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Ther apeutic uses of b-antagonists Field of the
I nvention The present invention relates to therapeutic

wais®snée4pol ypepti des and particul arly, althoughCTi®t2007/000405

excl usively, to polypeptides that exhibit b-antagoni st
activity and/or are capable of reducing the heart rate
of a manmal . Background to the Invention Snake venons
have been a cornucopi a of bioactive proteins and

pol ypeptides (1, 2 ) . This arsenal of

phar macol ogi cal ly active nol ecul es have been utilized
in the past for Tgef%ﬁ’emtﬁ}g uere Pf| Brandpgprintisc agents
and | ead conpounds |i ke bradykini npotenti ating
peptides for the inhibition of angiotensin converting
ens i %) the IBVPPHRR i de and tirofiban for the

I nbhdidreeBnOfinflat ebetreaggé€gat tdrdpdutid yYseaBd ancrod

for the reductiaon of bl ood. fi brinogen | evel 10
SnERB VO GHnE HaVE a1 by PO X Pher g e oLy, to
appbigabik oA haesearithtt Palrsagboistexaopli®y and/or are
a-bquﬁ%otfxin has been_ used to c@gracterize t he

B WECRART TS PRYOT VEES I W ReliPBMiscul ar

f undairent &
transm ssion (11) Proteins from snake venons fal

ungggkgtryggngqgoegggiﬁﬁ,en@ggl y enzymatic and

non-enzymati c proteins. Anbng non-enzynmatic proteins,
three-finger toxin (3FTX) famly is the nost abundant

angh el beehay acterbed af asiditop |oﬂTBﬂ@§JtSLv%th@célns and
simlar fold consjisting of three finger-like |oops _

TaEBFPh S ddr Shr JCLEr TS BRG] o PPAET FURPASH Bbarkive
conelegnde stiatviel bzed iy 1dzed ib thd asADf@c Wh@kining several

di ' [ nk iving. ri 0,1 he ct.b-cross
ot geepi5e 4 BERAES Fdh ot TochBabud ToxERMRAGL 0ot 003
di pitenenet BRTXsPhides divetise inblieidilearof angéptensint he

Pr &3hveF@f n@X2Phe, (BNOoEb: NGk 0I-chat D FipARUEDL QKENS
target ,al nicotinic acetyl choline receptors(nAChRs) ,
I oh%‘-l@ﬁéf?fl £EnBL Gt Ag9teAgden ai# nABhRnd ancrod for the

Kbtegat 060X M 1béd gebrasdoddtd 1ade TACORS. (sHake venom toxins
HU§§¥Q'ET£8 g&%ﬁhngxtensive application as research tools. For
example, o-bungarotoxin has been used to characterize the

fundamental mechanisms involved in neuromuscular transmission

(11) .

Proteins from snake venoms fall under two categories, namely
enzymatic and non-enzymatic proteins. Among non-enzymatic
proteins, three-finger toxin (3FTX) family is the most
abundant and well-characterized family. All members share a
similar fold consisting of three finger-like loops made of B-
sheet structure, projecting from a globular core  and
stabilized by 4 or 5 intra-molecular disulfide linkages giving
rise to the compact ‘P-cross’ motif (12 - 16). Despite the
similar structural fold different 3FTXs have diverse molecular

targets in the prey. For example, short and long-chain a-

neurotoxins target al nicotinic acetylcholine receptors
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target nuscarinic AchRs (17), fasciculin targets
acetyl chol i nesterase (18), calciseptine and FS2 toxin

WO 2008066404 t ype cal ci um channel (19), dendr oaspP@T/SG2007/000405

targets integrin (X n bb (20), cardiotoxins target
phosphol i pi ds and gl ycosphi ngoli pids (21), hemextin AB
conpl ex targets coagul ation factor Vila (22), and
cardi otoxin A5 targets integrin avb3 (23) . However,

ther & A8, 2 JMITBRL, tahngsponao@lggo%q% {L 3REXR, Whose

nmol ecul ar " tar In prey and e|r
fubmnqalnabxfnﬁ esrgét tel3easd akie nxerm @b e, noiscyeiniknanrins
(24% Ther e have een Egﬂorts of XtOEOXIn like

r et muscarainlic fﬁSClCU ﬁ
pro purified TTom i‘ophagus Hannan f i ng cobra)

C?EﬁﬁylehOEﬂnéF@xraﬁﬁw (2006 Bépidsptigg(4)d EF29tB6in Epu@et
Jun 2 t Blochen1J S
€?§§ a2 e uﬂoﬁ/}éa\l/né]re% (ﬁé)’bl of %Igcfacsgllnpgor?ee g%tegfmn aHbB3
t hes® , pp@tc@lqwxhlawe:amget hdespobhiEcteand aiycamle@qollplds
di $34)NChchYRES RE ’}An%%;‘?”c%fr%‘ésf %B&Q Sor{ Bactor vita

adr'enor ecept or s; have "been clearly i1dentified
(bi22) ban@n@rbsyman@ Bheﬁegessevﬁdemeethﬁf @31 outaviever,

tytg'?er(eba}e c"plnuﬂg%:e%%r gbgp}{a%(:S{% sS gEe?a 'I%a&ﬁcsjse molecular

primarily in cardiac tissue, adrenergi c
re%@%ﬁérsnd¥@ PeRared Fﬁ“%hﬁb?hfﬁﬁ§€F§“&ﬁdr9%%%ﬂﬂ the

ti S8R, vnaNbagomiststr atRuney to be enployed as
anti hypertensives and for treating cardiac arrhythm as

and cardiac failure. Known b-antagonists are snal
nofrecel| psye aRdn Nbstorod dﬂweycbtwﬂnhauhyerpﬁoevamﬁ purified

b-
o AP AL IR ek DT, S Al poos
Wi Tl 95US‘é9d<4 ph{ é|6an@qli>a\2é0énb@uﬁﬁer@di Sévelr all Blochem

problens asse¢i adedoy £4514he . cuidently @vabliallgcal

bet abl ockers. All beta-bl ockers are avail abl e as

r REERCEL S Clr BRESSF PECTSHRG PP e AT BRwt ShapperE 16hty

the L- enantloner exerts beta-bl ockade while the
apart fro beln i nert may have dverse

nant i
Slﬁ} eSf?%ﬁ: §CtFE%P%§x8 EITPICTEIE FRTCAC Er i usi ng
t hei-Pnepaiipcerey pehr] havval dely &%@leeltd@nbhpféﬁerml, B, and

B;) and there is evidence for a fourth type (B;). Pi—adrenergic
receptors are located primarily in cardiac tissue, and PB,-
adrenergic receptors are located in smooth muscle and other
tissue. P-antagonists are known to be employed as
antihypertensives and for treating cardiac arrhythmias and
cardiac failure. Known B-antagonists are small molecules, and
most of the clinically relevant P-antagonists (B-blockers) are
from the chemical class of aryloxypropanolamines, such a

propranolol.

Though widely used, physicians have encountered several
problems associated with the currently available beta-
blockers. All beta-blockers are available as racemic mixtures
of L- and D-enantiomers, where only the L-enantiomer exerts

beta-blockade while the D-enantiomer apart from being inert



10

15

20

25

30

35

waQ 2008i06694 evel s of

sotalol, it was reported that the nortality increased
by 65% conpared to pl acebo. Many beta-bl ockers exhi bit
i pophilicity and so have tP€I/SG2007/000405
ability to cross nmenbrane barriers and reach the

central nervous system causing adverse effects |ike

hal | uci nati ons and i nsomi a. Sone bet a- bl ockers were
shown to increase insulin resfPstance and raise the

sk ok vglaaab;%&gé J@ugff@@e@ bepA- A@Jaggkgrsin%t Blml@al
speC|f|C|ty and |ow side effects are bei ng sought. A
reVi'éw BflthéhadPeriengiense@éptien WHERTY yrsgdgbeta- blocker
an;cagaqaustltagaet Segcr tRHOMiAednd nno%@la@n@;r gln@sem by 65%
Adr ener |c Bl ocki ng Agents, Robe

B GRS PR RS CHERT SH5y - B Bg i By ing levels
Siaﬁlilﬁdpmikin;tykﬁnﬂweo6havdWehycnhalSystﬁnncAgentmambrane

Edi t Donal d .J r aha 2003 _J on
et R Rate cne B BRAT A Ry Sy Sl gveroe
anef fzeés al g bal hedinehins gadi mqon@lele\ﬁe#n@pb@tmlpeh%rs
FOfe @XaADE o2 AEGRAL stUdY nr evealigdcd hala 2o AL. Bisxk
mllion Anerican adults suffer fromone or nore forns

of STOPERLTAAT - c Ahd s PR¥aPRiR @FFKRTE WAL Neht AR Hrfd Chay and
t > ypbere et Kiddeebe 88y isbuyms. t he cause for 37.3 %
deaths in the year 2003. The econom c inpact of CVDis
huge, and it is estinmated that the direct and indirect
cOstrevdév tafeahe ngr€vBsg i r206pt avo ki e a3408ntlagonist

blA(JenQQ 1@%&@@&9@%&3Adm i 8L %n@nhé‘ﬁé?wé% é’focklng

b-adrenergic receptors ( , that are expressed i
c atafinbfy Jedpees Ar CHERéL B ruégr@éfr ‘chfpéEring 1t Reemistry "and
t rzaaztgnsmcda;ferwmlxt%?:%p&oaat ventre Wk tleBOS aﬁﬁt@}n

infarction are ven ockers arrival

nGABTEaT i3ty P RS o) RO b BT (el oS g8oRE
a Brwonic therapy. In addition, beta-blockers are used
in the treatnent of nmany pathological condi tions
afflicting the heart and vascul ature, such as

vERTAL oYUl aF rdacharas(CRear e ﬂﬂ&ﬁ?ﬂ?l@eaddﬁgﬁitaaﬁ g major

| He@xikgatdsQn @Imolufeetjabeic%ayﬁarldina QM M@xb@pidea recent

presence of b-ARs in various ot her tissuyes,
éﬁggydgﬁgfged that about 71.3 million Americah adults suffer
from one or more forms of CVD. CVD causes nearly every 1 in 3
deaths and was the number one killer as it was the cause for
37.3 % deaths in the year 2003. The economic impact of CVD is
huge, and it is estimated that the direct and indirect costs

of treating CVDs in 2006 would be $403.1 billion. Beta-
blockers, which are antagonists of P-adrenergic receptors
(ARs), that are expressed in cardiomyocytes are the drugs of
choice in the treatment of CVDs. 93% of patients with
myocardial infarction are given beta-blockers on arrival at
hospitals. They are also prescribed after discharge as a
chronic therapy. In addition, beta-blockers are used in the
treatment of many pathological conditions afflicting the heart
and vasculature, such as ventricular arrhythmias, heart

failure, digitalis intoxication and fetal tachycardia.
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have al so been used to treat conditions |ike,
m grai ne, essential trenor, situational anxiety,

w@bmehad49mi t hdr awal , hyper par at hyr oi di sm gl auBOIRG2007/000405

port al hyperten3|on and gastrointestinal bl eeding.

Pul 'ar and co-workers recently denonstrated that b2~AR
activation |leads to a del ay |g ski n wound heal i ng.

They went on to exploit this finding and showed, by
USHRG108- SREEIELEnBEt:2 BLAGKE S, 1L g&e/%Rt?ésoLf‘gadSeta-
accel erated the wound heal i ng process.

| nfEPRkesn Sﬁakélv@ﬁﬁﬁ%lha%@‘ﬁW@V?@@dwadnwa@rlgﬁemovel

| i gaduads nw tetbstelﬂgf.ﬁpecu:tehl@rP(ngﬂEl:.@(l)nangﬁxi&\ﬂzengp&o%ohave
constructed a partial cDNA |i brary fromthé nRNA

Oplit BpHialey RARRERE(AEPH G0 thisma )gbaéw@ﬁﬁm%&aﬂu%@fétaﬁalon
I demd idasedofrteet geslev1eagndj.ng protei ns belonging to
the three-finger toxin famly of snake venom prot eins.
The inventors have isolated and functionally
chewldetresn ed- aoplra:rtseirecerrtaryederborcs&ﬁ:di:@a Q%laB ;est@ I D
No. .3 fro crud enam is a . small, b-sheet
coﬁ?ﬁ%ﬁfhﬁ’%%%?%u%’mﬁ§ﬁ£§’nﬁlé it APUREi R 157 - ey, et
O o1 tPaexpioitashes dnquEgrﬂmdtehpqﬁdobuyeusuagah@nAMpbhlfﬂt
ya ellc nf tion int e t he
un 0 dlk)n(é;lC at h\/\g}i/ tog eggro % 45 erﬁF%?giqﬁ wgend
deﬁdlngzb@CQQS | ethal up to a dose of 10 ng/ kg when
i njected through the intraperitoneal route into mce.
It _induces | abored breathing and death at a dose of
100" MgF X P E the dtpentden show any henol ytic or
antlcoagulant activity in vitro. It caused a
;e dependen ecreasgfof the heart rate_ in vivo (in

aneSthel T P8 {J%‘ﬁ PARGT AL G BY™RAV O (PN ULany@nfsy fiith
prwqwaaa¢uun¢sp@tenu3@ﬂatTht ﬁawehmnnsthave'Ethtfﬁbdeﬂ a

C t | as [ Xij.ns. from snake .
G ! SIS Gl SO CR FLANF W (i
REAFPSR] gemands Spsidasepern sddidantdfoer E ivhagendsi sncoding

Predioek ind a;egsﬁgsl&; @gr@x@rtg&gerﬁql%@m&lw Ein & PLRdiNge
afflnltg Q of 5.3 mM and 2.3
enom protein The inventors have 1solated and functionally
characterized a protein, named B-cardiotoxin (SEQ ID No.3),

from the crude venom. It is a small, B-sheet containing

protein with a molecular weight of 7012.43 + 0.91 Da. It has

a unigque ‘molten globule’ state with an unusual o-helical

conformation in the thermal unfolding pathway of the protein.

The protein was found to be not lethal up to a dose of 10
mg/kg when injected through the intraperitoneal route into
mice. It induces labored breathing and death at a dose of 100
mg/kg. It does not show any hemolytic or anticoagulant
activity in vitro. It caused a dose-dependent decrease of the
heart rate in vivo (in anesthetized rat) and also ex vivo (in
Langendorff preparations of isolated rat heart). This is in
contrast to the classical cardiotoxins from snake venom which

increase the heart rate in animals. Radioligand displacement
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towards bi and b2 subtypes, respectively, to bring
about its effect. This is the first report of an

wex@gneans pepti de/ pol ypepti de bet a- bl ocker. TPET/SG2007/000405

present invention provides pol ypeptide beta-bl ockers
havi ng antagoni st activity towards bi- and/or b2-
adrenergic receptors together with the nucl eotide
sequences of nucleic acids enéoding such pol ypepti des
whi ch are useful for the expression of the pol ypeptide
bef BuBiSGcRBYED FRahatiischf dreint her pitesBrd ]ﬁeﬁ\?é%f‘? on

provt4as Ehe; isg B nBugha PAINRGPIH €0 pef & Rlioskens 3i i
therapeutic applications to treat any disease,
di soratsis Br apdtfhobdyiveal, corsdiert bye vhato rmlylnlgeabwefatléé

by artagomy 81 ;aCH O Q% bre Rk EF £rabkyobioand/ or b2-
adrenergic receptors . In accordance Wwth this

)

i RIS AP AL RGPy péptticde - P%Pﬁ%P6V|ded that has been
shown to reduce the manmal i an heart rate and, as such,
po| tides .of this class are useful ,_.and_are

or ST GRESFTT SORE™ Y BaPREREIGH PRI PR30S r%ertaagé%%%eeﬁs

di sorider aﬁtaq@atllael Lgiicaty condictis - arnﬂlotﬂdbﬁgadrenergic
car di ovascul ar in which reduction of

e .
heBT P&t 2 trﬂ%?th"e’f Wlﬁﬁe%%fl%}e%ﬂd@vf‘é?lée’}cﬁé 8@#&%%0
of a¢ihis dnse&mng s piodypep ttidesmeniasipect wiefhefqr esent

| ny esgﬁ‘d& hé S EX%%ﬂ%O%eE@tﬂl%@k }§ ”e%'ﬁ‘agft%cular,

di s i sor er or gr cal con ition in
patneeweﬁﬁnméede@ﬁlosluéhovlrd@at metuset hé mhhealypeptlde

COpAHA-Bh BEkd:e ; §taR Qb A0 ebﬁiféatagngotosalr@apaédyent a
therapeutlcally ef fective anount of ol pep ptide

haVi$7§ SEhed @M Ho" £ d25kefrencal 0?0“§Ebl?rb b may b&r an

ant N tagi Ky seqHencechavi NG ak ﬂsea%treﬁ&/@bi%qp 68d/or B,-)
identity to SEQID No. 3 .1n another aspect of the

prEEERETP 1Y EFCFBYL™Sa met hod of reducing the heart rate
of an animal is provided, the nethod conprising t he

frp a%t:o?cgargcrél S%t thgs vaelg%lgnlzianal z}lae h:erd%pem Ir%%llligd
ective anpunt of a p ypepti de t

that has been shown to reduce the mammallan heart rate and, as
such, polypeptides of this class are useful in, and are
provided for the treatment of all types of disease, disorder
or pathological condition, including cardiovascular disease,

in which reduction of the heart rate may help prevent or

alleviate the symptoms of the disease.

According to one aspect of the present invention there is
provided a method of treating a disease, disorder or
pathological condition in a patient in need of such treatment,
the method comprising the step of administering to said
patient a therapeutically effective amount of a polypeptide
having the amino acid sequence of SEQ ID No.3, or an amino
acid sequence having at least 60% sequence identity to SEQ ID

No. 3.
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am no acid sequence of SEQID No. 3, or an amno acid
sequence having at | east 60% sequence identity to SEQ

WO D0BO664%4 . I n a further aspect of the presentPCT/SG2007/000405

i nvention, a pharmaceutical conposition is provided,

t he conposition conprising a pol ypeptide having the

am no acid sequence of SEQID No. 3, or an amno acid

sequence of at | east 60% sequénce identity to SEQ ID
a har ceutically acceptable dllgent

NGFOVAIRETSE SARrerT AT eroatt At st SPat e

pr eSMlnlgnW&ﬂtHeGlﬁt paacdeagif ngn iasips Dviisdedovideel, pask agithgd
coptalning, g ,pha suti.cal; Garpositi op accerding to

t he presen |nven??on and instructions for use of said
cofiposipelbhcd I vac it Hodeofmeredi chla tploéapﬁetmde havirgt the

anQ&hﬁJa@§@%&hu@Bcéﬂ%‘Bﬁﬁsﬁﬂ%o'QVQHIbgna@ﬂuﬂﬁkﬁgQ@q%Ence
of the bi and/or b2- adrenergic receptor rovid

t hB*EriPagbnt s tc6hpricsiuAgea lﬁepyb@ptth%E%aRﬂ ﬁ@ %he
an1no acid sequence of SEQID No. 3, or an am no acid
uen%e of at ast 6 % sequence, i dentity t

PR faﬁP?%%r B%c‘fr SEE e SPEs Rt G ﬁ{}%’fﬁc%céﬁtécal
phewmnmseuhmcab poumxnadtlOME(n@mpo$znu@g eorgolippeptd de

haelél%e£9§d@'ﬂa(}9n&% d SEAMeNee 0l ER LR NAea3rp . 38N,
W] Fe 8/

am no aci d sequence having at 6 sequence

i dEhtdEpotIFIGESLETPING. ©8 at drdsh %aﬁﬁ%émeu gaentity to
acegeptiable. Hi lueni A HYAR: Q11 § AldcbBEan e BEOVAMed
for use in a nethod of nedical treatnment. In yet
anOtHEA Bspe 8T T he present invention the use of a

pol ypeptide having the amno acid sequence of SEQ ID

No n havin
seab nce |Jgﬂt|f ?%)%quféﬁﬁbs %ﬁﬂm 3 egﬁghufggﬁ&ngg}ls
a preditdaderithef ppckdm ngr eant taeninofa ahérrsefaﬂs}elcell sor der

or c Aol ot DG eelcoa@lr};y thOthd $rREOW dadentiQyRRRt i des
accordlnglto the present jnvention may, consist of, or

SRk %[WnyHeuStﬁ o8EEF I DORBPYs iz tongin agmethod of T g

, ﬂéﬂlcal treatment.

In yet another aspect of the present invention an antagonist

of the B;- and/or B,- adrenergic receptor is provided, the
antagonist comprising a polypeptide having the amino acid
sequence of SEQ ID No.3, or an amino acid sequence of at least

60% sequence identity to SEQ ID No.3.

In a further aspect of the present invention a pharmaceutical
composition comprising a polypeptide having the amino acid
sequence of SEQ ID No.3, or an amino acid sequence having at
least 60% sequence identity to SEQ ID No.3, and a
pharmaceutically acceptable diluent, adjuvant or carrier is

provided for use in a method of medical treatment.

In yet another aspect of the present invention the use of a
polypeptide having the amino acid sequence of SEQ ID No.3, or

an amino acid sequence having at least 60% sequence identity
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12, 14, 15, 17, 18 or a polypeptide having at | east
60% am no aci d sequence identity, nore preferably at

wo e@se@d3y 70% 75% 80% 85% 86% 87% 88% PEPRYG2007/000405

90% 91% 92% 93% 94% 95% 96% 97% 98% 99% or
100% sequence identity. Such pol ypeptides preferably
have 'a m ni nrum sequence | ength of at |east 20 am no
acids, nore preferably at |eadt 40 amino acids, and a

maxi gyence th o o _nore than, 90 a
ac? ng'HE%\/(SSrre pref ergggmaPH%“%gfﬁp%gtlHggl%?gnﬁe?%%§§e

betneemebd ahad @0searenodasemd®sri pr|engbhoaivhlarendition is
preferahly one of 55, 56, 57, 58, 59, 60, 61, 62, 63,

64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74 or 75 am no
acids in length. Figure 2 shoms an alignnment and

Coﬁ@@rﬁe@@!ﬂd@j a@aaspcnmgoxsb n@qef ﬁo@eﬁs&dwamalhtlo%E@ai/ RJINeist
di ot oxi n) 15 and 18. The Flgure

car
shég;s °6oﬁﬁlr%&lée(1w/a°nsn%o%8c?fa WeGuénet Pdefit idy Sof 11
SEQ,I D4No13, 67, 98 ,0rl2, pdb/epdidd hatvtihg t&tcaédsotamﬂ Amino

ver. 8 regions.of eac ol ypeptd o
(SEQ Deblncd dofver @ Lol 90 coloisgeh pRlYpopld 5oy
d| Tier 8AkesdHet Been 88deh8Feqlehce?Bredb¥i d@ht A1%.t Hés,

pogid i @R 0fg74 SbEY! &9am N0 (aGi dSqddReShaditng) . - éU&ﬁse
| atter regions represent variable regions, in which

sUBRHYPERET ST Brebieoy i aaWW“ﬂ‘cFﬁ%”W aPRP 8 RE)at
mayedg Lol ariabedc i, haote |pﬁ’é$eﬁ$b11y|"letflé’l£sttl @maelmmo acids,

prQﬁFrtlegupgnge nceyP £1hpgf(e %wr UCIg? a
e an ? energic ?eceptor an?agonls aC&IV Fyﬁ

U&;Esncthda@lpotgqa@pﬂymhﬁilﬁﬁst¢w¢ peesent behvet iS@nand 70

brgail%agtydscqasxéx G o @1o, COMPLI SR U SeqUENCESG, 57,
RKCLNTPLPLI YX Qﬁ KMTT KKLPSKYDVI RGCX ™

4DT%2P+%§SA€5\/X65V %rGééDTNrKé)‘( 786 ( SEQ PH NS 19) 71, 72,

whi x,h 7¢0pt aisnamt ke a&easleln{:agn&k@QLNTPLPLl Y (SEQ | D No
20) Xi TCPIGQD (SEQI DNo . 2 1) X2CX3 (SEQ | D No
22)

Figure 2 shows an alignment and comparison of cardiotoxins
from O.hannah: SEQ ID No.s 3 (B-cardiotoxin), 6, 9, 12, 15 and
18. The Figure shows complete (100%) amino acid sequence
identity of SEQ ID No.s 6, 9, 12, 15 and 18 with P-cardiotoxin
(SEQ ID No.3) over 8 regions of each polypeptide (dark
shading), including proposed loop regions. Small differences
between each sequence are evident at the position of 7 single
amino acids (no shading). These latter regions represent
variable regions, in which substitution of one or more amino
acids (of any kind) may be tolerated without loss of the
functional properties of the polypeptide (e.g. reducing heart

rate and/or B-adrenergic receptor antagonist activity).

