedures.

Materials and Methods
15

Materials

Synthesis of C-terminal amidated peptides was conducted on p-MBHA resin, obtained from
Peninsula Laboratories and Peptide Institute, substitution values ranged from 0.66 to

20 0.93meq/g. C-terminal acids were synthesised on Boc protected PAM resins obtained from
Applied Biosystems. Boc protected amino acids were obtained from Peptide Institute, BA
Chem, Nova Biochem, Fluka, Biosearch and Auspep. The side-chain protection chosen for
the boc amino acids was Arg(Tos), Asn(Xan), Asp(OcHex), His(DNP), Lys(ClZ), Thr(Bzl),
Tyr(BrZ), Glu(OcHex), Ser(Bzl), HyP(Bzl), Trp(CHO), Cys(p-MeBzl), Gln(Xan). All other

25 Boc amino acids used were side-chain unprotected. DMF, DCM, DIEA, TFA,
dicyclohexylcarbodiimide and hydroxybenzotriazole were all peptide synthesis grade from
Auspep (Melbourne, Australia). Acetonitrile and methano! (Hipersolve-Far UV grade) were
from BDH (Poole, UK). Water was obtained from a tandem Millipore Milli-RO - Milli-Q
system p-cresol and p-thiocresol were from Fluka (Germany). HF was supplied by BOC

30 Gases (Brisbane, Australia). Ammonium acetate (AR) and ammonium sulphate (AR) were
from AJAX Chemicals (Australia). Guanidine. HCl (99%+) and reduced and oxidised



20 a 90 shifted sine-bell function in both dinmensions, or a m]d Gaussian
function in f, prior to Fourier transformation. Baseline corré tsieBﬁerﬂRqrnéo%?
5'~ order polynom al was applied and chem cal shift val ues were referenced
internally to DSS at 0.00 ppm Secondary Ha shifts were neasured using the
random coi | wlgdes4ysl ues of Marutka et al., (1995). 25 3J~,.n_PaET@AMIPPIEY
constants were neasured fromhigh resolution 1 D spectra (32 K} and
conpared to those obtained fromthe DQF- COSY spectra which were strip
transforned to 8 K x 1 K and extracted2gsi ng the Lorentzian Line-fitting
routine in the program Aurelia {Broker GhzZBH}. 3JHa-Hp coupling constants
were neasured directly fromthe E-COSY spectra transfornmed to high digital
resol ution . Oqi i 7 2002 Vv4' O 99/ 54350 - 37
PCT/AU99/Oggggﬁﬁég%gﬁ%goggggpéfgggagﬁ%§§¥ructure cal cul ati ons - Peak

vol unes in NOESY spectra were classified as strong, nedium weak, and very
weak correspondi ng to upper bounds on interproton distances of 2.7, 3.5,
5.0, and 6.0 A respectively. Lower distance bounds were set to 1.8 ~.
Appropriaggk§§2%doatorn corrections were made (~Nuthrich et al., 1983) and
5 di stances or“D.5 ~ and 2.0 ~ were added to the upper limts of restraints
i nvol vi ngg net hyl and phenyl protons, respectively. aJ~,.~.~ coupling
constants were used to determ ne ~ dihedral angle restraints [Pardi et al.,
| 984] and Symthesisip coupl i ng constants, together with rel evant NOESY peak
strengths, were used to determne x 1 dihedral angle restraints [u' agner et
al ., 1987]. \Where there was no di astereospecific assignnent far a prochiral
.pair of pr i : ORI ; Aad ; used
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structures were generated de novo using ran , di hedra ngl es and

ener g%/ m E_EEiAsanid (r‘o'f)’ﬁx saupting takes Ep (ad?rage f@minct? w{belﬁn Wﬁ%Smpﬁmb);I fquemsikative
eonetry. The structur re s ected to a tota of hi
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2002 W O QiphbdrdbOalues indicated less than 99% coupling. If coupling remained less than 99%, the
remaining amino groups were acetylated using acetic anhydride in DMF (87ul/ml).
20

Deprotection and Cleavage

For peptides containing histidine-DNP, the fully protected peptide was first subjected to

thiolysis (20% p-mercaptoethanol, 10% DIEA in DMF, 2 x 30min), to remove the side-chain
25 protection. The N-a-Boc group was then removed (TFA, 2 x 1min), and for peptides

containing tryptophan-CHO, deformylation was performed using a solution of ethanolamine

(1.5g) in 25ml 5% water in DMF (2 x 30min). The peptide was washed with DCM and dried

under nitrogen. Cleavage from the resin and simultaneous deprotection of side-chains was

carried out in liquefied HF in the presence of the scavengers p-cresol and p-thiocresol (18:1:1
30 by volume) at -5 - 5°C for 1.5hr. HF was removed under vacuum, the peptide was

precipitated with cold ether, collected by filtration on a sintered funnel and washed with cold
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Ha secondary shifts conpared to MVII A was seen in | oops Z‘Qﬁge&h%PEES#@%
Differences in loop 4 are not surprising given that CVID has a novel
sequence and incorporates two additional residues, the differences in |oop
2 are not ewogfdiesgkdace 1oop 2 in MITA and CVID are simlar. Therpaaondssy
shifts of residues 9-14 in C follow the sane basic pattern of those in
M-VI 1 A, but are of greater magnitude, indicating that the 10 structure of
loop 2 in CVID may be nore stabilised. Jhis could stemfroma Long range
interaction with loop 4. Loop 2 has previously been the | east defined
regi on of wconopeptide structure, with residues of this | oop characterized

by relative broad peaks in the' H spectra,.indicati.yve

oont or ot | S FbREiea e e b, The b6 i issilved Rgither SopgrpeOmaretsaci
of struct ugg,Lef bedibhitle HERitdd WHE %&terahli miscfp understand the cruci al
role 15 Ioo(gjz plays In activity, function, and selectivity of

