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NOVEL PROTEI N MOLECULES AND USES THEREFOR FI ELD OF THE INVE@? ON
The present invention relates generally to protein nolecules and/F Cqﬁﬁ
derivatiyves,  "~honol'ogués, anal ogues and m netics thereof capable of

i nduci ng#or facilitating inhibition of blood clot formation and nore
particularly platelet aggregation. The _present invention al so

contenpl ates genetic sequences encoding said protein nol ecul es and
derivati ves, honol ogues, anal ogues and minetics thereof. The nol ecul es

of the present inveni, ' e t her apeutic
and prophyl actic appﬁ%ﬁmd&ﬁﬂ%m@[#géﬁ%@v

Platel ets are essential elenents involved in haenostatic events. Their role
in henostasis 15.is distinguished by two distinct response: (1) adhesion -
t he int er act FIBHD OF BERNVENTION) t h subendot hel i al connective tissue and
(2) aggregation - platelet to platel et cohesion. Abnormal pl atel et
function may contribute to a variety of pathophysi ol ogical conditions
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rel ated diseases. These 25 inhibitors are elther proteinaceous or
non- pr ot ei nabwadlézues, analogues archaimeties Bleread) akhelraeleculesaygheprgsand invieption are

vari ety of, mechani sns,. For exanple, the enz i nhibitors such as

ADPase, f iiBrYS5OH dHESFig A Eﬂ%%gﬁ{k'f"f%@b‘ %@ ﬁéﬁﬁ“‘ﬁ?‘r&“%ﬂé@%t i c proteins
such as disintergrins and manbin exert their inhibitory effect by
various nechani sns. These I nhibitors exert their antiplatelet actions by
vari ous nmechBACKGREOUND OF THE IN¥ENTION 30 nonenzymatic proteins the nechani sm

appears to by sinpler. Manbin and disintegrins that contain Arg-Qdy-Asp
(RGD) sequence exert their action by conpetively bl ocking

Platelets are essential elements involved in haemostatic events. Their role in hemostasis
15 is distinguished by two distinct response: (1) adhesion - the interaction of platelets with
subendothelial connective tissue and (2) aggregation - platelet to platelet cohesion.
Abnormal platelet function may contribute to a variety of pathophysiological conditions
including thrombosis, atherosclerosis, myocardial infarction, stroke and pulmonary
embolism.
20
Inhibitors of platelet aggregation are important in the prevention and treatment of, inter
alia, cardiovascular and cerebrovascular diseases. The use of such inhibitors helps in the
prevention of unwanted clots which could have detrimental or debilitating effects on
patients with high blood pressure, atherosclerosis and other related diseases. These
25 inhibitors are either proteinaceous or non-proteinaceous in nature and inhibit platelet
aggregation by a variety of mechanisms. For example, the enzyme inhibitors such as
ADPase, fibrinogenase and phospholipase A, and the nonenzymatic proteins such as
disintergrins and mambin exert their inhibitory effect by various mechanisms. These
inhibitors exert their antiplatelet actions by various mechanisms. In the case of
30 nonenzymatic proteins the mechanism appears to by simpler. Mambin and disintegrins that

contain Arg-Gly-Asp (RGD) sequence exert their action by competively blocking
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-2 - fibrinogen binding to platelet glycoprotein IIb/II1lA Ca[err]-
dependegt type lectin-related proteins exhibit the effects on platel et
aggl utinati on and aggregati on by specifically binding to pl atel et

gl ygoprotein | b. Anong enzynes, sone proteinases have been studied for
their antiplatelet effects. The inhibitory activity of fibrinogenase was
initially thought to be due 5 to fi bT?nogen degradation, since fibrinogen
is involved in the final stages of platelet aggregati on. Subsequent

studi es have shown that fibrinogen is involved in the final stages of
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aggr egat i oigand ahd/or receptor due to their inherent enzymatic activity. Accordingly, different
inhibitors have distinct advantages and therefore new sources of anti-clotting agents are

constantly sought.

15 The increasing demand for new pharmaceutical agents has led the pharmaceutical industry
to consider molecules found in the natural environment. Accordingly, much effort is being
spent on screening aquatic environments, riverbeds, coral, plants, microorganisms and
higher animals for potentially useful molecules. The screening process is often referred
to as "natural product screening".

20
In work leading up to the present invention, the inventors have studied snake venom from
the common Death Adder (Acanthophis antarcticus) and have identified and sequenced a

novel protein molecule capable of inhibiting platelet aggregation.
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-3 - SUMVARY OF THE | NVENTI ON One aspect of the present invention
provideg a protein fromsnake venomor a derivative, honol ogue, anal ogue
or mnetic thereof which protein is capable of inducing or 5 facilitating
the g nhibition of blood clotting. Anot her aspect of the present

i nvention provides a protein from Acant hophis antarcticus venom or a
derivative, honol ogue, anal ogue or m ngtic thereof, which proteinis

capabl e of inducing or facilitating the inhibition of blood clotting. 10
Yet anot her aspect of the present invention provides a protein conprising

an am no acggMMArRYSSHANCAvVENPRINNti ally as set forth in SEQID NO 1 or a
derivative, honol og, anal ogue or m metic thereof or a sequence having at
| east 50% simlarity to SEQ ID NO 1 which protein is capabl e of

i nduci ng or Qﬁ??gglﬁét%?gl\?:bgdeesgﬁtgﬂ%n%ﬂ&ﬁdv% a]prS eillgfr&nszﬁmoﬁﬁgeaCdeﬂQfati\tel?e

present inv protetn conprising an am no aci sequence
subst ant i al hymétegest afalighb dmMmBEQid Ehdédr2whichaprdedin \iatcapable fodnintagug: or

anal ogue or mmetic thereof or a sequence having at |east 50%simlarity
to SEQ | D5NEacilitattrigahe inhibjtien ef blogdcledivdbl e of i nducing or facilitating

bl ood clotting. 20 Yet anot her further aspect of the present invention
provi des a protein conprising an am no aci d sequence substantially as

set forth i ﬂn%g' lrlgae&Qf%h regenfl fiveMRnl M@\llid@é)ﬂ?ffo@éih"fﬁom AcardiphRQikearoticus

m metic thereof or "a sequence having at least 50%simlarity to SEQ ID NO 3
whi ch pr ot eienotrsorcagerivhtivephormologue arglague oa oiiimetiathierapf bivhich prateints eapables
Still yet another aspect . of, ghewﬁhesen{] i nvention provides a protein
conpri si ng ahingusipg or facilifatng the on ef Jepd M0l y as set forth in SEQ ID
NG 4 or derivative, honol ogue, anal ogue or mnetic thereof or a
sequence having at |least 50%simlarity to SEQ ID NO 4 whi ch protein is
capabl e of iyeflugithg agpect aEihkipresbntrigvdntion raidesta proteir3@mprising an amino acid

sequence substantially as set forth in SEQ ID NO:1 or a derivative, homolog, analogue or
mimetic thereof or a sequence having at least 50% similarity to SEQ ID NO:1 which
protein is capable of inducing or facilitating blood clotting.

15
A further aspect of the present invention provides a protein comprising an amino acid
sequence substantially as set forth in SEQ ID NO:2 or a derivative, homologue, analogue
or mimetic thereof or a sequence having at least 50% similarity to SEQ ID NO:2 which
protein is capable of inducing or facilitating blood clotting.

20
Yet another further aspect of the present invention provides a protein comprising an amino
acid sequence substantially as set forth in SEQ ID NO:3 or a derivative, homologue,
anatogue or mimetic thereof or a sequence having at least 50% similarity to SEQ ID NO:3
which protein is capable of inducing or facilitating blood clotting.

25
Still yet another aspect of, the present invention provides a protein comprising an amino
acid sequence substantially as set forth in SEQ ID NO:4 or a derivative, homologue,
analogue or mimetic thereof or a sequence having at least 50% similarity to SEQ ID NO:4
which protein is capable of inducing or facilitating blood clotting.

30



-4 - Still yet another further aspect of the present invention

provi deg a protein conprising an am no aci d sequence substantially as
set forth in SEQID NGO 4 or a derivative, honol ogue, anal ogue or mnetic
t herseof or a sequence having at least 50% simlarity to SEQID NG 4. 5
In yet anot her aspect of the present invention provides a protein from
snake venom havi ng the foll owi ng chdracteristics: (i) i nduces or
facilitates inhibition of platelet aggregation; (i) its clotting
ability is not due to its interaction between fibrinogen and 10

gl ycopr ot eiSiilll yat bhdtherdartidrespect of {heipr¢send insertioatprovidesaproteirycarsprisirig alue t o
enzymatic activity or a derivative, honol ogue, anal ogue, qr mnetic of
sai d prot eiamino a8l spavenger sebspatnllyoms tsgk f@ﬂ%é@r&@r%ﬂ‘é%n%rﬁoé%@va

Compr | ses. dRviyans: wlldpoe 8F AL frreof of 8 SeqUeNi fapink A Ebf SO Shrf Yo"

sequence ofgEFIPHN@Q ds in Acanthin and which peptide of capabl e of

i nducing or facilitating the inhibition of blood clotting. 20 Still
anot her aspect of the present invention provides a peptide conprising a
sequence of 1 N0 _aci &lFfrom about 2 ta.about resi dyes._hav t

0 .
| east aboutlngﬁ%“gT gt o the gresent 1nvegtmﬂgges&fpr%tm5nnSrogbfnage YO h%vg?ﬁahi n

wherein saig ﬁﬂ{& .ugecﬂa?acféi‘ﬁﬁpéze of inducing or . facilitating the
i nhibition o? pl at €l et aggregati on or a derivative, honol ogue, anal ogue or
m nmetic of (Hai d ipdyeks orefacilifates inhi¥itionat pidielet apgrogatiomnf the present invention
provi des a peptide having the follown characteristics; %i %md

)

i nduces or fxci litst glosting AbilEY ¢ isoRobfdug| i disednteigenioty defwsgn fibringge
conprises,from \ . ut, am no acid residues; 30 (iii) its
clotti ngf%bi i t%?ﬁ?brnog?ﬁ@%@ﬁggoﬁ’sexénzymati c activity

(iii)  its clotting ability is not due to enzymatic activity
or a derivative, homologue, analogue, or mimetic of said protein.

15 Another aspect of the present invention provides a peptide or a derivative, homologue,
analogue or mimetic thereof which comprises an amino acid sequence which is at least
50% similar to a sequence of amino acids in Acanthin and which peptide of capable of

inducing or facilitating the inhibition of blood clotting.

20 Still another aspect of the present invention provides a peptide comprising a sequence of
amino acids from about 2 to about 50 residues having at least about 50% similarity to a
sequence of amino acids from Acanthin wherein said peptide is capable of inducing or
facilitating the inhibition of platelet aggregation or a derivative, homologue, analogue or
mimetic of said peptide.

25
Yet another aspect of the present invention provides a peptide having the following
characteristics:

(i) induces or facilitates inhibition of platelet aggregation;
(ii)  cornprises from about 2 to about 50 amino acid residues;

30 (iii) its clotting ability is not due to its enzymatic activity



-5 - or a derivative, honol ogue, analogue or mmnetic of said peptide.
A further aspect of the present invention provides a peptide conprising the
am no acid sequence: 5 GA RS WLS Y VN (SEQID NG 1); or
deriivatives, honol ogues, anal ogues or mmnetics thereof. 10 Anot her
further aspect of the present invention provides a peptide conprising the
anm no aci d sequence G PK Ml °¥S WEXAND VP V (SEQ I D NO 5); 15
wherein X is cysteine or alanine or a derivative, honol ogue, anal ogue or

m netic thereof. Preferably, said peptide conprises the am no acid
sequence or a dgiatikafhdrxdogEAaNMDgue ov nfigeqr bDsabDpeptide. 20 Still yet anot her
further aspect of the present invention provides a peptide conprising the
am no acid sequence APYNKNNI G GSKTRXQ( SEQ DNG:  6) 25 wherein X is

cysteine o I oMt : ~ ; i b Gi
Chor cor . BrpL AR ortng PR B of BRRIRT ApepfPLamiTY 1 Jih
APYNKNNI G §fgkidiieaQ)( SEQ DNO.  3) . 30

5

GARSWLSYVN(EQIDNO:1;
or derivatives, homologues, analogues or mimetics thereof.

10 Another further aspect of the present invention provides a peptide comprising the amino

acid sequence
GPKMTLYSWEXANDYVPV(SEQID NO:5);

15 wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably, said peptide comprises the amino acid sequence
GPKMTLYSWEAANDVPV(SEQ ID NO:2).

20 Still yet another further aspect of the present invention provides a peptide comprising the

amino acid sequence
APYNKNNIGIGSKTRXQ(SEQID NO: 6)

25 wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably, said peptide comprises the amino acid sequence
APYNKNNIGIGSKTRAQ(SEQIDNO: 3).

30



The present invention also provides a nucleic acid nol ecule conprising a
sequenge of nuel eoti des encodi ng or conplenentary to a sequenci ng
encodi ng Acant hin as herei nbefore defined or a derivative or honol ogue

t hereof . 5 Anot her aspect of the present invention provides a nucleic
aci d nol ecul e which encodes or I's conplenentary to a sequence which
encodes an am no acid sequence conprrérng SEQ ID NGO 1 or a derivative,
honol ogue, anal ogue or mnetic thereof or having at | east 50% or greater
simlarity to SEQID NO 1 or a derivative, honol ogue, anal ogue or mnetic
t her eof . Tlleapmntanwuem alse peatidesfa tindeip raetdanolewiwnmpnsmp acequbase af
nucleic acid

Whi ch oncHEISODRYS SFHIE S FMBEREEAE & 8 SHBFIIE O8RS ACTUFI PSR
der| vat|vedeﬁtﬁg&rgpng;gﬁﬁ?g%mg@@&g?%%? c thereof or haV| ng at | east 50%

greater sim or a derivative, honol ogue,
anal ogue or mnetic thereof 15 In yet another aspect the present
i nvention provides a nucleic acid nol ecul e which encodes [
conpl ema?.t vatheraspect aithe presemtimventianpiowdses apncii #id melegul séﬁwrﬂs@o@éﬁpr i si ng

et gt ey LI SNy JE3LRAfl Bt P

deri vat i veNOhD6DPh: daivative n@h@wgae Qinaldi@bt MirhdiRrthertof ordfvingiak leaStefIO%‘t 8ot her
aspect of the present invention provides a nucleic acid nolecule which

encodes orgrpaercsmbﬂ@ﬁﬁ REQD NQ: loraaisruative. himaleguenansingyie ghmimstivdhereefd

sequence conprising SEQID NO 4 or a derivative, honol ogue, anal ogue or
m netic thereof or having at | east 50% or greater simlarity to SEQ ID

NO 4 or 10 Vetranuthd défect BOINE pAGER inv@ OB Edey a nucleidAdi®inblecilb ahiffendddes  The
present invention further provides a nucleic acid nolecule conprising a

nucl eot i deor is compleniantark teen BrguPneg vamchcqﬂﬁwleemnmwctddeau@éqm&m ing an

SRR e A R AT N RN

hybr | di si Ngredtgy siilafltyty SEQIID ROI2Ghr i eBiGMtR, oMb gl eORhabddul BE RINGMICAREELL | ONS

15 In yet another aspect the present invention provides a nucleic acid molecule which encodes
or is complementary to a sequence which encodes an amino acid sequence comprising SEQ
ID NO:3 or a derivative, homologue, analogue or mimetic thereof or having at least 50% of

greater similarity to SEQ ID NO:3 or a derivative, homologue, analogue or mimetic thereof,

20 Still yet another aspect of the present invention provides a nucleic acid molecule which
encodes or is complementary to a sequence which encodes an amino acid sequence
comprising SEQ ID NO:4 or a derivative, homologue, analogue or mimetic thereof or having
at least 50% or greater similarity to SEQ ID NO:4 or a derivative, homologue, analogue or
mimetic thereof.

25
The present invention further provides a nucleic acid molecule comprising a nucleotide
sequence encoding or complementary to a sequence encoding an amino acid sequence
compiising SEQ ID NO:1 or 2 or 3 or 4 or a derivative, homologue, analogue of mimetic
thereof capable of hybridising to said nucleic acid molecule under low stringency conditions

30 at 42°C and which encodes an amino acid sequence corresponding to an amino acid sequence

set forth in SEQ ID NO:1 or 2 or 3 or 4 or a sequence having at least about 50% similarity



30 at 42[err]C and whi ch encodes an am no acid sequence corresponding to an
am no acid sequence set forthin SEQIDNGO 1 or 2 or 3 or 4 0or a
sequence having at | east about 50%simlarity

-7 % to SEQIDNO 1 or 2 or 3 or 4. The present invention al so
provi des a nucleic acid nol ecul e which encodes or is conplenentary to a
sequence whi ch encodes the peptide: -5 G AR S WSY VN (SEQ ID NO 1);

or a derivative, honol ogue, anal ogue or mnetic thereof 10 The present
invention still further provides a nucleic acid nolecule which encodes or
is conpb SEELIANG: T or 2os2quénce whi ch encodes the peptide: GP KMILYS
VEXAND VP V (SEQ ID NG 5); 15 wherein X is cysteine or alanine or a
derivative, honol ogue, anal ogue or mnetic thereof. Preferably said

peptide copgr 'p?&éntt ﬂ@etﬁﬁh”&ls@%r@vx@&QHQﬂ&fﬂc ac1d ﬁat&m Whith ndEAANG WV

(SEQ ID NG 2). The present invention yet further provides a nucleic
acid nol emmhlpielﬂﬂﬂtzlty'&m:mqwcewhwb encodepthelpepidet ary to a sequence which
encodes ghe pepti de: APYNKN NI G GSKTRXQ SEQ DNO 6) ;

GARSWLSY VN(SEQIDNO:1);

or a derivative, homologue, analogue or mimetic thereof.