As such the polypeptides in the present invention preferably
consist of, or comprise, the sequence:

RKCLNTPLPLIYX; TCPIGQDX,CX;KMTIKKLPSKYDVIRGCX,DICPKSSADVXsVXcCCDTN
KCX7K (SEQ ID No.19),

which contains the sequences:
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wa kR8P4 D No. 26) or a sequence having at

KMI | KKLPSKYDVI RGC (SEQ I D No . 2 3 ) X4 Dl CPKSSADV
(SEQI DNo . 24 ) X5VX6 (SEQI D No . 2 5 ) CCDTNKCX
| eBCT/SGLRKT/000405
sequence identity to SEQ ID No. 19, wherein each of
Xi-X7 is chosen from any single amno acid; a
contlguous sequence of 2, 3, 4,5,6, 7, 8,9
or 10 anmino acids of any type®and in any conbination,
and whe f Xi-X7 e, sanme or

differ e%demﬁg?gﬁp€ef er abl ngﬁbpgjl%yggpth%de according to
the pref¥ent invention conprises an am no acid sequence
havi ng ac®lggpal ity of contigtous seqgnce conponents
each of those sequence conponents havi ng at | east 80%
sequenc&“fdentity with one (Bf° SEQ'PTNo. s 20, 21, 23,
24 and R€;1xandsypyefiecabl y bsiongp(ig.ad) t he sane
respectjve length; (ii) 1 or 2 ami no acids |onger; or
(iii) Ior 2 amino acids shorter The sequence
conponePt@KEBADY pr ef er abl y (8% i1k Bord4espondi ng |inear

positionykn the pol ypeptides@mpoyacisd sequence, as
(:orrpared5 w th the |inear position of SEQ ID No.s 20,

21, 23,COANEREE26 in the p&Piheptidee®f SEQ I D No. 19.

b £ Prsefesald ravihe araowmptsbéeséwebcgalv&natltye@;stsgé D
such Ontbgzgus sequence onents, stil

pr &t erabl'ye 4 16r ¢85 7dh deﬂ%pgﬂrwpéﬁfée“ ﬁ%@mpe?fbyeﬁeaa%e amino
seguighce tcderiigubys r@yquamee qir ef e3,abdl,ys5bes,chiosen § roanto

85&6911n%6§%1€8%f gg thr?) % é_rﬁg}o/@ m%_?tr(gtlgo % agél%?heggl/ﬁ

96% % e po ypepti
fu?%%PfMEP(eﬁ@bl 9e|1ﬁt@| @éree ore dbF fqwmne - or each of SEQ
ID No.s 22, 25, Xi and X4 . In any of these preferred
enbodi rrents each of Xi -X7 may be chosen from any

si Y% PRRt HGPAYi Y PIPEP Uit Fﬁﬁ%{%lngeﬁﬁe%epﬁ?s?t
4 ;ndéntlﬁn cdﬁprlﬁes a9 emirk aati neqaehds HHVl&antQMﬁeallty

ancgf c%gg}/ &anbl tInoc%’ ?ponen reéa%hegghth%fsexgequenn%y

be the sa lfef
components hav1ng at least 80% sequence identity with one of
SEQ ID No.s 20, 21, 23, 24 and 26, and preferably being (i) of
the same respective length; (ii) 1 or 2 amino acids longer; or
(iii) 1 or 2 amino acids shorter. The sequence components
will preferably be in corresponding linear position in the
polypeptide amino acid sequence, as compared with the linear
position of SEQ ID No.s 20, 21, 23, 24 and 26 in the
polypeptide of SEQ ID No.19. .More preferably, the polypeptide
will have at least 3 such contiguous sequence components,
still more preferably 4 or 5 such components. The percentage
sequence identity may more preferably be chosen from 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100%. The polypeptide may further preferably include

one or more or each of SEQ ID No.s 22, 25, X; and X,.

In any of these preferred embodiments, each of X;-X; may be
chosen from: any single amino acid, or a contiguous sequence

of 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acids of any type and in
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Preferably in any such preferred enbodinent, Xi is a
single am no acid chosen fromT or K; X2 is a single

wa@piosoe@ed d chosen fromK or R; X3 is a singl BCHSGNO7/000405

acid chosen fromVor | ; Xis a single amno acid
chosen froml or T ; X5 is a single am no acid chosen
fromE or V; X6 is a single amno acid chosen fromlL
or V; X7 is a single amno aéid chosen fromN or D .
Th en u h [ [
ant i e e ol PoRBE 5 Y Befy BEptten: of ener
i nYeffieirent may |ncI ude or exclude one or nore of SEQ ID
No s 46, 47 or 48. The pol ypeptide as adnministered to
atient . in a_pharmaceutical conposition, nmay
co f%ﬁeﬁa%iwy NL“t eRYri &l BRT RS T4 %‘“kﬁdgﬁ%ﬂlt'sé(qdesnéesmgle
\/\hdirﬂh]’hoﬁayldJQ:hﬁls@ran_&@m(Trbr\llKVoxprlseX yinga} &Iﬂl_rfooém.@- chosen
t her apeutical Ly .active The signa
seﬁugﬁge |2Rap%éfer§b1°’y qgetween fgl%nﬂloﬁﬁnanﬁmﬁ“o alf a5 *
i ni4 engthglareménpragfidr abdsenbétoeen ot8Tand 5 aasiingle amino
acé&% cﬁ&éénl fggrﬁer: I%r e(/eﬁé‘bhé/ aP%q Qie ]aﬁungxga01%obhg;en from
23, am no” aci ds in eng
adImCH” ¥ e>|’=7eéls paolsyﬁ@b? e nAegcicheresdt €roe hetrwlen e
a@re%@narﬂrﬂ)‘énﬁﬁd)rd&nbmudi@ﬁgatng sHEH @oRkefariabl ¥r aR8nefacids
81, 82, 83, 84, 85, 86, 87, 88 or 89 am no
ac?tdgofsht 19gfh.t° €75's general ly preferred that the
ther apeutically active pol ypeptide, as fornul ated for
Fgﬁ{fgésogf §n98 tf&%n%§¥'l %98 %ucgggﬁﬁﬂg %n or
SI gng sequence. mini st er ed po ypeptl de is th
preefrer abl SEh e ke s 5@ a‘h7d oF04&mi no acids in |ength,
nore preferably one of 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67 or 68 am no acids in length. The
nUd1%e PRLYREPGE A% R0 APRYP 1Sy BRpt deB2Gkor df ny '8 Ehi s
| rptelmmammalcso damipos at par,t maf ctd}ftapﬁeﬁemt—teﬂwmtu eflino
ncl.udingt heir use in duci o] epti.des, for _use
i n tﬁer a%‘egt F%quaeﬁlﬁl [ c& |§’ns E%orgfﬁge o fhi e or &
i ignt i 'oh.foRuct diberapdesi daavy mrive| eotvirdet séguefibes

er&%qiangsﬁﬁ%hc@fist B?e%ﬂ?pﬁé%n 15 and 30 amino acids in
length, more preferably between 18 and 25 amino acids, still
more preferably one of 18, 19, 20, 21, 22, 23, 24 or 25 amino
acids in length. The administered polypeptide may therefore
be between 70 and 90 amino acids in length, more preferably
one of 79, 80, 81, 82, 83, 84, 85, 86, 87, 88 or 89 amino

acids in length.

It is generally preferred that the therapeutically active
polypeptide, as formulated for administration, does not
contain such a cleavable signal sequence. The administered
polypeptide is then preferably between 50 and 70 amino acids
in length, more preferably one of 55, 56, 57, 58, 59, 60, 61,
62, 63, 64, 65, 66, 67 or 68 amino acids in length.

The nucleic acids encoding polypeptides according to this

invention also form a part of the present invention, including
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of SEQIDNo. s 2, 3,5, 6, 8, 9, 11, 12, 14,
15, 17 or 18 are shown in SEQIDNo .s 1, 4, 7 , 10,

wadoaneh446, each form ng part of the present |iPUEBG207000405

Cor respondi ng sequences al so encoding the sane

respective pol ypeptides, but differing in their exact
sequence owi ng to the degeneracy of the genetic code,
are simlarly included in thelgresent i nvention. Such

nUCﬁhSiﬁ_L%‘éi ds ﬂ%)ﬂug.lr‘i@_p%@g/f)é;%ild@té HSE uis@_ Ll;'etherapeutic
production of ol¥$e tides for therapeutic uses

ep ror . .
ac GBP tft 1 10B° t31°8 e bhis AQEBREigl yYusiris pekdsher
aspecinghut heotries esfudny € ndricen i Ag NERLIR0E £ Of heP LRSI JIG de s
a pol ide according to,this_jnvention js provided
m?ghy#gqﬁjogo'ussg’i % tgrq'e tn%’n?’of‘ﬁa ]d%’ségSe%S'dilgo?ﬂelrs are
or spetthélnogkedid Yondili én 1. 14, pat ient 16n eweedfofnisychart
Lr SAUIRNLr o LR TREOAT 6O 3000 O UGG L 00 B
sel ected cell a nucleic acid having a nucleotide
sefUItEeRtvEPRE e FEIY bepircderericoiedi Nept ¢ifhesing in
| NYR& A @RasStGR gl Bt Sﬁ!iggthJ YREPEd fARick 8 £ X %ﬁ@e&n'e@ic
sai ddcel I 5 and _harvesting the expressed pol ypepti de.
Pr 871 aBly, St H3EeY 1'9 4P e dlt bRt dires§hsinveption.  Such
mamneldianacield say Thevdnusteicniaei tkemay bige prrefiesaddny of
i ngg suj tabl e expression vectar, e.g.. .
pl %s%ggggg%%ggfo%ﬂe\fg For-C The® HaTvaStay té)oltyg/b ptivgation-
may then be further processed and packaged, optionally

| neddidangg e ist epetnbl XiRgceaid diel ypaptide, Wi thoa o
phar maceutical | y acceptable carrier, diluent, adjuvant
ormeorlr‘l‘?fgro’ceﬁcrioﬁ‘r’%?ﬁg foPP OAPE I PR AGFREBHRT @ this invention
coipesbtri sl whheh ]Em-l ygeptsiedesbﬁeesa&;ndhﬂgoﬂ Q Hb&iaseﬁ

i nventi ar ref erably cap e .of reducing,the heart

r Q%I%%itfﬁggnori %?g}é(felogﬁfﬁ#alc,on%ﬁgfonprlé‘f BrRbIY"a MRAmREL. ©°f
The'ghr seessreot, strowimagheheomat ssialg whiohiucheg heart

be@l%ci:&_i sQiet é %1@@1’: eg(!l%d hgxpirﬁ_:js abB@?JYe%%rigje aSe Tllgg e
pol%lpegtl des of the invention are Bre erably caqpa fe

of "BPAUT NG P8 EPTRIAIRI ReAPrIpPefter &BFy Hurpaniomisuch that
and/idr pbyragrenerigi expeeepUoin skha Bendi REdi Sarvesting the

Eren%?rﬁggelr%gﬁ){fie/}?el gtlll%ﬁ gyréalgf%ﬁ%ej,etc glé/el gtg eonblasc’:tterial,
yeast or mammalian cells. The nucleic acid may be preferably
introduced on a suitable expression vector, e.g. plasmid
expression vector. The harvested polypeptide may then be
further processed and packaged, optionally including the step
of mixing said polypeptide with a pharmaceutically acceptable

carrier, diluent, adjuvant or other excipient to form a

pharmaceutical composition.

The polypeptides according to this invention are preferably
capable of reducing the heart rate in an intact animal, most
preferably a mammal. The process of slowing the rate at which

the heart beats is sometimes referred to as bradycardia.

The polypeptides of the invention are preferably capable of

binding to a mammalian, preferably human, B;- and/or PB,-
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action or antagonist activity of the pol ypeptide.
Accordi ngly, polypeptides according to the present

w0 pooesddon are useful in nethods of treatnment PCSGRONE00405

ant agoni st action of the pol ypeptide at bi-adrenergic
receptors and/or b2- adrenergic receptors in the
patient to be treated. In this specification the term
"ant agoni st" incorporates a ndl ecul e that i s capabl e

of ti . prevent i bLlit.y.of
A R e
prev@sef eptd ynerkadonbis bl igiddat resypohase;inapdiayord st

ol @GYheot hatabbn Rithdi Py 19 ghetrreegep%ﬁptliaguces a

bi ol ogi cal_ response that is not normally associated .
WES & Fh’&ﬁ‘Wg BPLYAFRCLABE ST MR T 1O ER° REGREt e INV§AREE"
AsarsugRefiln ihhinstisyechf i toabitnand ipobypapt bd€adBy st action
exhi bit "antagoni st action" and/or "antagoni st

acti Ve yPo P Bl bt ithgP "APER AR Ag BeRhPEY Y RY Bae
bizutengr@fc acbeptbrenengite: paeepitorobd trebSegOgnat e

i gand, and/or by binding of that polypeptide to a b-
adrenergi c receptor and provoking a bi ol ogi cal

r espohse doeat fisatdiohf ererterno™drt@gpespdndecograraltky a
asRactated it t hy mapgwg SH phB& GBI uph 80d (5% £OOPAEng
Ilm%gnd.. In particular, polypeptides according to this

i neP bk a9t be dapabtremdfabnteagont s1angh nle iyjrdoto its
bireadpesier @irevERGRRt 8 SodrRer 8y gadsi NG sBoh £AUGHHEPHL i
heart rate. Accordingly, in aspects according to this

i AVERETBh PAE prbﬁ%ﬁ&gfe%/ de ir&e p$e§F8F%lbI1§‘d88?J%kﬂ &igfogical
exfisbotsenghant agonitstoaetlilgnasfoddaaedl/mdrthbbinding of that
adr. ic.rece r ol id orgding .to this

ong an ot B SR PR MRERY, RS, AP hathad oy
b2Peatterrdigh cd medgpepitigle- mpn habiM Gntaiprigigection”
Prefigs abl e a b bie oLy peptdydesy haverandK iaigfudess than
50mMM, nore preferably | ess than 40mM, 30nM, 20nM or

| @FFVENtERE Khe ridyrdbed et e B dreRkr &t TSORMICr WoER 1ts

pr, I Ok | - _
D e o b1 “Batiueen ToChVEaRd J0RI o bEPaper 16eniA dnd
10RWEREIEHE RACHILOSED] DIRFOk DS @r bidloddical response that

is different to the response normally associated with binding

of the receptor to its cognate ligand. In particular,

polypeptides according to this invention may be capable of

antagonist binding to P;-adrenergic receptors thereby causing a

reduction in heart rate.

Accordingly, in aspects according to this invention the

polypeptide is preferably capable of exhibiting antagonist

action at ;- and/or B,- adrenergic receptors.

Polypeptides according to this invention preferably have a low
K; for the PB;- and/or P,- adrenergic receptors - in the uM or nM
range. Preferably, the polypeptides have a K; of less than

50uM, more preferably less than 40uM, 30uM, 20uM or 10uM. The

K; may be between 10nM and 50uM, more preferably between 10nM
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adrenergic receptor is about 10mM. The K1 of SEQ ID
No. 3 for the b2-adrenergic receptor is about 5mM.

woelogpenvd des, and fragnents thereof, accordi nBCT/8G2007/800405

invention are preferably nenbers of the three-finger

toxin (3FTX) famly. The pol ypeptides according to the
present invention have been denmonstrated to be capable
of reduc:| ng the manmal i an heat4 rate and are useful in

trea d| sorders b the h f the

et r b i S iGrS) PrERSLE WoPapiae ddthAs ugeflet

t hge tweaat MBy ahaaiopvde tRNGe Of sear db QuascEbAlthe B, -

di seases (CVD) . Such uses include treatnent of

t aefyRIerail a (a5ePher cifaprhetteriffdd BiPcak: afndF@mall Yo-3 for
be esting heart rate

of 9115% 7 a(’J‘&O%Qgeat str%g?p@&ggise%%ti %c{‘udi ng fetal

tachycardia, cardiac arrhythm a, heart disease, heart

faPJ)Np%ptM&Ca'éga aﬂ“ra‘gﬂn&ﬁﬁ§tﬂh‘%@eogl %'ctcél:éiﬁdg to this
i ntoxication, use as an antlhyperten3|ve to treat

hybré‘fet“éﬁgil Riid N ﬁF@’FP”&Ibééidm?ﬂbéfﬁ upe)the g%eﬁe—gé@gewxm

i nyxdke theignt agoni sm of the cardiac bi-adrenergic

receptor. The pol ypeptides are al so consi dered usef ul

in treatment of mgraine, essential trenor,

Si Thratodmpdptanxs efgcordicohwl the thwrsanal invention have been

hyp&iRak al g ebdis @apgtﬁé%%ed@& tgalché‘yr&%fa?ﬂéﬂ R apd

gastrointestinal bl eeding. b-cardiotoxin shows higher

af Fa4f pPdtrep2sabitleder rearidgepi Trseranp e Hegreating the

onmé/ar&ub&y@%foth@ ;Alix’seh@ baceespaﬁsga@d Qfﬁbstehgo[Tﬂiﬂii’taH@éS

ITHJOF X‘ge in th esf Aﬁae keraﬁjnoc 1

fl‘?Jrr B‘lsﬁg‘f]s l§n8 ﬁrgﬁéi%?/‘ifteso % tAE7T iTdi°AY loa’g?scu ar

Pudiis@raﬁeb (@an di ol pses ipephieeseengemeerfedadnomrtie
ﬂ?e y lﬁa%a%%giwed ) tgr? a%%g.@ljngfl rg 1c9fb \QQEIH of the

i'ng. Phar maceut | ca conpositions o I canents
aclé%?rr&v n@ 9-0 2t hestpmgsbatrl ﬁ‘@éﬁt@%rﬁ’vﬁﬁyl% beaE At ed
aceOfudieng 1R 10BLNAPGRLEYY: 3k a kaawn cEQdﬁsQr $QPSyQnia,

Skl|| in the art. For exanple, a pepti de accordln
G BHESERC PR G Ty MBRCEYO0 dei Bretion, ikt

intoxication, use as an antihypertensive to treat hypertension

(high blood pressure). Such uses may involve the antagonism

of the cardiac B;~adrenergic receptor.

The polypeptides are also considered useful in treatment of
migraine, essential tremor, situational anxiety, alcohol
withdrawal, hyperparathyroidism, glaucoma, portal hypertension

and gastrointestinal bleeding.

B-cardiotoxin shows higher affinity to P,-adrenergic receptors,
which are the only subtype of B-ARs to be expressed on the
membranes of major cell types in the skin like keratinocytes,
fibroblasts and melanocytes. Given the findings by Pullar, B-

cardiotoxin or peptides engineered from the same may be useful

in the acceleration of wound healing.
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in liquid or gel fornulation together with suitable
phar maceuti cal excipients and stabilising agents.

woeiogpenvs des according to the present inventiPCI/8&a3000@00405

provi ded in pharmaceutically relevant quantities by
expressi on of the polypeptide by well known

reconbi nant gene technol ogy net hodol ogy. For exanpl e,
nucl ei ¢ aci d encodi ng the pol¥peptide, e.g. one of SEQ
IDPﬁgkmé%eatlcéﬁ oxpOnggbn;%nP%e&§céﬁ% ggogg%%fdﬁhg éb the
sui tabl e plasm d expression vector and su

baB¥etqral lnwagpnomamwﬁ@lrwaééﬁ | accgraing gigsethatplogy

W {81 SadndwN e Qe rkfnPIFeExin eXPFESS HEECOMY BaRtple, a
protein which may be harvested. Alternatjvely,

poP YPEFPIFYes %&86%‘?%&% bhg Wéeﬁ?‘é%éﬂvePBth“ﬁéﬁnbwoﬁéded
synmhﬁ@msednd@eﬁOﬂ@nhMaeh@ﬂuﬁqbth&y@eptmﬂgasy@the3|s
teq@nl %gg Pq}gge tfé% npone fﬁs;n re ards t he

subje er of “the resenf PRventTon The >t er ms
"peptlde" and "polypeptlde" are to be given the sane
”E%HﬁQFQB&’esara%cU&%qlg‘ @B%@%@Q?&PA ¥ nDEEEIR: m X?IAeSt

pol ypepti des used 1 n'the nethods of the presen
|nH%9ﬂHd8ﬁ-HhﬁmééﬁiEQQ§éCP%ﬂ¥-IPéﬁ§ﬁ4¥ ﬁPéP%ﬁq%e§eahéﬁ§@§SSlon
t hés dns ﬁ@ly}:@p\ﬂ@-&@ HWQ@Sﬁa{r%wnA@e@ﬁlb@h&ﬁ R@hkV€schnology
honol ogues, nutant rlvatlves or, fra nts of the

P TRERERH poF S pestrtoe i bE ot Bhguragat Sch

al pervpabt vae pel. ypeptd dEéSSE@LIAI Ko the,r e} eand, 13 or 16 is
{ U002 £ DAL BHISD] 650: o for d RUUAT G EALLL 8l Bap1c
and/ or b- adrenerglc receptor a tagonlst activit
Detdafgtigbs Yenet ude mgans bins cotla ag@vérﬁrf&fler:tqacéng{th said
pPredion seauereer AndpirBst ude onsi il bYoQGGULRLEY may be
allelic variants and synthetic variants which have

subSTERt A aﬁ%ﬁ%r%ﬁae%}é'qlﬁ’éﬁﬁ%ef?tdgﬁts|?SFOFB‘lP‘P]etOf GPP
| eprgtskenpr Dtveinn i B 0igi Bef sy agmest sedraly hevdipyt ohe,ca20,

d d I M
AT N L T T P LA VAP

16. 17, ;8 19 20 or 30 am no acids or a nunber of
amNgpast ds kehyeant3d and 30.

As regards the subject-matter of the present invention the

terms “peptide” and “polypeptide” are to be given the same

meaning and are used interchangeably herein.

Whilst polypeptides used in the methods of the present
invention may comprise full—léngth protein sequences, this is
not always necessary. As an alternative, homologues, mutants,
derivatives or fragments of the full-length polypeptide may be
used, provided such alternative polypeptides retain the

relevant functional characteristics, e.g. reducing heart rate

and/or B- adrenergic receptor antagonist activity.

Derivatives include variants of a given full length protein
- sequence and include naturally occurring allelic variants and
synthetic variants which have substantial amino acid sequence

identity to the full length protein.



10

15

20

25

30

35

Mitants may conprise at |east one nodification (e.g.
addi tion, substitution, inversion and/or deletion)

wa@eopasEl t o t he correspondi ng wil d-type pol ypepL/8Em07/000405

The mutant may display an altered activity or .
property, e.g. binding. Derivatives nmay al so conprise
natural variations or polynorphi sns which may exi st
bet ween i ndi vi dual s or between nenbers of a famly.
Al'l such derivatives are included within the scope of

the L pye r examles, ser
re%l ggée/qrrg:]flrg&nvﬁﬂt%hg%% bebepfoun i A su%h 6% yJI‘Pn Bhi ¥Hge
mayche I5stideeh l@ﬁgnwmnds piadment t lenoftol hamioegs, 9, 10

groupsiz,(ip, alanhpe, 1§er1+7ne18tqr9eoind ne: 3§dAn?ln%| Qél W& a
acid and aspartl c aci 3| nine an eucl n
&

(i VPEp At agiihe éﬁﬂdiglkﬁtt’dﬁ‘?%e’* )34 -sol euci ne, | eu0| ne
and valine; (vi) phenyl al ani ne, tyrosine and

rfwgor&han Mnetlcs Pe tide mnetics of the

ypepti des CfPEhe fries8ntt iRGeRe T drcrbion dof ar taski tion,

aspeettightidre prnesenion au@fdrd dalancbnByofpdidduse tine
t heo scrib herei n. Suc
i ne?%%gg;ﬁ%lyr%n%mﬂ iH nggmgt%l éecoggloun SIS MAhy BRI AY
t he? riddared Gictémnem @&I Paﬁ@ﬁrd‘-ryrs@ rarctdndingrodi fi cati on
of the existing polypeptide structure. Methodol ogy for
degi n| ng suitable mnetics is described bel ow. The
resulti ﬁg"‘?ﬁ FBY | T5°%C SA™PE e R8F 1At E8FERFIPSF Phei r
efsﬁceloztmognhislne Reiatalmnagne hiear bet@é@ aﬁdiﬂrduﬁﬂﬁdcbrn%etween
a n 0 f dre |c receptors
dgg‘%‘%%f%g‘g%% ?%ﬁ{:@t}?ongfﬁy eqU| val 8 Vﬁ?r‘?ettel &%C]tuéieg within
kngfh SpRRE redc &g i igatehyiet | \?er@b{rp@ua@lampaea, kerowe rvative

AP aﬁgmérﬁ:st h@l&?\ﬁ% n8f: I a e
on a 'y '| ead", conpoun bo@ﬂ%hmeg?f%%gggg%%a ?}L \Eﬁefﬁgg b

t hee HEET VB ICBnpOisd Vit 6P Hh PRt ci nexgrensrve t o
synt hesi se etamhey,estétinss UAssbdiable for a

(ii) glutamic acid and aspartic acid;

(iii) arginine and leucine;

(iv) asparagine and glutamine;

(v) isoleucine, leucine and valine;

(vi) phenylalanine, tyrosine and tryptophan.
Mimetics

Peptide mimetics of the polypeptides of the present invention
form a further aspect of the present invention and may find
use in the aspects and embodiments described herein. Such
mimetics may be wholly synthetic compounds or may be the
result of chemical and/or structural modification of the
existing polypeptide structure. Methodology for designing
suitable mimetics is described below. The resulting mimetiés
can be readily tested for their effect on the mammalian heart
rate and/or binding and/or antagonism of B-adrenergic

receptors.
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particul ar nethod of adm nistration, e.g. sone
pepti des nmay be unsuitable active agents for oral

W@ e0upo6ddrd ons as they tend to be quickly degr aPersSG3007/000405

proteases in the alinmentary canal. Mnetic design,
synthesis and testing is generally used to avoid
randomy screening | arge nungegs of nolecules for a
target property. There are several steps conmonly
taken in the design of a mnetic froma conpound

hayi n iven tar ropert Firstl

pa“f}ﬁ’ %ﬁféﬁg N PE B Cttﬁg 8§ﬁjd"atlﬁﬁf %/Jr”é?t&FFt‘f%é’i known

angiomatcapordsany adricet edsmjaomhnglst e khaxmgetpppbaxperttoythe

ar&ev%%%&ﬁ&‘{'%? ﬂlapr tarégu‘gnacsé sOfa a doegt I d'ele hl g’ongan e
one by systemai)l ca vary Sfene At no Aci d I"duées

i nTlt%emp@*p‘t Mede@lrgiblbwammstm Ldtaye eawtpopedi Jcmeilrfﬁlcult

t U o xFBRSE PABL Sy fthek B8 duesn QNS Eé‘tdr&%w@léﬂ%w@
regi on of the conpound are known as its

" AR bPhArERCd o edmiHe tpRiattPac pfior¥MiaBeRieigiss may be

fOUﬂ;dl,ltiiK)Be Sick hed Woent s ﬂmdeképdoﬁgegfﬂidmg IE‘;Q ﬂ'drte@ tend to
pnysi ca ropert e stereoc m str ondal n
G R SRR oy hy<Bath T ont o 1 algescr oon
sadtimeese dzesggnspfemthescsomnd te&sjhmgquesqen)éq:aayy used to

d t opAl

IJJOlacumega\ gcr%%gl mr@w ORl,A0BLYS Sor a

simlarity mappi ng e charge and/ or
volafAet o?ropephar macophore, rather than the bonding
bet ween atons) and ot her techni ques can be used in
this rmdellln rocess. In a variant of this ﬁgroach

t HESERr & ¢ | GHEPS SIPHRPLY &8Pt He HPgdRt Endlit s
birmicengc tnnerccarpeunmdfalvhed Hivencedrdee ﬁsmtal 'y

us4f ch etrh% %Qﬁtbﬂchggpgoa%@ /9{ Rl ”8'{;]&% thaetr zhange

con tion | ow ng to take
ac?éé@hfalofantdﬁps jmpor hentdési gentqﬁmlph@g riheetpegetAproperty

t erpl ate:Mmhegul an $nd haReset ectegdt oid,0 twhk chh Chemisal vy
groups which_m m c the pharpacophore can be grafted.