w- conopeptides, particularly that of the inportant binding determ nant

Tyrl 3, as wel| as residues of secondary inportance such as Leul 1 and Argl O
in WITA (MQM%@IE_OQ 1995). Thus CVID may provide a novel structural
tenpl at es f or phar macophore devel opnent. Since the significant differences
in secondary Ha shifts for residues in loops 2 and 4 in CVID precl uded

accurat e npgefidd raguaetl p2Btidedl et IoR1Bifdi 26 bicBAceptra AP bOK DD o DIOFAMNIUA BRherand
given its enhanced N-type sel ectivit the 3D structure of CVID vvas

det or ni nodasepnyd. BANVIEO Aev O pYHChor aasons BMENTALES0, ADINE NEHQAewith
~, ~- i f | d d
2t or P R e 073 038 DI S G HaagVeS A Een 467 3 78 S Uy et

sequent i al4°C1/AthBBeiseRBeA T ehiRiRd wha BRI RPER BB kR R riz%m?uaé:mmm a
total of | 4 Hbonds and 23 ~ and 10 y, [" dihedral angle restraints. A

t ot al of0 4vasst:l 0@ @) eEhecreastemgeiktures wermsagphsiperiodicdlly mmd imahsedi®FE RP-BPAG on
greater tha ~, .and no di hedral, violations greater than 3 .. .Of_1hese,
Phe 20 1 oad ebiantfaRingS Srere, SaH-f e leOorgBnoss spedmmein apalisio Vigp LT
99154350 338 MPCLATHRYBAARKRN R SR Ne 1P o R Wherebined by 1BWR
structures are exclept_i onal l'y vvelnl ef 1 ne ?’ W '?h aﬁ%{ackﬁone n%r i se &%D of
0.3 S tL thapHubatewithvidfA.al | residues). The angul ar order paraneters (S)
for the ~ and t backbone di hedral angl es averaged 0.99, indicating a high
degree of structure precision that is reflected in the | ow the average
RVBDs g L ~. Novel features in CH D that have
not beeln . som%%&%‘%@% &\Xﬁ%ﬁ%ﬁ&% ns include the presence of two

hydr ogen bonds between |l oops 2 and 4, fromthe NH protons of Lys 10 and Leu

11 to the C=0O oxyBen atons of GLy22 and Thr23,  respectively. It is _possible
that thesés Y ptery @F8 §EH-G sYrtam eaviRned with @n sutepinjectay ves userd for alliRP-HRLS..

conmpared vt K ' I t ck T. has
“been st ab%a@gx&hﬁﬁﬁ %IE@Q%%? 2c§)!rKHrr]:1ctu|=doér;lr’,Pgvr\\}t( ?%tst%%ta‘p?.ﬁgﬁ gééﬁ(&qﬁo'? % s:?qg#ln%angl e
at -60. AtcbRif 6r 4 Vyded Ch®, 3 .h@ 4ORDGEAREIIGMNOSamipled WeretufubiBE aIBR ReidiedtNs
have been anbi guous, and indeed Tyrl3 may adopt an averaged conformation in

ot her #0c §hR%A Imin; 10941t fOPLB 200mib} @t Vel/mymend menitdred ebAf4mmmat i on of
Tyrl 3 i 1S t by th f t i id NH;
e no, TEgaRe st Hoa e i andiyais el IEDRRF & im0 O B B o et

of 7 Hz. Dioselssiodn,@l.&y | D was found to adopt a simlar global fold to

t he known W cohdtoxi ns®such as ~VfIA., MIIC and GVIA. This conparison al so
hi ghlights significant differences in the structure of |oop 4, which is
oriented downwards in IviIVIIA (wth the shortest Loop 4) a.ad Wi

C,
out war ds ih VeRRal IS cLP wadcmy rakumn wetpsed forsemiprepaiaiyeRPd1RLGrapd a Vydac
gl obul I : e S : I ween | oop 4 and
| oop Z%ISHW’ %6?42'§?k%${/n%t%%§&?st%d ?%%{)r%%?%ﬁ‘gﬁwgﬂgﬁ'ent ation, and help
st abi | i ze THeQpuds reliBited peptides witegseiel By phpacitNg chasndbygHasige tsing 2 1%
gradient (100%A to 80%B, 80min) with a flow rate of 8ml/min and u.v detection at 230nm.

Fractions were collected and analysed by electrospray mass spectrometry. Fractions which
gave the desired mass were then analysed by analytical RP-HPLC to confirm purity, and
30 those fractions which were pure were combined and lyophilised to give the reduced peptide.

Oxidised peptides were purified by loading the acidified reaction mixtures onto a preparative



bonds betv~~een | oops 2 and 4 have not been reported previQusly for LA,
lvl~'gA or |~~~I1C. This unigue aspect of CV ID structure‘%age%%WB?TE%pg to
its inproved selectivity for the NNtype uSCC, and suggest that the loop 214
conbi nati on may contain inportant determ nants for w conopeptide

sel ectivity. WO 9B4Bept enber 2002 WJ 99/ S4350 - 40 PCTI AU99I 0028BCTHL NP8
potency and selectivity of CVID nake it an attractive candi date for

phar mocophor e devel opnment based on its 3D structure. The inproved stability
of loop 2 may contribute entropically-28-its superior selectivity over

ot her c.~-conotoxins found to date. However, 5 |acking the inportant
secondary binding residues present in loop 4 of MVIIA (Arg2l, Nadasdi et

al ., 1995)cqneln @vh Aolwlraelst Smllihid Zivashil @Fouh- with 164N nkil bIS okidi@by blffthad

uni que set of ca-conotoxin/VSCC interactions originate fromloop 4 in CVID,
possi bl y tdiutedghd thea applying & thoygradipns$A07Ar 12 30068 ,\&003n) with afbdverataofs
Ahmad, S. N, et al