10 The present invention still further provides a nucleic acid molecule which encodes or is

complementary to a sequence which encodes the peptide:
GPKMTLYSWEXAND VP V(SEQID NO:5),

15 wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably said peptide comprises the amino acid sequence
GPKMTLYSWEAANDYVPV(SEQID NO:2).

20 The present invention yet further provides a nucleic acid molecule which encodes or is

coniplementary to a sequence which encodes the peptide:
APYNKNNIGIGSKTRXQ((SEQIDNO:6),

25 whetrein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably said peptide comprises the amino acid sequence
APYNKNNIGIGSKTRAQ (SEQID NO: 3). -

30 Another aspect of the present invention provides the use of Acanthin in the manufacture

of a medicament for inducing or facilitating inhibition of platelet aggregation.



25 wherein X is cysteine or alanine or a derivative, honol ogue, anal ogue or

m meti ¢ t her eof Preferably said peptide conprises the amno acid
seqguence APYNKNNI G GSKTRAQ( SEQ D NQO 3) . 30 Anot her aspect of the
present invention provides the use of Acanthin in the manufacture of a
medi canment for inducing or facilitating inhibition of platelet aggregation.
-8 - Still another aspect of the8present invention provides an agent
useful for inducing or facilitating inhibition of platelet aggregation
conprising Acanthin as hereinbefore defined. Even yet anot her aspect

of the preSdhtnéthereadpectrofphe\pretest inverriohqetovities aagert isegfupfat imtheding 5r
aggregation .in_ a subject said nmethod conprising adninisterin ai d
subj ect arfadiifatiog inhibgtjogof PH@‘%#&%&#‘Q@C@W‘EE 8?3%‘@3}@5 Iﬁ‘PW‘W@?‘% Eé‘f“@r e
defined for a time and under conditions sufficient to inhibit platelet
aggregation. The present invention further provides a conposition for

use in i nhERhiyeshotter E@ﬁbﬂ dftthd present thviefidrdprovides @ meodicTligfibRiag " plaRlek on

conpri sing Acant hin as herei nbefore defined and one or nor e
phar mac eﬁ:tagga&gagomm awub;bttesamhmethed sonpdsiog admliruﬁatug toTseed suhjpwdsintdntin nay

known ant |SRIGE SRV Aouthoh (e sTUERT e TnaEIoB e STNATHEr CrOBBBe of
der 52??32%‘““‘2 "‘%%‘S*Jbe‘*sﬁ‘a%‘n%%%@%%ﬁﬁnﬁnﬁé moti cs.  Such anti BOS.”SJ *&S'yr be
nmonocl onal or polyclonal.
The present invention further provides a composition for use in inhibiting or facilitating
10 inhibition of platelet aggregation comprising Acanthin as hereinbefore defined and one or
more pharmaceutically acceptable carriers and/or diluents. The composition may also
comprise two different types of proteins such as Acanthin and a known anti-clotting

compound or molecule

15 Still another aspect of the present invention is directed to antibodies to Acanthin and their
derivatives, homologues, analogues and mimetics. Such antibodies may be monoclonal

or polyclonal.

Still yet another aspect of the present invention contemplates a method for detecting

20 Acanthin in a biological sample from a subject or culture supernatant flow or other source
said method comprising contacting said biological sample with an antibody specific for
Acanthin or its derivative, homologue, analogue or mimetic for a time and under
conditions sufficient for an antibody-protein complex to form, and then detecting said
complex.

25
Throughout this specification and 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,

30



Still yet another aspect of the present invention contenplates a nethod for
detecting 20 Acanthin in a biological sanple froma subject or culture
supernatant fl ow or other source said nethod conprising contacting said
bi of ogi cal sanple with an antibody specific for Acanthin or its
derivative, honol ogue, analogue or mnetic for a time and under

conditions sufficient for an anti body9protein conplex to form and then
detecting said conpl ex. 25 Throughout this specification and clains
whi ch follow, unless the context requires ot herwi se, the word

"conpri seSingle andrthetiloms sdbodvimions asedpthraghoutahe "spevification e defindd in ~ be
under st ood to |nply the inclusion of a stated integer or group of integers
but not tH@ble Lexciusion of any other integer or group of integers. 30

9- Single and three letter abbreviations used throughout the
specification are defined in Tabl e 1.
TABLE 1 5 Single andCABLEd | etter am no acid abbrevi ations
Am no Acid Three-letter ) One-letter
Abbr evi at i on Single and threy letter aminmadigd ahbreviations
Al a A Ar gi ni ne Arg
R Aspar-agtfie- Ash N
Aspartic aghifo Acid Thrde Metter One-letter D
Cyst ei ne S C 15
d utam ne Abi@eviation Symbol Q
GQutamic acid Au E d yci ne
Gy G Hi-sti-di-ne Hi s
H 10 Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
15 Glutamine Gln Q
Glutamic acid Glu E
Glycine Gly G
Histidine His H
Isoleucine Ile I
20 Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylaianine Phe F
Proline Pro P
25 Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y i
Valine Val v
30 Any tesidue Xaa X




| sol euci ne Il e | 20 Leuci ne

Leu 3 L Lysi ne Lys

K Met hi oni ne Met - M
Phenyl al ani ne Phe F Proline
Pro P 25 Seiéne Ser

S Thr eoni ne Thr T

Tr ypt ophan Trp wW

Tyr osi ne . o r Y Val i ne
v ERIEF DESCRIPTION OF T BBARINGSs due | Xaa
X 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS ure is a graphical representatlon
of Capi | | aFiguee dds aggsmeliiea represenistion p?é?@pme%elmtmphoresrs of pysified eanthin.

iy cct+on: ORISR ot B B8 X 24" RPRE S AR Al o Rt 1 3% an

vol t age; ectzéﬁ?ﬁ%&dx@ Moadilyg 2539s1mb 4 m/ runFédidit®ng 13 &V, 9EGRMNE alolta &

representation of Electrospray ionization mass spectra of Acant
Fi gure 8 i detectignaPVi 200 nmepr esent ati on of the effect of Acanthin on
col i agen- and ADP- I nduced pl atel et aggregation i n human whol ebl ood.

Each point represents the average of 10 three neasurenents standard

devi at i on. Figguer2 is yaripoiphicah aceptebentatioheof Eléctmspmay hionization mass vdpettea ifood

aggregati on neasured using electrical inpedance. Open square, ADP-

I nduced; FﬁFW@@Dsquare, col | agen-i nduced. Hexagon synbols show the effect

of col |l agen- i nduced aggregation of human platelet-rich plasma. Open
hexagon, neasured by el ectrical inpedance; Filled hexagon, neasured

by tur bodoigure 3 it grephical Fepresentasiontafithen gffest ofBreanthituce ¢okbiageneand ASIP-of
platel et- r{nﬁuce% pqatnf%t ggg%gg%&q 1r? ﬁuman;? nggl%l%od. Each point represents the average of
10  three measurements standard deviation. Square symbols show the effect of acanthin on
whole blood aggregation measured using electrical impedance. Open square, ADP-
induced; Filled square, collagen-induced. Hexagon symbols show the effect of collagen-
induced aggregation of human platelet-rich plasma. Open hexagon, measured by
electrical impedance; Filled hexagon, measured by turbodometric method. Filed
15  triangle, ADP-induced aggregation of platelet-rich plasma measured by impedance
method.

Figure 4 is a graphical representation of the effect of preincubation time on platelet
aggregation inhibition by Acanthin. Filled circle, control (no acanthin). Filled and open

squares show the results of two independent sets of experiments.

20 Figure 5 is a schematic representation of the effect of alkylation of histidine on the
antiplatelet effects.



met hod. Figure 4 is a graphical representation of the effect of

prei ncubation tine on platelet aggregation inhibition by Acanthin.
Filled circle, control (no acanthin). Filled and open squares show t he
results of two independent sets of experinents. 20 Figure 5is a
schematic representation of the effect of alkylation of histidine on the
antiplatelet effects. DElAt LED DESCRI PTI ON OF THE | NVENTI ON
The present invention provides a protein from snake venomor a derivati ve,
honol ogue, anal ogue or mnetic thereof which protein is capable of

i nduci ng ornﬁ’fa*éW’?Pgiqmgﬂpﬁé)FE“EH‘ﬁiWﬁ‘P%n of blood clotting. Said nolecule
Is conveniently in isolated or purified form More particularly, the
present invention provides a protein from Acant hophis antarcticus venom
or a deri vélheyareschoivemtipnerovided Dgroein from smke cedohreocolerivaive,hoptaddgien i s
capabl e of inducing or facilitating the inhibition of blood clotting. 10
In a pref erdnalpgagissdniregtic thegop michnproteiny ds carableppbindyeiss prpfagiitating the

N1 or 3 PR ploodTiiing oSG e Bllkirfoncl R TR sl Jp” ' °

sequence having at least 50%simlarity to SEQID NO 1 whi ch protein is
capabl e of inducing or facilitating blood clotting. 15 | n anot her
preferred eMbreciantisntarlyhthepressaninvéntive proddespr proteiie Fom 4raothepiis aotapetices ng an

SRR L RIEIR O DREHTER X 0 A
b, oA ity e lgpr oL 0 2 canatle of
enbodi ned® the present invention provides a protein conprising
In a preferred embodiment the present invention provides a protein comprising an amino
acid sequence substantially as set forth in SEQ ID NO:1 or a derivative, homologue,
analogue or mirmetic thereof or a sequence having at least 50% similarity to SEQ 1D NO:1
which protein is capable of inducing or facilitating blood clotting.
15
In another preferred embodiment the present invention provides a protein comprising an
amino acid sequence substantially as set forth in SEQ ID NO:2 or a derivative,
homologue, analogue or mimetic thereof or a sequence having at least 50% similarity to
SEQ ID NO:2 which protein is capable of inducing or facilitating blood clotting.
20
In yet another preferred embodiment the present invention provides a protein comprising
an amino acid sequence substantially as set forth in SEQ 1D NO:3 or a derivative,
homologue, analogue or mimetic thereof or a sequence having at least 50% similarity to
SEQ ID NO:3 which protein is capable of inducing or facilitating blood clotting.
25
Most preferably, the present invention provides a protein comprising an amino acid
sequence stbstantially as set forth in SEQ ID NO:4 or a derivative, homologue, analogue
or mimetic thereof or a sequence having at least 50% similarity to SEQ ID NO:4 which
protein is capable of inducing or facilitating blood clotting.
30



an am no acid sequence substantially as set forth in SEQID NGO 3 or a
derivatkve, honol ogue, anal ogue or mnetic thereof or a sequence having
at least 50%simlarity to SEQ I D NO 3 which protein is capabl e of
i ndueing or facilitating blood clotting. 25 Most preferably, the present

invention provides a protein conprising an am no acid sequence
substantially as set forth in SEQID N&4 or a derivative, honol ogue,
anal ogue or mnetic thereof or a sequence having at |east 50%simlarity

to SEQ I D NO 4 which protein is capable of inducing or facilitating
bl ood cl ot t ThegmoRCule according to this most preferred aspect of the present invention is referred - 12-
The nol ecul e accordi| preferred aspect of the present

hy
i nvention % Hes¢Base ‘:afgtg’ 3 arigg?f'lfg byaths (ARG, aCigd Feqyesce) &3t b dn pEQ H
am no aci d e eREEreRG! e?éﬁliafﬂepﬁ()%gngmhg hould'Be f‘ead'gg H%ﬂfgtere'fk%rﬁ'e Q@faltl Sthef ©

Acant hi n shoul d be rea as I nc er ence to h snake veno

derived pr cingkegnom dedipdd (6@8ind br W@@lmgnmmgenﬁlmadh SeqUeIRBs BfcofiPaREPass ed
5 by the Eresent invention as we as derivatives, honologues, anal ogues or

m nmetics ﬁh@epmnt mvention A8 gr¢lens deeativenf hamalogiess analogues @it migpetics
provi des a in conprising an amno acid sequence substantially as
set forth | ID NO. 4 or a derivative, hom ogue, anal ogue 10 or mnetic

t hereof or a sequence having at |least 50%simlarity to SEQ I D NO 4.
The term"simlarity" as used herein includes exact identity between
conpar ed s efypathereaspect ofaﬂhetmesenmmwutohqﬁomidesammmmcémmr'si@ an abiirer &cid her e

is non-identity of the, nucl eo e | lari.t udes

differ encesseﬁ Sbstantially Ay %€ ‘?Aﬂ @%bﬁ NO; 4rPrd’i eF'é{F“éYf%/ h& ﬁﬂﬁ“&c‘f‘@?gﬁg t hat
bi ﬁcﬂiﬁiﬁgf@'ﬁﬁ’?ﬂﬁq“%coéﬁe e RAYIRE aCked SORURHEIB SEINOMES L1 1y a
the amno acid level, "simlarity" i ncludes am no acids that are

neverthel ess related to each other at the structural, functional,
bi ocheni cal Thefeymarsiadaityr axtsed hatein wplydes exactidentiiy betwiean compyed s¢ayerieng” i s

of the bl gt 4 BRI AN A REG e DS Foh Tty ife Bhclpagi bt = P
aggr egat i on'similarity” includes differences between sequences which result in different amino acids
15 that are nevertheless related to each other at the structural, functional, biochemical and/or
confirmational levels. Where there is non-identity at the amino acid level, "similarity"
includes amino acids that are nevertheless related to each other at the structural, functional,

biochemical and/or conformational levels.

20 The term "blood clotting” is used in its broadest sense to include reference to any one or
more steps of the blood clotting cascade such as, but not limited to, platelet aggregation.
It should also be understood to refer to the aggregation of any one or more components of
the blood such as, but not limited to, platelets. Reference to "inhibition" of said clotting
is a reference to complete or partial prevention of blood clot formation. For example, the
25 proteins of the present invention may completely prevent platelet aggregation or they may
merely reduce the extent of platelet aggregation. Preferably said blood clotting is platelet
aggregation. Reference hereinafter to "platelet aggregation" should be understood as a

reference to all forms of blood clotting.
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It should al so be understood to refer to the aggregation of any one or nore
conponent s of the bl ood such as, but not limted to platelets. Reference
to "inhibition" of said clotting is a reference to conplete or partial
prevention of blood clot formation. For exanple, the 25 proteins of the
present invention may conpletely prevent platelet aggregation or they may
nmerely reduce the extent of platelet addregation. Preferably said bl ood
clotting is platelet aggregation. Reference hereinafter to "platel et
aggregati on” should be understood as a reference to all forns of bl ood
clotting. T8O subject of the platelet aggregation is generally an animal or bird such as but A& -
The subject of the platelet aggregation is generally an animl or bird such
as but not limited ip tackpiman, primaienlivestorknanienal [(¢-ge shaspk cemi hetise.( éonkey spigbp,

cow, horse, donke i conpanion ani mal (e.qg. dog., cat | abor at ory
Cest ant nai cogPansn Rl 6., o TRRCIRArAY B s e B HiubElge, B8Rl o
ani mal  (e. geahHR! fedy ' . , s 43 qul 1Rird
(e.g. chi ckg‘rtl);g Eglijaénlfm%)ﬁgpe@gﬁtﬁﬁ agg]gzgggt(&ﬂey’)’().r leﬁreef el?la Ic%llpta{rﬁte) a?ﬂt%mel(t:x? is a
human or 5 primate. Most preferably, the subject is a human.