TH S %’Pﬁﬁ%él%‘fa&é’&% tah’?da’f‘hréo et E%ﬁldg‘reﬁujp% té’reaP?%tdde'
or.po by sc@Rttomiesi et yebedigeliacteth.soThbsd phhes or

r%@&&&éé %oggékkutlng the active region of the compound are

known as its "pharmacophore™.

Once the pharmacophore has been found, its structure is
modelled according to its physical properties, e.qg.
stereochemistry, bonding, size and/or charge, using data from
a range of sources, e.g. spectroscopic techniques, X-ray
diffraction data and NMR. Computational analysis, similarity
mapping (which models the charge and/or volume of a
pharmacophore, rather than the bonding between atoms) and

other techniques can be used in this modelling process.

In a variant of this approach, the three-dimensional structure
of the ligand and its binding partner are modelled. This can

be especially useful where the ligand and/or binding partner
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w0 eqoaioei4ng t he bi ol ogi cal

synthesise, is likely to be pharmacol ogical ly

acceptabl e, and does not degrade in vivo, while

activity of the | eadPCT/SG2007/000405

conmpound. The minetic or mnetics found by this

approach can then be screened to see whet her they have

the target property, or to mh?& extent they exhibit

it. Further optimsation or nobdification can then be

?achhmgk @Uhfdnmaaﬁth&h ?ﬁn@[ﬁbyoblm5WihgfEH@Pﬂd@eﬁeE&C@éke
or, .j v r. clinical, testing,, Routes o

adgmc%%sn:érg itglnl SV ERNERTSIRIfE pRarHEEELti cal

conposi tions according to aspects of the present

I nxe{gﬂpqgtwolg@ui@ri@lt ;Er?ds fl%'étgcg%]n@losvg}iie}: | gﬂenp;ycaq

nunber of routes, inclu |ng(%ut not" I'rmted to,

t opt T&®, bea"?}bﬁ‘tl@?‘%l*ihesy’éii@ilﬁc@PhPm ravehousaficadr a The

ar t@fdlake hditelcanysoid dhe éﬂéﬂ%@&@f§¥8ﬁ§s éfé¥%§9e£ﬁn¥o'it can
ral and nasal. The nedi canents and conpositions may

0 . . .
be“ PO uf At &d PP F195 G or° SO dt Formire R Qilg easy to

f osynihations isayibea yf eonid ghadnd @10g66d NivsbEaéhib1BY and
i ng&ct i el ect.ed regi.on_of .the huymapn, or ani nal
body. [gFé%%%%Fg ??nﬁ%ﬁféﬂ%%ﬁg ﬁ%ﬁ?ﬁ?&ﬁ%ﬁ#fégfﬂipglcal
setEctelly comsbantkadn campeerd.| eTlg misetonios meddtims found

Adg) in$t r AgreBch S ehek all Yeiledy' wegeaeowghﬁeaé l¥ey have

ef fective amount”, this being sufficient to show

bel¥t *BX 99 PREPF I vPEUE WITheecliaFPaisahidit it.
aoﬁn:mihsf eﬁ:&dmi%tdi__olrnlabg Iﬁkmié’tii::ﬁﬁﬁlodéﬁeck@ﬁ‘l be dcarried_ out
a tration, w epend.on the nature and severity
o?trgt %(%%erséaatls%ﬁ%eﬂrn@“o T €84, "GP G gR BEve or

t rednient ,teetgnodeci si ons on dosage etc, is within the
responsi bility of general practitioners and other

medi cal doctors, and typically takes account of the
dife8Eaeret 49BN EaREHN t he condition of the individual

p&kh@ﬁ&medtbeaﬁdtphaeﬁaégﬂﬁféﬁﬂYGoﬂﬂagiﬂfngOQCSgrding to
a%glgg gQ%Ikgn and other factors known to

practrti onersS XA eLVEP A e chhi qEBE L aRf for
preofotbd tsrafreprt itonednatigee of arcdre sf olnd ubindRenitngbon' s

Ph@ﬁﬂﬁ&?Q&iCé%pf%%h?n§§¥%ntgggil %@gEéﬁg%, %9E¥Evé%%gs, intra-
Willians &

Li ppi ncot t,

arterial, intramuscular, subcutaneous, transdermal, oral and
nasal. The medicaments and compositions may be formulated in
fluid or solid form. Fluid formulations may be formulated for
administration by injection to a selected region of the human
or animal body. Injectable fofmulatiods may comprise the

selected compound in a sterile or isotonic medium.

Administration is preferably in a "therapeutically effective
amount"”, this being sufficient to show benefit to the
individual. The actual amount administered, and rate and
time-course of administration, will depend on the nature and
severity of the disease being treated. Prescription of
treatment, e.g. decisions on dosage etc, is within the
responsibility of general practitioners and other medical

doctors, and typically takes account of the disorder to be
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Wl kins . A pharmaceutical conposition according to
this invention my be adm nistered alone or in

w@ewbioeab4 on with other treatnents, either PCT/SG2007/000405

si mul t aneously or sequentially dependent upon the
condition to be treated. Patient The patient to be
treated nmay be any ani mal or human. The patient is
preferably a manmmal , nore pré?érably a human patient.

Th@réEHéHGHEhé“@ﬁnﬁﬁtfHﬁ %fOEhé:%HBE&&du§QQH§%Eé%t'd@ﬁ@'éﬁ%e of
Aspects of the present invention concern conpounds

whiteh varg: i 651 aeErh &t pereidrissF§peit rEesCdGRpEr&targ Apown
arr'tmaraeitﬂtﬁﬁ@uence Ei&ambngs arsemplencant et ahy ®fotatols
Ieast 60@%mh§h a ence. Alternatlvelé this

dERt Y ReP BE & y 8f f%? é8sEeBGI8E, S 62278 Ce%&‘:al
65$ciﬁﬁce67 2&&5 E@Dion0, 20d0, PRp. A3 ppldcotAs, WIblishs, &
784:169,580, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence
identity . Percentage (% sequence identity is defined

asa tg rﬁ@&éﬁﬂlkagekdmioéﬂlfg% %@ES&Jfﬁ%‘ggeéhﬂsnlﬁventlon may
candi dat e, sequence that are identical with residues in

t e @dvéﬁlﬁﬁegﬁsda%ﬁu@ﬁd@ crEPEIFEant By ofRer SEeafrents.
Noe )thatt etmaltbgaong yt be sefuenteas yandpéidenodusdnghgaps

i f_ne¢ §ggqy btorachlgve t he maxi num sequence

i dentt and “ho conS|der|ng any conservative
substltutlons as part of the sequence identity.

Segyerge identity ispreferably cal cul ated over the
entire 'ength of the respective sequences . \Were the

al i gned sequences are of different |ength, sequence

[ dmﬂzt 'phylem‘t ﬁ:bebéf'tCHéIaEéc_i GRYPBE | HO/N a6 EFHIE REEh L .DeThe

det ove entire Length of | onger |ven
séﬁuen%e‘ﬁ?pre %?%S?h%’$%ﬁﬁ fﬂ%ﬁﬁ géﬁ%ﬁﬁ%ﬁy %%}

t rtiehe. givenrsEiguenoey segaknce ifdentd.ty of the
conpari son sequence nmay be determ ned

Sequence identity

Aspects of the present invention concern compounds which are
" isolated peptides/polypeptides comprising an amino acid
sequence having a sequence identity of at least 60% with a
given sequence. Alternatively, this identity may be any of at
least 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74, 75, 76, 77, 178, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 or 100% sequence
identity.

Percentage (%) sequence identity is defined as the percentage
of amino acid residues in a candidate sequence that are
identical with residues in the given listed sequence (referred
to by the SEQ ID No.) after aligning the sequences and
introducing gaps if necessary, to achieve the maximum sequence
identity, and not considering any conservative substitutions

as part of the sequence identity. Sequence identity is
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over the entire length of the shorter given sequence.
For exanple, where a given sequence conprises 100

w@riosoe@ed ds and the candi date sequence conpri BEEFSEAD07/000405

am no acids, the candi date sequence can only have a

maxi rrumldentlty of 10%to the entire length of the

gi ven sequence. This is further illustrated in the

foll owi ng exanple: (A G ven Jset’sq: XKKKXXKXXKXXX (15
ani)f'@feé%bg§)ca@gﬁp§tréc§g0e§%e Wo&lg @rﬁl&%ectlve
acl ds) % sequence identity = the nunber of identically
maf CHSGSanm no aci d resi dues after alignment divided

by the total nunmber of amino acid residues in the

et i REE i Ea awboa bt RS As By o E na s

gl v@emtsegumaee stamj:emceommaemsbm ysermynde nrégt be mMaredmined

oV h Q

O 5, BT BT R 0 v
CO%FP@W@@Q S@@%X‘XYYW\M’Z‘ZVZZ‘Z@ZZt(’Q(PldﬁP n%eCH@InGS)
%%ﬁegeld&%ﬂﬂz tok ThBUIOEar9od denticad rap o d%@'egl§1ned

after alignnment divided by total number of am no acid
r e/ FuéBe i HRe R SEencROTiee 91 YH FirGrERT by 10)
x 100 = SO%AI ignment for purposes of deternining

pe]itocre%g{ag gled ase(:auence Iugr?cnet co%:pl(::asn sb?O@Chll%o acids
I n vari ous %ﬂ S nomﬁ YO erson o §kﬁ %W] %

f oand mbe acrmveildelset rrgapahte ctloynpavmd apl enmnpgt@er, the
Soéatn\ﬁgﬁgté%l&u@ﬁcéglcég nﬁj-'%g;geza n{%l;(!_r%'n QfdeP@Q@&l IanlO to

sof 't war e. The i'nvention i ncludes th
co"rﬁﬁ ﬁﬁf’r’&h 1gr9thefaspeciiyeandepteerer r ddireat uﬁ’”é§her

desiQris begk X ¢ 8 pthaMien eosie elaf@iddi nation is clearly
i nperm ssi bl e or expressly avoi ded. Aspects and
enbodi nents of the present invention will now be

il {Austrated, by way of exanple, with reference to the

Given seq: XXXXXKXKXKXKXKXKX (15 amino acids)
Comparison seq: XXXXXYYYYYYY (12 amino acids)
% sequence identity = the number of identically matching amino
acld residues after alignment divided by the total number of
amino acid residues in the longer given sequence, i.e. (5

divided by 15) x 100 = 33.3%

Where the comparison sequence is longer than the given

sequence, sequence identity may be determined over the entire

length of the given sequence. For example:
(B)
Given seq: XXKXXKXKKXXXX (10 amino acids)

Comparison seq: XXXXXYYYYYYZZYZZZZZZ (20 amino acids)
% sequence identity = number of identical amino acids after
alignment divided by total number of amino acid residues in

the given sequence, i.e. (5 divided by 10) x 100 = 50%.
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acconpanyi ng figures. Further aspects and enbodi nents
w Il be apparent to those skilled in the art. All

walomsneibs nentioned in this text are incorporBCESG2007/000405

herein by reference. Brief Description of the Figures
Enbodi nents and experinments illustrating the
principles of the invention wi|ll now be discussed with
reference to the acconpanyi ngl?i gures in which: Figure
1 . Abundance of various genes fromcDNA |ibrary. Pie
di agram shows the nmaj or groups of genes found in the
| i BESFYreRRdE T heMFPatii@andete gty resGRbamEdnefacid
vaeem@caoy@énttl@yl dﬂarg%e§c}|11rbvtehell|1|\kgrabys WEyBUkBowh to a
I\/UIt e u%gc al |gnm=3ntf of .novel proteins. @%1 A
co arlns8n o CArdiofokt it ki RS Tt ef® Vi dBReEs Y
fr@mﬂablhacrrmaalmtvermﬁthre) SAchoAPBLASTN BEAST-2, ALIGN or
%ﬂll%m&,ﬁs%ﬁh selected conventional CTXs reported
sp.

anges at positions 23 and 53 are
|nd|cated by domnmard arrows. The honol ogous regi ons

i nekd X%véﬁ@mnNahal&pes ahe shadrgdtidh Gke¥he GspeMeking
toxi n. DE-1 honol ogs. . The honol ogous regi ons i n weak

toRJF?%rFanﬁet?turﬁ%\rﬂ‘?ﬁﬁré?%j SH5ERY ThFrgreych p gombination
Mis€ atlieAk Ty tigpeBm] 4 ddepeobeidxpde é MKt Rv3)ddwanol og. E )
Long neurotoxin 2 (LNTX-2) honol og. Toxin nanes,
speci es and accessi on nunbers are shown. Conserved

r edtrigds ard @mbodetarénces treephegrit ghvettion bikckow be

Di sl fdedee &M, dges. pnd EQ%lr egj, ons Rkeral S0 shawn.
Figure 3 . Mut ati ons in 'oop regions of

b- CHUPEEBKID Lioares Cﬁaﬁ‘g*é‘%r PAPPES duesethodhBempts will be
b- garadieat opd nthapd FEX1¥414n fchemMNaj a1nos&sambBhea h€ioned

hi ghl.ighted .in red over the stal structure of the
CIC VT (PRBEC | COPPorH S GRARHeSY; A 1 EEr it es

bet ween b-cardi otoxi n and ot her rel ated sequences from

O pri@NPal MeRON H1OWMe | Fiddrds 2A. The three | oops
have been marked usi ng Roman nunbers. The i mage was

generated using the DS Viewer Pro software. Figure 4 .
Pugndddeaéh o a@fi §xbeGanehd QX Ost Avingetnd idriratdie’ of the

invention will now be discussed with reference to the

- accompanying figures in which:

Figure 1. Abundance of various genes from cDNA library. Pie
diagram shows the major groups of genes found in the library
and their abundance. Inset, abundance of various novel toxin

genes in the library.

Figure 2. Multiple sequence alignment of novel proteins. A) A
comparison of PB-cardiotoxin with related sequences from O.
hannah venom. B) A comparison of B—cardiotbxin with selected
conventional CTXs reported from Naja sp. Changes at positions
23 and 53 are indicated by downward arrows. The homologous
regicns in CTXs from Naja sp. are shaded in grey. C) Weak _
toxin DE-1 homologs. The homologous regions in weak toxins

from O. hannah are shaded in grey. D) Muscarinic toxin like
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O . hannah venom Crude venom (I OO/ m ) was
fractionated using a Superdex 30 Hil oad (16/60)

wa@ edognows49dhe col utm was preequilibrated with S5BCTREG2007/000405

Tris-HCO buffer (pH 7.4). Proteins were eluted at a
flowrate of ImM/mn using the sane buffer. A downward
arrow at peak 5 indicates the fractions containing b-
cardi otoxin. B ) RP-HPLC of p% k 5 from gel

fi bEé@él‘nog M-’H@" %?rh&:nollgg( SE)mLol?I?Oneﬁrotg'erm@ 251%)(73?@)

sem preparatlve colum was equilibrated with 0.1 %
(vPeSePeA. TTHE prbtei ﬁpeﬁlerﬁnaéﬁe%%cqméo’émn@&rﬁ R Shevn-

Cot&mr%ghg)ésgfdklgw irata@é 8§;¢e5ca$ / 4den lh%ﬂilﬁgﬂht!ﬁ ?/ﬂi_rg)%ack
o buffer opacetonitrile i 0
%s“lcfééﬁm%?@gSFr%WB Bl 188°% i Hi aFRsSWE -

fractl ons containing b-cardiotoxin. C) ESI-M of
ar di o%m&d Reconstructed nass, Sp ec%‘lélc%dlotoxl gy

OXTHAtERRS 18, RE SO9P BRYiOTS LT

Fl @wrﬁgeé in GorEpate s 0RtAbeS ProRERI O okt h UGIdIICeX OF,TT from
b-cardi otoxin with conventional CTXs. A )Conparisaqn of

f a2 "CEP P CEr BT B IBA Hi G CoXT i ¢ fveﬁatrﬂepf”éﬁta(l
angttoartdrotoXithe CM8 V(1) (meBe# dicospl vedd Chandéd |J.anreSJ.dues

O and their CD spectra were recorded
kRO A PR SO "B EcH SeRmBERR Lron 0
dematnamatzemmn choGMLiB. FIie Ja.oreé nthvas Dhgsohyesd Hern
MII| / a far- UV CD s ectra, wer

gg\é\@%lng omarbr{%mme}s %e 1mag% was e?era ?d éﬁlﬁg)t:.he

recor c¢m path-1en cuv
35¢ (\7lP~Wer)Pro 65f0@e--), 75 0C (- -), 85 0C ( ) and
95C () . Inset, CD spectra at 50C (), 95C ( ) and

(after cool.ing from 950) C.) The
de?faﬁ“&?afl drsafi 'i:’“&’l“d?%t%)ﬁaﬁdl‘?*f?é‘lﬁr o‘f’elGﬁlV\é%ltrath“ of
di (S.SOiaV)ﬁﬁlh I\RanMnl | ¢:Qaeat efon( Q1 B0yl )wﬁﬂdfrfa&t:duﬁét@@ using

Spe%} rECPEQF lg§ cglgm} %g]paﬂumkeg re
cuvet ? era res and notations are sane
seqmlEbrathdgmeh 6.0 Eff Bits-0f 1 tlerfderaliri € -4 - t Brdtieany

St&ékgigﬁ§tég a@ a Cald |9£€B“&} 1&&)mﬂNe§51A&/€§Q same buffer. A
spectroscopy. b-Cardiotoxin was dissolved in MI11iQ

\I\Iiﬁ‘é@wéld Mg a’grm:aﬁearu{g\;{c@:gassrj@@t fpactions containing B-
cardiotoxin. B) RP-HPLC of peak 5 from gel filtration. Jupiter
Cis (5 p, 300 A, 10 mm x 250 mm) semi preparative column was
equilibrated with 0.1 % (v/v) TFA. The protein of interest was
eluted from the column with a flow rate of 1.5 ml/min with a
gradient of 31 - 42 % buffer B (80% acetonitrile in 0.1 %
TFA) . The downward arrow at peak 5d indicates the fractions
containing P-cardiotoxin. C) ESI-MS of B-cardiotoxin.
Reconstructed mass spectrum of PB-cardiotoxin. CPS,

counts/s; amu, atomic mass units.

Figure 5. Comparison of secondary structure of P-cardiotoxin

with conventional CTXs. A)Comparison of far-UV CD spectra. B-

Cardiotoxin (

(

CD spectra were recorded using a 0.1 cm path-length cuvette.

), naniproin ( = ) and cardiotoxin CM18

) were dissolved in MilliQ water (0.5 mg/ml) and their
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were recorded using a 0.1 cmpath-length cuvette. All
the tenperatures and notations are sane as in Fig. 5B.

w®@2008Mear4 UV CD spectra at 5C () , 95C ( ) anpPCBE:2007/000405

(after cooling from95 0C) ( ). Figure 7 . Effect of
b-cardi ot oxi n on bl ood coagul ati on and erythrocytes. A
) Anticoagul ant activity nonitored by recalcif ication
time (RT) and prothronbin tink (PT) assays. Control

(59) niMeI{\éﬁ d'é'gatlpfgtflgql QH &41% a'glg@%rgge}_rh%agségsys)ol]yed in

clotting tinme is represented by t grey bars and
50MIAVILE- vaRrdi(Bt DT MRy #hdRrbEYf £P Eaed rdargre recorded

rapgle@eat@ it Qa PEEN 1eSgt D cuvkBts a% boc B-)-—Heﬂoiswci c
of car di ot oxin and CMLS. g:ontrol %

221“\!“!}” rmﬁf\/ﬁ ¢Tactilvity § s Tepreséit ed By i §1 EHfor’Ped

bar - antf) f ornsear | Cuspeoncenttr af ¢ ons— of ) b-wdcdietoxi) nand

ang chg§t£)1y clg ﬁafr}g gg?‘yCéqu:'S"" r e\%?e%t Ir\ﬁlgh%éden%%%p%tlon

data repr esent s
Ef de@tsanfidnogtut diThkORstedn GasE dil&@oimtlhOMJ.ll(ﬂQaWﬁSer

sh n nge ecor ded befo bgve). and
@MS g%‘;mﬂé} d 8V\iart EegG%%mpﬁlcgfr Falio re‘fo(r ? c%ln rol&
(@@h%lmh) CUBet)tel Ayl kiheCvRBrarrdu€ey andngpkafions are
b-catdiotgxign. The hori zontal arrows highlight the
changes in ECG patterns. D) Change in heart rate
(BPM beats/mn) 10 min after the adm nistration of

Coflguel €0E2:dePNafd tdRbdQduRardn teMBadkyl sHBLKCH Gl 8Y p-
bar) and b-cardiotoxin (1 ng/kg black bar) . Each data

recmrésem@nt h®) s -US CIDspe¢hresc@py. PLaydfyexin was

de&%@@@@éd %dMEIll%EWQEePeﬁr g l@tye 2t N @fxt@rﬁ %Q@tra
adm ni stration of cardi otoxi n. Each data poin

r efrES BRI Y dEAe  HE@n 2 & 1 O™ PpEh = egafh, CWeﬁﬁ?e Mgl the

Ef feapt satofreld- @m dio(ﬁtaai(dnns @meLgm@elaeorrﬁ Eflgpesﬁusmdmear uv
he Char rg e hea t rate

recib{)ra%% rbaefEl {1 (bove)’ g 533 m|)1 a¥f er (B%ft( i C?ﬁ]emg
trﬁa@tnrréﬁtc)vm(t'ff ). cont roI (KH sol ution) and B ) 5 mv
b- cardi otoxin dissolved in KH solution. C) Changes in

HR 10 min after treatment with control (KH sol ution)
sRiarey7 gEEfetfarofafdedrdibtbximoai blend wosglatipy and

erythrocytes. A) Anticocagulant activity monitored by

- recalcification time (RT) and prothrombin time (PT) assays.
Control (50 mM Tris-HCl buffer pH 7.4 added to the assay)
clotting time is represented by the grey bars and for 50 pM B-
cardiotoxin by black bars. Each data represents the mean
S.D. (n = 3). B) Hemolytic activity of P-cardiotoxin and CM18.
Control (0.9 % NaCl) hemolytic activity is represented by the
dotted bar and for various concentrations of P-cardiotoxin and
CM18 by black and grey bars, respectively. Each data

represents the mean + S.D. (n = 3).

Figure 8. Effects of B-cardiotoxin on cardiac function. Charts
showing changes in ECG recorded before (above) and 10 min

after (below) the administration of A) control (0.9 % NaCl),

B) 1 mg/kg CM18 and C) 1 mg/kg P-cardiotoxin. The horizontal
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bl ack bar. D) Changes in LVDEP (left ventricle
diastolic end pressure) (nmmHg) 10 mn after treatnent

wowaok/oe@m r ol (KH sol ution) shown by grey bar BCMSG&200WD00405

b- cardi ot oxi n shown by black bar. The S .D . are
indicated at the top of the box (n =3 ) . Figure 10.
Interaction of b-cardiotoxin with b-ARs . Di spl acenent
of radiolabelled ligand (-)- 48H CGP-12177 by (-)

- ngm@nghgfhl(;@e{hém%ég l@nﬁc@ o 3@%%5‘“ ¥ Bnd s m

synbols) A) I'nteraction"wth clone uman bi ~AR "and

) PRIARrapRcBrYat kegiei/ ninr &fr BieMtiSer héherrélﬁlﬁ‘lq-l%r.aDl@*F of
t Weortehi ¢cates. nidguWoerdd a2 edigtd Qn &/ 1geee8dadaf) and
structure of b-cardiotoxin. The secondary structure
welk-Giredpeedd By =i biadkgbehk girchefdt s aguentateothe

t hge PORTER) pr@dLcd)i Oﬂ)tl@@ée @‘é@ér‘xc&bllter@&u(h:tlbﬂ of heart rate
[1distill ucd ie/porter/ . The first |ine shows the

b- 1@ ardi ofendi iths exfife péat maid onhef Horesdtiorén; ritickates?

t heo Rredigtad $8CARARAEYL St Ust ufal- gl enents. E -
strand regions. Figure 12. O hannah cardi ot oxin

nucl eoti de and am no acid sequences . SEQ ID NO s

1-Biguddch e@ﬂf@@t.@%usnéﬁccﬁaeeﬁirn @nf ﬂluhgeln@&gt:b perfused
b-cardi otoxin fromO hannah (SEQ I D No.|; accession

ndre3&¥S5 4905 8 @0“13180%34*%)3 in f1Rerb ’é?:tred §§hu"eﬁ?€éd‘6‘il

fwelfolrengi}:kbvb-) cafdlilot axh nafe:aeod@oby SEQtIrBaNmedt «5EQa)
2; accession no. : 38049474 a ;

an‘b"“&r’ﬁ’ﬁo I%ﬁ:lsal'é%]cjﬁlénﬁ’éd daf’ B @érﬁdFBf%%ﬁtr?xf‘Bl‘iiﬁ/aO Ejed in KH

cl eavagen ofc)t. hEaIsqegnah yrepbi ten faf@er SEQadtReNo. wiZ h( S rol
ID NO s 4-6: Nucl eotjde sequence

S R PRI HY SBrh BELATE B B lotar e o Sigyn b
| DiNek. Har.ameSlsaerésnDn W?S5ﬂ&dv&tr1&ﬁ57@ﬂ&ﬁ)ol;c end

am no acid of f E ot oX e ded

oy aee T NI Seath 5 s B pRalain oRAL P RR

ABBR3633n)1 sGbwh 82540689 Dar; and 5 uM B-cardiotoxin shown by
black bar. The = 5.D. are indicated at the top of the box (n =
3).