., (1988) Brajn S., 453, 247-56 X,  A., and Davi s,
DG ( TonsVEh Ay dtechin 2 298 Egetiens wire gplioted and analysec of For the
d af son, 23, @3% ' :
Conput . Cﬁg&ﬂ%ceﬂ?%%%izﬁgﬂgr nglé]??fﬁ.a‘%s, é&rsc??@%éaéﬁ }&%@Mgﬁéﬁ%ﬁ%ﬂ 22A. M
and Kar p3 usmipyepdrdtp@cdoluthoon aN&b gradizac(1000:5¢6 80%B, 80Ain)8dth 380% @GS B
ranger, A T. (I 992) X-PLOR version 3 .1. A Systemfor X-ray
Cryst al | oghmifnip aad & Wirkectips) ad 28fnm.iractians wesg coliprtad andpnalysedashsform. 3. |
Cramond T.R., and Smth Mr ( 1998), Pul. Pharnmacol. Ther., 10(4), 2I 5-221.
Cleland et al., Crit Rev. T7aerap. Drug Carr, Svst.) ( I 993 ), 10, 3 07-3
66. Cruz, MMash.Spe€frombtry (1986) J. Biol. Chem, 261, 6230-6233. 17
Sept ember 2002 V4' O 99154350 -41 Drugs of the Future, { | 994), Z 9(2), |
28. Drugs of the Future, (1998), 23(2), 152. S Drug Data Report, (1993),
28(9) , ﬁ)ohass spectra were measured on a PE Sciex API-III triple quadrupole lon Spray mass
spectrometer. Data was obtained in the positive ion mode by the accumulation of data in the
range 400-2100 amu from several scans using a scan step of 0.1 amu, and a delay time of 0.3
.
Peptides were dissolved at a concentration of 1mg/ml in 45% aqueous acetonitrile containing
15 0.1% TFA. HPLC fractions were used without further treatment. Samples were delivered to
the orifice via a glass capillary by direct injection (5-20ul) using a Rheodyne injector into a
30-40ul/min solvent flow of 50% aqueous acetonitrile containing 0.05% TFA. The resultant
data was subjected to deconvolution (Hypermass - MacSpec 3.2, SCIEX, Canada) to
determine the Mr of the observed protonated species.
20
Other high-resolution data were obtained on a Bruker Spectrospin BioAPEX external-ion-

source Fourier transform electrospray mass spectrometer at a magnetic field of 4.7 T.

Data for some of the peptides synthesised is tabulated below

25
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D°R-CVID 33 29 2812 2812
10 Example 3

Isolation and Characterisation of the CVID Gene Sequence

RNA extraction and cDNA synthesis
15
Two specimens of Conus catus were collected from Lady Elliot Island on the Queensiand
Great Barrier Reef. The animals were anaethesised on ice, and dissected to remove the
venom duct in a region from the venom bulb to the proboscis. The ducts were sectioned,
placed in a buffer containing guanidinium thiocyanate/N-lauroyl sarcosine, then emulsified
20 with manual grinding. Poly-A tailed mRNA was extracted from the mixtures using the
Pharmacia Biotech QuickPrep mRNA purification system.

Strand-1 cDNA was 3' end synthesised from the C. catus poly-A mRNA templates using a
Not1-d(T),, bifunctional pnimer (5’-AACTGGAAGAATTCGCGGCCGCAGGAAT, 43’

(Pharmacia Biotech) in conjunction with Superscript I reverse transcriptase (Gibco BRL).

2
wh

The resultant cDNA templates were used to manufacture double stranded cDNA using a

RNaseH/DNA polymerase procedure as per the Pharmacia Biotech cDNA Timesaver
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unl ess the context requires otherw se, the word "conprise", or variations
such as "conprises” or "conprising”, will be understood to inply the

I ncl usi of a stated integer or group of integers but not the exclusion of
any other integer or group of integers. 15 Those skilled in the art wll

appr eci at @CRaerivhtion 8 EVIDOAndpelatedRDINAYeqiréndes susceptible to variations
and nodifications other than those specifically described. It is to be
understood that the invention includes all such variations and

1odi 11 Cat Ry, I DE-LAUEIL O LS ALERUISSIALL 8y ENG S 8RS cl BN imer

conposi ti ons” and conpounds Teterre _ _ _
speci fi ca{5'anATCAdICAANATIGA AACTTAEGTICVe3 Y, tha AANEHDRME (5° conbi nat i ons

of any two or nore of said steps or features.
10 AACTGGAAGAATTCGCGGCCGCAGGAAT - 3°) and an appropriate Tag polymerase
(Biotech International) and buffer (25mM Mg, 100uM deoxy-nucleotides, buffered at pH
8.5) in a thermal cycler (Omnigene) at 95°C/2 mins for 1 cycle, 95°C/30 sec - 55°C/60 sec -
72°C/90 sec for 35 cycles, and 72°C/10 mins for 1 cycle. This PCR produced a
heterogeneous DNA product of approximately 380 bp to 500bp. Sequence analysis of clones
15 derived from this PCR product have shown it to contain the sequence CVID as well as other

related venom peptide sequences.
Cloning and sequencing of CVID

20 The DNA product produced from the CSRD-301A-ANCHOR driven PCR of C. carus cDNA
was electrophoresed in low melting point agarose and excised. The DNA was extracted from
the agarose on Qiagen columns, rephosphorylated with T4 DNA kinase (Progen), blunt
ended with Klenow polymerase (Progen), and ligated with T4 DNA ligase (Progen) into the
multiple cloning site of dephosphorylated Sma-7 cut pUC-18 plasmid vector DNA

25 (Pharmacia Biotech). The vector DNA was electrotransformed into Bluescript E.coli cells,
to produce a library of clones representing the PCR product. Aliquots of the library were
plated onto LB, plates, and individual clones selected and propagated overnight in TB,,,
broth. Plasmid DNA was purified from the culture using the RPM system (BIO-101), and
the PCR DNA inserts within the vector sequenced using the pUC-18 forward and reverse
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reconbi nant c~-conotoxin peptide in v~~hich the fou-th | oop between
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according to claiml in ~~.~l:ich the fourth | oop consists of the sequence:
1~ SGTVGR j SEQ I D NO: 1) or such a segd@nrce ~~hich has underdone one or
nore consen-ative a,”.~ino acid substitutions or side chain nodi ications.