Ref erence to. rotein capabl e of "inducinpg or facilitating"” the inhibition
of platel et gﬁ(éf@‘ Heidyrk e esept- 13@0%%&5?@90&’&6%@1)&, ot WL IS & BT

i nhi bition Bﬁnﬁ{e‘?‘tﬁlo?ttper@@gfbﬁgeﬁg% g{?)galc%isb&'hm&. direct and indirect

mechani sns. * For exanpl sai’d may I nteract directly W th
pl atel ets to prevent their aggregation or, alternatively, may act
indirectly to prevent aggregation by, for exanple, inhibiting one or

more of t he Refasensgi 0ad PEateinapatipiod  indusimgror facifitating then inbehitier ob plaslet el et

aggr egat i,an, . e rm'protein’ should b er. nc S
ol ypapt i e 2eeiRerion Sl 8 Tha@SBoe 5f'a rERHC1 B MG §F lelfe GRERERR
ungl ycosy! abg o el andendiep it RanfksnisaN@ft eRhmpleNSfid protéiR IngihReact URedly

| i nked, bound or otherw se associated to the protein such as am no acids.

| i pi ds, car péthpinteletsdo preventiibeir pegregatior or,piieyptipely degy eet ipdioecty rie prevent
Ref erence hereinafter 20 to "pratein” includes a .protejn c I Sing,a
sequence. of FEEPERION Y. BT epamply, iihiting ppepranpre of the uiblogical gngls PcrRet
mol ecul es SyChhe38aRAbAOf Aaleflt aghlePdefbn. carbohydrates or ot her

pol ypepti des or protelns
15

The term "protein” should be understood to encompass polypeptides and proteins. The
protein may be glycosylated or unglycosylated and/or may contain a range of other
molecules fused, linked, bound or otherwise associated to the protein such as amino acids,
lipids, carbohydrates or other peptides, polypeptides or proteins. Reference hereinafter
20 to a "protein” includes a protein comprising a sequence of amino acids as well as a protein
associated with other molecules such as amino acids, lipids, carbohydrates or other

polypeptides or proteins.

Without limiting the present invention to any one theory or mode of action, Acanthin
25 exhibits the enzymatic activity of phospholipase A,. However, modifying the active site
histidine residue to reduce by greater than 98 % the enzymatic activity of Acanthin reveals
that phospholipid hydrolysis does not contribute to the inhibition of platelet aggregation.
Further, unlike other known inhibitors, Acanthin does not induce platelet aggre’gation via
an interaction between fibrinogen and its receptor, glycoprotein IIb-IIIA complex, thereby

30 minimizing the possibility of Acanthin interfering with other adhesion reaction.



Wthout |imting the present invention to any one theory or node of action,
Acant hizn 25 exhibits the enzymatic activity of phospholipase Alerr].
However, nodifying the active site hi stidi ne residue to reduce by
greater than 98 % the enzymatic activity of Acanthin reveals t hat
phosphol i pid hydrol ysis does not contribute to the inhibition of platelet
aggregati on. Further, unlike other Itnown inhi bitors. Acanthin does not

i nduce pl atel et aggregation via an interaction between fibrinogen and
its receptor, glycoprotein IIb-111A conplex, thereby 30 m nimzing the
possi bi | i t Acadrdidglgninhdnothendspect éeiprgemiitventidnprovidelhwepiotein rfean tshake. venom

- 14- Accordingly,. in_another aspect the present invention provides a
protein frBayEg HedoleyisgcharaglgGstiss: t he fol | owi ng characteristics. (i)

i nduces or facil] | R DLt : regation; 5 (ii) its
clotting ag?lit?mpg&ﬁggkgﬁéﬂ%%hﬁ$gsgﬂ é@gﬁ%géﬁg%%@ﬁben fibrinogen and

gl ycoprotein [1b/111A-conpl ex; (iii1) its clotting ability is
not due to enzymatic activity or a derivative, honol ogue, anal ogue, or
m metic of (iWai ditpelottisg abilityds not dae &9 ¥s iterpctiondietwesndibsinageroansk glyeopreteinan no

aci d sequence s ntially as set forth in SEQ I D NO 1. In
HR AL oot

anot her preferr said protein conprises an am no acid sequence

pref orred Sipod o AR A Y i o' ac) d. sequence
substantially as set forth in SEQ ID NO 3.
or a derivative, hornologue, analogue. or mimetic of said protein.
10
Preferably, said protein comprises an amino acid sequence substantially as set forth in SEQ

ID NO:1.

In another preferred embodiment said protein comprises an amino acid sequence
15 substantially as set forth in SEQ ID NO:2.

In yet another preferred embodiment said protein comprises an amino acid sequence
substantially as set forth in SEQ ID NO:3.

20 In still yet another maost preferred embodiment said protein comprises an amino acid

sequence substantially as set forth in SEQ ID NO:4.

Based on the structural comparisons of Acanthin with sequences of phospholipase A,
enzymes detived from Australian snake venoms, and using proline bracket theory the

25 inventors have predicted three amino acid sequence segments which act as interaction sites.

Accordingly, another aspect of the present invention provides a peptide or a derivative,
homologue, analogue or mimetic thereof which comprises an amino acid sequence which
is at [east 50% similar to a sequence of amino acids in Acanthin and which peptide is

30 capable of inducing or facilitating the inhibition of blood clotting.



20 In still yet another nost preferred enbodi nent said protein conprises an
am no agid sequence substantially as set forth in SEQ ID NO 4.

Based on the structural conparisons of Acanthin wi th sequences of
phosphol i pase Alerr] enzynes derived from Australian snake venons, and
using proline bracket theory the 25 inventors have predicted three am no
aci d sequence segments which act as interaction sites. Accordingly,
anot her aspect of the present invention provides a peptide or a derivative,
honol ogue, anal ogue or mnetic thereof which conprises an am no acid

sequence j Ls east 50%simlar to a sequence of amno acids in
Acant hi n \z;wr?ég@ﬁb&yh sﬁlgptﬁoélle&% %1 Q;gtﬁfgg]ﬁ%grgga 'PAducing or facilitating the
i nhibition of blood clotting.

- 15- Preferably, said blood clotting is platel et aggregation.
The term" ﬂiilptt%trme"!)emtéb AEeaspassesa potetneceoas molesulerodraprising frampbowti2ngmiinoom

about 2 amn ... aci d resjdues to. about 50 _am nq acid residues, )

Pr ef er abl y,acﬁh‘é@s‘ggﬁ ﬁo(fé’oﬂ%}fpg?‘f‘g’ésacfdr@ ues. Jpesisrably othespids epmrrsesfrem t o
about 40 aAhHl i i OE‘%E oy : b e

conpri sesﬁf romBZ%gﬁ% ﬁb?;%nﬂﬁgs Eatm Htréﬂs)?rﬁﬁ@s?%[ag{eglgg%gf % %anr]r? rreléﬁl ‘g?:%agg’r' éléel dues.

Parti cul ar Ipgptides tanprisds dronodbore @t amind cleldd@sidadt fodeut 0RMmisd Add fréddiegbout 4
amno acid_ | @esi dues to about 20 amino acid residues such as from4 to
10, 4 to 1&artigyarty prefermed embogdignents inglydeipensidesicrumprising from appet paipinodsidray be

ol ocu oo s BBRHANR! £fh AR I ARG AA80 aBl BFomine <o

as am no aa@tidSesidues. | | pi ds, carbohydrates or other peptides, polypeptides
or proteins. Reference herein after to a "peptide" includes a peptide
conprisiy a sequence of anmino acids as well as a peptide 15 associ at ed

i car bohydrates or other

\;I)Me:){] i 3;2 far aﬁglygéu q(%ﬁ@gggglygr?sgfagdﬂér_ &%&y%géyl:!ttlec? Ial(ljdslbr may contain a range of other
molecules fused, linked, bound or otherwise associated to the peptide such as amino acids,
lipids, carbohydrates or other peptides, polypeptides or proteins. Reference herein after
to a "peptide” includes a peptide comprising a sequence of amino acids as well as a peptide

15 associated with other molecules such as amino acids, lipids, carbohydrates or other

peptides, polypeptides or proteins.

In a particularly preferred embodiment, there is provided a peptide comprising a sequence
of amino acids from about 2 to about 50 residues having at least about 50% similarity to
20 a sequence of amino acids from Acanthin wherein said peptide is capable of inducing or
facilitating the inhibition of platelet aggregation or a derivative, homologue, analogue or

mimetic of said peptide.

The percentage similarity may be greater than 60% such as at least 70% or at least 80%
25 or at least 90% ot higher.

Another preferred embodiment of the present invention provides a peptide having the
following characteristics:
6] induces or facilitates inhibition of platelet aggregation;

30 (i)  comprises from about 2 to about 50 amino acid residues;



In a particularly preferred enbodi nent, there is provided a peptide

conpri si;ng a sequence of am no acids from about 2 to about 50 residues
having at | east about 50% simlarity to 20 a sequence of am no acids from
Acant hin wherein said peptide is capable of inducing or facilitating
the inhibition of platelet aggregation or a derivative, honol ogue, anal ogue
or m nmetic of said peptide. -16he percentage sinilarity may be
greater than 60% such as at |east 70% or at |east 80% 25 or at |east 90% or
hi gher. Anot her preferred enbodi nent of the present invention

provi des a(iifept itdelottimg iabiity ot due fooitd enzymgtic ldivityt eri sti cs: (i)

i nduces or facilitates inhibiti ?n of pl.atel eij a‘ggreﬁgti on; 30 (ii)

conpri ses PFdASTARYYE. homalogise analegye grmimete pHsHE BERIES;

-16 - (iii) its clotting ability is not due to its enzymatic activity
or a derivative, honol ogue, analogue or mmnetic of said peptide. A
parti cul ar Ay patiefilarly qicfeaRd ipdptidd of hike prsstninvemioantdmpriseo i amém atid anmi no
acid 5 seguence: GA RS WLSY VN (SEQ ID NO 1); or derivatives,
honol oguéssequergeogues or mmetics thereof. 10 Anot her particularly
preferred peptide of the present invention conprises the amno acid
sequence GPKM T LYS WEXANDV PV (SEQID NG 5);

GARSWLSYVN(SEQIDNO:1);

or derivatives, homologues, analogues or mimetics thereof.
10
Another particularly preferred peptide of the present invention comprises the amino acid

sequence

GPKMTLYSWEXANDVPV(SEQ ID NO:5);
15 wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably, said peptide comprises the amino acid sequence
GPKMTLYSWEAANDYVPV(SEQID NO:2).

20 Yet another particularly preferred peptide of the present invention comprises the amino

acid sequence
APYNKNNIGIGSKTRXQ(SEQID NO: 6)

25 wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably, said peptide comprises the amino acid sequence

APYNKNNIGIGSKTRA Q(SEQID NO: 3).

30



15 wherein X is cysteine or alanine or a derivative, honol ogue, anal ogue or
m neti e t hereof. Preferably, said peptide conprises the am no acid
seqguence G PKMI' LYS WEAAND VP V (SEQ ID NO 2). 20 Yet anot her
particularly preferred peptide of the present invention conprises the am no
aci d sequence APYNKNNI G GSKT RX SEQI DNQC:. 6) 25 wherein X is cysteine
or alanine or a derivative, homol oguel7anal ogue or minetic thereof.
Preferably, said peptide conprises the am no acid sequence APYNK

NNI G GSKTRA Q( SEQ DNO  3). 30

- 17 - TheTprotepisané pepideswf thfenn'esedemvaitlomhnaypbeawedmed oyesheinimal syoyhetio

duced by ch | t het h duced
" econbi nanfes eff%sgc?rwﬁeﬁv B Prouced by Sty DGR tEohhgRy 2 SKESEL MRSy
al so be frgg @écpdd@sr&lg;‘ I%’b@ﬁ%l’ﬂént& BP[Er eYnEe@?@;nIﬁh‘f(e veanﬁa@l*ﬁ%”ts
y oEeurring 1 fated by the

may be natur ragnents or action of

pr ot eases, fragm@es hﬁﬁ&@iﬁatu@dﬂyd&ﬁeﬁmghmhﬂ%ﬁts% gehdiated bpah®IionDf padtéases by
soni ¢ disruption, heat, chem cal di srupt i on and/ or shearing

Ref er encé Prékiasen, angdasers dysingior oier erizises asevee! lnsrby sonic digguptinns haﬁdcfpﬁmlealons of
Subst it ut  RrooubF Bl MRERT 10 aadi 11 on. Homol ogues. i nc| ude T unct | onal Iy,
structurally or stereochemically simlar
Reference herein to “derivatives” includes parts, fragments and portions of Acanthin. A
derivative also includes a single or multiple amino acid substitution, deletion and/or
10 addition. Homologues include functionally, structurally or stereochemically similar
peptides from venom from the same species of snake or from within the genus or family

of snakes or from any other reptilian or non-reptilian species.

Preferred snakes include snakes from the family Colubridae, Elapidae, Viperidae and
15 Crotalidae such as species of the genera Naja, Dendroaspis, Bungarus, Pseudechis,
Ophiophagus and Heniachatus. Particularly preferred snakes are from the family Elapidae
such as but not limited to King cobra (Ophiohagus hannah); True cobras (Naja spp); Asian
or Indian cobra (N. naja); Egyptian cobra (N. haje); Spitting cobra (N. nigeicollis); Black-
lipped cobra (N. melanoleuca); Cape cobra (N. nivea); Gold's tree cobra (Pseudohaje
20 goldii); Desert black snakes (Walterinnesia spp); Shield-nose snakes (Aspidelaps spp);
Water cobras or water snakes (Boulengerina spp); Black mamba (Dendroaspis polylepis);
Mamba (D. angusticeps); Kraits snake (Bungarus spp); Oriental coral snakes (Calliophis
spp); Long-glanded coral snakes (Maricora spp); American coral snakes (Micurus spp);
Southern coral snake (M. frontalis); Eastern coral snake or Harlequin snake (M. fulvius);
25 Western coral snake (Micruroides spp); Arizona coral snake (M. euryxanthus); Death adder
(Acanthophis antarcticus); Australian tiger snakes (Notechis spp); and Australian

copperhead {(Denisomia spp).



pepti des fromvenomfromthe sane species of snake or fromw thin the genus
or fanmly of snakes or fromany other reptilian or non-reptilian

speci es. Preferred snakes include snakes fromthe fam |y Col ubri dae,

El api dae, Viperidae and 15 Crotalidae such as species of the genera Naja,
Dendr oaspi s, Bungarus, Pseudechi s, Ophi ophagus and Henachat us.
Particularly preferred snakes are frolMthe fam |y El api dae such as but
not limted to King cobra (Ophi ohagus hannah); True cobras (Naja spp);

Asi an or Indian cobra (N. naja); Egyptian cobra (N. haje); Spitting
cobra (N. Anaegueshtd smjmetiss amtude molk¢ybgsewhicioboraain Nonmetuzallyl eeaoming aBipe cobr a
(N. nivea);, old s tree cobra (Pseudohaje 20 goldii); Desert black snakes
(Val terii nsidsion veiigh do rgficon@inaaigo gk byt '(eﬁﬁheg‘ﬁﬁ Qs’ia@rquﬂona“y\/m &H€ obr as
or water s LA, . Bl ] LS):
Manmba (D. %ﬁgﬁéﬁcfe?g;lg%?%ﬁ%@g%ﬁ%wg E(1 %ﬁﬁeg‘gé?ﬂ}sﬁgé)tﬁ%? ﬁ)ré? ?‘%‘ﬁ? gﬁ%@r‘%&nakes

(Cal I'i ophi ghd minfHey.; Ahslogles bd Ad@ftheQonlenfpldrEertiaAdIGRS RodifiBations\iE kil an
coral snakes (M curus spp); Sout hern coral snake (M frontali s%d; Eastern
e

coral snkehains, ingetpetation of uakaturahaminglavids sid/op Beingteriatives durihg pept
(M cruoides spp); Arizona coral snake (M euryxanthus); Death adder
(Acant hophis antarcticus); Australian tiger snakes (Notechis spp); and

Austral i angy thelsiﬁ ‘ﬂﬁ(ﬂ)ﬂ{ehﬁggf E18dinR O afd l%f?ﬁ) metqods which i\r,t\}qose conformational

- 18- Rna ogues and mnetics include nolecules Ich contain

non- nat ur atdnytraios wnrtheprotein noleculearithkir amalogoesch do not contain am no aci ds
but neverthel ess behave functionally the sane as the protein. Natural
product screening is one useful strategy for identifying anal ogues and

m metic PEPT e ' il i ons
to si de§05 C aflﬂ gg??isﬁ%o%g?a ?gﬁrﬁgg(% udrﬁ:lge?]iﬁ %fé]g’k]ethg ﬂé%fgl&"gg’gﬁﬁdf?%r ifntL ﬁlglér
deri vati vemodificitiogs pfepiinglgroups sucls yytiyneductivaailly lufiter bisreacioncritsal aladsids and
ot her met hods whi ch inpose conformational _constraints on the protein
mol ecul e ofollewed by edustnguwish NaBHlg: mynidipriéen with snedwlacatmidates arylption vihs
contenpl at ed..hy. the. present jnventdon. include .. nodifications of. am-no
o oups. suct e sty ERBOLoURIGT Y ABinongolEeh siths Ao Byl

fol 'owed bymim@dgtelipLRitizt 4, aliftiobamderle BAbhAHC Wi T TRES)Y hadtfionBrdkife
acylation with acetic anhydride; carbanoylation of am no groups wth
cyanat e}l5t gtonpst withh srzipicaanbydridef 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.
20 _

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
25 iodoacetic acid or iodoacetamide; 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, phenylmercury chloride, 2-

chloromercuri-4-nitrophenol and other mercurials; carbamoylation with cyanate at alkaline
30 pH.



am no groups with 2, 4, 6-trinitrobenzene sul phonic acid (TNBS); acylation
of amjo 15 groups wi th succinic anhydride and tetrahydrophthalic
anhydride; and pyridoxyl ation of | ysine with pyridoxal - 5- phosphat e

fold owed by reduction with NaBH4. The guani di ne group of arginine
resi dues may be nodified by the formati on of heterocyclic condensati on
products with reagents such as 2, 3- but%nedi one, phenyl gl yoxal and gl yoxal .
20 The carboxyl group nay be nodified by carbodiimde activation via

O acyl i sourea formation foll owed by subsequent derivitisation, for
exanpl e, tTryptophin erepidoel ngayanbelemodified Syl ploy deydmpgle oupddatiay wdthhoi f i ed
by met hods such as carboxymet hyl ation with 25 i odoacetic acid or

i odoacet arhrerBosugeiriideprcallaproyd theindsle ting with 2diydresyrynitrobenzt bomids a

i xed di ' 4.0 her.. t hi.ql ds. t iyt h |.ei m de,
maloic SRR B, ChytEing Bisdtes SR ARPIRL Mand G bl Bt TP
deri vati vasiratfirtiediane to f6fth QROBOGWsiREREQAE R, _

4- chl or oner curi phenyl sul phoni ¢ acid, phenyl nercury chloride, 2-

chl orone¥ curi - 4-ni trophenol and other nercurials; carbanoylation with

cyanate at, alkal ine 30 pH.. . v , " .