Figure 10. Interaction of PB-cardiotoxin with B-ARs.
Displacement of radiolabelled ligand (-)-

[*H]CGP-12177 by (-)-Propranolol (Open symbols) and B-
cardiotoxin (solid symbols) A) Interaction with cloned human
Bi-AR and B) [,-AR. EacAh data boint represents the mean = S.Ij

of two replicates.

Figure 11. Prediction of secondary structure of B-cardiotoxin.
The secondary structure was predicted by submitting the

protein sequence to the PORTER prediction tool available at

http://distill.ucd.ie/porter/. The first line shows the p-

cardiotoxin sequence and the bottom line indicates the

predicted secondary structural elements. E - strand regions.
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and am no acid sequence of cardiotoxin foll ow ng
cl eavage of the signal peptide from SEQ ID No. 5 (SEQ

WO DoBl06648d . SEQ I D NO s 7-9: Nucl eoti de sequePCESG2007/000405

encoding full length cardiotoxin fromO . hannah (SEQ
ID No. 7 ; accession no. DQQR73577.1 d 82570092) ;
am no acid sequence of full |ength cardl ot oxi n encoded
by SEQ ID No. 7 (SEQ ID No .87 accession no.

ABBERBAL13. B lhanfeh 2833 toxiBNHudBRLG Kl SRANS R q0f
cardiotoxin follow ng cleavage of the signal peptide

fr3PAYSBEPPD No. 8 (SEQID No. 9). SEQ ID NO s 10-12:
Nust@atni gfe. seqyence encoding full |ength cardiotoxin
fromO . hannah (SEQ ID No. 10; accession no.
D(jéui%’@gilﬁe @eWgPSET Frooying £ hol Heith Requeheecnm £fapp O-

| engidanCasiel aboxs N enReedes iy nSEQ 3P4 Ngg . 11@1( SEd2d4b3) ;
No. 11; accession no. ABB83635.1 G :82570101) ; and

aniHdcaaf i Sequerte obf fehy &eaewuﬁfCPéqurmXﬁg raiedgly
ofsﬁdwaoswmal spepio e .bF omSER: D 0. adrh du2EQ | D No.

15% Q1D NO s 13-15:Nucl eoti de sequence encodi ng
¥: 3|88ﬁ&ﬂf4>eaﬁ@qi GTYRPN2¢rbrrEuenItaffatr PSEL 1 ¥ iNo.

134012668881 QR a089ge MR {BS7H.ghatll pe 1234004 skoafb RB.2 (sEQ
acid Seguence of full length cardiotoxin encoded by

IC? M5 Rb: 13 (SEQ I D No. 14; accession no . ABB83632
.1 G 1 :82570095) ; and amino acid sequence of

cardi oto nfoIIovvl ng cl eavage of the signal peptide
%’%gédﬁ‘lfﬁm “14 (SEQ ID No. 15). SEQ ID NO. s

18 eohidd setiheecss eqoethiow éncbdiemgthutdrdienetin from O.

ca;man%oxsﬁr@ fxbom ,- ab@ém%n( REQ o7 D7 o 116G1 %ﬁ@%@b@ﬁ
no. DQR27358 0 8 98) ; am no acid sequence of

f Lﬁ"}lnloe?@tch S@%F%‘i‘%ﬁ 8)@ Flu}elnclSH%%h 537 T SECS B NB cors I( BEGEC
| rtNaio . 4 7(sEgccRSSd .on l@ces%888316@34ABﬁ8§333 8257 0039)097) ;
and rapmpo a%| sequence_ r di ot.oxij foI.Inovyijln o
cleavage of ‘the®sighal § pept| €7 170m D" Ro’ &S}
I DINOSlqr&)l pAetmlf@nmrﬁﬁﬁ)éDsN(ar% (EB@ XthéloNCBI

dat abase: http: //ww. ncbi .nlm nih .gov/

SEQ ID NO.s 7-9:

Nucleotide sequence encoding full length cardiotoxin from O.
hannah (SEQ ID No.7; accession no. DQ273577.1 GI:82570092);
amino acid sequence of full length cardiotoxin encoded by SEQ
ID No.7 (SEQ ID No.8; accession no. ABB83631.1 GI:82570093);
and amino acid sequence of cardiotoxin following cleavage of

the signal peptide from SEQ ID No.8 (SEQ ID No.9).

SEQ ID NO.s 10-12:

Nucleotide sequence encoding full length cardiotoxin from O.
hannah (SEQ ID No.10; accession no. DQ273581.1 GI:82570100);
amino acid sequence of full length cardiotoxin encoded by SEQ
ID No.10 (SEQ ID No.ll; accession no. ABB83635.1 GI:82570101);
and amino acid sequence of cardiotoxin following cleavage of

the signal peptide from SEQ ID No.ll (SEQ ID No.1l2).

SEQ ID NO.s 13-15:
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Figure 13. Crystallization of b-cardiotoxin. A)
b- Cardi otoxin crystals obtained in O .1 M SPG buffer pH

w(@'200806@v4ai ni ng 25% PEG 1500 and 0.1 m of 0. 1P®&A/SG2007/000405

sperm di ne. Protein concentration used was 15 ng/m

B) X-ray diffraction pattern of b-cardi ot oxi n
crystals obtained at the in house Xray generator.
Figure 14. Design of short peftides. Short peptides
ba§@@1e%@19e %que%é)@n@oéﬁ?gu%% Y\;ﬁ{g‘%hd%é&%;‘égxﬁ %'Pohhg

native b-car ot oxl n sequence (
(SE‘Q”HZ) KBEQ 4&) Nankp: B@EF%SS(lSEQWDqQ@Ba?@ lafé: %?a'is@a%h

t hgn R0k ne- skyq@sk@é CHYE@Ith%ln§th RF0RQ8 esk By em:&i@n@y ~SEQ
The s he native_sequence has

S
ch&%d“@dlt"o‘%%%PnN%éu aa%ﬁ?o‘sseeju’bo CRPGRPI gt BY° %%?70095’ '
bI atkamind he- iy pejteeice cat cfabtﬂﬁ:bitcﬁﬁaﬂ fsli®@snhavedyega of
hte u5| n xes Q 48) . wWas
QH sed’ %y | orrcfmo?EQtB (gS'LEq (%9?2@? gue%SF' i gure
15 Purificati on and characterl zation of the short
pepid d8sSno. A1k-18C ) and E ) RP-HPLC of synthesised
pehg}l des BCLIa, BCLIb and BCL2, respectivel g Jupi ter
lgoﬁid%(‘f@q}é\encel@%%@lwuéénlleﬁ’tgéba‘faa‘ftql\‘? o¥Yl drAm O-
wkwsnﬂaulk$gu'abenb\methaékégﬁnbnlﬁe BoA73Rantii de: gﬁ57oo98),

I nt er est s eluted fr the colum wth a fl

of Bt T RGP O B e OH BAPPLYt i Paposone by seo
acBl oi- 16 (S80I AD Mol % TRA)ce sBownwar. dBRS 3 G4 - at Gl 0099) ;
l ng‘lcpgl:n?§o farcqat ééécgu%ngg%@lcgkagog&qndgéil %qn%e@felaqgée of
B), D) of purif pept |
BcﬁmebSa%ﬁlseegthleeéﬁe@tﬁ?%lly NGRS ¢8ERtd §o- Hgure 16.
Interaction of peptides with b-ARs . Displ acenent of
radi ol abeled |igand (-) - [3H. ]1CGP-12177 by (-)-
prpbcﬁleﬁﬁb?rblnu(‘%?gse airleng‘%r, t@%Lﬁq%éI()da L3990 (0) and BCL2
()httA:Y/wwBnpbandrCn}ihshwow i nt eracti on bet ween bl AR
and BCLla, BCLIb and BCL2, respectively. D), E) and F
) show interaction between b2AR and BCLIa, BCLIb and
B@igure ebheCrivedlilizEhin @4t Brqraidibtoxin.

A) PB-Cardiotoxin crystals obtained in 0.1M SPG buffer pH 7,

containing 25% PEG 1500 and 0.1 pl of 0.1 M spermidine.
Protein concentration used was 15 mg/ml. B) X-ray diffraction
pattern of P-cardiotoxin crystals obtained at the in house X-

ray generator.

Figure 14. Design of short peptides.

Short peptides based on P-cardiotoxin sequence were designed
from the native P-cardiotoxin sequence (SEQ ID No.3). BCLla
(SEQ ID No. 46) and BCLlb (SEQ ID No. 47) are based on the
‘Proline-bracket hypothesis’ proposed by Kin and Evans. The
single Cys in the native sequence has been changed to Ala in
BCLla and BCLlb (highlighted in black). The hypothetical
functional sites have been highlighted using boxes. BCL2 (SEQ

ID No.48) was cyclised by oxidation of the two Cys residues.
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represents nean of 2 replicates. Detail ed Description
of the Invention Specific details of the best node

w@eonseeabat ed by the inventors for carryi ng oupCt/B€2007/000405

invention are set forth bel ow, by way of exanple. It
will be apparent to one skilled in the art that the
present invention nay be practiced without limtation
to these specific details. Exatple 1 In an effort to

eX?l?Uﬂé &ge ﬂdﬂi@lglé¥3§ LQQ ﬁﬂgga§£5¥9%a¥fgﬁng% tﬂ@ short

constructed a parti al brary using
exPeRL988 - f r om Ophi ophagus hannah venom gl and ti ssue

angl) j @gnbhd iMdrblyeLgeresy00dbnged PepPl M LIBAS1a, BCLID and
bel onging to the 3FTX famly. W report the

i dBHd f FEERGGrivepur i Peatsorand kha0ick erioxaep opmlof

0n§eanprEB§§a9C1R}@V§J>119rrn0tq§£ fle&;uﬁh&ﬁt@'d%% n.hsom therra.
venonof O . hannah. This_protein differs from

cl BFiLA5| Ok drdr ot Hixiis ?h“t%ﬁor%ttrhﬁc‘f‘&lrué“naé’l%lal tggv
f undd of. 1 THM1gmi s vtm fi sisddieepast bakfan Bexegenous

pro%eecl n. arl%etl ng { h%Fg) g)renerlqic rece tor %S mdlcates
Sys em causi ng a ar ked' i edGeLTOR PR Rear

whbtastapipredontasnimg thasddssgkdt eabtpdes us&d ,rlat alm’aﬂ SESI-
T%’ofm@umq {;\%ﬁéd@gvﬁéLl@E@@ﬁlbOfanEh}?CL%FT%(eg}?ég 1¥e§§

b- car di ot oxi n. al so describe the identification of
a ©f1 §aer¥Disdi ng internmedi ate of b-cardiotoxin and its
inmplications in protein folding. Experinental
Procedures Materials Ophiop ha%us hannah venom gl ands

WeT @R oYen Inferachdicd Af Repgdfes Midhi BABsy after

d| xslss@gtab@ﬁbr&ndf kﬂﬁﬁolla%?\ﬁ% @ggamt i(k) U§3t@ Ca-ﬂtSlelZleangﬁt &) -
e c i brar S cti

scpr Oé’ﬁ?ﬂ%]sO%\/\gFéu%sllf‘S I oy ét rlBS{“?%n{ gnﬂBﬁu%q gaééé

(New Bhgarxh@) BelobvabsteyactBevebe yweeMAP14R pEGEMIGEsy BCL1b

Veé\r;aoﬁcﬂfr Q‘E‘égécu%‘iksoﬁ‘) %)anﬁwag‘é{&y hn%’gpécé(ﬂotn @ngeen

agen CGer many

ﬁg%l&m@ rﬁCLRACEgCSII%NAa’anLPrCJaﬁt%PGﬁUVGlY Each data POlnt

represents mean of 2 replicates.
Detailed Description of the Invention

Specific details of the best mode contemplated by the
inventors for carrying out the invention are set forth below,
by way of example. It will be apparent to one skilled in the
art that the present invention may be practiced without

limitation to these specific details.
Example 1

In an effort to exploit the rich miscellany of snake venoms,
we constructed a partial cDNA library using mRNA extracted .
from Ophiophagus hannah venom gland tissue and identified five
genes coding for proteins belonging to ﬁhe 3FTX family. We

report the identification, purification and characterization.

of one of these novel proteins, PB-cardiotoxin from the venom
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kit (Contech Laboratories Inc., Palo Alto, CA), ABI
PRISMr) BigDye(tm Term nator Cycle Sequenci nhg Ready

w@Re@so@am Kit (Version 3.0) (PE-Applied Bi 0SysPENSG2007/000405

Foster City, CA) and Luria Bertani broth and agar

(Q Bl Cgene, Irvine, CA). Lyophilized 0 . hannah venom
was obtained from M. Duncan MacRae (Bali, |ndonesia)

. Al chemnicals were purchased®from Si gma- Al drich ,
exgeph the fol | qwing: reagents. for, Fdman, degradation
N-ter i nal’ sequenci ng (tﬁppl i ed Bi osyst ens, FoSter

G tyrdigapxinand abetomtrprtery Ker ekl IKE@gAfuRdrinst atitis is
Gerpany.) Superdex 30 Hiload (16/60) colu an _
SusiE e R 6 3 b PEOGEh B IRAR ke
purghersedif riomeAner sif®n Byoswi encesny dppaaica, rSheden) in
ange Phengenex, (01d anGha1 CAs WLESRACLYElNLy VoL AlsRSat

purified using a MI11Q system (MIlipore, Billerica,
MAjearts)-| TeeniveataneshGBaf shsedmeRIcE 6f e SRTHESEly as
puguaavrd@x@émbl Re A JTRLS s WS (AL DIA 1R & ThEE £ = AR1que
g were used for the i vivo toxicity study. Mle
SpEatpliemgDant eayne(iSD)e rodt 8-everdé otigeth fapd its implications in
el acdi ogram (ECG nonitoring (3 - 4 weeks old, ~
80851:(;{1888l ggj)‘ﬂg’ﬁd the Langendorff isol ated perfused

heart experinents (8 weeks old, ~ 250 g ) . Animals

Wet gAGauhfLd shbesadRe uni versity Laboratory Ani nmal
Center (LAC) and were acclimatized to the Animal

Hol di ng Unit surroundings for at |east 3 days prior to

t hmaexpetsnments. Aninmals were kept under standard

|1 ith f d t [ ad .l iLb. . Al
R R L R R T

S were accordin
pr oG L ¢ 17 6/£08 ) digperbied g kért inst$Q UG opdl use. The
ANt dRfen€ar £h AR Yses Lo e pih AGUEh r pf cdriie Natiiangha

Uni versity of Singapore. Isolation of total RNA Tot al
RNAT WS 13D IYAt Ed2F r eys: Iﬁﬁﬁéhc'i/‘é’ﬁoﬁ?%‘?rﬁ’ﬁ&eﬁ%‘?%dmw
RNeasl\sH) BM IRbs&) tBevieal y cagh , extrrtis @ Nyec30 r NP meiRO H)

gl gng tis WaSedd Jeo i RUI MG L2818  LLGYL:d; BEL L qgen
using a tool’éd
(Qiagen GmbH, Hilden, Germany), SMART™ RACE cDNA amplification
kit (Clontech Laboratories Inc., Palo Alto, CA), ABI PRISM®
BigDye™ Terminator Cycle Sequencing Ready Reaction Kit
(Version 3.0) (PE-Applied Biosystems, Foster City, CA) and

Luria Bertani broth and agar (Q.BIOgene, Irvine, CA).

Lyophilized O. hannah venom was obtained from Mr. Duncan
MacRae (Bali, Indonesia). All chemicals were purchased from
Sigma-Aldrich except the following: reagents for Edman
degradation N-terminal sequencing (Applied Biosystems, Foster
City, CA), and acetonitrile (Merck KGaA, Darmstadt, Germany).
Superdex 30 Hiload (16/60) column and Jupiter C18 (5 p, 300 A,
10 mm x 250 mm) were purchased from Amersham Biosciences
(Uppsala, Sweden) and Phenomenex (Torrance, CA), respectively.
Water was purified using a MilliQ system (Millipore,
Billerica, MA). All chemical reagents used were of the highest

purity available.
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nortar and pestle and further honogenized for 20 to 30
s using a Hei dol ph DI AX600 honbgeni zer (Schwabach,

w@ER00sm664¥4 | N t he presence of 600 m Buffer RLTPCT/B€2007/000405

integrity of the RNA extracted was exam ned by

denat uri ng agarose gel el ectrophoresis. cDNA library
construction The 5' - RACE ready cDNA was obtai ned
using a SMART(tnm) RACE cDNA lification kit from

Cl ontech. The BD SMART Il A oligonucl eotide and an
oligo (dT) prinmer supplied with the kit were used for
this purpose. The doubl e stranded cDNA for cloning was
obagi#ed using the Iong-UP and oligo (dT) priners
provided jn the_ kit. The double stran c was .

O] SHet FRY Db ERNT biesy (vl 6 S5AR darel Hig TR 1A

cl ot ing t appraigc hMad sbhegyl-asnids WO eratrt wedececkd nbo
cogpet.ent. cell at , shy

trggstgﬁwa ﬁ %gqﬁ%%%|?9n135§l%%m clonesQ%$aﬁ§?or 8
cl beg)were tdel berasdont i iglods ke MeralsshdeRPTG¥ed iments

X- gal Ry s bJ)llileV\’hl b&y 38l eﬂl'n%ris ‘EJBL%SWCQ§1M grexttct ed
from overni ght cultures usi ng M ni prep kit

di YEisteeat s ivg o ERYRY éﬁﬂmﬂfgéﬁF%ﬁaﬁég)dﬁ“bwir@bagarose
gedicdiameonidd wot fiee pheseneeiafng hmlrtns\ezrﬁounehmfm at
havu§%65hg |nserts we se uenceqhsegaratelxeu5|n

1 rlor [¢) als Kept under
aan3 prl S an& e fm eng sequences wer

assemibed andianaisy wédh fagd Bhdatdtem afailkelprad diify- 0AL11
Q%ﬁ@h %el&qﬁe}{@%rél@c%d&!&té@ a‘lccmrd%f)g Mol ‘:hQ Mt%[:%l

mas | oaded onto a Superdex 30 (16/6 gel filtration
coFUrﬁ’fO?ﬁhtaRRéW%‘hlﬂyl Fbe a&né&lmlwnsé PMmrrl Sepfand Use

buidretitCpH Eadpcpngt ehutediwohih dhieesan®y, buf eigdisirag

an AKTA purifier system (Arer sham Bi osci ences,

Uppsal a, Sweden) . The el uted sanples were pooled into
ei ghilafti actafonstalllrdde were further subfracti onated by

r er r Cc u ah
(eifoecraél_cﬁﬁﬁéaﬁngg&ﬂjt%gl %gm SaJ]Aa?yn 'vgn&b R@Qﬁﬁo&g ahy

RNeasy® Mini kit. For each extraction, 30 mg venom gland
tissue was first pulverized in liquid nitrogen using a cooled
mortar and pestle and further homogenized for 20 to 30 s using
a Heidolph DIAX600 homogenizer (Schwabach, Germany) in the
presence of 600 pl Buffer RLT. The integrity of the RNA
extracted was examined by denaturing agarose gel

electrophoresis.

cDNA library construction

The 5’- RACE ready cDNA was obtained using a SMART™ RACE cDNA
amplification kit from Clontech. The BD SMART II™A
oligonucleotide and an oligo (dT) primer supplied with the kit
were used for this purpose. The double stranded cDNA for
cloning was obtained using the long-UP and oligo (dT) primers
provided in the kit. The double stranded cDNA was cloned into
pPGEMT~easy vector system using the TA cleoning approach and the
plasmids were introduced into competent E. coli DHSa cells by

heat shock transformation.
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mm x 250 mm) colum that was equilibrated with 0.1 %
trif luoroacetic acid (TFA) and the proteins eluted

wWOowaok/0es4bd near gradi ent of 80 % acetonitril e i PCDSG2006/000405

TFA. The fractions were collected and directly
injected into an API-300 |iquid chromatography/tandem
mass spectronetry system (Perki nEl ner Life Sciences)
for mass determination. Fractfons showi ng the expected
nol ecul ar mass were pool ed and | yophili zed.
El ectrospray ioni zati on mass spectronetry The nmass and
hotfy8Rei 1% °6f ct¥fe cAB%2T protein was deternined by
elmhgﬁ@@rreayclmsz atak@(rjbel"_[ESSedS pﬁctarp{'m;er )tog’&Sln-:LN@) IPTG
usi ng 300 ui d chromat Qgr a t andem nas
o g580 b Py Dbt e Rth e e Ut PP P B ez Pea £rom
Rl@vlelah_@rftr aoltlmis weiey dgmecépi@ Mmsezdra‘poﬂclthedl@natysi@.ing
| QORI PLLi0E B0 NG é’%g‘a@@?& [ 80 SEhn 2k 4600

0 and 350 V , respectively trogen was used as the
néﬁ@ﬁ?’%‘@r ocanthe drearh- g?égsmmssﬁnaﬁa@l% UFPECE R ABpEADS was

Usedud eds Qlaﬁ@x@ted?' hyselgy T AhLosae el Omiet 51 4R itRe Of i 1%
formc acid) at a flowrate of 40 m/mn. BioMiltiview
sdfP Akt ée@%?%%EFﬁ%raSL'ﬁ‘ef“Bl%%laé‘Hc%%")lMﬁQ used to
anal yze and deconvolute the raw mass data. N-term nal
S%lflep ng ng)rtr}penajlrotel%uenm ng of the native protei n
Torme onmat ed Ednman degradation using a
Pé>r kbma@eprwqmlveedm Bild9yst elrs 1494 pulM3ediQ iwgird) piresse
PreL&dld csequUenGek rb&X %I 88/t Be@NeORThE NG €89Mn that
phenl yt hi ohydanti on (PT derl vative anal yzer. The

PTRE RATVAPT S Hirtho Ca@MAEE \6eriE  t Hefeg e Rt F3A

[ deﬂtécf iwedh byhaTRpRE NE: firhe ﬁﬁ&@eﬁhiA/[eI'AsﬁﬂﬁfﬁIdrOBystem
profiles th the standard chro gr

di‘ERF rm%sm Clgﬁec?rgjggopy FAPS CD%g]%e%%urtae (i%rbOlfﬁo
nWrWlp@medlmm rfg:aatﬂta@ooTHeseB]g@re further sub-
S@?Qétﬁ%‘ak@& IJRLEG e £AS69: LOL:RATN ?&f@}ma@éﬁyﬂ quidpan)

nmeasurenents were carried ou roomtenperature
ughn@quo@;&phy (RP-HPLC) using a Jupiter C18 (5 p, 300 A, 10

o

mm x 250 mm) column that was equilibrated with 0.1

trifluoroacetic acid (TFA) and the proteins eluted with a

X

linear gradient of 80 % acetonitrile in 0.1 % TFA. The
fractions were collected and directly injected into an API-300
liquid chromatography/tandem mass spectrometry system
(PerkinElmer Life Sciences) fqr mass determination. Fractions
showing the expected molecular mass were pooled and

lyophilized.

Electrospray ionization mass spectrometry

The mass and homogeneity of the novel protein was determined
by electrospray ionization mass spectrometry (ESI-MS) using an
API-300 liquid chromatography/tandem mass spectrometry system
(PerkinElmer Life Sciences). RP-HPLC fractions were directly
used for the analysis. Ion spray, orifice and ring voltages
were set at 4600, 50 and 350 V, respectively. Nitrogen was

used as the nebulizer and curtain gas. A Shimadzu LC~- 10AD
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cm path |l ength capped cuvette. The instrunment optics
and cuvette chanber were continuously flushed with 30

wQ 2@B/066404 ogen/ m n before and during the recorPCTgGLN7/000405

the spectra. The spectra were recorded using a
scanni ng speed of 50 nmmn, a resolution of 0.1 nm
and a bandwi dth of 1 nm At %éa of three scans were
recorded and averaged for eacthr spectrum and the

bagehd REsWases UbLr acivede A%éllv%agpl@ﬁ/mgé&o%u%@iyq@ b 5
MI1LIiQwater. Thernal denaturation studies using CD

speRIHGse6hy Atlastlewlrete péétrbpsharPimtudtiview

copaecled 1o aiGE At HE@%&N@B%SP%Q gond 1l Leth PY ang
Jasco PTC-423S was used for this study. Al recording

pal AEer 8t wdE FH#HE "eafed®s -nent i oned above. The
terrperature range was from5 0Cto 95 OCwth a pitch

10 C. Fiar-eU\l{e[(JSD ectrum (260 to 190 nm and
near S8 spec um 0 to 250 nm were recorded after

edthter0igg isegreasieg FhetlGDrnaasvalmgoteomiwanuperstormed by

goéﬂtté)%%’d %dm%93deg%%ﬁggorz%glgg] Wb, 2, 03t3 p uﬂ;ﬁl 1'2;d°f

and a The tenperat
uskiPsrsteihd %4t bighFofadi®id rhase Wépﬁeelrs Sfegnepeeot e(|Pﬁ001se)

adeivh sh r@{—llQHeT’V@iAp[)Q&relﬁh\ﬂ@§y<§Hr§t§QhVﬁde| 04200, 27 v Of
Mal aysi a) and adm ni stered through

aun,
thaénaﬁ{ﬁtz?]é ﬁéﬁa FOhEsryet lﬁ‘ejj PBLR% 2FO1S t15¢ i P8R vo
t mEmehyistlydydéntifiee. by Iﬁiapﬁirtgil‘dheVEdaste(cltﬂre \separation

ad;!?o'}'l %]é %Jltgnt}\(\@%tgg&]grd Qa\grhxgatEo rmnl tori ng st Udy i n

rats. e various protein doses 3fe” di ssol ved in 200
m of 0.9 % NaC solution and injected into the tail

varlr}cuswgﬁ@hzzls% icppesRccBecdgn Di ckinson, Franklin
Lakes hel d at _an angl e of about 10 to the tail.