" '0 3. :fin isolated, synthetic or reconbi nant c~-conotoxin peptide

accor di Ng frfinérk @PArhabia FibRLM), al-a\ézﬁ@%;&uﬁﬁehséauemﬁg &Hernﬁgme§ qPefkth Eﬁ‘ﬁjer? Bhrd
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occurring ABE E'&sﬁquxncrerpeﬁha shgpenme datcwasnasbaednsing Séquence Nasigaths smﬂwai'e has
under; one qgne.,of_nore a no acid substitutions, additions or deletions. 4.
.~,n isol égéﬂheé@rﬂsﬁ%wl recor.~bi nart o~-conotoxin peptide according to
claiml ~t~hereintile second | oon is selected i:om -0 17 Sept enber 2002
SKL' ~i ~' D SRL' ~i YD DRL~~i ~'D DKL?vI~'D S 1~I. ~~'D SKL\ le~'"D Si2LI~le~'D
SKLO zcsh&VHD Redkddgiaee’ D [SEQ ID \0: 7], [SEQ ID ~0: 31) [SEQ ID :~O0:

4], [SEQ ID Q10: 3~], [sEQID ~o: ~~~, [SEQ ID 1T0: 3~], [SEQ ID ~0: 36],
[SEQID .~TG 3 r], [SEQID ?~"0: 3 §], 5. ar: isolated, synthetic or

oD P AL AEAE, AP ok A eI 0

GRC WSKGhbﬂﬁ@Btd iddd YREES{ERASIbY ERA VRS |<1|'-he| Ncloh&ESEqulence 4ddth

CKSKG. 4RCSKL I\/NDC(\:SGSCSGT ~- GRC CKSKGA DCCS(?S(%SGT VGERC e ©

CKSh GAKCSRntigipategtransietsn cerCVBR@ene are shown in
Ch~' KG,zK r KCS ~0%0 GRC.

CeKG IBSTET} @%ﬁ%ﬁ’é@ﬁ%@%ﬁ?ﬁﬁ&f%ﬁ%@dﬁﬁ%ﬁg@é@% dgpil

Cl ~ SKG. ~Kéeguende~All c ﬁ@B&Em Batblorientati6raltb prifdde@¥onbbns(d se

~'" CKSKG a~ ~: L~i ~' DCCSGSCS " GRC CKSKG. ~KCSKLM DCCSGSCSGT ~- GRC SEQ | D

NO 5] [SEQID 1 ~O 6] [SEQID :v0: i] [SEQID NO 14] [SEQID \'o0: 15]
[SEQ ID ~0: 16] [SEQID :~t0: 17] [SEQID No: 1 S| [SEQID :~r0: 19] [SEQ
IDM): 20] [SEQIDs 0: 2 1] [SEQID?~Q ??] [SEQIDi~f0: 23] [SEQ ID

NG 24] [BRQCMVID\sequetiek haSHie bildwing charableristids: DOPER\ MIC . PEPT PC. ?- 1712i 00
- 4G 17 Septenber 2002 PCT/ AU99/ 00288 Recei ved 17 February 2000

CKSKGAKEZSKLNI e YDCCSGSCSGTVGRC] SEQ |1 D NO

g;!] &?ﬁaﬁg%g: c?é GSCSG@%% %allrﬁ\%?gh translate to 73 amino acids

29] CKSKGAKCSKLOrhser YDCCSGSCSGTVGRC SEQ I D NGO 30] 5
CKSKGAKCSKLOser YDCCSGSCSGIVGRC] SEQ | D NO: 31 )
] CKSKGAKGBKL M 8)prexics¢3e8EE\eRGfi SkQuemraNi. 283@)inoacidsich shoglddeaota that ioh has

under gone _one or .ngre .am no gcid substjtutions. or . .
g the protein isolated from snails the ferminal glycine of the predicted expressed protein is

20 removed by some form of post translational modification to leave an amidated C-terminal

cystine.

® The predicted mature peptide has a six cysteine framework in the pattern of;
C-a{-C-aG-CC-a_,,- C-B(C
25
The nucleotide and amino acid sequence of both the leader peptide and the mature peptide

are not identical to any known peptide sequence.

Further experiments on C. catus similar to that described above were undertaken using some
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| D NO 15] LAYDCCSGSCSGIVGRC] SEQ | D NG

20] CKSKGAKC%%%%% GSCSGTVGR(C[ SEQ | D NO PCTIAU99/00285
27] CKSKGAKCSRLNI e YDCCSGSCSGTVGERC SEQ | D NO. 28] 20

CKSKGAKCSKLOrhser YDCCSGSCSGTVGRC] SEQ 1.3 NO:

30] CKSKGAKCSKLOTser YDCCSGSCSGTVGRC] SEG”ID NO 31]. 7. An isol ated,
synthetic or reconbi nant w conot oxin peptide according to claim1l having
the foll owing sequence:; '' S WSK%KCSKLWDCCSGSCSGTVG?C [SEQ ID NO 5].
8: An i sopedigenal gumerdiniplacgof thecoPRPriHA primeofhese pripepstwete designediioks t o

channel s Lt PR e ENBAR IR0 Es S GRAL Gl wRiG Yo R B2
Use of anaidotatss (S\GCGMEIT TGN TCACGUD AGAL TOT ATOTAXET), HHekd Setfeffsdi Ng
to any one of the preceding clains in a receptor binding assay to test the

cal ci um cledtoédentificativnrof sequencasifoy sashe of the getivhtives oBCNED. conpound. 10. A ~
i sol ated nucleic acid nol ecul e conprising a sequence of nucl eoti des
encodi ng er conplenentary to a sequence encodi ng a c~-conotoxin peptide

accor di ngE;{%Fan.y“ one of clains 1 to 8. Il. A nucleic acid probe conprising
a sequenc | eoti des encoding or conplenentary to a sequence encodi ng

all or paRadsligand iradingtassaym pepti de accordine to gay one of clainms 1 to
S) said probe encoding or conplenentary to all or part of the fourth | oop
of said w conotoxin peptide. 12. A nonoclonal or polyclonal antibody to an