-19- MP9%?55§%R§ A filazo e okisfding Tesjducy BRY dieaAtsOEPliSIEdRY i on
with N uggini mde.or. alkyl agian.of the i j it h

2 hydr oy SRRTRE SR Toddodtic Ta ARt | OF ol LelrbpRfatiod T with s
on the ot hiiethiippabeanboathie al tered by nitration with tetranitromethane to
forma 3-nitrotyrosine derivative. 5 Modi fication of the im dazole ring
of a histidine residue nay be acconplished by al kylation wth

i odoacet [ .derjvat.ives or . N-car.hoet hoxylation .wth . .

i ety by rEreplsS o5 B0 Alite Ehani oo e B S el Brinkinmlain SYAPSYS aci ds
and deri vahelu@s bl dré GoPligfiRl NtoSusd BEfbBeucinel, ACAHEIE, bubptic a¢ig, AQimihe-B1 t ed
to, use of norleucine, 4-amino butyric acid, 4-am no-3-

hydr oxy- 5-pkeewy-ppheraipentaneici deid 5-@amimoheseanioi acidci tdbutylglygingl ghorealine,

norval i ne, henyl gl.yci ne, ornifhine, sarcosine, o '
4 am no- 3. HSBHENG FRINRR, FSERsi - RS GO R aRyhy heptanoic acid, 2-thienyl
alanine and/or D-isomers of amino acids. A list of unnatural amino acid contemplated

15 herein is shown in Table 2.

TABLE 2

Non-conventional Code Non-conventional Code
20 amino acid amino acid

o-amincbutyric acid Abu L-N-methylalanine Nmala

c-amino-¢-methylbutyrate Mgabu L-N-methylarginine Nmarg

aminocyclopropane- Cpro L-N-methylasparagine Nmasn
25 carboxylate L-N-methylaspartic acid Nmasp

aminoisobutyric acid Aib L-N-methylcysteine Nmcys

aminonorbornyl- Norb L-N-methylglutamine Nmgln

carboxylate L-N-methylglutamic acid Nmglu

cyclohexylalanine Chexa L-N-methylhistidine Nmbhis

30 cyclopentylalanine Cpen L-N-methylisolleucine Nmile



al anine and/or D-isoners of amno acids. A list of unnatural am no acid
contenplated 15 herein is shown in Table 2.

TABLE 2 Non- convent i onal Code Non- convent i onal
Code+20 am no acid am no acid
[err]-am nobutyric acid Abu LN- et hyl al ani ne
Nmal a [err]-ami no-[err]-nethyl butyrd@fe Mabu L- N- met hyl ar gi ni ne
Nmar g am nocycl opr opane- Cpro L- N- ret hyl aspar agi ne
Nmasn 25 car boxyl ate L- N-nmet hyl aspartic acid
Nmasp anDedatsinbut yric acid DalAi b L-N-méthyhekingl cyst ei ne Nmleu
Nntys anp.nonor bor nyl - Nor b L- N- met hyl gl ut am pe
Nl n cgbbﬁiﬂﬂ“ﬁ e Darg L-N-methyllysigenet hyl gl ut ami &"325% d
Nrmgl u CY§L ¥l.alani ne N :ﬁ]ﬁ ihe \F et hy | hy ,%H]' i ne
Nmhi s 30 cy?l 0 gl)rfll%éy al ani ne Das&pen L-N qu] rre%ﬁ'yh?sol | euci ne 4
Nmi | e D-cysteine Dcys L-N-methylnorléitine D- al Npinie
Dal L- N-net hyl | euci ne Nl eu D- ar gi ni ne
Dar g 5 Drgldamigchy| | ysine  Dgin L-Nnngthylnorvalingpar ti ¢ aci dmnva
Dasp - t.hyl.net hi oni n e [ cystei ne
Dcys btyﬂgﬁﬂ‘t %Vigﬁorl euci ﬁ[aglu L’Hﬁ’ﬂ?‘by logu%anyut ami ne Smorn
Dgl n DLhiblidiRe hyl nor val i neppis L-NOEB#fiphenyPiigikd am ¢ acNghphe
Dgl u L- N- et hyl or ni t hi ne Nrmor n hi sti di ne
Dhi s Dtisplemdnchy| phenyl al ddilme L-Nrmeéthylprolidei sol euci ne  Nmpro
Dle - N- et hyl prol i ne Nrpr .D-l euci ne
D eu DIIE‘Q‘\F‘H%t hyl serine Dleu L‘Nn@%tﬁylfﬁﬂﬁl ysi ne Nmser
Dl ys | t hyl t hreonin Nn et hi oni ne
Drret 10 DIL{y%:n%t hyl t rypt _ophg[r)llys L H%%ylthre@@%m thine Nmthr
Dor n DLmbthignidey | t yr osi ne Dmet L-NofythyltrypfdpRireny| al ani nBimtrp
Dphe L- N-net hyl val i ne Nrv al )
D-otnithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg
15 D-serine Dser L-N-methyl-t-butylglycine Nmtbug
D-threonine Dthr _-norleucine Nle
D-tryptophan Dtrp L-norvaline Nva
D-tyrosine : Dtyr a-methyl-aminoisobutyrate Maib
D-valine Dval o-methyl-y-aminobutyrate Mgabu
20 D-o-methylalanine Dmala a-methylcyclohexylalanine Mchexa
D-o-methylarginine Dmarg o-methylcylcopentylalanine Mcpen
D-o-methylasparagine Dmasn a-methyl-a-napthylalanine Manap
D-o-methylaspartate Dmasp a-methylpenicillamine Mpen
D-o-methylcysteine Dmcys N-(4-aminobutyl)glycine Nglu
25 D-a-nethylglutamine Dmgin N-(2-aminoethyl)glycine Naeg
D-o-methylhistidine Dmhis N-(3-aminopropyl)glycine Norn
D-o-methylisoleucine Dmile N-amino-a-methylbutyrate Nmaabu
D-a-methylleucine Dmleu o-napthylalanine Anap
D-a-methyllysine Dmlys N-benzylglycine Nphe

30 D-a-methylmethionine Dmmet N-(2-carbamylethyl)glycine Ngin



D-proline Dpr o
D-seri ne Dser
D-t hr eoni ne Dt hr
Dt rypt ophan Dtrp
D-tyrosine Dtyr
D-val i ne Dval

20 D-[err]-methylal anine Dmal a
D- a- et hyl ar gi ni ne

Dmar g
D- a- net hy| BsganetlgrlomithineDrasn Dmorn

o {ert] e PRy nine G5B

25 D-[err] pIRidRthilbiliagi e Bipkd
D-[err]-methyl histidine Dmhi s
D- [ er r] - reDhgimetindlsariiene  Dmi Danser

Ek}n([agr - gﬁ)é&%gﬁaglhq%qi%, neDn?)mthr
\pne 30 D- g gEhdi) pBbRA " DR
D- [ er r] - meDagdmethyitirosine DDty
D-[err]-met hyl phenyl al anine  Dnphe
D- [ er r] - meDhgirpathylvaiine DnpPawval

" Biian

5 b [orr] - REHYRTKABDITen.

L- N- et hyl et hyl gl yci ne Nmetg 15

L- N-nmet hyl -t - but yl gl yci ne Nt bug

L- nor | euci ne N e

L- norval i ne Nva

[grr] met hyl - am noi sobutyrate Mai b
ﬂr] nmet hyl - y-am nobutyrate Myabu
a- met hyl cycl ohexyl al ani ne Mchexa

a- nmet hyl cyl copent yl al ani ne Mcpen

a- mevsarbansdmpthyiBglypipe al ani n®asn  Manap

n‘iﬁ?ﬁarﬁﬁﬁs{%ﬁmw 8yoine Nel nglu
'%I—anr D iLEHeyC' N€  Nasp Naeg
N-(3-am nopropy %gl yci ne Nor n

NN-apciomtpglyeiney| but yr at e Ncbut Nmaabu

err]-napt.hyl al ani ne
Dm;)‘&-cyc hepRYIBEHBG | gl ycine  Nehep
N-c%lé&x?@i@iﬂ@’ lethyl) gl yRcRé

I‘N(cgzar)&ﬁgmlymtdﬁyl ) gl yci neNcdedNasn

N- ( 2- car yet hyl')glycine Ngl u
NN@E]&@ oxielyppe ) gl yci ne Nedod Nasp
Ncbut

Ncoct

NP Gl Vi ne

s ety gt 1s nounbge 1 oo
Ncdec DDNrmethplasgaydgind i ne Dnmasn D[ ehhc}/MallmdecylglyNneyl cododecNcghd/ci ne
00 1o AN e o 5 R BISRGE 2 YNGR
N DR EPYCFRBRe 19 0° DompRSp NG BIRRENCREY L TRAE i e
nr D Renoimstmiee  Dnfieys Nt oo Nyl e
Narg 15 15 R-Nemeipygluiamser e Dnm%l u N-(1- hMﬂ'PXSLetWMﬁX%ItOhyloglg '(*I?/ne
mg: b IB' ﬁeltngt\ﬁyl}f'us {Ei{ngl ne Dm%ﬂl%h 's N—(hyci}l('ngy%d )S’éi?&%u? yl)al yﬂs@re
D-N-methylisoleucine Dnmile N-(imidazolylethyl))glycine Nhis
D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine Nhtrp
D-N-methyllysine Dnmlys N-methyl-y-aminobutyrate Nmgabu
20 N-methylcyclohexylalanine Nmchexa D-N-methylmethionine Dnmmet
D-N-methylornithine Dnmorn N-methylcyclopentylalanine Nmcpen
N-methylglycine Nala D-N-methylphenylalanine Dnmphe
N-methylaminoisobutyrate Nmaib D-N-methylproline Dnmpro
N-(1-methylpropyl)glycine Nile D-N-methylserine Dnmser
25 N-(2-methylpropyl)glycine Nleu D-N-methylthreonine Dnmthr
D-N-méthyltryptophan Dnmtrp N-(1-methylethyl)glycine Nval
D-N-tnethyltyrosine Dnmtyr N-methyla-napthylalanine Nmanap
D-N-methylvaline _ Dnmval N-methylpenicillamine 'Nmpen
y-aminobutyric acid Gabu N-(p-hydroxyphenyl)glycine Nhtyr
30 L-t-butylglycine Tbug N-(thiomethyl)glycine Ncys



D- N- et hyl i sol euci ne Dnm | e N- (i m dazol yl ethyl)) gl yci ne Nhi s

D- N- net:hyl | euci ne Dnml eu N- ( 3-i ndol yl yet hyl ) gl yci ne Nhtrp

D- N- net hyl | ysi ne Dnnmi ys N- net hyl - y- am nobut yrat e Nmgabu 20
N- net hyl cycl ohexyl al ani ne Nnthexa D- N- et hyl et hi oni ne Dnnmret

D- N- net hyl or ni t hi ne Dnnor n N- net hyl cycl opent yl al ani ne Nt pen

N- et hyl gl yci ne Nal a D2Rk et hyl phenyl al ani ne Dnnphe

N- net hyl am noi sobutyrate Nmaib D- N- net hyl prol i ne Dnnpr o
N-(1-nethyl propyl)glycine N le D- N- net hyl seri ne Dnnser 25
N- ( 2- met hyLmtlopglyige yci ne N ditg D- Npaeitthipinitier eoni ne Pen Dnnt hr

D- N- net hyl

et N L - | ethyl) gl |
LpBRGRRaringr el BRSREYL) 1Yo Ml

D- N- et hyl

D- N- et hyl _ Dnnval N- mgt en
y-am nobut g’?ﬂll (f:rﬁgnglaégmme Gabu Marg N- ?g' Exwé;/%h}a%ﬁﬁ gl yci ne MIz\ll tyr 30
L-t-butyl ghwm&ylaepartate Tbhug Masp N ( Thoonshyiyibugiglgcine Mtbudcys

- 22 - hIegC|ne Etg penicillam ne

Pen BW yaleigi ne  Meghe L—meLlylflhyéglwp%u ani ne Metg

Mal a L e i nin Marg, . r]-methyla agi ne
Masn L 2 H‘*H&F‘% Jﬁ}{ at e eMgll{}a sp L-o m{'ﬂl_ylfl(‘ajﬁ]{a%r’ret hyl -t - buﬁ% gl yci ne

Mbug 5 LLLtﬁﬁfe}hyllfﬁithﬂﬁeCyStel N his M YIS a-methylhombp

{mmhmbhyl oMpphere
a- met hyl gl ut am ne Myl n L- a- met hyl gl ut anat e

Met g L-
Mylu - L- beormeliplisoleucingi ne  Milohis  N-C-methylthisethi)elyeimephenyNaieni ne
Mhphe L a e | i sol eucine ., Mle nmet hyl t hi oet h | yci ne
Net hﬁ%‘ 4 euci ne Mleu ™ ey L—oc—methway(smferr] net hyl | ygliﬁg
Mys 10 lb Uf‘tf Hetﬂﬁh&moﬂﬁfeh' ONi et MTEtL—a—methythr[l&Un]e met hyl nor pgici ne
Mhl e L-[err]-rret hyl norval i ne Vhv L-[err]-methylornithine
Mor n L Lex- lﬂethymdnydlmhenyl alMnvane I\/tlhe methylorﬂuhmerret hyl prol i Mem
Mor o err -hr@{h | serine Mse L- a- net hyl t hreopj ne
M hr L eft-fret h@%}]’@@?‘ﬁ?opﬂﬂﬁhﬁ M r p L-a-methylprofing o | - et hyl t YPEQi ne
Myr 15 L- al | homopheny) g ani ne
Nmhphe ﬁ-w F}é)l% hl phenyl et%y%w NnbLha metfu@%@@'?’ di phenyl pritl)rgyl )
Nnbhe ca,rdaﬁmﬂ yleegptophhg! yci ndemp L-a-methyltyrogigs bany| net hyl Majyci ne
1- carboxy-1-(2, 2-di phenyl Nmbc et hyl am no) cycl opr opane
15 L-a-methylvaline Mval L-N-methylhomophenylalanine Nmhphe
N-(N-(2,2-diphenylethyl)  Nnbhm N-(N-(3,3-diphenylpropyl) Nnbhe
carbamylmethyl)glycine carbamylmethyl)glycine

20

25

30

1-carboxy-1-(2,2-diphenyl- Nmbc

ethylamino)cyclopropane

Crosslinkers can be used, for example, to stabilise 3D conformations, using homo-bifunctional
crosslinkers such as the bifunctional imido esters having (CHp), spacer groups with n=1 to n=6,
glutaraldehyde, N-hydroxysuccinimide esters and hetero-bifunctional reagents which usually
contain an amino-reactive moiety such as N-hydroxysuccinimide and another group specific-
reactive moiety such as maleimido or dithio moiety (SH) or carbodiimide (COOH). In addition,
peptides can be conformationally constrained by, for example, incorpotation of C,, and N, -
methylamino acids, introduction of double bonds between C, and C; atoms of amino acids and
the formation of cyclic peptides or analogues by introducing covalent bonds such as forming
an amide bond between the N and C termini, between two side chains or between a side chain

and the N or C terminus.



20 Crosslinkers can be used, for exanple, to stabilise 3D
conformati ons, using hono-bifunctional crosslinkers such as the

bi functional imdo esters having (CH2)[err] spacer groups with n=1 to n=6,
gl utar al dehyde, N- hydroxysucci ni m de esters and hetero-bifunctional

reagents which usually 25 contain an ani no-reactive noiety such as

N- hydr oxysucci ni m de and anot her group233'peci fic- reactive noiety such as
mal ei mdo or dithio noiety (SH) or carbodiimde (COOH). In addition,

pepti des can be conformationally constrained by, for exanple, incorporation
of CJerr] & pRsentifivention funtherrgontemiptatesabiendisal dnafiogursiof ticanthinfecapabibhofactnmds

bet d t of am _po acjds, and the formatjon of
oycl o pepii AR ARORER By HhEfo iG] CHlRRE rasHi decsStacny B BF ng
30 an am derdapRchnBifit N!%E'Buttzhfy MNa@Rerthin CEABHRMtionASINRERed VRIthAR G SeRTcaP"
bet ween a side chain and the N or C term nus.