THEITRY U ocae 1205~ VEE gb oAy TaReFdRd Hstteadyasco J-
ra&l@ speatirvpol oxineicty clasdy (Afltp':brraﬁﬂcﬁrtfITG)a_t{d),OrJJa@fanthe\ll

%taghpeg%g]d%nr%k%a\rlxgpeodnoug Qt roo%eg%fnp{eraﬁ t‘%ﬁn?raar 0.1

were adm ni'stere
mC@ePetﬂhr@@g‘ahlCrmlpsdp@rvegrcsupl)heandﬂhene@ynmm and

cuvette chamber were continuously flushed with 30 1 of
nitrogen/min before and during the recording of the spectra.
The spectra were recorded using a scanning speed of 50 nm/min,
a resolution of 0.1 nm and a bandwidth of 1 nm. A total of
three scans were recorded and averaged fdr each spectrum, and
the baseline was subtracted. All samples were dissolved in

MilliQ water.

Thermal denaturation studies using CD spectroscopy

A Jasco J-810 spectropolarimeter connected to a Grant LTD6G
water bath controlled by Jasco PTC-423S was used for this
study. All recording parameters were the same as mentioned
above. The temperature range was from 5 °C to 95 °C with a
pitch of 10 °C. Far-UV CD spectrum (260 to 190 nm) and near-Uv
spectrum (350 to 250 nm) were recorded after each 10 °C

increase. The CD was also continuously monitored at 203, 222
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wer e observed and recorded. 0.9 % NaC was injected as
control. Postnortem exam nations were conducted on the

waniosmb@oafter their death/sacrifice. AnticoagedESG2007/000405

activity The anticoagul ant activity of the purified
protein was tested by two coagul ation tests using a
BBL fibroneter. Bl ood plasma s collected from
heal t hy human vol unteers. Prothronbin tine - The

pr{s%@azcm?hﬁ v_tﬂtrﬁeg WL p %gﬁu{fedf @ggco%aqg ﬂac?ldtqb@th of 1
nmet nog, o | . 0 rs-
buffer h(ep]:—le(?’;;ef)atg’i?)oﬂrﬂpe of°551 d8HathEndtBeY Masof tW in.

protein dissolved in the assay buffer were

prﬁéﬂ?@%a % r%rtel g;c’t}ﬁlnls Zat%gﬁ Gotti ng was

initiated t'he"ad on° of m of thronboplastin
Wi Tlre mbcemnwraeagesnetol(vSugrm -2Abdpl oif, 0Sp douics, (Bddun,

cati g he recalcification t
neFigélﬁa %%:igjaccor Qm m%etrﬁ%- tfrhetohl%gl k ﬁanr%éﬂerl‘é?nea\lmﬁl p-
(26<)ute 100 te eﬁ 60/me¥r¢l$yl-|€tudwf1ﬁ1emlc(epHI7it4a,taltloveln

pft p| aSJ%1§@gt15<pc1% \Qgs tc@%ep{rptt%l nE@é %gll\éggld{@n su}gy

assay buffer were preincubated for 2 mn at
Cl ot triahg- vl varidwt edobyin klesasldicrieodi ofol56dnin G005@L of

M GGl y2e1 Herpl ydd %nas§§jyec$|e80gntfor QM h@a%'lt 0¥1r§“ﬂ£@ﬂ a 27

vol unteers was centrifuged for 15 mn
r oot PERADET dBaFEC” P ékbv%}mkaldlnséa]F%dNéhdh%t an

wesrey1eashegoir eg ttlonEBe Wdih . Ori29%iNaGk i onl R@spr ot ei ns
vver%edlvssol \iedll n 0.95 mM of 0.9 %NaC and 5 nl of
washed ' RBC el 3étd—’iféjda{;o oA 365 % suspension. 0.9

% NaCl was taken as the negative control. The tubes

vere j;psubated, at 37, 0C for 1 h . RBC were renoved by
centrifugation at 35 of) rpmfor 15 mn at room

t eHfer ab i€ 1aat Ahe faboryanesn dfrophanafigpapnetarit- Pnadoses

reaxd 1ahg A DN @f)kgS4Ra Mivo Bheed recar gl dtered to
rate determ nati on For

d, h
e Pt TR OB S (CEECS THET Eong & Rprag K DAUTByms

I atege observed and recorded. 0.9 % NaCl was injected as
control. Postmortem examinations were conducted on the animals

after their death/sacrifice.

Anticoagulant activity
The anticoagulant activity of the purified protein was tested
by two coagulation tests using a BBL fibrometer. Blood plasma

was collected from healthy human volunteers.

Prothrombin time - The prothrombin times were measured
according to the method of Quick (25). 100 pl of 50 mM Tris-
HCl buffer (pH 7.4), 100 pl of plasma and 50 pul of the protein
dissolved in the assay buffer were preincubated for 2 min at
37 °C. Clotting was initiated by the addition of 150 pl of

thromboplastin with calcium reagent (Sigma-Aldrich, St Louis,

MO) .



10

15

20

25

30

35

were anesthetized wwth an i.p. dose of 7 %chloral
hydrate (5 m/kg) . Needl e probes (29-gauge, M.A1204)

wWoR8/066serted into the front and back | eft paRCPaGE0TH00405

each nouse, and signals were captured using the Aninal
Bi oAnp differential anplifier (M136) . Signals were
digitized using an eight-chan §I Power | ab 8SP (M.785)
, and recordings were displayéd with Chart 5 software
( ABenstaifiieat son €asd |-€ Thel ocdYOW i AuShat i)s wef Imeasured
pr obes and equi pnent. for ECG neasurenents were

e

obf af Héd "P'r bin "ABI ARt ATBAL L2 eCa4E 1 @F 19| (PRSWL00 K1 of 50
Austirediisakicl e@RbENYRUS  EECO@i N9 Was10Bge afnG?ET? ﬁ‘elm"@ he

before an i.t.v. injection of various doses o
pr BE@TH PuAt$3°1989 mith thet eFsahéuf if eclererpretheulatms for 2

V Ok tirey £0f37 02 9 %Lbl_atgng\/\@§s a:l.qmtrﬂhtﬁ‘é@rb%ldtk(g Joﬁ%t‘f&gteo;fgl?g nl

group. The heart rate at different time points

anf® att 8 t3fe2i nj ection of the protein was esti mated
using the Chart 5 software.|sol ated perfused heart
wer e anest hetized with 7 %chloral hydrate (5

Rat. s

m%’i”écj YHS 4°8f 50 | .U . heparin (David Bull
Labbraat 6réreheaViinmibtkan UK)lunaset$jwast echtirifiugdd MirN15 min
prior riflCl i.mal., The heart S_exci sed
raé“?d3l()§@a}is1%§r‘;l:ta‘t':(géérp igﬁﬁlg%/%gﬁg? ed kP 263’3‘ aﬁ\;\g seclatr%‘f%—ﬁnd
sofl?ft'isoﬁe’(q amived thrraCHimeEgwOth KGI9$ANE L . KERPQK oL edns

Weldgssmggqn?’ 02§5 rﬁang01949 q\ﬂgég%ﬁ&t%ﬁgl 1c;"f; wBs ed RBC

7.4) before the aorta was cannuf ate
Latiferdded froapplriat as? - Nonspeesrcighat ¢ iy Sndel ofas taken

redd ageasleyperE uUsindRow tﬂeKIEIp§@A %irgniN@l%aEQ& rajteQ7o% for
6-7 m/mn) at 37 0OC . The buffer

at constant flow _ _ '
wels TeOREY HIGGST S BGBOTE FNHEE G5 PTpsand08 TEThe:, 15 min
The mean tte=mper &t el enedHeo aBgtiddneate ther s%gbrmaﬁala@dvas
[ u rLoups. t uffer flow was switched to a
sgc%ﬁdgér/eggr&giarn*/\l%i‘lghnmc'ont ained 5 mM of the protein

di ssolved in KH solution, plain KH solution was passed

farreburs gy d r%ﬂ %ohpté¥¥%%_QBdCHynyOLaég’ggpermination

Measurenent of isovolunetric cardi ac perfornmance
For electrocardiogram (ECG) measurements, Sprague-Dawley rats

were anesthetized with an i.p. dose of 7 % chloral hydrate (5
ml/kg) . Needle probes (29-gauge, MLA1204) were inserted into
the front and back left paw pads of each mouse, and signals
were captured using the Animal BioAmp differential amplifier
(ML136) . Signals were digitized using an eight-channel
Powerlab 8SP (ML785), and recordings were displayed with Chart
5 software (ADInstruments, Castle Hill, NSW, Australia). All
probes and equipment for ECG measurements were obtained from
ADInstruments (Castle Hill, NSW, Australia). Continuous
recording was made from 5 min before an i.t.v. injection of
various doses of the protein until 20 min after the injection.
The same volume of 0.9 % NaCl was administered to the control
group. The heart rate at different time points before and
after the injection of the protein was estimated using the

Chart 5 software.
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A water-filled | atex balloon was attached to a
pressure transducer and inserted through the mtral

wo 20088644t 0 the | eft ventricle (LV) through anP@msGE0DmM0405

in the left atrium The pressure transducer was
connected to a Powerlab (ADInstruments, Castle H I,
NSW Australia) data recording system The follow ng
i ndi ces of cardiac performn wer e measured and

averaged  f rom ten heats for each condition: heart rate
(HR, in beats/m ng and |left ventricle diastolic end

pr Besumer e LypEPhet Feadnagth 7 whrekriad BrdiaidexSofl/kg) - 2
comt ractol e. tﬂCthbMéﬁzyn (Baematmw G686t dy)S waBk Bk, UK)

excluded fro etitive b|nd|n sa
O B HGRE b Bar n v B e SRt e b oRa T AR Yne
(bhe&mtdwb@)exm1@ddcmﬂrlhmy53dh pehtsd ver exypirrahas e fhsem

r . Lif An ical  Scien B 0
PRASIALIET ol SoAM ORI RR!  SRLSNEES. d BREL oo Mkseo,
1o CRoFRalt PcatedCOBRGK FrfHans i rrad @hgcoserdt; tie 7. 4)

COlE@LQﬁ'et El\(@ abJr@gl W %EH%fas:eWeorUSt%@ Qalq-éerﬂiMrff apparatus.
-[ 3H CGP- 12177, 1 or b2 and b-cardi ot oxi n rangi ng

(-
f riPR B eRM T 2f6R AT 95 WI‘F?F%de}—EFrB‘ﬂﬁlfoé‘r veBut’l ni ng
12s &l utabh MHd c2radel 2u08MERTAongdnt. 410 Of6alr hEatin) oAt 37

vol Nons )eq i fi i ndi o
dotGr hPReg fgf%rbwasz CongPgRELy b %bq dpith %08 00 2 g3 ®

t heo3. n@h@lshmt@fw@enwﬂ(@aed (w) eqtprl@pratmlf@lr 30 min and in
hydr o6 %Péﬁggeth@‘fﬂlﬁrfeﬁoff@wnwaCsHR&UchQ@ & af Q98 ng

tenperafure, the reaction mxtures were filtered
t hreeghio VWhathiah @F/t@igkdss Wi ef dfiebpeotfdint digsolved in KH

( '\@dl@%%‘epl’éng' @B%l%?&@@«%@ Aé“sehC?OEOEu@tV}@§h15b%f1R €in
Tris-HJ buffer, pH he lters were

"sar?@doﬁl?féittrphe%r%ﬁh 500 m (each t| me) of ice cold
vvash buffer. A Beckman LS3801 liquid scintillation
nter _was u ed to neasure radi oactivity retained
6rRGt PR TS

on e ELHe @11 1 TUE L™ TS g Laf 1 THIFY KL was
cal cmltateﬂllﬂlecrriam bEbrarsiwag dthteceegdatd @npoéss@heng'

H§L EHé&éJ aga72nsé§%ea 4é;gagh{ghe mnggghdylbga{Hgo the left

ventrlcle (LV) through an incision in the left atrium. The
pressure transducer was connected to a Powerlab
(ADInstruments, Castle Hill, NSW, Australia) data recording
system. The following indices of cardiac performance were
measured and averaged from ten beats for each condition: heart
rate (HR, in beats/min) and left ventricle diastolic end
pressure (LVDEP, in mmHg), which is an index of contractile
activity. Premature contractions were excluded from the

analyses.

Competitive binding assay

Cloned human B-adrenergic receptor subtypes 1 and 2 (B, and )
produced in Sf9 cells were purchased from PerkinElmer Life and
Analytical Sciences (Boston, MA). The radioligand (-y-[*H]CGP~
12177 was purchased from GE Healthcare (Buckinghamshire, UK).

For the competitive binding studies we used 0.15 nM (-)-
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VWhere, the 1C50 (concentration of the inhibitor that
di spl aces 50 % of bound |igand) val ues were determ ned

wyoophatsvdi Nng the % specific binding in the Y-ar€BESG2007/000405

versus | og [nolar concentration of protein used] in

the X-axis, Kd is the binding affinity of the

radi oligand to the receptor. tf){fewsul ts cDNA |ibrary

construction and identificati of novel toxin genes A

par c library, ted u ERHQ

[ solﬁat%g}a %ﬁn v'gng%n Bz}l\gﬁ%cﬁ?%g%ﬁ&ogq?hﬁé A KSSVV%M £o

wete uthLeréStneﬂTrns%mm hof Boukantawiight 1:pr5otne| ngCif.r amd 2

t he venom we p pi cked 346 clones fromthis library

colft it ngP't nsé‘rtEOtraénéFﬁ@tﬁoﬁ‘ P78 M8 108 to- 800 bp.

Theodgpeti abundant ng egdenses iaupd i vkhe 1 iPraryr WRSand 1 -

that of long neurotoxin 1 (Fig. 1). Five new toxin

ge?]es fner & Peletts flinedusim Pﬁe? i P t engPRoBEG@dAtes
Mm&*ﬁﬁ t@féé}e GWn C;ﬁl%ggggl(gla%@ Qﬁ:ﬁneté@y 44:19@;

AY354200, DQA02574, D@02575 and éf? romthe

coherraat £8fs MpAE s VRES c%ﬁ&?ﬁ%i‘éothtrﬁa‘?h hetppeE/C glass

gerﬁ_ﬁﬁroElBﬁedEﬂilﬁ:Qfs povat e tisn <) e EAGITH Hig peestdmeaFirrxlce cold
faml a(lgg ]Bl‘g rrp'gspltlet %Iurt?ﬁelzl 7. 4)) The\l\?l ters wer‘e

non- OXIn Yends Ing t os0nal "conpl ex
wetashakdsoines aliat €dvitAY85e 1A9 (aach A\{aSYOJm)lce chamealsh

ot he Seq hat, were o ned di d

oot esky habERRan v dh | BBhie SEQudne LI sRh P g oo
base meEpgre The TinbicePhllv AYE35419Beencodes: fweshed pfn@ter:n
with a nol ecul ar wei ght of 7012.42 Da, which is

closely related to proteins reported as precursors of

caftfl 688 1% 2f EMEY KABBS3631culABBS 3632, tABEER633ing the

ABER3634n a¥d cABBS36:35praddrd denfi fied from O . hannah
venom gl ands (Figure 2A) . These sequences are highly
simlar to each other, differing only at 2 to 5 sites
out of Kaht Clitst ke {SubstiRkat o DisnKPORK«VR22] and L53V are
conserved changes (Fig. 2A) . Despite being classified
as CTXs (or in one case as a short chain al pha
nalireseoxtie @Aﬁﬁgqgﬁggptfat}ﬂp of the inhibitor that displaces

=}

50 % of bound ligand) values were determined by plotting the %
specific binding in the Y-axis versus log [molar concentration
of protein used] in the X-axis, K4 is the binding affinity of

the radioligand to the receptor.
Results

cDNA library construction and identification of novel toxin
genes

A partial cDNA library was constructed using mRNA isolated
from venom gland tissue of the snake. As we were interested in
low molecular weight proteins from the venom, we picked 346
clones from this library containing inserts ranging in size
from 100 to 800 bp. The most abundant sequence found in the
library was that of long neurotoxin 1 (Fig. 1). Five new toxin

genes were identified and their fulllength sequences were
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bi ol ogi cal properties of none of these proteins have
been characterized. Interestingly, they showed only 55

W0 2@3/08643£quence identity with conventi onal CTXSI/8QZH07/000405

CTX-like proteins (Fig. 2B) and even poorer sequence
identity with neurotoxins (data not shown) . Further,
nost of the structural differences between AY354198

and conventional CTXs were fothd in the | oop regions

(Figbni3fa Whitgh %WG@HB&MQEEQ@aJ0|(§Y:§5r!11t9|§e AY354200,
interaction of 3FTXs with various target proteins (13)

RO2ef r PR 5 &% ¢t BR2AH7S) priotasi he oc9FeEY AL CYRI t h

a ghsddracle pfoat:emﬂbd ahgetanandné e eyehibi éndbdteﬁefcemtprotems
pharmacolo 3}18 %F ts than cla %il cal CTXs and h nc
I

exat Orﬁ‘@a“?hé’ c AP Profér TTEE SPRTRIREOBF Ot R lgAs2)
s howm nloel-owy int be&qorbeﬂengnngndeedles roweschedt cnoplex were

bi Iy ro C ot a
R A R Lo L L AR T et A T
coferit i bl W€T§(50bt|atlna‘ét%lda§0%\ Perabhveerchantth

degr8a885e thgubeatd rahecRndabensewas; pangd as b-
cardi otoxin.Isolation and purification of

b-cardiotoxin Qur initial LC M5 studies of O. hannah
verramcORS)aysiianedl dntaties trczont ptdieia PIot @i foldddlathe

rmleclar 7013..80 1 27 Da_indicati t he
pr ‘esé lfll(t:eOfof A%B?Af(l%‘fg p?lo hellrs1 ?lnosteﬁé’ veﬁagcr%% % fover®
prigtreirhethess puedfisedsbyt fqaalrkiwlmgntshécmmcuhélﬁ@cwﬁass

OfAéB@%E’f Oot:@sB3 Y | @phg acid QH&“A%%%Q?) %fllidﬁdé/r@c'l‘%%&’ffrom
O . hannah usi ng chromat ographi ¢ techni ques. W used

t vio- %éﬁaftﬁ’reaﬁ‘at‘iﬂg’ﬁ“éﬁhyF Wprosth, ThAE? A FET ﬁfes?%‘ly
cogmrlusedtcofeaalepc&n@trl n@lﬂﬂé&lﬂ@ﬂ:ﬁmngﬂpDrt%nBSs:bﬁfseauﬂrbf

th sjzes in [ ks |Itrat|on
chﬁqolr(fgt %}éer ap y‘t' l% &%%’Su%seqaﬁg + 38O PEAR *Phas
f raengenatiEd . b&A)RPDHPQ(tQJsblemgg a:l]atspnfeerd @%8C®&Ti(0r in one

prepar ativeneel um;6f pr}rexagpi@uoxﬁﬁak@9(75'69g ﬁ%) :

Each RP-HPLC fraction was then subjected
arfioy8p5caio pyepitticiecf HErRass Wirdeheiieinhehdentaet ve

| dentrhbt Satdean oftetrBer PHEel thdyWahawadtorshows)- c5The

Efﬂé&X@ncg identity with conventional CTXs and CTX-like proteins
(Fig. 2B) and even poorer sequence identity with neurotoxins
(data not shown). quther, most of the structural differences
between AY354198 and conventional CTXs were found in the loop
regions (Fig. 3A), which play an important role in the
interaction of 3FTXs with various target proteins (13).
Therefore, we expected this protein to interact with a
distinct protein target and to exhibit different
pharmacological effects than classical CTXs and hence examined
the biological properties of this protein. As shown below,
this protein indeed shows distinct biological properties
compared to other snake venom CTXs and hence belongs to a new

class of 3FTXs. Unlike conventional CTXs, it acts as a beta-

blocker and decreases the heart rate and hence was named as [-

cardiotoxin.
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fraction 5d (Fig. 4B) showed three peaks with
mass/ charge ratios ranging from+ 4 to + 6 charges

w@ dasacaant shown) and the final reconstructed BOESGZOOWD00405

showed a nol ecul ar wei ght of 7012.43 0.91 Da (Fig.
4C). The ESI-Ms spectrum al so reveal ed the purity of
the protein (Fig. 4C) . Ntermnal Edman degradation
sequenm ng of the first 30 re%5P dues further confirned

nt |t f rotel ectroscopy The
g%‘ﬁ%g %/Ifoﬁé’f] % aéﬁ@ﬁe?ﬁg B?Jé &%t convent i onal
catD@ht am@xiams 1ands bstoaide 04 0X0. Nhaetsh anadbly zed) ushawgdCbhat
spect r opy., Naniproin, a ,GTX isalated from enpm
R R e L L
220. FmPanihdira aberide pasianem af A964198 aFopmimnd the

CMl& ot & ke Hbece\iﬁn@zlg QhrNaj &y atr P@ll%ﬁz@)’x\ﬁdt}fé 912

maxi rum at 220 - nm a small m ni rum at
nnY&fdLaked r’ﬂaéﬁs%f rfé‘)?l REPGSE Toble fIQSt%ﬁﬁa(tFP@ t@AfrUde

I n"ée&fo&lsbf gl yzanba@aisdh@t&a@dmasa@ﬁmlbnt@ﬂﬁﬁqﬂwj Memuaéd a
m and smal |l nmaxi nu nm and _differed

212 -
si gMFi %n‘i YU FSHhARE EY SRS trwzi‘e&‘e Phe dtRer>t5Ro
cmnmnsenhadf @é’p(sra(tFilng tipAlvendherampbneermbasad i@p their
studj_es

horia nt ofdl g or ML g b oardr b A Her e ks
a ket dedrbaseiantlyhecdsh sheletvasi §ruttirspteiviby BP-HPLC

95, &L nand Jmtear@haatsea;LZPJéTﬁshgblmee@ommr@ar1&&@% peak

[ nd| cat| nqu t he_i nducti on random coi | conformat i
(F ¢'F18B)*8) ) | nEarie T AGHY T BCEAMUI"EE ok GT GHEET Wt t] BST-
ccmmlaehey@tsr tot mtairmtlhan&et mafs aatndhhglhc&r thenpertattures.

Dol%%'n%iﬂ&aé:g% ff E)roztzeslnmpdgta no sho aaﬁlﬁ eq_lSEOMS of

appear at the presence of
selcardary st ﬁﬁew uréd) eh@mttér%eﬂp@aksopth Fienw/rf-élrarge

b- Gandi ot My AgWesor] @S9 tdar RDSEARe ¢omansd $dwn) and
conventi onal %TX and started to undergo structural

t r'difs 7o “ACORBONCT?PE WG Bred BAANFRE pr6tarhet

attoaicnes 4 leior mat(rvg. S4T)UCTHE &5 THEONs OB LAG Is® revealed
the purity of the protein (Fig. 4C). N-terminal Edman
degradation sequencing of the first 30 residues further

confirmed the identity of the protein.

CD spectroscopy

The secondary structural elements present in conventional
cardiotoxins and P-cardiotoxin were analyzed using CD
spectroscopy. Naniproin, a CTX isolated from the venom of Naja
nigricollisz, showed a small minimum at 215 - 220 nm and an
intense maximum at 190 - 195 nm and CM18, a CTX from the venom
of Naja atra, showed a maximum at 220 - 225 nm, a small
minimum at 210 - 212 nm and an intense maximum at 190 - 1395 nm
(Fig. 5A). Interestingly, P-cardiotoxin showed intense minimum
at 212 - 215 nm and small maximum at 198 nm and differed
significantly from the CD spectra of the other two
conventional CTXs (Fig. 5A).
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5 C(Fig. 5, Band C, insets) show ng that the
thermal unfol ding of both the proteins was conpletely

WO enenedsd e. W further investigated the effecPCD8G2007/000405

tenperature on the tertiary structure of b-cardiotoxin
usi ng near-UV CD spectroscopy. We used a higher
concentration of protein (1 gg;/rﬂ) conpared to far-W
CD experinments as the signal % n this region are

Usead It Weaks ,29) i on Ehegnel denaturati on experiments
as descri bed above were repeated with a wavel ength

sCER FHC6HT ITOPHNTED SPBAOYRA CPhatv@akhposieimge SiigHares of

obtwi edqaf&REoHaRY b Lok e cRIRLEt L Absence ofe -
Trp and Phe and the presence of only two Tyr residues

i nSherd pronadi Ao Wtlér é§t?5hglcyan%1tt% ghed atte%ér%t Fhested

(>toardp 1hEhe YWas Rtdh@PHeN ihbecsiognal AdHabMi & 1a
total |loss of tertiary structure (Flg; 6A) . Wen the
safiptferiasid dfty- OBt ethtfERAtivE Y /0 efexifagngerwent

COMMidRbee t £GRYREYurdal then LR :8h dalhighew Rehpt aturlle
process is reversible The | oss of tertiary

i g.
st PUR Gr B BFGer Vet n %%ﬁ‘s “ﬁ‘eﬁ?gﬂL?\?3sB@cf?alfﬁ1eE‘FF‘i;.ap§e7r at
cog NCicdedd Watthing herebpsbegicet 8f an-hRlliiXat ranshtibon t hat
was observed in the far-UV spectrum (Fig. 50
r eVERICERER t IR epedgeiE9 ofSCA - b Etdiergl Biireiotesjijpewas less

st B mbBaibiletahfed S 66 ANERLY t S§HAC K ead@.' tsbarted to
concomtant loss of tertiary structure ( ?
)CeB?th

vi VEeEaRi Ty PR Idy T TRT e ogr Bhipoot {hr é:e <Fré?e

20crg preaeimswet e ihsadthe it heti_@s)(ls(tlrtlytlsﬁd.th§Sn chd@ing to

fids oup.regejve thre easin S
LS A SESEr, LGRS PRSI O Py
t H@f@ﬁéwmg>feb¢1éttt§1ev\e¥<ete@mese¢§/ qmnwmlefd reW%lble
protein was not lethal up to 10 ng/ kg dosage. At 100
/k%, the mice showed synptons of | abored breathing,
'nﬁ”ffa' Péﬁhefrodﬁﬁ%?’il@ﬁteﬁa‘iﬂ? GE L Es PdnSEM R 2ERF - rifalthe

stddndh brand rdeal egcprdedistdem abow RAr-0hn.cp
Post nort em exam nations did not reveal any henorrha e

orSRACS HAF C WA maltfe 1564 AtEOHEF SPYEAS ATt RE RE6AE
grmeupl) acsipagte woser{@ Tomgkkeyimehta-dungar oioxi g, il

pcghls region are usually weak (29). Thermal denaturation
experiments as described above were repeated with a wavelength
scan from 350 nm to 250 nm. The weak positive signals obtained
are probably due to the complete absence of frp and Phe and
the presence of only two Tyr residues in the protein.