~- conot OXﬁr%gﬂﬁaQ%_ 12LePding *pnycone of clainms 1 to 8. 13. :~ genetic

construct conprisinhg a ~~ector portion and a nucleic acid capabl e of
e.icodigmg a peptide according to any one of claims 1 to S. 1.~ ?~
conposition conprising: an isolated, synthetic or reconbi nant ca-conot oxin.

pepti de ipepyiiecWereliadihstdd Lbing QOD D GEMS (Flaket BING ol e80Ty ed, 34 d0étrfchloro-
conprises tl~e foll o~~~ing seauence of am no acids: SGTVEGR [SEQ ID ~0: 1 j

or s.ich 2a6aediphenylglymnelenl) HadhmaduNe eqz, 11888 ferual hef &/..0A865 15 MeSIZS v

amno acid s j LU Qfsy B j di fications n 17 _Septepber

2002 a4 PO oo (e RE oy El Rostop) 2B BRIABE

i sol at ed.sog@Mft piRishKat® buff&C PSMNANH 7 3PRRfcadded BE B epientdrf WibeCdbatdiewitpur t |

| oop between cysteine residues ~ and 6 conprises the follow ng sequence of

ar ni nol 5adOP-GEN® (Pierce, Rockford, USA) and incubated for 5 mins. The reaction mixture was :
vortexed and transferred to an eppendorf tube containing 10 wl of the peptide of interest.

This mixture was then allowed to react for another 5 min prior to purification by HPLC.

Preparative HPLC of '**I-labelied peptides was performed on a Waters 680 gradient
20 controller equipped with two Waters 510 HPLC pumps and a Waters 481 absorbence
detector. Peptides were analysed on Vydac reverse phase C-18 analytical column (4.6 x 250
mm) eluted at 1 mi/min with a linear gradient of 0-67% of solvent B over 100 min: solvent A,
1% TFA (trifluoroacetic acid); solvent B, 90% ACN + 0.09% TFA. Separation was
monitored at 214 nm and 1 ml fractions were collected. Fractions of interest were detected
25 with a LKB Wallac 1272 automatic Gamma counter.

To confirm the identity of iodinated peptides, mass spectrometry was preformed on a PE-
SCIEX API I mass spectrometer (PESciex, Thornhill, Ontario, Canada). HPLC fractions

from peptides iodinated with non-radioactive K'*'I were injected directly into the mass



SGTVGR [SEQ I D NO: 1] or such a sequence which has under goney08epnbEPr )02
conservative am no acid substitutions or side chain nodifications in the
manuf acture of a nedi cament for the treatment of a condition where bl ockade
of N-type calciumchannels is associated with effective treatnment. 1G Use
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~-type cal cium channels is associated ~~~ith effecti~~e treat n~ent
includilt i.nj stering to a nzanrnal an effective anmount of
an isol at geo??hgiﬁgr\rtgﬁee?{ve ozr;?u?”econbi nant ~~~-conotexrn 17 Sept enmber 2002
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. . AR o e t
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| oop bet ~sigrmatis daicAkied EBhdipdist radRFuH Aty Biethet RenbLediQYibAYn SEMNENCE Of
amno acids: SGI~"GR[SEQ ID ?~0: | or "such a sequence ~~~hi ch has

under goneHERESo pHnbf, ) mdhEBT4aand-incubatéchas 436 far 30 byn Centiifagation wes de chai n
nodi ficatjions. ,19.. L:se an isol ated .s het i.c. or reconbi hant

ca- conot oXPRAFGAY FhRyeaad 86%?‘1"?8""?36@3‘5&& 8@4/ glt hPellpwas @é‘éﬁﬂeﬂé}edg‘flé?ﬁ@l P
screen t oHEHER! pHY7 4 pNLOAiksln) Whdl Broréd avwi7kyc.at | ~' -type VSCCs. ?0. A
rnetilod according to claim1 S for the production of al:aigesia for

e:ll:ah¥e;::e, M.t 0: Opl3ie 3il3i“eSl.1 or fOr iilll:blt:On O 'L;

1'Q :eSS:(% 9." PilrQ-L 3!1?1C pal'.? .A3;

. A@. AUF. K9G RRPRs . Ay3. A@Y. Ay3. ASl . A;
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Binding experiments were performed as previously described (Kristipati ef al., 1994, Nadasdi

ef al., 1995). Ligand binding assays were run in triplicate in glass tubes at room temperature.
20 Briefly, assays were performed in 12 x 75 mm borasilicate culture tubes at room temperature
and incubated for 1hr. Each tube contained 100u] each of test compound, iodinated ligand (7
fmol) and rat membrane (16 mg) added in this order. The assay buffer contained 20mM
HEPES pH7.2, 75 mM NaCl, 0.1 mM EDTA, 0.1 mM EGTA, 0.1% BSA and protease
inhibitors, 2 mM leupeptin and 0.5U aprotinin. The nonspecific binding was determined in the
25 presence of either 17nM GVIA or 100 nM MVIIC. Assays were terminated by vacuum
filtration on a Millipore manifold filtration system using glass fibre filters (Whatman GFB)
presoaked in 0.6% polyethylenimine. Each tube was washed 3 times with 3ml ice-cold wash
buffer (20mM HEPES pH7.2, 125mM NaCl and 0.1% BSA). Filters were counted on a

gamma counter. In some instances, potency estimates at the N-type calcium channel were
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20 a 90° shifted sine-beil function in both dimensions, or a mild Gaussian function in f; prior to
Fourier transformation. Baseline correction using a 5® order polynomial was applied and
chemical shift values were referenced internally to DSS at 0.00 ppm. Secondary He shifts

were measured using the random coil shift values of Marutka ez al., (1995).