- 23 - analdges pae bespecificalte desigoed thumimveertaio phwsineherhieal pro@niicsall Avasthmgues
of Acant hj n,ca | e of actin . as antagoni sts or a [ sts of said
o ot e, R arslnges G be Shepicaby AU ey e oiseidalping Tor Sample,

Acant hi n i tggldi IRYeehihgr € certain conformational simlarities.

Al ternatively, chem cal anal ogues nmay be specifically designed to mmc
certain physiochem cal properties of Acanthin. 5 Chem cal anal ogues nay be

chem cally t hesi sed. or .pay. be defected follow._ng,, for. exanple,
natural pr d@ﬁ@‘ﬁs%@l"%se‘?ﬁ 'H%‘?‘Hg‘ 1ons may &’e PpROsiant S?p‘é%bﬂt?g Arapthin ik admiistersthie de

| nportant tygdabi | ise Acanthin if admnistered to a subject. 10
The present i'nvention further contenpl ates reconbi nant inhibitory proteins
and peptl@es. Accordi ngly, another aspect of the present invention

rovi des a_pucl ei c ,acid | ecul e conpri sing, a_sequence of nuc|eotides
encod ng or &HSFQ%YWH?M%C%‘EHH%E% rﬁgpl@m%@vﬁ@ltw preteHs And) peptides.
her ei nbef ore defined or a derivative, honol ogue, anal ogue or mnetic
t her eof .
Accordingly, another aspect of the present invention provides a nucleic acid molecule

comprising a sequence of nucleotides encoding or complementary to a sequencing encoding

15 Acanthin as hereinbefore defined or a derivative, homologue, analogue or mimetic thereof.

A particularly useful nucleic acid molecule is one which encodes or is complementary to a
sequence which encodes an amino acid sequence comprising SEQ ID NO:1 or a derivative,
homologue, analogue or mimetic thereof or having at least 50% or greater similarity to SEQ

20 1D NO:1 or a derivative, homologue, analogue or mimetic thereof.

Another particularly useful nucleic acid molecule is one which encodes or is complementary to
a sequence which encodes an amino acid sequence comprising SEQ ID NO:2 or a derivative,
homologue, anzlogue or mimetic thereof or having at least 50% or greater similarity to SEQ

25 1D NO:2 or a derivative, homologue, analogue or mimetic thereof.

Yet another particularly useful nucleic acid molecule is one which encodes or is complementary
to a sequence which encodes an amino acid sequence comprising SEQ ID NO:3 or 4 derivative,
homologue, analogue or mimetic thereof or having at least 50% of greater similarity to SEQ

30 ID NO:3 or a derivative, homologue, analogue or mimetic thereof.



A particularly useful nucleic acid nolecule is one which encodes or is

conpl enentary to a sequence whi ch encodes an am no aci d sequence
conprising SEQID NGO | or a derivative, honol ogue, anal ogue or mnetic
thereof or having at |east 50%or greater simlarity to SEQ 20 ID NO | or
a derivative, honol ogue, anal ogue or mnetic thereof Anot her
particularly useful nucleic acid noletute is one which encodes or is

conpl ementary to a sequence whi ch encodes an am no acid sequence
conprising SEQ ID NG 2 or a derivative, honol ogue, anal ogue or mnetic

t her eof orAhauétrpge&tableaasteidSﬁ% owlegnieds ene sihidhl ercbdes drds SEQpREEMBYNG @ or a
derivative, honol nal ogue or, m netic thereof t anot her

bar {1 cul arieguaTEEPTIth shedtes o St ari ebione sompomas SRQD MR pA A,

conpl enment ary to a sequence whi ch encodes an am no aci d sequence
conprising SEQ ID NGO 3 or a derivative, honol ogue, anal ogue or mnetic
t her eof orhdmologug, ataldgeest mihéhcafergofaatiaving iatiehsa 5SDVoyortgreatir@ndilarityoNEQ@ or a
derivative, h | og anal ogue or m netic thereof

24 - 3 mwg)sr?"b%g?‘@?‘é‘fﬂ ofplopes. analegug osshimetis hesesf one whi ch encodes or
is conplenentary to a sequence whi ch encodes an am no aci d sequence
conprising SEQ ID NO 4 or a derivative, honol ogue, anal ogue or mnetic
t her eof orAhahérngspaét bfethetprededh divegtioraprerides i husleid ycid andiédile Borhdishig 4 or a
derivati ve, | ogue, anal ggue or m netic thereof Anot her aspect of
the pr esen@ucieﬁv ESAYRNGEr %Wpéfes OF GopPleaIeatastite) anTsIHANIGR ENEQMiRg AR jaRNO; acid

| tid t
i ot IiEE WpBRRELSLONOTORR ST 8ok ol fofuREERAG G GAMAE o "
deri vat i eminiaiethe@uf capablelF dyierididingl £ sdidrBhdlieic atig mslécubamalet Bvwoktringency

hybridi sing to, said nucleic acid nol ecul e under |ow stringency
condi t i onscoaditiops at42°€ andaviieh ensodefcagiBing deid femsnse Fer%@ﬂiié'Pﬁ:@ an amino

or 3 or 4 wislerB AT iy spASHINDEOMEPEFARF' o Ul Fivipd 10«

NG | or 250% sini®dritgto SEQ ID NO:1 or 2 or 3 or 4.

15 A particularly useful nucleic acid molecule is one which encodes or is complementary to a

sequence which encodes the peptide:

GARSWLSYVN(SEQID NO:1);

20 or a derivative, homologue, analogue or mimetic thereof.

Another particularty useful nucleic acid molecule is one which encodes or is complementary

to a sequence which encodes the peptide:

25 GPKMTLYSWEXANDVPV (SEQID NO:5);

whetein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably said peptide comprises the amino acid sequence

30 GPKMTLYSWEAANDVPV(SEQID NO:2).



15 A particularly useful nucleic acid nmolecule is one which encodes or is
conpl enentary to a sequence whi ch encodes the peptide: GA RS WLSY
VN (SEQ ID NO 1); 20 or a derivative, honol ogue, anal ogue or mmetic

t hereof . Anot her particularly useful nucleic acid nolecule is one

whi ch encodes or is conpl enentary to a sequence which encodes the

pepti de: 25 GPKMILYSVEXANDVPV( SEQ DNE: 5) ; wherein X is cysteine or
al anine or a derivative, honol ogue, anal ogue or mnetic thereof.

Preferably said peptide conprises the am no acid sequence 30

GPKMTL Y SVEARMDpvRIKISE@ItDNGTR ) useful nucleic acid molecule is one which encodes or is

-25 - Yet, anot her particular|ly useful nucleic acid nolecule is one
whi ch encod@ZREmeniary to a seguspeswhich eycodgs theqieptideace whi ch encodes the
pepti de: A PYNKNN 1JGS KTRX Q(SEQID NG 6); 5 wherein X is

cysteine or alanine or a derivative, honologue, analogue or mnetic
t her eof . A PPY N 8 NIN Y GBGAE KEPRI XI€) SEQIDMG:6h;he ami no acid sequence

wherein X is cysteine or alanine or a derivative, homologue, analogue or mimetic thereof.

Preferably said peptide comprises the amino acid sequence

APYNKNNIGIGSKTRAQ (SEQID NO: 3).
10
The nucleic acid molecule of the present invention is generally in isolated form. It may also
comprise additional nucleotide sequence information fused, linked or otherwise associated
with it either at the 3" or 5’ terminal portions or at both the 3 and 5 terminal portions. The
nucleic acid molecule may also be part of a vector, such as an expression vector. The latter
15 embodiment facilitates production of recombinant forms of Acanthin which forms are

encompassed by the present invention.

Reference herein to a low stringency at 42°C includes and encompasses from at least about 1%
v/v to at least about 15% v/v formamide and from at least about 1M to at least about 2M salt
20 for hybridisation, and at least about 1M to at least about 2M salt for washing conditions.
Alternative stringency conditions may be applied where necessary, such as medium stringency,
which includes and encompasses from at least about 16% v/v to at least about 30% v/v
formamide and from at least about 0.5M to at least about 0.9M salt for hybridisation, and at
least about 0.5M to at least about 0.9M salt for washing conditions, or high stringency, which
25 includes and encompasses from at least about 31% v/v to at least about 50% v/v formamide and
from at least about 0.01IM to at least about 0.15M salt for hybridisation, and at least about
0.01M to at least about 0.15M salt for washing conditions.
The present invention further encompasses host cells for the subject nucleic acid moleéules
30 and which are used to produce recombinant Acanthin. The host cells may be prokaryotic

cells or eukaryotic cells. Examples of prokaryotic cells include E. coli, Bacillus sp,



APYNKNNI G GSKTRAQ( SEQ DNG: 3) . 10 The nucleic acid nol ecul e of the
present-sinvention is generally in isolated form It nmay al so conpri se
addi ti onal nucl eoti de sequence information fused, |inked or otherw se
associ at ed with it either at the 3 or 5 termnal portions or at both
the 3' and 5 termnal portions. The nucl eic acid nol ecul e may al so be
part of a vector, such as an expressi-@d-vector. The latter 15 enbodi ment
facilitates production of reconbinant forns of Acanthin which forns are
enconpassed by the present invention. Ref erence herein to a | ow

st ri ngency pPeéudbdibras spGrhonghtusiasy atherse rﬁsmnphesmesultarmncatells ewndide ahaumalian

v/v to at |east about 15%v/v formam de and f qﬂ | east abo(tljt {}/I lat
| east aboutfellzmiﬁz(#& CHO eedls). ypast wﬂsSaxngaJwe“masea&c Eadant£6H5, and repyt %ﬁl

| east abou t [ o) t i rd
condition sthr[}ﬁii gBE& g)\'\ﬁl%ﬁﬁc[}greg&%iihﬁﬁt /('Lsanthm 1 of {fi file ﬁé%ﬁf {nVEntRin' pADRE Ee

ere necessary Ium stringency,

whi ch i ncl gdgsscarPrfeaoiPaseRe qhdlioies axALmsn f(a’amntmérﬁi% wiey. tAG stited amse,
about 30% v/v f or mam de ang fromat | east about 0.5Mto at, | east about

0. 9M sal t5 filwr Aparitirin dnayamdedrio bampgoduced as paggée lénswpptaﬂes prlygertide| e oyt
0. 9M ssalt for washi ng,conditions

and encorrpé‘g‘é‘é’smﬁ1 Y, Q5sed a 1@35{1121&%%{1%91@()58})(%%886 r %st?mjg%{}t tﬂgs&?ﬁi&ﬁkﬁs
formam de anfein %:ﬁéﬁs‘%@%ﬂﬁcekegﬁéh &9&'4& é)mgﬂi%st dlﬁ/légnoh Qﬂﬁltpraﬂéﬂééﬁ peptiddsth amd t
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f or washi ngmidassidriacargze of chemlira*ieelgmeslmncal reoRin OF owuchagicaldisrupiieroiepliiaues. host
cells for the subject nucleic acid nolecules 30 and which are used to
produce reconbi nant Acanthin. The host cells may be prokaryotic cells or
ggkar YOUF NotvltranditiB W0t 82 prlsefiRUASR bhontabdes réc@ﬁx'bHﬂﬁtzlg'ote?rﬁl dnd pepidds! us
Ps eudononaghéemicallip BfhetidBehnRfubesre pafticaiply grefofred itkihe wpithesicefl Acanthie ude
manmal i an celI” Iines (eg. CHO cells), yeast cells, fungal cells, insect
cells, plant cells and reptilian cell lines. The abili ty to produce

ecort f‘ﬁﬂ%ﬂﬁ%@ i 1 (B oRsF Aentn F (b Fhg Tt bnsed GLABISHER

above, 5 thenACPfbh 'sﬁhl@%&d?ﬁefkofaﬁorb@f Pe Q@htﬁﬁ’ thouRe itayde RcorBplbedBplnygle,
polypeptlde or protein whi ch may be used as is or may first need to be

pr ocessetfs isnitablehaeans suchesby ehmhmtchammnmpmtlon for exampiessiog EM-eejllidesedan
Such processi ng incl udes i0 rote ses a

ani dases orexghangs, O‘B?t"%,‘ﬁé?ﬁgfg‘g‘i’we‘&yv% B&Mﬁg a(?lT “é’ﬁ'ﬁf') fﬂﬁ Qﬁ’f‘%g her
di'sruption t&&ﬁ{ﬁﬂésod{gﬁvaﬂable including HPLC, PAGE amongst others. Once purified, the venom

derived molecule can be partially sequenced and/or fragments produced and used directly

as a source of Acanthin or as a template for amino acid synthesis.

20
Acanthin may be synthesized by solid phase synthesis using F-moc chemistry as described
by Carpino ef al (1991). Acanthin and fragments thereof may also be synthesized by
alternative chemistries including, but not limited to, t-Boc chemistry as described in Stewart
et al (1985) or by either classical methods of liquid phase peptide synthesis.

25
The present invention further extends to the use of Acanthin in the manufacture of a

medicament for inducing or facilitating inhibition of platelet aggregation.



10 Notwi thstandi ng that the present invention enconpasses reconbi nant
proteins and pepti des, chem cally synthetic techniques are particularly
preferred in the synthesis of Acanthin. Acant hin according to the
present invention is conveniently synthesized based on nol ecul es

I sol ated from snake venom Isolation of the venom nol ecul es may be
acconpl i shed by any 15 suitabl e meand?such as by chromat ographic
separation, for exanple using CMcellul ose ion exchange chr omat ogr aphy
foll owed by Sephadex (eg. G50 colum) filtration. Many ot her t echni ques
are avai | ¥t enathwer| asndxmg)theCpreﬂénGEwanmngptovcidebemsagemueefplufdrf indaking floe venom
derived cul e n be aII seguenced .and/ or fragnents produyced and
used di rg%F‘Fng‘ oo ofiateled peckesion camgrisiag AqtBipAs e bs{rs QB d
synt hesis. 20 Acant hin may be synthesized by solid phase synthesis using
F-noc chem stry as descri bed by Carpino et al (1991). Acanthin and

f ragment sAs hseatab tbowythel Acanthin of nhd@sdsemtdinbyntion iglusefuhai prsesthgnplateldtes

i ncluding, but not limted to, t-Boc chen1stry as described in Stewart

et al (1o%mgyesationin asublest suchaassimammabiertashustan). qui d phase pepti de
synthe5|s 25 The present invention further extends to the use of
Acanthin in the manufacture of a medi canent for inducing or

faci |'itat ApgrimgiRishoteer Spedtloli) fresend ivea@n &@htemplates a method of inhibiting
27 Yet "anot her aspect of the present invention provides an agent

usef uI f oplateled g regation in a subsict smémeﬂg)du qompisisinigcadmikistoring & said sgyect@at i on
conprising Acanthi.n a erei nbefo ted abov

Acant hi n D1 FREeERRL SR AT AT Acatipnreintetoyedloingd s Tk agunds

2991 e93b] @ihdiriind sHfieACHH iANGH pfiteld @F@g@d € 9. a human). Accor di ngly,
anot her aspect of e present |nven contenpl ates a nethod of inhibiting
pl at el et aggregati on I n a subject said nethod conprising adm nistering to

sai d subject an anti-aggregation effective anmount of Acanthin
her ei nbef By &cc@adange dv ity thi Thethed.amare Hiasir one txpenefi Prasis. Qupenitide dRay the

I nhibit picﬁﬁﬁis?ére@qgﬂ’ 8.%‘.31%(30 'Xcanthin may be coadministered with a known anti-clotting

compound or molecule. By "coadministered" is meant simultaneous administration in the
15 same formulation or in two different formulations via the same or different routes or
sequential administration by the same or different routes. By "sequential” administration is
meant a time difference of from seconds, minutes, hours or days between the administration
of the two types of proteins or the protein and the known anti-clotting compound or
molecule. The Acanthin or the Acanthin and known anti-clotting compound or molecule

20 may be administered in any order.

Routes of administration include but are not limited to intravenously, intraperitoneal,
subcutaneously, intracranial, intradermal, intramuscular, intraocular, intrathecal,
intracerebrally, intranasally, infusion, orally, rectally, via iv drip, patch and implant.