- Interestingly, at higher temperatures (> 75 °C) there was a
drop in the signal implying a total loss of tertiary structure
(Fig. 6A). When the sample was slowly cooled down to 5 °C,
there was a complete recovery in the CD signal showing that
the process is reversible (Fig. 6B). The loss of tertiary
structure observed in the near-UV spectrum (Fig. 6) coincided
with the B-sheet to a-helix transition that was observed in
the far-UV spectrum (Fig. 5C) revealing the presence of a
‘molten globule’-like state that retained secondary structure

with concomitant loss of tertiary structure (30 - 32).
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neurotoxin isolated fromthe venom of Bungarus
candi dus was injected. These ani mals exhibited severe

w@anahyads of the hind |inbs and they di ed i n BDSG20080000405

mn after the admnistration. To the last group, 0.9 %
NaCl was administered as a negative control and no
synpt ons devel oped until the aninmals were ultimtely
sacrificed at the end of the %t udy. Anti coagul ant
effects The effects of b-cardiotoxin (final
concentration of 50 mM protein per assay) on the

ex{? iVH¥Pct@RFitht #5499 ¢ pat hways of bl ood coagul ati on

WeTtere@s § 65§ ot Stk el msl@rnmcer enbion gl | dE-raRdré 6gRIChih the
icati.on tinme, respectiyvel Cardi ot oxi_n di d, not

cal¥e Cahy %‘i“&ﬁuefr C f&ﬁ%‘%gqég‘lﬁ’ T &Hhevet dttehghtfangsing
CcofRiseds t@-cahei 6Kinok1 iny/RE M ARSAYS {fd 900 7RY/kg) and
Thuys, we conclude that b- cardl ot oxi n does not aff.ect

bl deBB‘éJgrtﬂ SEFONSS MERDI SAFSELAAIIVEPYe YashEdPRUeR Was
err;dmrlecw.‘eslpweoem medke dHostatyl. tcapdimd/Oogl, Ntidd mice

co r ns _rangi m1l ng/m.to .10

(PSR ST SN OBG L ATZRAE! ot AU fotion,
hefastky pF creeernge o e?herrp?rlotsemulm dnaoteaghoncaumred after

Si ag%'uft' §@"Hlnhegpé&frto'r@eﬂcéﬂa\ﬁllgyt%st G?d Q'QJ%OE:Q@@&le any
val ues of the highest doses were conparabl e t ot hat of

t H?Hﬁéﬁlailqe\/é’rcﬁﬁiqa& dﬂﬁ?q‘f t?B)nterPﬁlC%?ﬂalnﬁst To ¢tfr expamd
Shﬂ:\@%g Sk %‘nﬁgﬁgaﬁgsehqgoi )ﬁg/ﬁgﬁcﬁ &Lgﬁ{néé:rlogong) a potent
|

Cardi ac effects of -cardiotoxin The 1n vivo activity
of "THBLYF gt AL RS 6é?‘érftﬁen§6n%‘y Oédﬁil?ﬁ'asrtuér FRRA e was
priotjetbed Ntroecasestiiat k zechivat &d raksranth AVREL OrdNghé heind -

changes | ced.in the E ttern For th contr
ANgE e S ST B0 RS gt Afn DR ERtion-
any therkestasroa.chafge Naglt es helamtlmiastredam 61 negative

| R th O rdFhg- sﬁx@toms TJsze@QI!S%J”u%EE@tér%” aﬁﬁmé:@(w@%s

as expected, increased heart rate and 1 nduced a
pd’sllttli“%‘ﬂéelé’hFéﬁ’éﬁlé’ﬁfica?éftfh@cﬁnfﬁ Fifgthgmtudyln contrast,
there was decrease in the heart rate as indicated by
arhnltg(c:gaegausl%nltneg]e di stance between
The effects of P-cardiotoxin (final concentration of 50 uM
protein per assay) on the extrinsic and intrinsic pathways of
blood coagulation were assessed using the prothrombin time and
recalcification time, respectively. PB-Cardiotoxin did not
cause any significant changes in the clotting time compared to

the control in both assays (Fig. 7A). Thus, we conclude that

B-cardiotoxin does not affect blood coagulation.

Hemolytic activity

Washed human erythrocytes were treated with B-cardiotoxin at
concentratidns ranging from 1 ng/ml to 100 pg/ml (final
concentration per assay) to determine the hemolytic activity.
The protein did not show any significant hemclytic activity as

the absorbance values of the highest doses were comparable to
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successi ve QRS conpl exes upon adm ni stration of
b- cardi ot oxi n, suggesting a negative chronotropic

webdoeosesphat m ght cause bradycardia (Fig. 8C)rPCi/BGEN7/600405

conventional CTX increases the heart rate, while
b- cardi ot oxi n decreases the heart rate (Fig. 8D)
This decrease in the heart rate induced by

b-cardi otoxin is dose- depende?ﬁ (Fi g. 8E) . Thus,

b- cardisQt oxd | Qgﬂpeescoﬂggc?f ! ‘é‘% hfgnot L opiSILLA the cvig

heari rate in rats uniike convéntional CIXs . ['solateéd
peffreed s hewirti carudiege 1 Thic dictéeiteffFéegt s/B0n car di ac
tissue were deternined using the Langendorff isolated
perfused rat hearts. There were no changes in any of
t heaeHirdi atfqsaranttcsrifetdrdéncont rol group (Fig. 9A),

whereas bn?@ra@lts?\t,pey £l aﬁ@%ﬁ@t@lM%@t ay&&hﬁga%g opi ¢
effect (Fig. 9% b- Cardi otoxin at 5 nmM caused

mef KEd L PERRICG BRS iRTOLReN hiddot 2aPat'detired moes wtt%éafi
anyorsitgni hd Gaat cehrargeihduddie ifofid a&CtipdttgrasS. For the

i ndi cat he LVDEP Fi 9D) Th he decrea
i ?Ctro ear¥“atr13t 29 6 L]iﬁgeedr %’lyl cardi O?I?)é)l(q A PRS §ed
m)srtd phebalbiay doechamget &n dmeebealactrla(oﬁ eoﬁtetrhen:(mxtdpac

£SsRy C%g' 9<§:B’%'1th£‘éﬁ>rn38ff' Ofk Wt B, Qradrenergi c

receptors are expressed abundantly In

ca%fmreﬁﬁe%ﬁheshe%ﬁf rRee Rt riefered S gredtiing esPRgEopLe

;ﬁ§fﬂﬁgﬁ|b@ﬁ§ fegn) tt%? @@Hiﬁﬁythoﬁh$%?ahﬁﬁr@ﬁdieé@@%in the heart
erefore ot hesi zed that the chapge in heart

rat &S B%ejr’\}je‘&a}/%j e8P hERGFEG° r Ht sthﬁng %Sthkeed:ween

pesddesedi vatorbeadsl esobll ebdhe aduen it rhfi@r aet [B-Qﬁraﬁ.otoxnl,
b-cardiotoxin with b- ARs, and. hence we

er
r ati P b 2o P RE Ty SaSREYR T AP (STt n‘Bhghstpé?éFf? c
blhmahdlygao:ilar adigl isgandTusl- | aéﬂ\@ﬁ@ioﬂ.@l?ﬁTXt ndreeses the

L PR B o e P T Bt atR e, LB P oragt ~tris.

onéry; .2This3 d¥cpP@fssSpacthé mdiradi ng: tlﬁdlbzte'dD\ByplB-Qﬁ&B&lbtt&ﬁn
and 1 - 2 % non specific binding to b2-AR preparation.
(S)s des§-dspeppeandiFdp - Mkdr-odhrdr iPdeafidiotarsd s¥geas a

POSddaic Vee CORLAOE rdpl shhen sthedYeart rate in rats unlike

conventional CTXs.

Isolated perfused heart studies

The direct effects on cardiac tissue were determined using the
Langendorff isolated perfused rat hearts. There were no
changes in any of the cardiac parameters in the control group
(Fig. 9A), whereas P-cardiotoxin induced a negative
chronotropic effect (Fig. 9B). PB-Cardiotoxin at 5 puM caused a
marked reduction in the heart rate (Fig. 9C) without any
significant change in the contractility as indicated by the
LVDEP (Fig. 9D). Thus, the decrease in the heart rate induced
by B-cardiotoxin in rats is most probably due to its direct

action on the cardiac muscles.
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and 1 C50 val ues for the displacenent of bound
radioligand to bi- AR and b2-AR were determned as 3.5

wmbdoaneb404 5 nM respectively (Fig. 10). The biPdi/eg2007/000405

affinity (K1) of (S) -(-) -propranol ol hydrochloride
to bi-AR and b2- AR were cal culated as 1.9 nMand 0.2
nM respectively. These val ues are in good agreenent
with the K1 val ues given by the rranufacturer (2.6 nM
n%a& %1nlc\4>£10nr 1b£ ~AR 909 Wbl g ?Cicvreecg tors (g ARs)
dirofoxih fhoved "Aa°d05ed I Splac f
t he-Aradi 6d |eg<@>rﬂds£ed] -a&auadrﬂr@@- 1ﬂ.2c£|a2:?1.101hﬁ§ﬁ)t‘éa| alzas tfh@r
thaed]_lenhl bitian o; and_bi ndi ng_to b%fAF% hb2 AR of
wefe def &t minéd® lng1 *Afi &nd°5 nfrﬁons% $pecti Vet y U g
10hedktandtd (33) . THerkIioforwebhgpotdieotoxd rtlbltndh@@maogblln
an}ge;}% é& $ \Qé?!:l qgl Qﬁ@?&h@% ?e(? r%agrgd %sglMd perfused
respectively cardi ot oxi n i nduces negative
chraonberops @oeﬂﬁem don thenheaztticat ef - deirAdetrginowith B-
1LO t t R,in
T R B R e A R i e
br Eenstii n@hqjuwoﬁr@mﬁqqfeg 11>erdmneeof IrtadllﬁlW?éldfl rkt[*HICGP-
eXPHeROUS &, 0&@&%&4}' gbegae}ta%ﬁéﬁg Sval hBe DRSS AR NERCES) -

it was nanme cardiot oxi n _
Di s*du@spmldidvxaﬂsr@ehmrldﬁieseals%ga(iwb)gamdeswwbﬁrléadz -
and .a i I i.Ssye N 0 natj an
ot oo Bl A Ry R A e P G R A e
ms‘,;ieicomaﬁ\rtamldd:a@ tad Bh AR suéparatipom ne (or-pmpeafiorais

dy@é@cﬁl?% ide \S:VsD aciggsgi C{]ggrgypO]SlthV%é:e n¥r§l dl%attlﬂg %tudy

e nunber one I"er as it
aa:sﬂemgr v8lie3 %odedtchsismla2@08nt 'erbeammmqum@t to B1-

of CVD and it is estimted t conbn

G PS et g e aOEHOE PR G £ Bat AGoCUTS M- SOgREELvely
WOUH i . bBO)$4@Be1bb1d1Ingomft(1&4)cy Bet ad»f ok ern s) -patoipe lin@lreg
ant agonij st s of Rs are the drugs f choice int

nn %I Jfrdfie %Salndpgzt iAgnvtleSre( §3 g)al)atﬁdt S 1.9 nﬁ and
nytoaanm aﬂespa&aimuyonﬂaerse gbVess taebaublmldea@r@mﬂt with
argival A ,hospital s d;'aexamf%c?g;§ PLE3CHE GG 814 6l cor

dlscharge as a chron c therapy I'n addition, beta
B:-AR and B,-AR, respectively). B-Cardiotoxin showed a dose-

dependent displacement of the radioligand (-)-[3H]CGP~ 12177.
ICsy values for the inhibition of ligand binding to B;-AR and
B.-AR were determined as 10 pM and 5 uM, respectively (Fig. 10,
A and B). The K; for P-cardiotoxin binding to B; and B, ARs were
calculated as 5.3 uM and 2.3 pM, respectively. Thus, B-
cardiotoxin induces negative chronotropic effect on the heart
rate by binding to B;~-AR in cardiomyocytes. Its interaction
with B,-AR in the bronchi may be responsible for the observed
breathing difficulties in mice. It is the first exogenous

protein which interacts with P-ARs and hence it was named as B-

cardiotoxin.

Discussion
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wWo a®ssbabur e,

bl ockers are used in the treatnent of many

pat hol ogi cal conditions afflicting the heart and
such as ventricul ar arrhyt hm as, P¢ES862007/000405
failure, digitalis intoxication and fetal tachycardi a.
OnM ng to the presence of b-ARs in various non-cardiac
ti ssues, beta-blockers have al so been used to treat
conditions |ike, nigraine, efdential trenor,

S'é&%%ﬁbQQéﬂulé@X&fgé&seé'?éUHﬂ a@étJyé ad and are a major

hyper par at hyroi di sm gl aucon, porta yper tensi on and
gasalonni estel Anl ths dedpirpeEasitiongpsFopfexgmple, a recent

bedrardy! eskansdqi thal hBbeal71USenCUri@nNihyridbe SdBlds suffer
nol ecul es belonging to the a ropanol am ne cl ass

ryl oxy
(38)°™ ©ORF tHolighS tirefsare %Ddé%’/@’ 'u§§8 HHYSi BPHNY have
enceuyt erettaevaidlvapr obl ensbas soei aiEIZbrWIlhht}teheJSA as it

cyrrently.avai L able el agl t%Cklenr 2005 h%e%gé’égm%‘%eﬁr%pact

are availl abl e as racem c m xtures of L-
D-@n&fbi orduge, winer étohd \estheateshahet orrer cexleyrtest direct

belfr bhockade yhid ¢+t Pﬁeé%lﬁea@&dsoqﬁr 20@Pabh1d r@“s@@k ng
inert, may have adverse side effects. For exanple, in

a Willilhpeal 340 Rétabdpaletshe wbidharei @mgooﬁsm@fmﬁdéﬂi&y
usgd bgt QirQllggcgfrch%QEéll _Ql thble MBS EEPAH @Ypt haf,sthe

nortality increased by 65 % conpared to placebo g37)
VERR 1BREA- BPot ket heRMP AT L0 YiiRg CH R leg e ot ven
| ifuepRéHd Gint ¥rafithiset hespithes althkit é/rd Q16605 scribed

ran rriers and reach_the ce ner
R it Fue g or SRR BES e Ne ha P oe i nseta-
_aruiophsmmalra (36) in BSowereetoerlt] ockersy arehshwiatl o
I NGRS ELHLS %kﬂ&ﬁ%gsb?&%%gg?dar{ﬁa ch}RuE ksh% as

di abet es (3 new ers wt
SPESILE &4y aﬁﬁixt@wgméle@ffﬁe&léua?e @&lﬁgl}s%uglﬁpxwatlon

| sQlyakion %cﬁy&%ﬁ% p&v&tn%' E‘of{h%”EQeseJ&%nBE‘rB Apgaom On
screening the cDNA |ibrary fromthe venomgland tissue

ofvaol ouh ypiaha r e i aewqefsVeae‘%ahbéOﬁbwssWxg alggebpen used
t heser3tI¥enghomed onky, a@guslr@s % sequencerddant ity

w t.h conventional CTXs I at fro Naas Fig, ..
2y oS SRBdGBRTY 1 S BENer L EBOFLY (36or a0 Rabiton
desenched phetsedquenciaigioh dde g&atmonltestlnal bleeding

(35). Most of the beta-blockers in clinical use currently are

small molecules belonging to the aryloxypropanolamine class

(36) . Although they are widely used, physicians have

encountered several problems associated with the currently

available beta-blockers. All betablockers are available as

racemic mixtures of L- and D-enantiomers, where only the L-

enantiomer exerts beta-blockade while the D-enantiomer, apart

from being inert, may have adverse side effects. For example,
in a clinical trial using the D-enantiomer of the widely used
beta-blocker sotalol, it was reported that the mortality
increased by 65 % compared to placebo (37). Many beta-blockers
exhibit varying levels of lipophilicity and so have the
ability to cross membrane barriers and reach the central

nervous system, causing adverse effects like hallucinations

and insomnia (36). Some beta-blockers are shown to increase
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toxin and al so sone closely related isoforns from cDNA
libraries (Fig. 2A) , which shows the useful ness of

wo biaog/oeqaps oach for identification of novel | owehsazandoo4os

proteins that have el uded detection by conventiona
approaches. Here we have described a two-step

chr omat ogr aphi ¢ approach for the isolation of this

novel protein (Fig. 4 ) . | denti fication of unlque
SefﬁHHi@Byréglsg%RtgfﬁndCPQféé'Qﬁ%'£HEH3%? &fgﬂgt@g Thus,

i nternedi ate cardiotoxin CIXs fromdif ferent

cobiva Peendnchare Wéenhedasorfi eriitat end ievdpsig péfects
SstyMCtUl Al suBet asses based on their CD spectra (41).
The secondary structural conformation of b-cardiotoxin
i's unique conpared to both group 1 and group 2 CTXs
(nanﬂpmmbM<ﬂhd M8, presqectirvely.) hakhgh wApmand hence

i S structu |1 f.erent fro both cl a
(o ST AL b SE80, LEPBACLSL 49585 S o
r e®i d@esafaparnet ifergmfipe BivghneQF TKesi el e ssh 38FEs

thoughty £, PhaYyuansi BPALdaRtel Db tily W 3l 8bAYdME ional
structural ‘integrity of the three-finger fold. Anbng

t Hesat 8o fed2orathdargr szl (Fidi AR hav ﬁnghsovwowther
Chﬁél’ﬁo@a!s di o catavenddé ofbay wid &qusérmm;uealtw@ame
functlon (espeC|aI Tyr 2 r s.in .
RepxégeﬁéntIS? W 2 ggf:y g %%%éﬁdégf??P%ﬁg g?é% i'on of
b-sireetisegiFoas 13t wekicl cbpss |ttendséfulardsr eplthdenent

Ofaég%gaéﬁ éd%dlééhﬁi%ﬁygéfg ofpﬁgJéy'Q@&IéﬂﬁnBQnErE%otelns

gl obul ar core region o he nol ecul e, the overal
eff@ét hpes ﬁéuae%éi@ttaﬁﬂqrz@dst:?wn&ﬁa{lalc@:p@raw% ghese we

pefdvdr Besk dyrand Q:SIO'-Btéph%h:%om&@d'gﬁﬁgﬁﬂc hophegth reegi oRe
(ﬁg& Unl i ke conventj onal ? - cardi otoxin
d2ht @ V4] thiss Pques frrr?tseﬁh B Sei éi ons 23 and 53

(honol ogous to positions 22 and 51 of CTXs) (Fig. 2B)
TR AeEF LT, Be Jj}‘%z&gg s%%%%?? %ftrhb?&%lcﬁéﬁ,_goe&a%‘on and

the structure and st b-car di ot oxi n,
paﬁﬂ@nn@duﬁhememﬁau@enauﬂﬁatd@@ms@udles and nnnltored

t rterxtsefp %v?%eb 2dRAUGEd SREONAAINSHIUCTYLAL: ANANIES, two
usi ng spectroscopy.
distinct structural subclasses based on their CD spectra (41).

The secondary structural conformation of B-cardiotoxin is
unigque compared to both group 1 and group 2 CTXs {(naniproin
and CM18, respectively) (Fig. 5A) and hence it is structurally
different from both classes of CTXs.

Conventional CTXs have a few well conserved residues apart
from the eight Cys residues, which are thought to play an
important role in maintaining sfructural integrity of the
three-finger fold. Among them are Tyr 22 and Tyr 51, which
have been shown by chemical modification to play vital
structural and functional (especially Tyr 22) roles in CTXs.
(42) . Replacement of Tyr 22 led to changes in interaction of
f-sheet regions between loops I and II and replacement of Tyr
51 led to structural perturbation in the globular core region

of the molecule, the overall effect being a destabilized
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There are changes in the pattern and content of
secondary structure starting from75 0C in

wh2maneisot oxin (Fig. 5C), whereas the convent i PCEBGII0X000405

CML8 is stable up to 85 0OC and starts show ng -si gns of
unfolding only at 95 C (Fig. 5B) . Unlike CML8 which
showed a general reduction in the b-sheet content upon
heati ng, /?-cardiotoxin underent a conpl ete
Stét%ﬂd%ﬁ@klté6¥%35£a 8ﬁ§y§§ﬂ§hr§édrH§Wéﬂléﬁ'?% appear ed

at 222 - 225 nmand 2 nm i ndi cati ng the presence of

a- hefandal Rtsheent seqifing (4HC) Unlike deneentiipeat heTXs, in B-
| mplifatbo, QoL b éreoggweastﬂdggs o H0en QYsidli bnd oégd and 53

and tertlary structure of gro ein, we nonitored
t hehareargens &P spetiirasat? \Pélldl bsohk éﬁisé)r atfiifes?®Fi g° 6

) detEi@h e WVB® @08MRIBLEs | ISEhofe t@LKLAS YorSkhHCE MR ture
coi nci di ng_cl oselo% with the structural transition

oc@Rft FtART H Y8 L O EFAOtBER. . WIIHes P et &8st he

f ofdratc.en: ffn acsbad anfiohdiing riat@icmedhsd e cwit i ddit-agt
secondary structural elenents but |oss of tertiary

st TRPAREY SHTUERUTESs ERBPES LRE™Y nBitt 8N T SIBﬁFEIOSsCtOBFe
(Bﬂleresa)fe chEhgesnirt enegbahieke stdatcenbast bﬁeﬁedfcﬁﬂﬁﬁftyed
for X different proteins since it was
de?"r]ﬂlé?a TESHEREAY IV alt ol Cj‘ler‘&‘foé%mpéE’s%séc"
thwrea&e@lsstnenccbhvemﬁe)ahmrcesg cnagrelsy steprpat B8SS; °C and
resence Ole% sggonnsdar Str c%uroenlandtagg a%k pf r|5g
terttl ary Struct ore: fﬁl 3"st atleghasybeen ac éve in
di tﬁrflarkendmm ehetnsshomdera wanheesdl ceddeti@®ngnl tke B-sheet
acidification nnderate concentrations of stron
deTRIYGRANIRC PREC aﬂo‘?arﬁdﬁﬁ?’aﬁ%ém%we“ltoﬁ/ complete
cosreenrtnadl aranoftiancabhods O, fduareaahcohel appegred BLf222
| uor oet hanol &TFE ,. i.norgani c salt denaturants,

| i ké<SadMTmSer 8hl Bt dP8L cH ds iU e8¢ i’thfor oaceti ¢
acd bmeh esOMAly . ofC it gbt h@ltdiﬂhlﬁd tHegamg} i etephcat thls

qasel.rgg%{oons thSIot %rgilr %%‘ELS anrgJ ggnesyl %t§99 ure of the
certain cases hi gen pressure as wel Ie Iierrpera ure
( 4oteinblveemogl omelde the atees —6f @ghe@tm eh protagisns

ar@enlp%%t&zteléd'(ﬁﬁg ang haye.been 4 %ﬁ%i@@e '1%s§ s LWCases,

ke ubiquitin (45) , rat fatty acid bind |n9 protein
structure coinciding closely with the structural transition

occurring at 85 °C (Fig. 5C). This indicates the formation of
a stable folding intermediate with intact secondary structural
elements but loss of tertiary structure, which resembles the

‘molten globule’ state (30 - 32).