25 *Jagme coupling constants were measured from high resolution 1D spectra (32 K) and
compared to those obtained from the DQF-COSY spectra which were strip transformed to 8
K x 1 K and extracted using the Lorentzian ine-fitting routine in the program Aurelia
(Bruker GMBH). *J, 5, coupling constants were measured directly from the E-COSY
spectra transformed to high digital resolution (8 K x 1 K).
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Distance restraints and structure calculations - Peak volumes in NOESY spectra were
classified as strong, medium, weak, and very weak corresponding to upper bounds on
interproton distances of 2.7, 3.5, 5.0, and 6.0 A, respectively. Lower distance bounds were
set to 1.8 A. Appropriate pseudoatom corrections were made (Wiithrich e al., 1983) and
5 distances of 0.5 A and 2.0 A were added to the upper limits of restraints involving methyl and

phenyl protons, respectively. *Jg 4, coupling constants were used to determine ¢ dihedral
angle restraints [Pardi ef al., 1984] and 3JH,,_H,, coupling constants, together with relevant
NOESY peak strengths, were used to determine 1 dihedral angle restraints [Wagner ez a/.,
1987]. Where there was no diastereospecific assignment for a prochiral pair of protons, the

10 largest upper bound for the two restraints was used but where stereospecific assignments

were established, the distances were specified explicitly.

Structures were calculated using the torsion angle dynamics/ simulated annealing protocol in
XPLOR version 3.8 [Bringer ef a/., 1986; Briinger, 1992; Rice; Stein] using a geometric

15 forcefield based on Engh and Huber parameters (Brooks ef al., 1983). Starting structures
were generated de novo using random (¢, 1) dihedral angles and energy minimised (500
steps) to produce structures with correct local geometry. The structures were subjected to a
total of 15 ps of high temperature (50 000° K) molecular dynamics before cooling over 15 ps
to 0° K and final energy minimisation (1000 steps). Structure refinements were performed

20 using energy minimisation (1000 steps) under the influence of a modified Engh and Huber
forcefield.

Data analysis - Structures were compared using pairwise and average RMSDs for the Ce, C
and N atoms (XPLOR version 3.8), and by calculating angular order parameters for the

25 backbone dihedral angles [Hyberts ez al., 1992; Pallaghy e? a/., 1993]. Structure visualisation
was performed using INSIGHTII (MSI).
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Novel features in CVID that have not been described for other w-conotoxins include the
presence of two hydrogen bonds between loops 2 and 4, from the NH protons of Lys10 and
Leull to the C=0 oxygen atoms of Gly22 and Thr23, respectively. It is possible that these

10 hydrogen bonds enhance the stability of loop 2 in CVID compared with other w-conotoxins.
Importantly, the backbone of Tyr13 has been stabilized in a &; conformation, with the x1
sidechain torsion angle at -60°. Attempts to define the conformation of Tyr13 in other -
conotoxins have been ambiguous, and indeed Tyr13 may adopt an averaged conformation in
other w-conotoxins, The structural observations for the conformation of Tyri3 in CVID are

15 supported by the presence of a strong intraresidue NH;-He; NOE, together with a weaker
He, ,-NH, and a 3J,.5, coupling constant of 7 Hz.

Discussion

20 CVID was found to adopt a similar global fold to the known w-conotoxins such as MVIIA,
MVTIC and GVIA. This comparison also highlights significant differences in the structure of
loop 4, which is oriented downwards in MVIIA (with the shortest loop 4) and MVHC,
outwards in GVIA, but curves towards loop 2 in CVID to create a more globular surface.
The presence of two hydrogen bonds between loop 4 and loop 2 in CVID is likely to favour

25 loop 4 in this orientation, and help stabilize loop 2. This is an interesting finding, as hydrogen
bonds between loops 2 and 4 have not been reported previously for GVIA, MVIIA or
MVIIC. This unique aspect of CVID structure may contribute to its improved selectivity for
the N-type VSCC, and suggest that the loop 2/4 combination may contain important

determinants for w-conopeptide selectivity.
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Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise", or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers.

15 _
Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, feamures, compositions and compounds referred to or indicated in

20 this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.
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or such a sequence which has undergone one or more conservative amino acid

substitutions or side chain modifications.

20 3. An isolated, synthetic or recombinant w-conotoxin peptide according to claim 1 or
claim 2 wherein each of the first, second and third loops of the w-conotoxin peptide
corresponds to the loop of a naturally occurring w-conotoxin peptide, or such a
sequence of amino acids which has undergone one or meore amino acid

substitutions, additions or deletions.

4, An isolated, synthetic or recombinant o-conotoxin peptide according to claim 1

wherein the second loop is selected {rom:

L9}
(&



1096& () -1 1096& ()-/ 10%& ()-/'K  109& ()-/BISTZCi eE+ 1098
109%8&' ()-/ 10988& ()-/ o%&() /'K - 10%& ()-/ 1098& ()- /usﬁer% er 2002
10968 ()-/ 1098& ()-/" 10%& ()-/ 1098& ()-/ 10%& ()-/'K eGt

109%8& ()-/' K 10%&() | 1098& ()-/ 1098& ()-/'K 10%& ()-/eE+ 10%B& () -
10988 ()-/ 1098& ()-/ 10%& ()-/'K - 109%& ()-/ 10%& ()-/JIhM

C1#109R88& () - 1098& ()-/'K  109& ()-/ 10%gs ()-/ 109%8& ()-/'K
JVWKYK| obU4, |, "10%4&' ()- 102&8102&102& , 9! 109288 ()- ,, 7109288 () -