25 Intravenous routes are particularly preferred.

Another aspect of the present invention provides a composition for use in inhibiting or
facilitating inhibition of platelet aggregation comprising Acanthin as hereinbefore defined
and one or more pharmaceutically acceptable carriers and/or diluents. The composition may

30 also comprise two different types of proteins or peptides such as Acanthin and a known anti-



In accordance with this nethod. nore than one type of protein or peptide
may be ¥ administered for e.g. the Acanthin may be coadmi nistered with a

known anti-clotting conpound or nol ecul e. By "coadm ni stered” is neant
si mul't aneous administration in the 15 same fornulation or in two different
formul ations via the sanme or different routes or sequenti al

adm ni stration by the sanme or di fferentdrout es. By "sequential"

adm nistration is neant a time difference of from seconds, m nutes,
hours or days between the admnistration of the two types of proteins or

t he prot ei rleftigg compundvar raole¢ule| ot t i ng conpound or nol ecul e. The
Acanthin or the Acanthin and known anti-clotting conpound or nol ecule 20

may be administered in any order. Routes of admi nistration include but
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patch and_inpl ant. 25 Intravenous routes are particularly preferred.
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two different types of proteins or peptides such as Acanthin and a known
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sui tabl e m xtures thereof and vegetable oils. The preventions of the
action of HUERBERFEPEaTateand Belatik ought about by

15
Sterile injectable solutions are prepared by incorporating the active compounds in the required
amount in the appropriate solvent with various of the other ingredients enumerated above, as
required, followed by, for example, filter sterilization or sterilization by other appropriate
means. Dispersions are also contemplated and these may be prepared by incorporating the
20 various sterilized active ingredients into a sterile vehicle which contains the basic dispersion
medium and the required other ingredients from those enumerated above. In the case of sterile
powdes for the preparation of sterile injectable solutions, a preferred method of preparation
includes vacuum drying and the freeze-drying technique which yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered solution.
25
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 hard
or soft shell gelatin capsule, or it may be compressed into tablets. For oral therapeutic
administration, the active compound may be incorporated with excipients and used in the form
30 ofingestible tablets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and

the like. Such compositions and preparations should contain at least 1% by weight of active



10 various antibacterial and antifungal agents, for exanple, parabens,

chl or obut anol , phenol, sorbic acid, thirnmerosal and the like. In many
cases, it will be preferable to include isotonic agents, for exanpl e,
sugars or sodi um chloride. Prolonged absorption of the injectable
conpositions can be brought about gy the use in the conpositions of
agent s del ayi ng absorption, for exanpi al um num nonost earat e and
gelatin. 15 Sterile injectable solutions are prepared by incorporating
t he active conpounds in the required anmount in the appropriate sol vent
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form should be pharmaceutically pure and substantially non-toxic in the amounts employed.

20 In addition, the active compound(s) may be incorporated into sustained-release preparations

and formulations.

The present invention also extends to forms suitable for topical application such as creams,
lotions and gels. In such forms, the anti-clotting proteins may need to be modified to permit

25 penetration of the surface barrier.

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 pharmaceutically active substances is well
30 known in the art. Except insofar as any conventional media or agent is incompatible with the

active ingredient, use thereof in the therapeutic compositions is contemplated. Supplementary



10 phosphate; a disintegrating agent such as corn starch, potato starch,
algini¢ acid and the |ike; a lubricant such as nagnesi um stearate, and
a sweet eni ng agent such a sucrose, |actose or saccharin may be added or
a ffavouring agent such as peppermint, oil of w ntergreen, or cherry
flavouri ng. Wien the dosage unit form is a capsule, it may contain, in
addition to materials of the abové®type, a liquid carrier. Various
other materials nay be present as coatings or to 15 otherw se nodify the
physical formof the dosage unit. For instance, tablets, pills, or capsules
may be coat@ivedgredietietan obsug@rpmtecbuﬁmthemompowm@r elixir may contain
the active conpound, sucrose as a sweeteni ng agent, nethyl and

propyl parabens as preservatives, a dye and flavouri ng such as cherry or
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sust ai ned- r,el ease rati ons or mu re ent
ent oy ARGt S & g dogaged i the RaP RS Bhiects in op LEAEE S,
cream, . codtBhih@epRBtleRith q ud?mgpsm&% Whaterid] afhled G Qb tm_EQIeﬁkéZiS may
needto be nodi f to perm t enetration of the surface barrier.
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- 30 - or fag #‘U%"ﬂ% fg’?ﬁ%‘ C@&H"%a‘l“é'ﬂmﬁé“ﬁ’lﬁ‘é%rporat ed into the
conposi tions. is especially advantageous to formnul ate parenteral
conpositions in dosage unit formfor ease of adm ni stration and

uni f or m t y Effectlesagantsfaagelating ploteing amtangddedby dierpreeheimseritonphijisiagal | y
5 discrete units suited as unitary dosages for the mammali an subj ects to be
treated; efenndipg en the seveiyohthspag aad Bwé@@t@% age of thedpaipiest. dn seneral yarms,

mat er i al 15C B RLERURR nparyQﬂHpﬁm]h ri’ﬁ)qug?llé I?(Qly weight to about 100 mg/kg body weight.

Altemative amounts include for about 0.1 ng/kg body weight about 100 mg/kg body weight or
from 1.0 ng/kg body weight to about 80 mg/kg body weight,

Still another aspect of the present invention is directed to antibodies to Acanthin and their
20 derivatives, homologues, analogues and mimetics. Such antibodies may be monoclonal or

polyclonal.
In the case of small peptides, these may first need to be associated with a carrier molecule,

25 The antibodies of the present invention are particularly useful as therapeutic or diagnostic
agents. For example, specific antibodies can be used to screen for Acanthin using
immunoassays or used as antagonists to inhibit Acanthin activity under certain circumstances
such as where temporary clotting inhibition is only required. Techniques for such
immunoassays are well known in the art and include, for example, sandwich assays and ELISA.

30 Knowledge of Acanthin levels may be important for monitoring certain therapeutic protocols.



t herapeutic effect in association with the required pharnmaceutical carrier.
The spetification for t he novel dosage unit fornms of the invention are
dictated by and directly dependent on (a) the uni que characteristics of
the~active material and the particular therapeutic effect to be achieved 10
and (b) the limtations inherent in tB? art of conmpoundi ng such an active
mat eri al for inducing or facilitating inhibition of blood clotting in
living subjects. Ef fective anobunts of anti-clotting proteins

contenpl ated by the %resent'inventiqn wll vary dependi ng on the
severity ofntibedigsaliorthedwanthia (e is warieatives domologuese analeguss enmimeticsyehteal
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pol ycl onal pepti des, these may first need to be
associated with a carrier nol ecul e. 25 The anti bodi es of the present
I nvention are particularly useful as therapeutic or diagnostic agents.
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I mmunoassays. or used as antagonists_to inhibit Acanthin activit nder
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Anti bodies to the Acanthin (or its derivatives, honol ogues, anal ogues or

m netics) gfis ifGn the s @%Fﬂ'ﬁs VMGt AT Yn cé@gﬂﬁﬁml (nﬁﬁoﬂ@#aé?g%@nal

Al ternatively, fragnents of antibodies m used suc
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synthetic gnti bqdjes an o_.anti body hybri ds. "synthetic antibody' is
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15 antibody may be used with a commercially available anti-immunoglobulin antibody. An

antibody as contemplated herein includes any antibody specific to any region of Acanthin.

Both polyclonal and monoclonal antibodies are obtainable by immunization with Acanthin and
either type is utilizable for immunoassays. The methods of obtaining both types of sera are well
20 known in the art. Polyclonal sera are less preferred but are relatively easily prepared by
injection of a suitable laboratory animal with an eﬁ"egtive amount of Acanthin, or antigenic parts
thereof, collecting serum from the animal and isolating specific sera by any of the known
immunoadsorbent techniques. Although antibodies produced by this method are utilizable in
virtually any type of immunoassay, they are generally less favoured because of the potential l

25 heterogeneity of the product.

The use of monoclonal antibodies in an immunoassay is particularly preferred because of the
ability to produce them in large quantities and the homogeneity of the product. The preparation
of hybridoma cell lines for monoclonal antibody production derived by fusing an immortal cell
30 line and lymphocytes sensitized against the immunogenic preparation can be done by techniques

which are well known to those who are skilled in the art.



As stated above, specific antibodies can be used to screen for the

Acant hikn. The latter would be inmportant, for exanple, as a means for
screening for levels of Acanthin in a cell extract or ot her bi ol ogi cal
flufd or purifying Acanthin made by reconbi nant nmeans fromculture 10
supernatant fl uid. It is within _the scope of this invention to

I ncl ude any second anti bodi es (nnnocréﬁal, pol ycl onal or fragnents of
anti bodi es or synthetic antibodies) directed to the first nentioned

ant i bodi es di scussed above. Both the first and second anti bodi es nay be’
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Anot her aspect of the present invention contenplates a nethod for detecting

Acanthin in a bi ol ogi cal sanple fraogma subject or culture supernat ant
flow or ot Wepdwish pysayssaie ampeg Hisanost use§igpd §?lﬁ@oeléwﬁea’catswg aahrg fHoyreddreal

sanpl e W4 haf tﬁé};réégﬁ}%{veﬁtpo%? A InfintleP5f vaBRNE bt sardwich assay technique exist, and

all are intended to be encompassed by the present invention. Briefly, in a typical forward assay,
an unlabelled antibody is immobilized on a solid substrate and the sample to be tested brought
into contact with the bound molecule. After a suitable period of incubation, for a period of time
sufficient to allow formation of an antibody-antigen complex, a second antibody specific to the
20 antigen, labelled with a reporter molecule capable of producing a detectable signal is then added
and incubated, allowing time sufficient for the formation of another complex of antibody-
antigen-labelled antibody. Any unreacted material is washed away, and the presence of the
antigen is determined by observation of a signal produced by the reporter molecule. The results
may either be qualitative, by simple observation of the visible signal, or may be quantitated by
25 comparing with a control sample containing known amounts of hapten. Variations on the
forward assay include a simultaneous assay, in which both sample and labelled antibody are
added simultaneously to the bound antibody. These techniques are well known to those skilled
in the art, including any minor variations as will be readily apparent. In accordarice with the
present invention the sample is one which might contain a peptide which inhibits blood clotting
30 including cell extract, culture supernatant tissue biopsy, serum, saliva, mucosal secretions,

lymph, tissue fluid and respiratory fluid. The sample is, therefore, generally a biological sample



derivative, honol ogue, analogue or mnetic for a tinme and under conditions
sufficient for an 5 antibody-protein conplex to form and then detecting

sai d _conpl ex. The presence of Acanthin may be acconplished in a nunber
of ways such as by Western blotting and ELI SA procedures. A w de range
of i mmunoassay techni ques are avail abl e _as can be seen by reference to

US Patent Nos. 4,016,043, 4, 424,279 and '4 018, 653. These, of 10 course,

i nclude both single-site and two-site or "sandw ch" assays of the
non-conpetitive types, as well as in the traditional conpetitive

bi ndi ng ass&pmprismgchiclogient fyid betl als extrnilstiefertientation fluiddind gupernatastt flaid subled ed
anti body toa tar 1 Sandwi ch assays are anong the nost useful and
comonl y usé‘émh%g%c%'tﬁﬁed are favoured for 1 5 use in the present invention.
A nunber of variations of the sandw ch assay techni que exist, and al |
are intended to be enconpassed by the present invention. Bri efIy, in a
typical forvarthe tigisalyforward samivieh ads. ladit santibbdydlavirs ipewifiéityl for el protein sol i d

b d t t
bound ol e niEetg PEP et 5@\'%6%& ol St eeeing S aroR St dife oMt i e
sufficient terfadd QW diedINBRIdso Br @f o%e@%b MV cEhbEe ﬂsédjlgmnﬁé?s b@in$ %@Rﬂ'&’se

anti body specific to the 20 antlg | abelled with™ a reporter ecul e
capabl e of polydeylamideanylen, gotyatys Qnespcgyralhyl ichlotiieor pudypeopylene. Jihd solitcaipportd,

[ t uf fi nt for,th tio not her coppl ex. of an d-
St oen ) sbOrF e S0t O it Bed et MOEAR: PG o SHB A STaNg Tohe
presence of chiicting a@f‘ﬁth&lﬁﬁséa? ‘T}ﬁé &F\ﬁ’h@?esu?se?m%e‘ﬂ%b% 16’L rrizgﬂ%herally

produced by the reporter nolecule. may eit
qual i t at i Me cobsistseingbses-lokingr acartlently bindinpeorvplysibilly ®isgibalg, tler polpyedsantibody

of hapt on. _VAPEE IR R “%gm,&& B it Saeilzy A Al HeoRRBlerARBSREe
assay, 1n W&Qd@é&ttﬁ e?s@‘ém'g@@@ Lahc?ﬂx f’i\%é%ﬁ &idd oftlmeas‘aﬁfcfen%ed%mz-%oo

si mul t aneo y tot antli ese tec ques are we

t hose skil | ednutes or rmvedneghauﬂ motenﬂinméihélg) any undencuitabde cadditivns (8. Wold rdom
readily apparent. In accordance with t Eresent i nvention the sanple

i s one whi chemRegtre &uthons 1°6) teaflew H’édkﬂﬁlog ANy YRS presast wabe antibody. n@o]@gvmg
i ncl udi ng;Celd m&%&tfoﬁ‘f)tmoqc mr?%ﬂﬁl%td? Wnﬂ?F %hatsé WL B Hied ?u?c{ Mgﬁdoaﬁi? Wit

mucosal secretions ssue respiratory

sanpl e is, tahsecmfcbmmbogﬁ sgscHicl fyr & pbitehad itkfeﬁhapmﬁﬁﬂ% second antlbody is linked to a
- 33 - Iv@;olo gical (fluid but alsg extends to fernmentation
fluid and sﬁmwa uf= o igyige t indicate the bndigg ethe seqgmd gpigbody to the hapten.

An alternative method involves immobilizing the target molecules in the biological sample and
20 then exposing the immobilized target to specific antibody which may or may not be labelled
with a reporter molecule. Depending on the amount of target and the strength of the reporter
molecule signal, a bound target may be detectable by direct labelling with the antibody.
Alternatively, a second labelled antibody, specific to the first antibody is exposed to the target-
first antibody complex to form a target-first antibody-second antibody tertiary complex. The

25 complex is detected by the signal emitted by the reporter molecule.

By "reporter molecule" as used in the present specification, is meant a molecule which, by its
chemical nature, provides an analytically identifiable signal which allows the detection of
antigen-bound antibody. Detection may be either qualitative or quantitative. The most
30 commonly used reporter molecules in this type of assay are either enzymes, fluorophores or

radionuclide containing molecules (i.e. radioisotopes) and chemiluminescent molecules.



In the typical forward sandw ch assay, a first antibody having specificity
for thesprotein or 5 antigenic parts thereof is either covalently or
passively bound to a solid surface. The solid surface is typically

gl ass or a polyner, the. nost conmonly used polynmers being cellul ose,

pol yacryl am de, nylon, polystyrene, paqJyvinyl chloride or polypropyl ene.
The solid supports may be in t he Fdrm of t ubes, beads, discs of

m cropl ates, or any other surface suitable for conducting an

i munoassay. The bindihg processes are well-known in the art and generally
10 consi st Infthegass f an eREvRE FUIoassEY.Janbenzmads epniysaled; todthe yewad aatbady, t he

| -ant lex i hed .i tion.for t f le.
A a1 quot Sereil by aueafP O Bl B e adhe RERITI B0 HeshtFed B e e
conpl ex andyidéwanesiof differnt dnBgitiondedhiqhbdBkist Ubliticare Réad(lf athilable &the skilled

m nutes or overnight if nore convenient) and under suitable conditions
(e.g. fromartisamm Commerlyrpsadaeneymestiechedsdorsesilishpeiagidase lusiferase Puense agdage, any

subunit present.in the anti.bpdy., Fqllowing 1 5 the jyncubatio eri ..t he
anti body ™S dbtietaclbsidnt A alaiong i mitbrin oehets b B R o B b ek "
second ant ithO AYeSME Bhdyhtes T8¢ gandPRllyt iR ifol AR BARLETLN, Upen IBARIIABY ithody
is linked to a reporter nolecule which is used to indicate the binding

of the secontespandingenzyme, oftredetestrblercolour changan Extinglesefisuifeblerenziimes inplude ves

i mmobi li zin he .t ar get | ecul.es jn the biqlogical sanple.and 20 t

expost ng. t RITRASERAISEAT BFGRE ol SR IPRTS ey FPEic g~ EResnil oo
be | abel | edield a flubleftefit fro@Rt tRherTRInARY LR ombEREHIbSEate  ndtEEalRANB U alldasdsar get
and the strength of the reporter . nol ecul’e signal, a bound target may be

det ect abl® thaendyme-tabelledastibadygs addeth ta the fiasttantoly-peptide otinmpdexn alldwed|ty bind,
second | abel |.ed ti body, specifi.c to the first antibody is exppsed to the
Carget- - ang Meadhe Rty R RS o o P el B s SRrT B TS Snd
antibody t g¢ %HeﬁlMde@iqa%eebmﬁaeof%gﬁmwnﬁged.ém@@aﬁOr&dsubéfraw@uﬁlem litand tted

by the reporter nolecule. y "feporter nolecule” as used in the
present speoiedmkedto, the secombhmttibadyrgiveag d qualitatior viswa) sighal, which otag be Gather

nature, provides an apalytically identifiable signal ich allLows th
ot et on granttated A REtpeHISTRROE F By o SUier i ShAJe HBowH o Gapeen wiich

qual i tat |y &y A @UAnhihaLife H oﬁa%o@au@gpﬁ%%ﬁy%&gser&w e

in this type of assay are elther enzynes, ores or adi onucl i de

cont ai ni ng infbiacn b glutingtionrsach a8 1©d bhpdplisvidackhbsadsumdnbsiiient nol ecul es.
-34 - In the case of an enzyne i nmunoassay, an enzyme i S conj ugated
to the second anti body, general ly by neans of gl utaral dehyde or

periodate. Aﬁ%er“‘ﬁtlelkr, H@or&s%@rﬂi Jo%p%ﬁﬁdggmcﬁ%g ﬂugtcé@@e‘ﬁ%nd Modamine, may be chemically

coupled to antibodies without altering their binding capacity. When activated by illumination
20 with light of a particular wavelength, the fluorochrome-labelled antibody adsorbs the light
energy, inducing a state to excitability in the molecule, followed by emission of the light at a
characteristic colour visually detectable with 2-1 light microscope. As in the EIA, the fluorescent
labefled antibody is allowed to bind to the first antibody-hapten complex. After washing off the
unbound reagent, the remaining tertiary complex is then exposed to the light of the appropriate
25 wavelength the fluorescence observed indicates the presence of the hapten of interest.
Immunofluorescene and EIA techniques are both very well established in the art and are
particularly preferred for the present method. However, other reporter molecules, such as

radioisotope, chemiluminescent or bioluminescent molecules, may also be employed.