The molten globule state has been reported for many different
proteins since it was first defined. Essentially, all molten
globules possess three distinctive features, namely,
compactness, presence of a secondary structure and a lack of
rigid tertiary structure. This state has been achieved in
different proteins under varied conditions like acidificatibn,
moderate concentrations of strong denaturants like urea or
guanidine HCl, low concentrations of alcohol or fluoroalcohol

(e.g. trifluorocethanol (TFE)), inorganic salt denaturants like



10

15

20

25

30

(46), intertleukin-1 a (47), CIX analog Il (48), a-
| act ogl obulin (ba-LG (49), tunor necrosis factor- a

W@ TNBOGHI{ 50) and a few ot her nol ecul es (44) .PCHRBG2007/000405

a-LG and TNF- a, anong the above proteins, exhibited a
structural transition to a-helix associated with the
formati on of nolten gl obule. The structural transition
in a-LG was induced by addi tith of TFE, which is a

kn@(‘!@lu@l gi'dl'ﬁolrggé"c%rc1ﬁé'9§uch lag Eﬁ%h@@?gac%ftlguééﬂﬁ
TNF-a, the structural transition occurred with t

i NEPRYSE PR HERBEY AWPE bigangi tﬁ%emlc%em%éﬂt:%wr@f or

anyi theaikéaledagegenkl i WosnPast tkated thals ange glesure
non-local interactions |leading to b-sheet formation

wef® "Hildr aptteBPHtRr U Kidh fehber flobrse stRESF fgP-sheet-
i nfﬁﬂﬁ@)&b@éh&swgf@ l%%tsab{:fh&ré@daﬁ@a’l&vtei Bgeri ri'ebbﬁted in a few

formation of a-helices due to a X forn1n
o SRR LS oP e 16 (PR £ 2865 TR At L B e
st at® ,of n€elX 1801100 ol I(h7WasTacChhened rusi (@) hi gh

tenperatures as well as addition of chem ca
detrtterape s ipagfo- LPoweder tuﬂérsQ%Qﬁ9FH?eﬂaqFPéﬁ%lQTNgng

We(ﬁnOQﬁ&f V%@wa!;trwrg%ieéﬁ@e%ﬂ M e51{ 4B AT ShYN

here,” b-cardiotoxin has a stable folding iIntermediafe
wi aP1g- Rt apare et rarehns. axhgBlipd (Fisgrug@yal transition to

In&ﬁrreqﬂig@o&a% ey glf Forhle 1S oeom@]tfgﬁl nguqrmﬂge

propensity as cal cul ated according to and
Meitysaghtal Sipn{FRiign 1r1)q INowels hielaessd ity addetrgoesfalrE,

t | t b- t_t hel
S L o (o S A e b B

eXTNﬂ'ﬁa|tﬁﬁ}%ﬁtu&ﬁuﬁ&lreﬂéKHﬂtQBnideﬂﬂre&“wﬂtﬂmEﬁe increase in
eratures. it switches fraom a-hel i x sheet
LR ol R EE e o} Bt 6 s b ceBH s 2gon
t oads poseuhmﬁydttuatnoneénﬁﬁeahoh+Inﬁalntmkﬂraot1¢nsaﬂeaalng to
f 2 articul a ol to
s ads b L bR Marpt e VB% PR SiSFHiPebthed X che
b khreét istaract ierad wbrareaﬂabomsmaﬁ.uheuLnﬁngldnrnyepﬁocmﬁﬁion
| etely . reversipl Fi i nset
PR R IS NT & Rt Sralaid drer iR ety o
crmﬁuab ™-@ (b0) haueodepaneratbyvie drseasesciédbnaldg 111
bgggs achieved using high temperatures as well as addltlon of

chemical denaturants (48). However, no structural transitions

were observed at higher temperatures (48).

As shown here, P-cardiotoxin has a stable folding intermediate
with a-helical elements at 85 °C (Fig. 5C). Interestingly,
unlike TNF-a, it has no a-helix forming propensity as
calculated according to Pollastri and McLysaght (51) (Fig.

11) . Nonetheless it undergoes a structural transition (from -
sheet to a-helix) at higher temperatures without the addition
of any external agent or a reduction in pH. At lower
temperatures it switches from a-helix to B-sheet (Fig. 5C,
inset). Thus P-cardiotoxin could be used as a tool to study

the non-hierarchical model of protein folding (52).
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under st andi ng of such natural events may be useful in
t he desi gn and devel opnent of agents that woul d bl ock

waGmk/oed4p4ct ural transitions. b-Cardi ot oxi n beP@NgE200D000405

a new class of 3FTXs 3FTXs constitute about 50 % of

the wei ght of nost elapid and hydrophid venons, and

are the | eading cause of death and norbidity as they
are highly lethal (53) . As nthtioned in the

i nIDéPQL%tlEPSy despi{ gt e, sldvh | ardt Yol On@¥eiahl the
protein fold, they target different receptors, ion

chasrteing sor iprdvved nisn wohekit Biot Ppieretraebi wigiveal transition
effectis. LAB NN NEI8s bs %9&9{&9 neexhipiits (Y que,

bi ol ogi cal effeéts conmpared to any of the 3FTXs known'
Al tiherigh Fesh amhrbiadicdBsegeencershionsl sirmnisariery pleys a

CT§§uéf%@pEfR% q%tﬁ%&&ééégéﬁé %nbétagseaség téﬁ . A better

struct ural unction y distinct from
coﬁ%emstéﬁﬁwgcwssu@ CaFdiot GXPRE VS Ynbh-YsefRal irugheo

a @i@ssl%nogné-Qien}B/ﬁ.Kﬂnedtnoﬁqgern@§ttﬁa& GE%8d P& hs@dte
g r‘%/ | ethal proteins with LD50 values in the range

B g RGSEIIO"S - Unl i ke CTXs, which show pot ent
hem)Iytlc activity (54 - 56) , b- cardiotoxin failed to

shgw herrol tic activity on washed human_eryt hrocytes
P?gcar‘fé)’t X3P, PEAYITS ﬁ%l‘? KEVCTIE T Iﬁ’éng’é%sse an
| nmm&seonﬁﬁtaaétawdmttesmmrmﬂ phecteadht nd O rra)leséhﬁﬁidzmh

hgd venomB aanncci‘l Del t( 7léac:i)1n%algzg{lsoet O ?u%%g a
pendent decteasSée®in hearl rate in ca e
prrlfsxild’éqﬂfglatc:1/o%n3 cheg e b sty ORSTonPBexekss m@nth@e@C@ the

r e dange {J5 gde§p1tect@ simf€a A S0 shoynd- tihab rddeiG@Ro14,

act directly on the cardiac tissue causing a marked

r eidtfet F8RIFth HELFTe T al BRI L AngEd 6P AR Pre far BETT6HES of°

pesfrised %ﬁgrmﬁeéf$§ic@ht$¥¥gbt§ffﬁgnéhegntﬁgie, B-cardiotoxin
contracti B-D). b- Cardiotoxin binds

di $EERLY St‘BuHiue %%R}OBEC%%RseffEFﬁ%S P RAF eSO ARY it &he
t hﬁtTXlst kh@& hing biesu oaf ﬁtmlmnﬁoac:bﬂséﬁi:@ma)aﬁe«ﬂs tsOmbAR ity

TriS TR e eadort % BB SRdgenbus peptT g e L) an

t afgeti oga D-yARS s t i nHtU S ror doSanﬁMﬂNaG|€EﬁS .0B-B&BXsrodhe

pr§§§ehg§ f%%%@@ Lé‘éﬁ g'dggé of 10 mg/kg, in contrast to CTXs,
which are highly lethal proteins with LDsy, values in the range
of 1 to 2 mg/kg (1). Unlike CTXs, which show potent hemolytic
activity (54 - 56), B—cardiotoxih failed to show hemolytic
activity on washed human erythrocytes (Fig. 7B). Further,
unlike CTXs that cause an increase in heart rate when injected
into anesthetized rats (Fig. 8, B and D) (57), P-cardiotoxin
caused a dose-dependent decrease in heart rate indicated by
the prolongation of successive QRS complexes in the ECG
recording (Fig. 8, C-E). We also found that it can act

directly on the cardiac tissue causing a marked reduction in

heart rate in Langendorff preparations of perfused rat hearts
without affecting the contractility (Fig. 9, B-D). B-
Cardiotoxin binds directly to PBi— and PB,-ARs. The K; values

indicate that it has higher affinity for B,-AR compared to B;-
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are highly simlar to b-cardiotoxin (92 - 96 %
identity) and the substitutions are nostly in the core

WO 2@BOsr4dnd not the extended | oops (Fig. 3B) .PCT/SG2007/000405

Therefore, we hypothesize that these proteins are
likely to be functionally related to b- cardi ot oxin.
Thus these 3FTXs, although identified as CIXs and
short-chain neurot oxi ns, nay obably act as

bef abj-06k rycture n [ p
st%%i {af)slgo t rléjs,e pr%{ (o "f”ltdJ cﬁR%at ég%/\phaetecttggg he ™S
f ews amen6iexd dephamgaefs adi sragehotheieptiod eraagtt omy \M—Bhs
Pliy @4 D2: AR, AIRNSEOGLOCRRL QLS LARSLABLE @ rig.
protein- cou receptors ( ° PRat“are expr esse

i nawe wldmy/asrlmewr afo BrssuEStanth arve +nggort anéntlty) and
funct |S(1)JgaJCltr %gul ators of varl ogﬁs systens i ke cardi ag,

‘f are ga on _an
pul nonary, vascul ar, endo rlne cen ner vous

sy%&t@@ée@sls)ops AFS3 i 3B héTHﬁﬂeralf@r%cweaBmPtlhleﬁk2¢)é:thn@ehhese
thefic nery yste r.di ov ystem
(I;Irlp%l a8t an lk%]yarﬁ% ?%Igmtgi}%aallﬁlare%str egu?a i on of

rry@t@idta*lrf uﬁbw orhespi 3ENRS|,sat¢f@ughed@mitr-iémed reec €fKorand

SUM&QECEJM %§§P9tdﬂngarrga{'&pg¥%¥gl%lsa&§@s beI:rQ@lockers The

pr oportion of P1l- and resent in heart varies
wi $H USpeET ddnchRn arﬁélaa’e‘?féﬁhéﬁn%?ﬁdéless‘?%gté‘e(SSSl?rOtelnS will

b3:rARS a8 evHe@85r aliendant anitot hei heabhgandithedt their
functional role is poorly understood (59) . In vivo

and iSRGt 1o vask dys bR & bi - ARs play a
predom nant role in nodulating the heart rate and the
e of contractlonln muri ne heart R%é On the
‘{1 P REI, “GRERTor' ik €6ﬁd?§t?ro°r?§“ﬁ> egriFeeptors
extﬁmssEdtraabundearﬁﬁpyesnecbmnahwmﬁ vhuigy afdtisegeksated
|t COnbE AChE! Hidee3fhy o obRug SRECIE L&l {ousOb BRER 1ike

bl'ockers is critical in the treatment of patients wi
cviRsdipar tHUé@P%l"r‘]Tyy vR®IEL Ak t ANFIEARRAI I P BF e eI VRS

CWyseaht y(aval A@eblla bet aTéalr@cg@tr S shavei ikOBBtween
crossreact|V|t¥ with b2-Al are not suitabl

t Hi¥EPEhh3iEC BFE TS ﬁéif?eé?wtaé‘d PaPuitfiods ShavE §H8vx§hlay
t hat ibReARsitareld He ond yrapubt ygmletidn ARSmyyocdeiial

eéfre§sed %nlgb?sngggng%gggmfgant Légeﬁ%%klsueg%p% éggres%ed
in cardiomyocytes (33). The proportion of PB;- and B,-ARs
present in heart varies with species, age and developmental
stage (33). Ps-ARs are less abundant in the heart and their
functional role is poorly undérstood (59). In vivo and in
vitro assays show that B;~ARs play a predominant role in
modulating the heart rate and the force of contraction in
murine hearts (59). On the other hand, under normal conditions
B.-ARs are expressed abundantly in bronchi of lungs and
regulate its contractility (36). Thus specificity of beta-
blockers is critical in the treatment of patients with CVDs,
particularly those with breathing disorders. As currently
available beta-blockers have some crossreactivity with B,-AR,

they are not suitable for this subset of CVD patients. Recent
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i ke keratinocytes (60), fibroblasts (61) and
nmel anocytes (62). Pullar and co-workers denonstrated

WO baB/066dR acti vation | eads to delay in skin WoRETSG2007/000405

healing (63) . They went on to exploit this finding
and showed that b2-AR bl ockade using non specific
bet a- bl ockers accel erated wound heal i ng process (58)
Hence, this could be another 4d"bpl i cation for

t her tic use of b-cagdiQtoxin The interaction,aof
b SRR A S aRol R RTRRL I cne 1061 ) ALBLAK b8 s co
r abe,expines eas ont she meebagtdsorfwndjrh2e AR Hypadsin chehekin

brf@ﬁéﬂk@Qa&ﬁJ&é Qgétéé%§ OE¥ﬁ¥5%§g5.41(%E?eandrgg§anocytes

b- cardi ot oxi n ?epr esents a new class of protern

bet@)bl oklesrs abfato-camkbes eepbustededstimtn@yeiR activation
t h?éa%@seggl fel% OEEPtsMﬁ%: WJH% %%Eyfrligur(%grncf}‘! ny Ijitu%lnet?_‘o
and sui tabl e éngineering may help inthe déve opment

of exrdwic| eisisesiodirei thersiyiveAREspe G fAR blbeltals oeker sion-
(f .G _ 1, St ' u P, e

{r o amet o e B R el Mo M IR el ek 2o o
(fEanceoptiecd cadhd riesepatheom prphitatwen| Sothahprirpuidanese

heal igng. . dnSyumrary, we have described the
[ dentBi ??]f:alt iton and isolation of b-cardiotoxin which is

the first member of a new class of 3FTXs. Although
C'ﬂ?ee'i){téfalcacﬁgg &P gQBQéfc?'%tt' Q0al 1CTXE;-pkl 1088 YD 8MG case
an i (& have

structura functiona eat ur es.
char aetet i zad, avhmieguei nolineargdolonl elth MteARBdrdt eo nhe

the thernal unfoldin rocess of h-cardiotgxin.. . ,

Ererr bt 15 1Tt s Py ved oh TaFdl hva Padtfgiotoxin
catgirngetrsady cav dilassThegeoetfediesaabodredisatiedt can be
th 0.l ts interactipn w , D- ARS. es r j _
coelrﬁ%ggts}é‘%%/éasag %?Véet%ottgﬁrea\geﬁlg%pr atl gﬁgge 'dggigg% %C%re

hi fghicy iepetiviiies aand eff edtlievenpiategrbhoakivnge peptni des
hayi c ' 15 Thus Bhig | ;g fi _
e%ég;’g%g%@g%r gtge?én“g%étg%%ﬁcggkgr . Exgh'pl)%egéeél II\}I%?{O%%%TI ON
Sridiee kgenorferhavetprievidied iat miniver  Bfatnepeld|ligangs the
Vméééatment of CVDs or B,-AR-specific beta-blockers (for topical

administration) that would help in wound healing.

In summary, we have described the identification and isolation
of P-cardiotoxin which is the first member of a new class of
3FTXs. Although closely related to conventional CTXs, it has
unique structural and functional features. We have
characterized a unique ‘molten globule’ intermediate in the
thermal unfolding process of B-cardiotoxin. Functionally it
directly acts on cardiac tissue causing bradycardia. These
effects are mediated through its interaction with P-ARs. These
proteins could serve as prototypes for rational design of
highly specific and effective beta-blocking peptides having
reduced side effects. Thus this is the first exogenous protein

beta-blocker.
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therapeutic potential. W have described the
identification and isolation of b-cardi otoxin, which

w0 2008hes4dd r st nenber of a new cl ass of three-fP@ye62007/000405

toxins (3FTXs) . Although it shows sequence honol ogy

to conventional cardiotoxins (CTXs), it has unique -

structural and functional features. Conventional CTXs

are highly lethal proteins wi“h LD50 values in the

range of 1 to 2 ng/kg (Hi der et al ., 1991). They show

potent henolytic activity (Osorio e Castro et al .,

198%mPLe kv and Vi sser, 1978 and Hi der and Khader,

1982) and cause an increase in heart rate

(tacgﬁcar di %) when injected into anesthetized rats
Ncer 1986) . In contrast, b-cardiotoxin is

nmﬂa&éhaéndm he)véa pdoeseded 21QuadK@f coes nogastowith

hac rtreq:laé‘pl C aCt t:tl)élonwm%h%ddehucﬁg gr thrggthefslc%glon

nost | CahtTy' 'causes” a dosedependent decrease i n

heard 1I§@Ia€:1(obf6ﬂ){t&éddiﬂ)tdﬁd1hh vauphomngat fOnstofmember of a

succes |ve Iexes |n the ecqrdings .

(F?ajwagopa an g’?reel %ﬁg%{fgﬁng “Fhat S tShOWS

actesiudn¢ediong 1l ogy ttlwecera\r@taenﬂ sswdieturginag (@r¥wr ket has

r eﬂﬂ%e OL} /3 ¢ PR tanbhakEn dc18ARH 'ﬁé%tﬁpéQn@oBQQﬁé@na'l Nerxs
Langendorff preparations of used rat hearts

wiaddfo bt Iy det g ptrﬁéemfﬂﬁégtlrﬁrsp % LEEhoty GpRsFAnge of 1
Fud hesg/me (haver shown. t habi herrrovieowrgdt eefadmolytic

phar nacol o |ca| effects are tqQ its dlret b|nd|n
toact’illvnééhd(% B Hureér it e Ste g &ng(,&ﬁ’su) f"ﬁéj agopal a% 8
etanal Hid&20@%Y. Kiidves, b9&2ar dn@t@wisn &3 irggedse Siin heart

e&%Q@”?&E%H} QL@JQ gﬁé@ j%%%gﬁ 15EBG££§é¥%§t1£éd'f§ts (Sun

i nportant to un rstand the structure and
standcatledf, uhe8 4)on Inetattirons hifosaofictivixd nund queletlasls up

Oftéagtéﬁég %%k§6 m%ymg fglJQBgs hggﬂ %Qctgg%lv1t on
rational design o y specific an dffective bbta
b|@@kpﬁ@tﬁ@pt@@é§1rocm¢s leREWRC e LAP BT (Gaikel sSCHESSng 1S

ac@bega@qtsmabkem egUh& frankty @abb@shrdia) with a
Iy g g ro%ano anm ne . %}rgcture fugctlon |a(.%I0nSOIln s
(61 6831 s & HSOr Bt ST cVERIGHST HE FApOTIaREa bt ™2

t h(aaaa@wmtllac et ng .5t PUTT)Ur @efalrso fsundtt@ractt arets
directly on the cardiac tissue causing a marked reduction in
heart rate (negative chronotropism) in Langendorff ,
preparations of perfused rat hearts without affecting the
contractility (inotropism). Further, we have shown that the
above mentioned pharmacological effects are due to its direct
binding to Pl1- and B2-adrenergic receptors (ARs) (Rajagopalan
et al., 2007) . Thus, B—cardiotoxin is the first exogenous
protein beta-blocker. Therefore, it is important to understand
the structure and structure-function relationships of this
unique class of beta-blocker. These studies may help in the

rational design of highly specific and effective beta blocking

peptides.

All known beta blockers belong to a single small molecule

family called aryloxypropanolamine. Structure-function
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wi th b-adrenergic receptors (b-ARs) (Kobilka, 2007 and
Rosenbaum et al ., 2007) . Therefore, we hypot hesi sed

wo bas/oeaes of the Tyr residues found in the PCT/SG2007/000405

b-cardiotoxin may be involved in its interaction with
b- ARs. Thus we designed three peptides from

b- cardi otoxi n. Wil e designi ng these three peptides we
have al so i ncorporated design f deas based on the

probifabhagkets -h¥POL sk fesd Kok ANk E¥ansieql204)

These peptides were synthesized by solid-phase peptide
synPRE<PEcaRf HIRi FTREtHY Fie\Pe FEEUPHESe L MPLIES( RE-4HBCE)On
hhel B-bat&lagh ko Mok Brb- ARARVAS (k8L ek P8d7 ¥

conpetitive binding assays using a radiolabled |igand.

VeRPSRIP2EP s iadi- t i 2% - sThRrisEe T8N %élya@ﬂeﬁ%SﬁatWﬁ gre

|t§ftdﬂée@yg|J@%@éhé@“ﬁouﬁ&riﬁnﬂﬁ%e IB% 168Yxin may be involved
crystal | ography. EXPERI MENTAL PE{OCEDURES Mat eri al s

St amdla:rSdlﬁhwctlamnmhaﬁrltRSwy@fh@xwe depigrgd ¢bsge peptides
F cLIIe G—PS 'l ene gl.ycol -.pol yst yr.ene)
s%porlB reS| n N&ﬁ‘mghyﬁ lgnln %%S?Di%ee?/p?%]fdés e

| ubrcacése ar@@lrglm(ér’déd) des XO%igeperhiadiedeon nhBMprine-
(75fg3¥%%nﬁ dﬁh@E?é’l KXk ﬁb E%ang ’15%4) These peptides

tetranmet hyl'uroni um h exa% 'Uoro phosphat e’ (HATU) and N
Nd‘FHGSé’pSP 1@?Hy‘Pﬁarﬁ0ﬁéd(FE§IaPEA§>eB\Telrd§ EMIPWéédarfdr Giyified

'&@a?&@?ﬁ%&@ﬂﬁpﬂﬁs' apARheLc thﬁgqmi;lﬁﬁeg&xonQﬁ)th B-ARs

Jupl ter Ci wer e pur chased
f r oM Fﬁéﬁﬁﬁ@?@xbfwaﬁé‘élvec}\m@m asgays using a

2r£dlla>aasﬂéd hllglan@nd:et hw@mlgel @nﬂﬁ%@e@bgtﬁjdﬂeg dd eme

<gka/ Ri. edel - g %] rich, Lou
toeﬁF‘r“?atlAa“I OBthteSr tehe d&é‘F§s ?Rflr éé@‘é‘?ﬁ%eug‘é&‘ Were

ofcama:laym@aalphgr ade. Crystallization b-Cardi otoxin was

purified by a two-step chromat ography approach as

descri bed previously (Rajagopalan et al ., 2007).

Cr BXRERIMENENL BROGHOURES for b-cardi otoxin were

comgictigds usi ng t he hangi ng drop vapor-diffusion

nmet hod and a wi de range, of conditjons were tested u3| ng

eI ReSBAT EFPCr Vsl d Sofeghyl derivetives, Foc-121]

PEG-PS (polyethylene glycol-polystyrene) support resin, N,N-
dimethylformamide (DMF), trifluorocacetic acid (TFA), 20%
piperidine in DMF, O-(7-azabenzotriazol-1-yl)-1,1,3,-3-
tetramethyluronium hexafluorophosphate (HATU), and N,N-
diisopropylethylamine (DIPEA) were purchased from Applied
Biosystems Asia Pte Ltd (Foster City, CA). Jupiter Cig (5 p,
300 A, 10x250 mm) were purchased from Phenomenex (Torrance,
CA, USA). 1,2~Ethanedithiol and thiocanisole were obtained from
Fluka/Riedel-de Haén (Sigma Aldrich, St. Louis, Missouri). All

other chemicals and reagents used were of analytical grade.

Crystallization

B-Cardiotoxin was purified by a two-step chromatography
approach as described previously (Rajagopalan et al., 2007).
Crystallization trials for P-cardiotoxin were conducted using

the hanging drop vapor-diffusion method and a wide range of
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I , Il and Q Agen PACT suite. The protein
concentration was kept at 15 ng/m and the drops were

w@e@pasaod by m xi ng equal volumes (1 m ) of prPOL/RGINT/IN00405

solution (dissolved in 25 MM Tris buffer pH 7.4) and
crystallization solution. The screens were set up at
295 K using VDX plates from Hanpton Research. 500 m
reservoir solution was pl aced*in each well . The

' n!:&tllcﬁltlgﬁg q/?el}el g@ﬂédf h@gnga fﬁ&&?%{%@e&f&?k@%%?té&@ens

condition. By systematic optim zation around
pr & i i AafyRPerai PAon suhke oBtgi Pettednf F?’Eﬁfﬁtéﬁttﬂ}’alwaﬁy

crysgialas 0f diy/Gar i oteaxi fropEh@e B SIrephysd Ays myRi®y fehom
a condition consisting of 0.1 MSPG buffer pH 7 , 25%
PEC®1566 W tH)aff RIAtERYesFtdon (Aisepled iy 25 mM Tris

Spetficdi pe 7. dPakad calysestioncVen hRieLeoh | atkedcfeens were
conplete native data set for b- cardiotoxin. The

crit aPsaet®e Bi ek UpXvitiatrea FRATOHERYSI Sepedrt . 500 ki

frezenvat r 100 uibM @sn Iéé&ﬁ@ng@&rp%ﬂl St'Irh%amutlal screen
(Cr ostream cool er; ord yosystens, Oxford

Ay ied [ﬁatPEGV\I}éasgeéioFF%%ttaé&l 23 U oReCP RO Be B gaku

Xraglst@eaei:(atdmtmﬂ%ttaose&&umar eh@rooeessathyscagdition, we
2000 (Qxwi nowski & M nor, 1997 The crystals
du‘lf'kftraéé‘? t%lfsfrécﬁ%or“e§8ﬁhi‘iyoﬁryﬁ*fﬁel sﬁéc% C@FSEJ%“\’KH%‘ pahe

V\/Ikbd’}stumrt/@teills paramebar s cﬂ)nﬁlﬁﬂorﬁlhpnbls_—tﬁ@; 96, om qrq SPG
A Mat t hews coefficient. VM of 3.10 A D@
(I\}Eiftfﬁémgﬂ 7198%7 REG dp P hi'H H0he" SSeEE 8 Faflgl LPmo 18-t M

nosrensingl t he asymetric unit and corresponds to a
sol vent content of 60.33 % . Peptide synthesis and

purification Three peptides (BCLIa, BCLIb and BCL 2 )
webatas gaiteatiipad usi ng solid- phase pepti de synthesis

m%&é“% Ye O a0 LRP %Qx&%)e‘%sey %Lm?f@e faggeseert Mpgep_ 433A

Pepti de Synthesi zer am no acids were
r e dt i 2090 ¢/ arvpicpes |vmrﬁep4cri<eN uNd it By hY ormneniele

andh pOoURE el Jush ng: HF UL DI PEAL L ¢ SiglH -feutdoaki zatdan

chem stry. Al peptides were synthesized on
(Cryostfeam cooler; Oxford Cryosystems, Oxford, England). Data

was collected at the in house Rigaku Xray generator. Data sets
were processed using HKL-2000 (Otwinowski & Minor, 1997). The
crystals diffract to 3.2 A resolution. The space group was P2,
with unitcell parameters a = 54.64, b = 90.90, c = 88.82 A.
The Matthews coefficient VM of 3.10 A 3/Da (Matthews, 1968) is
within the expected range for 10 monomers in the asymmetric

Q

unit and corresponds to a solvent content of 60.33 %.