, 96Z109R&&’ ()- L 2109R&& () - kw |[:bU4 , , Ly 109%& () Fle%P/&' ()-
. Y 10988 , $@L0%R 0%& ( K L 1s$109%8& () -
#1090 (§) F $10W& ($?\W§ 10%?/& ()'bsﬁﬁ%) - F S 109%& ()- $21

bU4, , 1 109%& ( R ( Y( #1098/&

,E?:#lOW&' () - S#lO%P/& (7@[7%‘}%4 ,y100 &%1 %@gqo%)&/& (§ 10%10%(12)%

L 1098@ ()- , 34S#109& DRIMYTR3" 1098& [SEQ IDXd:au4, |, 1098 () -
FH1090& ()- 9$1098& ()-2 =931096& ()-Z , SLOWE () - 10%/& ()-&E| [ : vU4,
,9-1098&' ()-, ,y+#109%&DKLMYSH10%8& ()[SEQ H#mmu) 11098 () -

, T#1099& () - Y| obU4, 9% 109%4.0% -, y3$109%& () -

. SoM 10%/«(&)() owmw%‘i%f[ bU4, &[Q{gﬁﬂ;%.@ S @08 8

109R88& MLO%R&E ( g@g&&& . -u&K .- 41028,
,5#10%&((&')()- 32" 10ty sOlogy?e&isgbl L%fd/dS& ()- [,L(V&O%S&' () -
, LYA0%& () - 4@UbA4JSPZB¢\Ie.‘1DFI 10W&[SEQ ICBWOOR ()- ., 109& () -
L 1098@& ()- 1" 109%& ()- 102&102&$ |[ AAL02& | - #1098& ()- , $1099& ()- , 3
'1098&' ()- , 3f #1098& ()SKLOBmhge [SEQﬂé%@ )f] Lo PH| [ A41028,
, y3$1090& @109 $100 @ , $1090& () -

?@ltf #1098/& 8 P#$$$$$$%%W¥R10WM l)Qz I, ,‘1 ‘V (),y, 10%&& (§)

, #10%8& () - 1094.0%0% , yS@1099& () - $9&&4" r' u' | [: vU410 L " 109%R& () -,

110%R& (V- , . 109&& () ,y109R& ()- /L 9409%&R& ()- BL
08 0YRS’ ()-u' 5 E( dAxy jspl an;he;xgosmw&nbynam ommem& goptide, fcBerdlOORE c(dim 1
L y) Z" 1098&' 0YR& s$#10%R&' 9 vu410 |, 10% &

y)loo/t(& ()- gé&loﬁé‘&?g,fég Bllevirs Eﬁq“en%o(/&é)%g) )53$100/&&' ()f -

))¥B*] ***| [ vU410 , ,s$f10% & ()-, ,10% & ()- ,s10%& ()-, ,&10% & ()-
YI10% & ()- ,110% & ()-*++p++*, n,|[:vU410 , , &L0% & ()-, . @ Y40% & ()-
L sf#10% & () - CKSKGAKCSKLMYDCCSGSCSGTVGRC [SEQ ID NO:

5]
CKSKGAXKCSRLMYDCCSGSCSGTVGRC [SEQID NO: 6]
CKSKGAKCDRLMYDCCSGSCSGT_VGRC [SEQID NO: 7]

CRSKGAKCSKIMYDCCSGSCSGTVGRC [SEQID NO: 14]
CKSKGARCSKLIMYDCCSGSCSGTVGRC {SEQIDNO: 15]
CKSKGAQCSKLMYDCCSGSCSGTVGRC [SEQIDNO: 16]
CKSKGAKCSKIMYDCCSGSCSGAVGRC [SEQIDNO:17]
CKSKGAKCDXIMYDCCSGSCSGTVGRC [SEQID NO: 18]
CRYKGAKCSRLMYDCCSGSCSGTVGRC [SEQIDNO: 19}
CKSKGAKCSKLAYDCCSGSCSGTVGRC [SEQID NO: 20]
CKSKGAKCSKLMYDCCTGSCSGTVGRC [SEQIDNO: 21]
CKSKDalAKCSKLMYDCCSGSCSGTVGRC [SEQIDNO: 22]
CKSKGAKCSRIMYDCCSGSCSGTVGRCY [SEQIDNO: 23

CKSKGAKCSKIMYDCCSGSCSGTVCGRC [SEQID NO: 24]
YCKSKGAKCSKIMYDCCSGSCSGTVGRC [SEQIDNO:
CKSKGAKCSKIMYDCCSGSCSGTVGRC [SEQID NO: 26]

to
wn
—_



., h10%& ()- ,,10%& ()- ,3110%& ()-n,,,-T---|[: VU410 , ,  ¥558%ehber-2002

410%{& ()- . 0310%& ()-, .5 -#10% & ()- . +10% & ()-

) 10% & (Y- .. .. %*. m VU410 , FI0%&' ()-  10%&R& ()- , 10%&'H )z . S P 00288
| #100&&' () YBPATELOT " S10% & ()-m | .. /i /]][[:vUil0 . Yzl ) ;
CTHL0%RE ()-, . @LOYRR ()-, ,&SHI0%&& ()- ,39810%&& ()-
' $f 10%€&' ()-///0=0000| [: VU410 , . % 109&& ()-, ,yf#10%&& ()-, ,!10%&& ()-
| gL0%& ()- ! 10%8& ()- , 109%& ()-0. 1hgel1272|[: vUALO , , @4y10%& ()-
0109&& ()-, . -910%&& ()-. ,S+100&& (Y- & 10%&& ()-

T (F" 109%& () - 72k22222222vU410 , y109%E&& () - , Sy 10%ESES (
1" 109888 () - 10&10&10& . 109&& 710%& () - 2208 3333| yU410
L 8109E&& () - * 109 KC%@%&@? CSGISC%@ %5%’:@81"]

S 1) 35?1‘&%?%%”%%%@ ‘?‘?é%??%i?tgﬁ*‘ﬁ Z#lggﬁ&?(%ﬁ%l@szo
A0BE () 3, SI00BBKAKCAKOEYREYDECSTHISIPIORC 1054963800 29