30



wi de variety of different conjugation techniques exist, which are readily
available to the skilled artisan. Commonly used enzynes i ncl ude

hor seradi sh peroxi dase, |uciferase glucose oxidase, 5 beta-gal actosidase
and>al kal i ne phosphatase, anongst others. The substrates to be used with
the specific enzynes are generally chosen for the production, upon

hydrol ysis by the correspondi ng eniyhe of a detectable col our change.
Exanpl es of suitable enzynmes include al kal i ne phosphat ase and
peroxidase. It is also possible to enploy fluorogenic substrates which

yi el d a fl udledyesent insemionds fl’rfﬁlehé?%ﬂhfahb)t% felleving genlimitiogissamplees not ed
above. In all cases, 10 the enzyne-|abelled antibody is added to the first
ant i body- pepti de conplex, al l owed to bind, and then the excess reagent
is washed away. A solution contai ni ngxsngpeRAr opri ate substrate is then
added to the conplex of antibody-antigen-antibody. The substrate will react
with the e NRUYREFTGATREON tAND ISEQIEENOINGrOF Q& NTHIN FROM JENOMat i ve

vi sual signal, which nmay be further guantitated, usually
spectrophodtonetrically, to give an indication of the anpbunt of hapten which
15 was pre f

col 1 aggl ut ey bi3sa FRinEe. gl ER e ARG« pE B SREaL A REaf
cells on | arex Amad@fhzmdmv&mub ivom. The sﬁslps emdnaieel 2¢l mtkamheﬁlcmthel P—3O
conpounds, such as fluorescein and rhodam ne, may be chemically coupl ed
to anti bodicONmiy EYian %Cbmen@r@lnwgraahmmg PorpsaHdt ‘;DIUWe%‘da@V?rﬁ%d'@éﬁsﬁy

| t h I t
{1 wor ocnr onrstirinty b Assalip B85 hE 1o T oo W iifdeed hompzenegos
state to1@Xsubddady dabille(ry'dfbcir%()%%k%ﬁﬂlbl@@mfs@ﬂa%' QvREhtiBY NPT §[§‘t=,'c96m@tfry (hg. liaght at
a characteristic colour visually detectable with a'light mcroscope. As

in the ElI A2t h&hisipreteinswantamed adanibil. | dle aane lpudgmuaném muidigd thy ddtemntive t he

first tib t t,
R A A R L L
appropri at %rgélli"@a%‘%il%ﬁ%tﬂ}oédl%d fl)bliéﬁoﬁﬁﬁ%?&gﬂ?ﬁ@g'gved i ndi cates the presence

of the hapt'en of Interest. I nmunof | uorescené and ElI A techni ques are
both very well established in the art and are particularly preferred
for the Eresent met hod. However, other reporter nolecules, such_as

r adi oi sof dpHe BRI PRAARNISE oh Acanthis wasdefermined y Famascdaeeadation of native apd
enpl oyed - 35 -
The presentpy:f2 th {ate rotemf ’}d thgpe%tg* LY zgedm;ogl ePoqt?‘BW ng nonlimting

exanpl es.

EXAMPLE 2
PEPTIDE IDENTIFICATION
20
Based on the structural comparisons with sequences of other phospholyypase A, enzymes
from Australian snake venoms and using proline bracket theory, peptide sequences were
predicted as potential interaction sites. These peptides were synthesized and tested for their
anti-platelet effects.
25



EXAMPLE 1 PURI FI CATI ON AND SEQUENCI NG OF ACANTHI N FROM VENOM 5
The inwentors used a three-step chromatographic nethod to purify the

antiplatelet protein from Acant hophi s antarcitcus venom The steps
i ncl'uded gel filtration on Bio-Gel P-30 col umm, cation exchange
chromat ography on a Poros HS col um and reversed- phase chr omat ogr aphy on

a Ashahi pak ODP 50 col umm. The protei™&as adj udged honogeneous 10 based on
capillary el ectrophoresis and el ectrospray ionization nass spectronetry
(Fig. 1 and 2). This protein was naned acanthin. The sanme protein can be
purified by alternative met hods uEXAMEBLERer different strategies or
alternative colums which are available. This ﬁgrotein can al so be

produced by reconbi nant techW@é?EngT*ﬂgA&nﬁ AXS d sequence of

Acant hin was determ ned by Edman degredati on of native and
pyridythyl ated protein and the peptides generated fromthe protein.

EXAMPLE 2 Anti-platelet aggregation was tested in an as¥akTwhith [rh¥b{ied | itibitioy @OplateldBased
on the structural conparisons wth sequences of other Bhoscghol_yypase Alerr]
enzynes S Jggrganost inawheln hymar dlopdnants induepdubsi ¢ndlagern| Pertidsragtikist wanalse y

pepti de sequences .were redi cf ed as tential Lnteraction,si . These
Pept | des: wanERUGR Rl Todt B s S Hee Peab L FROTHER B AR et s
- 36- EXAMPLE 3

PEPTI DE FUNCTI ONAL ASSAYS Anti-pl atel et aggregation was tested in an
assay whi chBindiaguosyefitiin tktweanpepfidehrat ploein issexanned gataddition inthatstuetutednan

bl ood, and ind,uceci by col Iﬁge,n. Peptide activity was al so measured in
whol e hunar2SHV by EElatiansips phackine PePtidssr egat i on was i nduced by ADP.

10
EXAMPLE 4
INHIBITION OF PLATELET AGGREGATION

The protein Acanthin inhibits platelet aggregation in a dose-dependent manner (Fig. 3). The
15 1C,, values (concentration of the inhibitor required to inhibit 50% of aggregation) of ADP- and
collagen-induced platelet aggregation in human whole blood are 7 nM and 4nM, respectively.

Thus acanthin is one of the most potent inhibitors of platelet aggregation.

EXAMPLE 5
20 EFFECT OF ACANTHIN ENZYMATIC ACTIVITY ON ITS ANTI-CLOTTING
PROPERTIES

Acanthin exhibits phospholipase A, activity. Increasing the times of incubation of acanthin with
the platelets does not increase the potency of inhibition (Fig. 4). Longer incubation times
25 should result in increased hydrolysis of phospholipids or increased accumulation of hydrolysis
products. If phospholipid hydrolysis is important for the antiplatelet activity, then there will be
an increase in the antiplatelet effects when the incubation ties are increased. Results shown
in Fig. 4 indicates that phospholipid hydrolysis does not contribute to the inhibition of platelet
aggregation. To further support this, the inventors modified the active site Histidine residue
30 by p-bromophenacylbromide and tested the modified acanthin for its enzymatic and antiplatelet

effects. Histidine-alkylated protein lost more than 98% of its enzymatic activity, but it retains



Bi ndi ng conpetition between peptide and protein is examned in addition to
t he strfucture- activity relationships of active peptides. 10

EXAMPLE 4 | NHI BI TI ON OF PLATELET AGGREGATI ON The
protein Acanthin inhibits platelet aggregation in a dose-dependent nanner
(Fig. 3). The 15 I Jerr] values (concentration of the inhibitor required to
i nhibit 50% of aggregation) of ADP- and ~ col | agen-i nduced pl at el et
aggregation in human whole blood are 7 nM and 4nM respectively. Thus
acanthin is one of the npst_potent inhibitors of platelet aggregation.
EXAMPLE 5 3@nificapt@moppts aftsmbibiomnefferron whataletragreption(Higr S)ANTI - CLOTTI NG
PROPERTI ES Acant hi n exhi bits phosphol i pase A2 activity. Increasing
the tinmes of incubation of acanthin with the platel ets does not

i ncrease t Mhopolan&yinahe bt Wildiappretiatefth@ thedinverdtongREcribed hbkin Briutdepible 2o
shoul d result in increased hydrolysis of phospholipids or increased

accumul at i odrigHongyad slogifications othar deancthese speciBeably sleadribed d Ihizde b yaderstpad

i mportant, for the antiplatel et activity, then.there wll be. an i ncrease
1 the. art it daretn efbs il iAo apt B0k g d s irrSfiien aal gt OES
Resul ts shainof the dtpsFidhturds, i (iMfositieRs hitBtoRPARAY QbfeRbd o8 rifdiyabs ifl@gs not
contribute to the inhibition of platelet aggregation. To further
support t hispecifidagon, nndividaally omoeictiivdy.tdnd ang tand ell sombinkfistsi afiang twe or theee 30
by p-bronngﬁgggc Ibrogide and tested the nodified acanthin for its

enzymatic GPP R ECAfUeS. effects. Histidine-alkylated protein |ost
nore than 98% of its enzymatic activity, but it retains

-37 - significant anmounts of its inhibitory effect on platelet
aggregation (Fig. 5). Those skilled in the art will appreciate that the

i nvention described herein is susceptible to vari ations and nodifications
ot her than those specifically described. It is to be understood



5 that the invention includes all such variations and nodifications. The
I nvention al so includes all of the steps, features, conpositions and
conpounds referred to or indicated in this specification, individually or

collectively, and any and all conbinations of any two or nore of said
steps or features. 38 SEQUENCE
LI STING (1) GENERAL | NFORMATI ON: (i) APPLI CANT: NATI ONAL UNI VERSI TY OF

SINGAPORE (ii) TITLE OF I NVENTI ON: NOVEL PROTEI N MOLECULES AND USES
THEREFOR SEQUENGENBSRINGE SEQUENCES: 6  (iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: | NDUSTRY & TECHNOLOGY RELATI ONS OFI CE

(1 NTRO) (B) STREET: 10 KENT RI DGE CRESCENT NATI ONAL
UNI VERSI TY PO CI TY: S| NGAPORE (D) STATE: S| NGAPORE
(E) CQJWR{‘S:QEN% INFORMAHON: b 119260 (v) COVPUTER READABLE FORM
(A) MEDI UM TYPE: Fl %E)&&disk {E\} COVMPUTER. | BM PC conpati bl e (O
OPERATI NG SYSEEMPPB } N THONAL UNIVERSEOFORFNGABOREL | n Rel ease #1. 0,
Ver si on #1. 2%ii) TITME DFANRAENTIONANOYET PROTEIMMOLECULES ARPLUSES | ON
NUVBER: THEREFOR

(iify NUMBER OF SEQUENCES: 6

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: INDUSTRY & TECHNOLOGY RELATIONS OFICE
(INTRO)
(B) STREET: 10 KENT RIDGE CRESCENT
NATIONAL UNIVERSITY OF SINGAPORE
(C) CITY: SINGAPORE
(D) STATE: SINGAPORE
(E) COUNTRY: SINGAPORE
(F) ZIP: 119260

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

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(vii) ATTORNEY/AGENT INFORMATION:
(A) NAME: APPLIED RESEARCH CORPORATION
(C) REFERENCE/DOCKET NUMBER: PAP087

(Viii) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: +65 7755822
(B) TELEFAX: +65 7730924
(C) E-MAIL: arc@pacific.net.sg



(B) FILING DATE: (C) CLASSIFICATION:  (vii) ATTORNEY/ AGENT

| NFORMATI ON: (A) NAME: APPLI ED RESEARCH CORPORATI ON (O
REFERENCE/ DOCKET NUMBER: PAP087 (Viii) TELECOMMUNI CATI ON | NFORVATI ON:
(A TELEPHONE: +65 7755822 (B) TELEFAX: +65 7730924 (O E-MAIL:
arc@acific.net.sg - 39- (2)

| NFORMATI ON FOR SEQ I D NO 1: (i"PYSEQUENCE CHARACTERI STI CS:

(A) LENGTH: 10 am no acids (B) TYPE: am no acid (O
STRANDEDNESS: siqg&g (D) TOPOLOGY: |inear (i) MOLECULE
TYPE: pept i(@e INFORMATIQN FOREREQ, OPESCRIPTION. SEQIDNO1: Gy Ala Arg

Ser Trp Leu Ser, Ty, As 5 10 (2)
| NFORMATI ON FOR'S EE@M%WTERIST 5§ SEQUENCE CHARACTERI STI CS:

10 amino ‘acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Gly Ala Arg Ser Trp Leu Ser Tyr Val Asn
5 10

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Gly Pro Lys Met Thr Leu Tyr Ser Trp Glu Ala Ala Asn Asp Val
3 10 15
Pro Val

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Ala Pro Tyr Asn Lys Asn Asn Ile Gly Ile Gly Ser Lys Thr Arg
5 10 15
Ala Gln



(A) LENGTH: 17 am no aci ds (B) TYPE: am no acid (O

STRANDEDBNESS: si ngl e (D) TOPOLOGY: i near (i1) MOLECULE
TYPE, peptide (xi) SEQUENCE DESCRIPTION. SEQID NO2: dy Pro Lys

Met “Thr Leu Tyr Ser Trp Qu Ala Ala Asn Asp Val 5

10 15 Pro Val (2) 1 NFORVATI ON FOR SEQ | D hK;B:

(i) SEQUENCE CHARACTERI STI CS: '4OCA) LENGTH: 17 am no aci ds

(B) TYPE: am no acid (C) STRANDEDNESS: single _ (D)
TOPOLOGY: | i near ) Q%ig MOLECULE TYPE: peptide (xi) SEQUENCE
DESCRI PTI ONC2ISEH GRMAREINS FOR AEQ 1B BO4r Asn Lys Asn Asn Ile Gy Ile Ay Ser
Lys Thr Arg (i o) 10 15 Ala
dn i) SEQUENCE CHARACTERISTICS: - 40-

(A) LENGTH: 118 amino acids
(B) TYPE: amino acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Asn Leu Tyr Gln Phe Gly Gly Met Ile Gln Cys Ala Asn Lys Gly

5 10 15
Ala Arg Ser Trp Leu Ser Tyr Val Asn Tyr Gly Cys Tyr Cys Gly
20 25 30
Trp Gly Gly Ser Gly Lys Pro Val Asp Glu Leu Asp Arg Cys Cys
35 40 45
Gln Ile His Asp Asn Cys Tyr Gly Glu Ala Glu Lys Lys Arg Cys
50 55 60
Gly Pro Lys Met Thr Leu Tyr Ser Trp Glu Cys Ala Asn Asp Val
65 70 75
Pro Val Cys Asn Ser Lys Ser Ala Cys Glu Gly Phe Val Cys Asp
80 85 90
Cys Asp Ala Ala Ala Ala Lys Cys Phe Ala Lys Ala Pro Tyr Asn
95 100 105
Lys Asn Asn Ile Gly Ile Gly Ser Lys Thr Arg Cys Gln
110 115

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A)Y LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

Gly Pro Lys Met Thr Leu Tyr Ser Trp Glu Xaa Ala Asn Asp Val
5 10 15
Pro Val



(2) | NFQRVATI ON FOR SEQ | D NO 4: (i) SEQUENCE CHARACTER! STI CS:

(A LENGTH: 118 ani no aci ds (B) TYPE: am no acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1i) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 4: Asn Leu Tyr
Gn Phe Ay Ay Met Ile @n Cys Ala Asn Lys Gy 5

10 15 Ala Arg Ser Trp4leu Ser Tyr Val Asn Tyr @Ay Cys Tyr
Cys Gy ) 20 25 30 Trp
Gy Gy Ser Ay Lys Pro Val Asp Qu Leu Asp Arg Cys Cys

35 (2) INFORMAXJION FOR SEQ ID NO:6: 45 dn lle Hs Asp Asn Cys Tyr Ay
GIuAIaGIuLysLys 50 55

-’I*FAﬂrl’% oK
60 Ay Pro Lys M# Nefy CHYRACTERISTAPS:G u Cys Al a Asn Asp Val
65 vono i 17 amino acids7s pro val Cys Asn Ser Lys Ser Ala

Cys Gu Ay Phe Val j amino acid 80 85
90 Cys Asp Ala Al a gg%zm@s BA&l%Al a Lys Ala Pro Tyr Asn

near

95 105 Lys Asn Asn Ile Ay Ile Ay Ser
Lys Thr Arg Cys {d é“MOLECULE TYPE: peptidgl0 115 = (2)
I NFORVATI ON FOR S D NGO 5: (j ') SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 17 am no acids (B) TYPE: am no acid (O
STRANDEDNESS:  six19! sEQUENCE DEScRIPPYoNT GBI ©65¥i0. ki near (i) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO 5:

Ala Pro Tyr Asn Lys Asn Asn Ile Gly Ile Gly Ser Lys Thr Arg

5 10 15

Xaa Gln



Gly Pro Lys Met Thr Leu Tyr Ser Trp Gu Xaa Al a Asn Asp Val

“NCHARACTERI STI CS:

3 10 ['[‘YT adt T
-41- (2) | NFORMATI ON FOR SEQ I D NO 6: % 0 PEEGY
(B) TYRE—anihi:

(Ay”LENGTH: 17 am no aci ds N (O
STRANDEDNESS: si ngl e (D) TCP OGY: |1 near (i) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI'PTION:. SEQ ID NO. 6: Ala Pro Tyr
Asn Lys Asn Asn Ile Ay Ile Ay Ser Lys Thr Arg 5
10 15 Xaa @ n REPLACEMENT SHEET - 24 AUG 2000
-42- CLAIMSVS

1. An isolated protein from snake venom or a derivative, homologue, analogue or mimetic

thereof which protein is capable of inducing or facilitating the inhibition of blood clotting.