. 9- 109288 () - @Y88\ 9u99] : %[ vU410 &10% % & ( 0%5%5&8 ,
1096%58! ()- , fF$LO09EFHK AKQSI@@UW@ CESG SCS JEQID N 30]

C U410 , SY109 4 & %

.  096ETE 'V()- < @&1%&@3‘3&5&6 Mﬁ%ﬁﬁgﬁ%ﬁﬁ %‘?‘3{@]@8 glho
q"810% & ()-, , 10% E

| 1008 ()-!Q | 1008 st@ CakGH _orﬁql)%& 0- %t%%o $& )-W'Aﬁ] a

10984& () - >ANAGATA} A~AAASWZ 1 10% | 109 ()-> 110%& ()-11" 1 10%& ()-

1 1008@ ()-!" ! 1098@& () - AAAAABBBX % 1 1098 ()- 1109
1 1098& ()-" ! 109hgRch MOBB%!WBB@@?@ 59“’31@%% 1P§’ e Yuige: aféﬁ‘é'gswﬂons or

10% & () - 105{<H§Lcﬁa)m n’?’od%ﬁfﬁt%n@ ! 10%?/«& () - CUC&CECUCVCs CCs W
10
6. An isolated, synthetic or recombinant w-conotoxin peptide according to claim 5

having one of the following sequences:

CKSKGAKCSKLMYDCCSGSCSGTVGRC [SEQ ID NO: 5]
15 CRSKGAKCSKLMYDCCSGSCSGTVGRC [SEQID NO: 14}
CKSKGARCSKLMYDCCSGSCSGTVGRC [SEQID NO: 15]
CKSKGAKCSKLAYDCCSGSCSGTVGRC [SEQ ID NO: 20}

CKSKGAKCSKLNIeYDCCSGSCSGTVGRC [SEQ ID NO: 27]
CKSKGAKCSRLNIeYDCCSGSCSGTVGRC [SEQ ID NO: 28]
20 CKSKGAKCSKLOmhserYDCCSGSCSGTVGRC [SEQ ID NO: 30]
CKSKGAKCSKLOmserYDCCSGSCSGTVGRC [SEQ ID NO: 31].

7. An isolated, synthetic or recombinant w-conotoxin peptide according to claim 1

having the following sequence:
CKSKGAKCSKLMYDCCSGSCSGTVGRC [SEQ ID NO: 5].

8. An isolated, synthetic or recombinant w-conotoxin peptide according to any one of

the preceding claims having a selectivity for N-type calcium channels over P/Q-
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10.

11.

14.
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one of the preceding claims in a receptor binding assay to test the calcium channel

binding activity of a peptide or other compound.

An isolated nucleic acid molecule comprising a sequence of nucleotides encoding or
complementary to a sequence encoding a e-conotoxin peptide according to any one

of claims 1 to 8.

A nucleic acid probe comprising a sequence of nucleotides encoding or
complementary to a sequence encoding all or part of an w-conotoxin peptide

according to any one of claims 1 to §, said probe encoding or complementary to all

or part of the fourth loop of said w-conotoxin peptide.

A monoclonal or polyclonal antibody to an w-conotoxin peptide according to any

one of claims 1 to 8.

A genetic construct comprising a vector portion and a nucleic acid capable of

encoding a peptide according to any one of claims 1 to 8.

A composition comprising: an isolated, synthetic or recombinant -conotoxin.

peptide in which the fourth loop between cysteine residues 5 and 6 comprises the

following sequence of amino acids:
SGTVGR [SEQIDNO: 1]

or such a sequence which has undergone one or more conservative amino acid

substitutions or side chain modifications. and
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16.

SGTVGR [SEQ ID NO: 1]

or such a sequence which has undergone one or more conservative amino acid
substitutions or side chain modifications in the manufacture of 2 medicament for the

treatment of a condition where blockade of N-type calcium channels is associated

with effective treatment.

Use of an isolated, synthetic or recombinant w-conotoxin peptide in which the fourth

loop between cysteine residues 5 and 6 comprises the following sequence of amino

acids:

SGTVGR [SEQIDNO: 1]

or such a sequence which has undergone one or more conservative amino acid
substitusions or side chain modifications in the manufacture of a medicament for the
reduction of neurona! damage following ischemia, production of analgesia,
enhancement of opiate analgesia, treatment of schizophrenia or the treaiment of
stimulant  psychoses, hypertension, inflammation, diseases which cause

bronchoconstriction or for inhibition of progression of neuropathic pain.

A methed for the treatment of conditions for which blockade of N-tvpe calcium
channels is associated with effective treatment including the step of administering to

a mammal an effzctive amount of an isolated, synthetic or recombinant w-conotexin
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peptide in which the fourth loop between cysteine residues 5 and 6 comprises the

following sequence of amino acids:
SGTVGR [SEQID NO: 1]

or such a sequence which has undergone one or more conservative amino acid

substitutions or side chain modifications.

A method for reducing neuronal damage following iscﬁemia, for the production of
analgesia, for enhancement of opiate analgesia, for the treatment of schizophrenia,
hypertension, inflammation or diseases which cause bronchoconstriction, stimulant
psychoses or for inhibition of progression of neuropathic pain iﬁcluding the siep of
administering to a mammal an effective amount of an isolated, synthetic or
recombinant w-conotoxin peptide in which the fourth loop between cysteine residues

5 and 6 comprises the following sequence of amino acids:
SGTVGR [SEQID NO: 1]

or such a sequence which has undergone one or more conservative amino acid

substitutions or side chain modifications.

Use of an isolated, synthetic or recombinant w-conotoxin peptide according to any

one of the preceding claims in a screen 1o identify compounds with activity at N-tvpe

VSCCs.

A method according to claim 18 for the production of analgesia for enhancement of

opiate analgesia or for inhibition of progression of neurepathic pain