2, An isolated protein according to claim 1 wherein the blood clotting is platelet
aggregation.
3. An isolated protein according to claim I or claim 2 wherein the snake venom is from

a snake from the family Elapidae, Viperidae, Colubridae or Crotalidae.

4. An isolated protein according to claim 3 wherein the snake venom is from a snake from
the family Elapidae.

5. An isolated protein according to claim 4 wherein the snake is A. amtarcticus.

6. An isolated protein according to claim 5 wherein the protein is Acanthin.

7. An isolated protein according to claim 6 comprising the amino acid sequence

GARSWLSYVN(SEQID NO:1) or having at least 50% similarity thereto.

8. An isolated protein according to claim 6 comprising the amino acid sequence
GPKMTLYSWEAANDVPV (SEQ ID NO:2) or having at least 50% similarity

thereto.
9. An isolated protein according to claim 6 comprising the amino acid sequence
APYNKNNIGIGSKTRA Q(SEQ ID NO: 3) or having at least 50% snmllanty

thereto.

10.  Anisolated protein according to claim 6 comprising an amino acid sequence set out in

SEQ ID NO:4 or having at least 50% similarity thereto.
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1. An isolated protein fromvenomfroma snake fromthe fam |y El api dae

or a ™ derivative, honol ogue, analogue or mnetic thereof which protein
i s capabl e of inducing or facilitating the |mg*m d
clotting. 5 2. An isol ated protein accogding g;@LqL% r%‘:flz”‘I erein the
bl ood clotting is platelet aggr egati on. at ed
protein according to claim1l wherein tHé -snake is A ant arcticus. 4,
An isolated protein according to claim3 wherein the protein is Acanthin.

5. An isol ated protein according to claim4 conprising the amno acid

sequence G Al10 Annglamdeegttde frong Q@Evaﬂb:NOwh@ peptidenisi capatede df éadiicing086
simlarity ol ated protein according to claim4
conpri si ng h? "%}ﬁg%" ’gg'bﬁlogé’aﬁlé?ﬂé&o@“ﬁ or a de“Y@p’l\/FTh%“O{D%eW‘E{OE“%\ON“[‘J‘WCP Y,
(SEQ ID NG 2) or having at |east 50%simlarity t her et 0. 7.

An isolated protein according to claim4 conprising the am no acid sequence
AP 15 Y N2K NAN ipol@ed peptBiekacTording © ¢ISEQ! I Dvlidin 3yid dilodihnlonimgais plaelsi

50%5|mlar|é$realnthereto 8. An isol ated protein according to
claim4 conp sﬁgrti@ an am no acid sequence set out in SEQ 1D NO 4 or
having at |least 50%simlarity thereto. 9. An isol ated peptide

fromvenomfroma snake fromthe fam |y El api dae which 20 peptide is
capabl e of ilhduciﬁ\ngﬁomedﬂaapﬁdeiacmdimmchénnhbni Haiti Pnwhdreib tieoshalkd @dnbinrigfreim a
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gﬁg \2/81(:)6ve a $hale }"ro kit famr;ly L?cgm?ae Viper: ur;;e (oh/br idae, or Crotalidae.

14 Anisolated peptide according to claim 13 wherein the snake venom is from a snake

from the family Elapidae.

15.  Anisolated peptide according to claim 14 wherein the snake is 4. antarcticus.
16.  Anisolated peptide according to claim 15 wherein the protein is Acanthin.

17. Anisolated peptide according to claim 16 comprising the amino acid sequence
APYNKNNIGIGSKTRA Q(SEQ ID NO: 3) or an amino acid sequence having

at least 50% similarity thereto.

18.  Anisolated peptide according to claim 16 comprising the amino acid sequence
GPKMTLYSWEXANDVPV(SEQIDNO:5);

wherein X is cysteine or alanine or an amino acid sequence having at least 50% similarity

thereto.

9. Anisolated peptide according to claim 18 comprising the amino acid sequence
GPKMTLYSWEAANDVPV (SEQ ID NO:2) or an amino acid sequence having

at least 50% similarity thereto.
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- 43- ~10. An isol ated peptide according to_claim9 wherein said blood
clotting is platelet aggregati on. 11. AN T sotated—pepti de
according to claim9 wherein the snake is A antjargfigus.. B 12. An
i sol~at ed peptide according to claim 1l wherein the pag s { hi n.

5 13. An isol ated peptide according to claim lzmﬁmmﬁﬁﬁt am no
aci d sequence A PYNKNNI Gt*#&SKTRA ! L} 3) or an
am no aci d sequence havi ng at least 50 % simlarity thereto.

14. An isol ated peptide according to claim12 conprising the amno acid
sequence G 20.  Anksokted pepideaopping to oD 1y cpmptifigEde RDInI@cB) sequgnsetein X i s

tei ' i i havi t |east 50%
o mitarity AedehdE NN 10768k FREQIHABIT T s nccar i ng o ofaim 14
conpri si ng {fgrefi MRt FMIFRGP aff aming adid |§ed\4eﬂ_cé-ha§ti WEsPs@rNikiyiy Vv

(SEQ ID NO 2) or an amno acld sequence havi ng east 50% simlarity

[1]

t her et o. thereto.16. An isol ated peptide according to claim 12 conprising
the amino acid sequence A15 PYNKNNI GI GSKTRXOQ(SEQID NG 6);
wherein X is cysteine or alanine or an am no acid sequence having at

| east 50% shm.l apj,t : . ' . AR rding to
claim 16 co?rip?ri s%\ﬁté%%ﬁ%%ﬁ’g%“égﬁdg‘ gstgaczagﬁgg%gmbﬁgﬁ%\g/%kNNl iC(B{Ijé%@&Kﬁl'tc')F\’A Q
(SEQ D NO APYNKNNISGIGAKTR AIQ (SEQADneOeBdul e conpri sing a sequence
of nucl eoti des encodi ng or 20 conplenentary to a sequence encoding a
protein or a derivative, honol ogue, anal ogue or mnetic thereof or a

nucl eot i de queRc apl. ridl S u :
stringency ?:%ndi ?Ll gh@@%t pézl‘;[‘ﬁ"ﬁ %pvér?g{ Zﬁs'ﬂgs%r%agérng eﬁﬂpgéﬁwg% ??g(r)lcti)“r}% fTom a
snake from tdmmplementafyaid seqinapiefarlirgng proteit apahlesivatfve] heltiglogg, @nalogue or
facilitating_ the inhibition of blood clotti ng. L REPLACENENT SHEET
mimetic thereof or a nucleotide sequence capable of hybridising thereto under low stringency
conditions at 42°C wherein said protein is from snake venom and is capable of inducing or

facilitating the inhibition of blood clotting.

23. A nucleic acid molecule according to claim 22 wherein the blood clotting is platelet

aggregation.

24. A nucleic acid molecule according to claim 22 or claim 23 wherein the snake venom is

from a snake from the family Flapidae, Viperidae, Colubridae or Crotalidae.

25. A nucleic acid molecule according to claim 24 wherein the snake venom is from a snake

from the family Elapidae.

26. A nucleic acid molecule according to claim 25 wherein the snake venom is from 4.

antarclicus.
27. A nucleic acid molecule according to claim 26 wherein the protein is Acanthin.
28. A nucleic acid molecule according to claim 27 wherein the protein comprises the amino

acid sequence GARS WL S Y VN (SEQ ID NO:1) or an amino acid sequence having at

least 50% similarity thereto.
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nucl ei c.;acid nol ecul e according to claim 18 whereirn-the blood clotting is

pl at el et aggregati on. 20. A nucl ei ¢ af "8 | BeiyShest HescRpercopigcelt O

cl ai*m 18 wherein the snake venomis from A..ant ar ¢lreesiEgl A 11 A A
nucl ei ¢ acid nol ecul e according to claim20 wherein the{fBHDEH ﬂ

Acant hi n. 22. A nucl ei ¢ aci d-flBFecul e accor di ng to cla

wherein the protein conprises the am no acid sequence GA RS WL SY
V N (SEQID NG 1) or an am no acid sequence having at |east 50 %

simlarity 2%er efgwcleic acid molegule accardimgadd eliain 2 whiersin Itcproteiraesmmpridesthe awinol ai m
21 wherein th r ot ei i t 0 ] ci.d _seg e GPKMT LY
S WE A A ND R GEK D NG 25 Wi A 1D Vo s BN orrcaminiopg ot

| east 5 % Sidpb@leinhy; o similarity tHef A nucleic acid nol ecule

accordi ng toéecl:ll aiemtdzlilé gﬁe?# Stnnléar%)r g‘t%geirt%’ conprises the am no acid
sequence APY NKNNI GI GSKTRAQ(SEQID NO 3) or an anm no

acid sequence having at |east 50%simlarity thereto. 15 25. A nucleic
aci d nol ecuP@ acBoiusieig 2¢id ragleguls aerodieg & ¢fairm &7 pyherein theqrspisin esepriges the

i Vari ty PROPEPReaRnes K pa R N1 Crcs  rI K RsRRALERL o7 &Y i

sequence of aml@d;@@ﬁdedﬁlsir%%mismwrsimnarit fiRf@benentary to a sequence
encodi ng a peptide or a derivative, honol ogue, anal ogue or mnetic

t hereof or a nucl eotide sequence capabl e of hybridising thereto under | ow
20 stringepgy conditions. at 42[err] G.wherein sai eptide is from.venom
froma snakgf'f ro _‘!‘1%_&‘“‘_ aL_Id Woé?ﬁuieya"ﬁ}@b?&jg’eaﬁﬁﬁi?sw%gﬁgﬁﬁl%p@fe‘? BTy Br
facilitati ngmindeciddigidnct 98 ot iP$rQdpavots bt”ﬁhving at least 0% s_imﬁ‘arﬂy'%e‘?éftﬁ. acid
nol ecul e according to claim26 wherein the blood clotting is pl at el et
aggregati on.
32. A nucleic acid molecule comprising a sequence of nucleotides encoding or
complementary to a sequence encoding a peptide or a derivative, homologue, analogue or
mimetic thereof or a nucleotide sequence capable of hybridising thereto under low stringency
conditions at 42°C wherein said peptide is from snake venom and is capable of inducing or

facilitating the inhibition of blood clotting.

33. A nucleic acid molecule according to claim 32 wherein the blood clotting is platelet

aggregation.

34. A nucleic acid molecule according to claim 32 or claim 33 wherein the snake venom is

from a snake from the family Flapidae, Viperidae, Colubridae or Crotalidae.

35.  Anucleic acid molecule according to claim 34 wherein the snake venom is from a snake

from the family Elapidae.

36. A nucleic acid molecule according to claim 35 wherein the snake venom is from 4.

anfarclicus.

37. A nucleic acid molecule according to claim 36 wherein the peptide is from Acanthin.
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- 45- 28. A nucleic acid nolecule according to claim 26 wherein the
snake wenomis from A. antarcticus. -Anuclejic acid

nol ecul e according to claim 28 wherein the pepti d@L ss“fﬁE@frﬁAs BEENA¢ant hi n.

5 -30. A nucl eic acid nol ecul e according to cdlaim 35°K&Dei n t he peptide
conprises the am no acid sequence GA RS WL S Y VN (SEQTD NGO 1) or
an am no acid sequence havi ng at-4@®ast 50% simlarity thereto.

31. A nucleic acid nol ecule according to claim?29 wherein the peptide
conprises the am no acid sequence GPKMTL Y SWEXANDVPYV
(SEQ ID NOB.; whaudtidacldmoledild &c@’ﬂﬁg&i ¢1€ma7 xﬂieﬁbiﬂ the pé}lftldaltoﬁhphm ticabino
sequence having at least 50%simlarity there A nucleic

aci d nol ecudd seguedeef’ iy ReoWek &i V3 ( érl@i INOf H@rae;am%a% FesERGEhav g at

am no acid TLYSWEAANDVPV(SEQIDNOZ) or an
am no acid '?%%@2"2%”‘1??“48% "l east 50% simlarity thereto. 33. A
nucl ei ¢ acid nol ecul e according to claim?29 wherein the peptide conprises
the 15 am no acid sequence APYNKNNI GI GSKTRXOQ(SEQID

NO 6) ; wher#.n XA nucleic adid wylseuds aveording & elaiindd vehereimtha peptilegoingirises dhreamino

havi ng at Iea t 50% t eic acid

nol ecul e acty %ﬁqﬂﬁlcf’gi E&W&Yﬁgg)ﬂ@rﬂ& Efe%vgég%mgles t he ‘ani no
acid sequenggerfinfX % dYst&int oNaiamgb br % 2mifioTack ?eq@r(c@':ﬁ@vllng a't\@as@()%?rsnﬁﬂhnty

am no aci d sequence having at |least 50% simlarity thereto.

conposi ti onthesetsf.ul for inhibiting blood clotting said conpositi on
conprising a protein fromvenomfroma snake fromthe famly El api dae
or a derivative, honol ogue, anal ogue or mnetic thereof.

40. A nucleic acid molecule according to claim 39 wherein the peptide comprises the amino

acid sequence GPKMTLYSWEA AN D VP V (SEQ ID NO:2) or an amino acid

sequence having at least 50% similarity thereto.

41. A nucleic acid molecule according to claim 37 wherein the peptide comprises the
amino acid sequence AP YNKNNIGIGSKTRXQ (SEQ ID NO:6);
wherein X is cysteine or alanine or an amino acid sequence having at least 50% similarity

thereto.

42. A nucleic acid molecule according to claim 41 wherein the peptide comprises the
amino acid sequence AP YNKNNIGIGSKTRA Q(SEQ ID NO: 3) or an amino

acid sequence having at.least 50% similarity thereto.

43. A method of inhibiting blood clotting in a subject said method comprising administering

to said subject an anti-clotting effective amount of a protein from snake venom.
44. A method according to claim 43 wherein said blood clotting is platelet aggregation.

45. A method according to claim 43 or claim 44 wherein the snake venom is from a snake

from the family Elapidae, Viperidae, Colubridae or Crotalidae.
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conposii on accordi ng claim 39 wherein the blp O ICFRERT s BBs

wpliat el et
aggr egati on. 37. A conposi tion accordi ngl. LQ,__QE&PM@QD where¢in t he
snake venomis from A antarcticus. 5 38. A conpositiom accordi ng
to claim4l wherein the protein is Acanthin. 39. An agent for use
in inhibiting blood clotting conprising’a protein from snake venom or a
derivative, honol ogue, anal ogue or mnetic thereof. 40. An agent

according to claim43 wherein the blood clotting is platel et aggregation.
46. A method according to claim 45 wherein the snake venom is from a snake from the

family Elapidae.
47. A method according to claim 46 wherein the snake venom is from A. anfarcticus.
‘48, A method according to claim 47 wherein the protein is Acanthin.

49. A composition useful for inhibiting blood clotting said composition comprising a protein

from snake venom or a derivative, homologue, analogue or mimetic thereof.
50. A composition according to claim 49 wherein the blood clotting is platelet aggregation.

51. A composition according to claim 49 or claim 50 wherein the snake venom is from a

snake from the family Elapidae, Viperidae, Colubridae or Crotalidae.

52. A composition according to claim 51 wherein the snake venom is from a snake from the

family Elapidae.
53. A composition according to claim 52 wherein the snake venom is from 4. anfarcticus.
54. A composition according to claim 53 wherein the protein is Acanthin.

55.  An agent for use in inhibiting blood clotting comprising a protein from snake venom or

a derivative, homologue, analogue or mimetic thereof.

56.  An agent according to claim S5 wherein the blood clotting is platelet aggregation.
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