Peptide synthesis and purification

Three peptides (BCLla, BCLlb and BCL 2) were synthesized using
solid-phase peptide synthesis methods on an Applied Biosystems
Pioneer Model 433A Peptide Synthesizer. Fmoc groups of amino
acids were removed by 20% v/v piperidine in N,N-
dimethylformamide and coupled using HATU/DIPEA in situ
neutralization chemistry. All peptides were synthesized on

preloaded polyethylene glycol polystyrene (PEG-PS) resins.
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prel oaded pol yet hyl ene gl ycol polystyrene (PEG PS)
resins. Cl eavage by a m xture of trif |uoroacetic

waeiodhde49L- et hanedi t hi ol /t hi oani sol e/ wat er r eP@RSE&T07/000405

peptide acids (- COOH) . Synthetic peptides were
purified by reverse phase-HPLC on an AKTA purlfl er (GE
Heal t hcare, Uppsala, Sweden) with a Jupiter Ci8 (5 m
300 A, 10 mm c250 M) col umP® hat was equi l i brated

Wéfba%%efoﬁwf hyarr%a%%t LG A6kl Lhec prat el ns

eluted w | near ent of /o acetonitrile in
0. el_%atnrerifm}@rléabmqr@saéﬁwatﬁﬁerﬂ%?@terﬂoﬁa@%éﬁeamds (-

cotd@st esyrand tdi rfGichiMek NjaGt garifta By APterBQanalsquﬂaﬁLc
chr omat ogr aphy/ t andem nmass spectronetry syste

( P& Ki'n ﬁ’??PerPuEFFJee ISdPENtes. hPRT § e dPBY2 GNASWE@D foFr a
ﬁ&ﬁﬁn@@%%@ ALl osoo B achienesshaw rG1the wxpesi£d

nol ecul ar mass were ooI ed and | yophilijzed. Ar

oxFHat B tRds ek 4 éd BiﬂleJBFO%at?}ct B8Rt Hee proteins
d| stk dei th akagesarOgir8@idrenor esmt Ia@éSorV&ﬁfr&lé]uﬁﬂ(Dhe%i

| aci al ce CI t 0. ad] ust
tfrol%gusgopag?g ?oar1c %—’e gl(&)srrﬁq Pt ve |£nd| n
as@a;eca:orn@d thﬂHnnboa@lm @r?érgo@: Jrielgept@Trogamg/qy@@Mtandem

anghs2 (Plcaadep )syQEQIQUFI%Qth‘Eﬁe% eekd S WBFEes,

pur chased from PerKi nEl Life and Anal yti cal

Sdiednease Y BY8t oA IVACT ums AR THAGE 6P gdRacions showing
[ 3tlleCehbpdALd TmdBsc Rl Chasedet € aodEdHaal e L1 ized. Air

e A P o0UT TEFRYoEhe Sobhod eCeht 688 DY SHarbe.

etl:allkage arckidat sw lreaommdaEI@rmzebyhéd@yr e@@ptgoglaClal
”%étc%t%g ey %J%%%WEA%Y 4Lbf Wt&&"?‘lby RP-HPLC.

Sci ences) were al’so incor porate e conpetitive
bi ndi ng studies, we used 0.15 nM( ) - [3H ] CGP- 12177,

bl cctipe b2t BRObEnERIHaeEoXi N ranging from5 nMto 10 nmM
in 75 mM Tris-HO buffer containing 12.5 mM MgCl2 and

2 GoPebmamapH AdrenTegtt rreaRtI R PbYRATe lnald ¥0588! rind B2)

Najrepeedd i1 bf@djengsv\a@red%he&msr&dfmn tp%rzlﬁ-@/bnfe@r Lbfe and

and 1-2% for b2 by the inclysi on..e %?ﬁ ?j % E L
- g8 Y Fch‘iﬂﬁ SchPoT i e, Mﬁ\ftegf* 60" M F2Fh fofhat

r O0R] ¢GPRp et At wae, pthehasedcti@n GRi R¢alrtbsaner e
(Buckinghamshire, UK). The competitive binding assay was
carried out using the method described by Sharpe et al., and a
few recommendations by the receptor manufacturers (PerkinElmer
Life and Analytical Sciences) were also incorporated. For the
competitive binding studies, we used 0.15 nM (-)-[°H)CGP-12177,
Bl or B2 and B-cardiotoxin ranging from 5 nM to 10 pM in 75 mM
Tris-HC1 buffer containing 12.5 mM MgCl2 and 2 mM EDTA, pH
7.4. Total reaction volume was 1050 pl. Nonspecific binding

was determined to be 2-3% for Bl and 1-2% for B2 by the

inclusion of 2 uM (S)-(-)-propranolol hydrochloride. After 60
min incubation at room temperature, the reaction mixtures were
filtered through Whatman GF/C glass microfibre filters

(Maidstone, England) presoaked in ice-cold wash buffer (50 mM

Tris-HCl buffer, pH 7.4). The filters were washed nine times
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filtered through Whatman GF/ C gl ass microfibre filters
(Mai dst one, Engl and) presoaked in ice-cold wash buffer

W@ 2081004434 i s- HCl buffer, pH 7.4). The filters PEI/8G2007/000405

washed nine timeswth 500 m (each tine) of ice-cold
wash buffer. A Beckman LS3801 liquid scintillation
counter was used to neasure the radioactivity retained
on the washed filters. The bl?ljdl ng affinity KL was

colo 380, 1 Qb 850 0 e, aqusti a of, hoad.
whe$ 801t heqtichbBcfieondent patdaontef #waveupahity mepasudvathe

d' §Qéﬁ§é%%l59c§° Qb e botad oL i gandh s¥ah uas (et e -dlet g1 Hingd
lotting the percent specific binding in the y-axis

vsa fjd’g}t[\’ | 4fS concehtred if6A™ ‘fheprI(SfOePﬁ“t?séBF FHARan of
X- axdrsy aKd PSisblhe, binding affinity of the radioligand
to the receptor. RESULTS AND DI SCUSSI ON

Crystallization of b -cardiotoxin b-Cardiotoxin is a
novel nenber ofk:t-haC3FFX{ T am ([RadBHE¥sndY &4l he nost
abundant and wel | -characterized non-enzymatic famly

of snake venom toxins found nostly in hydrophid (sea
snehkes) &hd Ehapgranqesbrasonarnd khai tnd)ibverrorrbat Aflysplaces

mespeiog fbuldiisgda hyi1sharnera &ldlrmahed &lydpeonsint thg
of three finger-like | oops nade of b-sheet structure,

prBjEChr n@pefcrléﬁﬁ:ablg‘lddﬁﬁljd‘r 86 &G “Fabiqd i’@ﬂlady f our
orcdnoeetrmzroalnbk Qﬂ:hﬂtalindthﬁilﬂ fidecld nkages ¢ visngheilsiiding

to 0 ss” ti Endo and Tam ya, 1987,
ot 5068 PR e nit atend T batg TeBT T n 1099, and
Harrl son and Ster nber g, 1996) . Though the nenbers of

t hikssurak 0T dFkbysstonpr ot ei ns share simlar structural
scaffold, it has been shown that there are subtle

di $reatehétzatieat of durdrdintoridute to the difference in

af [ S i Lty s et .al .and Bi S
S bl L bR £t e 1,00 B o

3 thesmegttahuadafit tahidswablahappoteiigetondraenkitatie fanily

t h@f rsﬂgi(gWnoﬁie’@&)&rﬂlsogoxﬁ'lcp%ggi:ﬂe ﬁeﬁyépﬁﬁud (sea snakes)
and elapid (cobras and kraits) venoms. All members of this
family share a similar fold consisting of three finger-like
loops made of P-sheet structure, projecting from a globular
core and stabilized by four or five intramolecular disulfide
linkages giving rise to the compact “B-cross” motif (Endo and
Tamiya, 1987, Kini 2002, Nirthanan et al., 2003, Tsetlin 1999,
and Harrison and Sternberg, 1996). Though the members of this
large family of proteins share similar structural scaffold, it
has been shown that there are subtle differences that could
contribute to the difference in affinity and specificity (Rees
et al., 1987 and Bilwes et al.,1994). Thus it is very
essential to solve the 3-D structure of this novel protein to

facilitate in the rational design of biocactive peptides.

We have successfully identified the crystallization condition

for the protein after screening 192 conditions. B-Cardiotoxin
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We have successfully identified the crystallization
condition for the protein after screening 192

W@ ondiosdsens. b- Car di ot oxi nwas crystallized by P&ESG2007/000405

hangi ng-drop vapour-diffusion nmethod by equili-bration
against 0.1 M SPG buffer pH 7 containing 0.1 m of O

.I M sperm di ne and 25 % PEG 1500 as the precipitating
agent (Fig. 13A) . The cryst bel ong to space group

P2wa§Mchs&HMﬂiz€§|ﬂy Qﬂ@aﬂ$H635§ & Sp 5&p§6r A £Fu9BPRetfod

88.82 A . There are 10 nononers in the asymetric

urkt SUPhE RIAF PRI P3dPPE ract M BPG PaLACE é§4o|7uﬁ>fbfrﬁl(nepg 0.1

13B) oV, Af @pehi B! ¥nd 14 BOpE® 188b1 48 2@ et PR &l @ating
conditions to obtain higher resolution data with | ower

nEREi {59 -SEABLt (8- FERTEASnPPEIngt FONTHCS Sft &¢- with
b- ﬁﬁ:dt@lp)plalﬂaﬂnétdﬂ%eaf£r5Qt 6@;(0@&11(9039@; ot el B8 raEpadrt egkre

to bi t d

b B AR B orig ot 5 Ve Rar ¢l PGSt e FARFTRFE
cald édZaAWeemyptnpanﬁt@mwe) Aid hoagbtutdeey larerwindety
usgdlsPAYSHGl AR5, haye, esoupt ered several PLOBISIS, aaca

assocl at e he currently aval eta ckers.
Alvithet gy @éR@#Q?Qire avail abl e as racemic m xtures of
L and D-enantioners, where only the L-enanti omer
exerts beta- blockade whil e the D-enanti oner, apart

f rOFEGEYFRy TUREFO" FRYAFERASIARVETIECE| de ef fects. For

et iotoRiad £d itheCal rdtf edbgdiuRgpthie iR eagitdeanes Wing
the widely used beta-blocker sotalol, it was reported

t Hét 2phel TPt al iiey PriRy eddeduynebesadrpakess taglong to a

plﬁeeb@ ssMARYmdela- bl p&lﬁqrysc§2(lmdbbt:yl/cﬂ{y¥3|r89arllﬁ\é%|1§e of
Ilpoga icity and so have the abili Cross

t
W GRFY | ¥ VaHG Y exer- twsééht“l)’lsalhaﬁﬁr Sypintered
Systvenal Qﬁ:US[Lé}gs adver seceef et shki ker fualth ycaviitliabhs beta-

ang L. psom e, belac bl ecker s ars eJkeShowna(t: OnilNGE £ARR s
i nsul i n res stance and raise the risk of diabetes

( Gfi £f @nch D-2003;1i0pakeo wergl only 1BO6LamdnG @8y ekents

. 1be%QOk9])ockaéQOtLl'nqr gﬁé Qj‘—e|n§§t‘:|§>nt@|rt ha;bc‘ﬁ_ltafli)!)ﬁ?cﬂiﬁrhé lr‘?’ert,
that many beta bl ockers |i ke esnolol exert a direct

i MRYDPTGT POREFECSIOR FEMfST ane Ca2* Bhidnnél s® &part °*t om
actriBy &S nhetge Hl-eakhfibmer of the widely used beta-blocker

sotalol, it was reported that the mortality increased by 65%
compared to placebo. Many beta-blockers exhibit varying levels
of lipophilicity and so have the ability to cross membrane
barriers and reach the central nervous system, causing adverse
effects like hallucinations and insomnia. Some beta-blockers
are shown to increase insulin resistance and raise the risk of
diabetes (Griffith, 2003, Waldo et al., 1996 and Gress et al.,
2000) . Another major issue with beta blockers is that many
beta blockers like esmolol exert a direct inhibitory effect on
membrane Ca®' channels apart from acting as beta-blocking
agents. This inhibjition of membrane currents would lead to -
pronounced negative inotropism leading to adverse
complications like severe reduction of blood pressure (Arlock

et al., 2005). However, such a problem was not encountered

when P-cardiotoxin was injected into animals. B-
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agents. This inhibition of nenbrane currents would
| ead to pronounced negative inotropismleading to

wa@eawsnedLonpl i cations |i ke severe reducti on oPCHEGDET7/000405

pressure (Arlock et al., 2005). However, such a
probl em was not encountered when b-cardi ot oxin was
injected into animals, b-Cardi otoxin induced a
negat i ve chronotropi smbut di% not affect the

né%f&%Bk%%%n 1ﬁ§£%éﬁa' ?ﬁ%éf@e(EEQéﬁ% %gﬁfg% %Etaéld’not

e natura I gands o ARs have an
ar tcthe Agostericrupe. ariips hedidty (Rakrdseensifdwal to
becotgny inportant for interaction with trans-nenbrane
helices TM3 , TM5 and TM 6 (Kobil ka, 2007). There
are only two aromatic amino acid residues in the

b-car dhet OxiuRa$enURNEE, o BEaARS N TN Tardfhal B g:ln%4)

Thus, we hypot hesi ze that these Tyr residues nay
ans"1rr‘r]ﬁl‘}\‘’fe‘antThllBI‘E‘?lef‘iyt1?139'S PRERr Ao RO dte Heﬁﬁrjd‘?pﬁéii?‘h for
vv| iritebaétFeson Toth astnthhadippot hesics s wem desirgne dindhre es

ti fromthe b-c rdlotoxm sequence Fi.g
OtD s\gguszgg%esﬁ%gﬁel Heas ¥ omd ﬁ‘romﬁrcﬁ Fhe’ ra(accfget !
hymtlbess; SlnD[:ﬁ)@Q}S—@drh):yotl‘Gxﬂh meﬁwans*rjronztm desi gn

f, BCLI S | D 46 d B EQ |
od_FZBLg(.SE ('l EQR% WESYy%\athaé(r:s}lze ?{ (c§ % 'IDr r?s_ldu)es may

eéfgnsd as°a ci'rcli
pefitaiyden biynpopl 8€n thGonBei lOtsheOin@itatefoend PfcdBotoxin
peptide (Fig. 14). The desngned pepti des were

syhttheBied By "seat. Heihdyeothetisc4F §TioRed| S urst flr ©
angbpRYAL S | €€ m YR RIB= ERLG Bk 8n sERubnece GraBd H)). we Th&a

masses of the purified peptides were determ ned by
ESlespen allﬁfa\ﬁeflf% et Wato 1t ReyP Tigtehe M @4 BE TP \erf’ﬂoiehjeby
caicul aﬂs&d:varakemﬂ aﬁewsglghsof F@ialbsHd 1pi@nd Eng BCL1b

heS| s b oxi dat i on, of
tﬁléS% 49?’16:&&& g%% ?Ias a circular

Pree perforrre (:orrpgflle
blmmmge dssayaagiongnt hey s adi ol ilganednd -9f th¢ J¢ptide (Fig.

1 GG-, 1;1;197%et59gr¢e%t SLpine o Q@ré rtﬂggizcga 9& g&thpﬁgsee

peptides wth cloned human b- su bt ypes
@hem%%]séyﬁélb‘tﬁléeg‘e%de a&ésli"gﬂefdew }?h&h’t‘ﬂ% (Flg 15 LY
sto uebiufial ThepssedSot Ne3phr StildCheEi @k Bere determined

by ESI-MS and we found that they matched exactly with the
calculated molecular weights (Fig. 15 B, D and

F). BCL2 was circularized after synthesis by oxidation of the
free Cys residues. We performed competitive binding assay
using the radioligand (-)-[°H]CGP-12177 to determine the
interaction of the three peptides with cloned human f-AR
subtypes 1 and 2 (Fig. 16). These peptides were designed
without any structural inputs as the 3-D structure of B-

cardiotoxin is not yet solved.

CONCLUSIONS

In summary, we have identified the crystallization condition

for obtaining good quality crystals of P-cardiotoxin. We have

also designed three peptides based on published information

about PB-ARs and also the “Proline-bracket” hypothesis.
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cardiotoxin is not yet solved. CONCLUSIONS In summary,
we have identified the crystallization condition for

w@bdioaioeidsng good quality crystals of b-cardi ot ORCTISGX®7/000405

have al so designed three peptides based on published

i nformati on about b-ARs and al so the "Proline-bracket"”
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therapeutically effective anmount of a pol ypeptide

havi ng the am no acid sequence of SEQ ID No. 3, or an
w@eiosoe@ed d sequence having at | east 60% sequePCESG2007/000405

identity to SEQID No. 3. 2 . A nethod of reducing

the heart rate of an animal conprising the step of

admnistering to the animal a therapeutically

ef fective amount of a pol ypepf(? de having the am no

aci d sequence of SEQID No. 3, or an amno acid

seflditee haV| ng at |east 60% sequence identity to SEQ

ID No. 3. . A phar maceut i cal corrp05| tion conprising
a pol ypepti VI ng t he am.no acid sequence of I.D
Nol 3 & metg STk SoqEG” of S FEASk PAGE P91 Pel

seq@ueciicteond:ental ytiemtSE@ tdddNof Bugh ameatament, the method
5 ph@é&@&%%é%‘ ! ¥k@;§%%p5§1mr%sqle!c9§<?t o églh VAREQF 5

carriler. . agln conpr|S|ng armaceuti ca

coﬁlb%@upepewadflyw%ﬁemtevan@anQ ptic |P@ﬁsp¢mrldaslea\@m the

Sahﬂl&ﬁ@@@@'éégﬁ@né@ & BES had nef 3 ITE‘&;I cal athim@ak BB tseqRence
An_ ant agoni st of the bi and/or - adrenerqic receptor

colpFiigi A £356I %‘ep“‘teqa‘é“%ﬁdﬁ@tiWe i Eclg- 3

sequence of SEQ ID No. 3 , or an am no aci d sequence
10 of,at least 60%seguence i |?erg| Y 19 SEQ | an MNo .3 . 6

S A phar maceut i cal ~COMpasi tTon corrprl sing

potsprapeice thaverp tifeadmmotaciey wquem@@lmﬁl SEQID

NOth 3 ape OF 1 @1 19 AR ARG 14 a%%lrl%n&@ al"'%\éhggge;%tldleer@a%tméo%e

sequence identity to SE

ph%ﬂ”rf’e?céEl’t‘i1 csﬁqu?“%ceépF% Il'eD 8Prﬁerﬂr 2B RUPRNECHE Sequence
canddier horidase 60v acheéhad iabntedi cal sig eat ped.. 7 .

Use of a pol ypeptide having the am no aci d sequence of
SEQ ID No. 3, or an am no acid sequence havi ng at

| edst GOHhsewpreEntécadervmpbyl tionSEQnR D shiog 8 godypéietide
menufact te Qf 14 Jmdi ¢ cef QF de rbrgataTept aQT aﬂ\lno

di sease, disorder or pathol ogical conditi on. .

metHsd Séﬁ“%‘r‘:@d%lﬁg 152pbl %eﬁ?ﬂ‘d%‘qeoﬁd%"étiynt‘f h@Q b

t restayenhd of paathseasecadisaceest M1 epai NRN@YI &&fuvant or
copdisign in

15

20

4. Packaging comprising the pharmaceutical composition of
claim 3 and instructions for use of said composition in a
method of medical treatment.
25
5. An antagonist of the B;- and/or PB,- adrenergic receptor
comprising a polypeptide having the amino acid sequence of SEQ
ID No.3, or an amino acid sequence of at least 60% sequence
identity to SEQ ID No.3. |
30
6. A pharmaceutical composition comprising a polypeptide
having the amino acid sequence of SEQ ID No.3, or an amino
acid'sequence having at least 60% sequence identity to SEQ ID
No.3, and a pharmaceutically acceptable diluent, adjuvant or

35 carrier for use in a method of medical treatment.
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a patient in need of such treatnent, said pol ypeptide
havi ng the am no acid sequence of SEQ ID No. 3, or an

w@eiosoe@ed d sequence having at | east 60% sequePCESG2007/000405

identity to SEQID No. 3, the nmethod conprising
introducing to a selected cell a nucleic acid having a
nucl eoti de sequence encodi ng sai d pol ypepti de such
that said polypeptide is expr@ssed in said cell; and
harvesting the expressed pol ypeptide. 9 . The met hod,
phar mac%ift i°éat Rﬁ%ﬁfﬁ%%‘fltqeoﬁa"b%?c E&8i HHL CaRFLY IRIsENCHOT
USlﬁE@.CIGDONglJl% olrOa@Myni@Bea®fd @laa}uascel hb @iy \Mﬁg}l&hsﬂ: %akd
po tide has _antagoni st ac t a 1-_and/or
PR CatEp T o 986, PnB hethoRe Brailtietivar

c ongbigiatne o, f opackadieg fmant agoai siseacr, usisoadeoral ng

t 0, 2Ny f jJs 1 to 8 wherein said pol ypeptide
has a }%%Qg?aq] (gglslé]%%%n 50mM to the 1- adrenergic

receptor. 11. The nethod, pharmaceutical conposition,

pagkagiMNGeAGE aGOBESIuci®l 4S8 13060 Hid1Got OuANY nORR: Of
clains 1 to 8 wherein sajd pol ypeptide has a Kl of

| eSSARER 5%‘111?;1 to%avE b%lsoaf&‘r"‘én%l”r FREPPERETEOr SO iRl
med hediephammaseditd Calick aipe@sinéion sapackagioBgtide haVJ_ng
ant,aggoni st . or. use accor |Sr%% to ,@gny one of cI ai s, %

he

Al no Ccl seqguence o ’ ll’lO
8 erein sai pol ypeptide Ts capable of® u0|ng

hesgduepae ehdving aarhsabt 1@)3% $heuerreieh@dent|@rrazr tracEi@ iLealfo- 3,

CQﬂRQ%kEh&HLcnggkgﬂﬂ ngntfHHﬁ@QQ@'éa:a Qélég%%daGéﬁﬂﬁglﬂgclelc
to adé/Pone of clainms 1 to 8 wherein the pol ypeptide

8V Pt 20PUEIHSE A% e IUGACAANTEI4RT Faddqh) ptide
C|@SﬁﬂItﬁ&@maﬁﬁep@lfypgﬁgdl@1|§0e§pr?es,sea in d5;a,1rc]16ce118 an8 ,
r pepti de havi ng at
lﬂaasrtveébb/mqa t%ﬁoe’é{’crleﬁ %eqpueﬁfg%p o‘leyﬁt ity. 14. The
met hod, pharnaceutical conposition, packagi ng,

ang agoniySt me Qfodl!S En AGEREME N1t Qoﬁ;ghysﬂn%n(’f &hal 5"&%,1

8 wherein the pol Ig?)eptl des conprises SEQJ B 5

a %ﬂ?ﬁ@@ﬁhﬁ?’ or use according to any one of clalms 1 to
wherein said polypeptide has antagonist action at a P;- and/or

B,- adrenergic receptor.

10. The method, pharmaceutical composition, packaging,
antagonist, or use according to any one of claims 1 to 8
wherein said polypeptide has a K; of less than 50uM to the PB;-

adrenergic receptor.

11. The method, pharmaceutical composition, packaging,
antagonist, or use according to any one of claims 1 to 8
wherein said polypeptide has a K; of less than 50uM to the PB,-

adrenergic receptor.

12. The method, pharmaceutical composition, packaging,
antagonist, or use according to any'one of claims 1 to 8
wherein said polypeptide is capable of reducing the heart rate

in a mammal.
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having at | east 80% sequence identity to SEQ I D No.
19, wherein each of X1-X7 is chosen from any single

W@eioso6@ed d; or a conti guous sequence of 2 , 3PCT/8G2005000405

, 6, 7, 8, 9 or 10 amino acids of any type .and in
any conbi nati on, and wherein each of X -X7 may be the
sane or different. 15. The nethod, pharmaceutica
conmposi tion, packagi ng, antagdhist, or use according
to claim14 wherein the pol ypeptide conprises an am no
acid sequence having a plurality of contiguous

SeguenCenL aRPRRENbHa ALt u@f c4 NesRPSSOURNG ep£HHROAGNt S
havi ng at | east 80% sequence identity with one_ of §EQ
| PNFIER28Y F, U533, 2SR gh 76 ahC Béi RY: S G St he" S dne
r esipectiny ehd ergiybept(ide towyis2saoi neracotisrilsengedr adino

(1119y LeOhe k200 AG 03 osnheo.rotfeg}fQ Whersi n ot he S?,.q%‘?”g? 9,
conponents are I n correspondlng I hear p08|t|on In'the
polypepti te amind’ ari d8sequenceyrerd idenparied @f tlrashet0%

!iﬁﬁﬁ{o 99§éit§.e%_eﬁ)$e %%Qn!cgq}\bs 20, 21, 23, 24 and 26
in the polypeptide of SEQ'1D No. 19. 16. The nethod,

phar maceuti cal conposition, packaging, antagonist, or

uses acciedmBghdd) dAYrHRueicLl aloiBodikioh, LaoMagh ey N

X cjmtias g.si n%l e _am no aéi d Qchosen fromT or K t)828i S

a S1HGrE*am 15 H8Y FCRESEN otk B R3E L Rgle

amtregredoi the Ipod epedtions \C@mprlises XEHOSIR Mi.A§l eolard mequence

ach 4, GBosen JIs0Mds UoglencGabst A StHUR) W RO, LI Gherein

chosen“fromE or V ; X615 a si ngl’'e am no aci d chosen

f reRfAlL ofr XXy ig7chesep SrAfl erdnt it l&cprBirheseA/ fe%om N

Orc&ﬂbiguous sequence of 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino
acids of any type and in any combination, and wherein each of

X;-X; may be the same or different.

15. The method, pharmaceutical composition, packaging,
antagonist, or use according to claim 14 wherein the
polypeptide comprises an amino acid sequence having a
plurality of contiguous sequence components each of those
sequence components having at least 80% sequence identity with
one of SEQ ID No.s 20, 21, 23, 24 and 26 and being:

(1) the same respective length;

(ii) 1 or 2 amino acids longer; or

(1ii) 1 or 2 amino acids shorter,

wherein the sequence components are in corresponding linear
position in the polypeptide amino acid sequence, as compared
with the linear position of SEQ ID No.s 20, 21, 23, 24 and 26
in the polypeptide of SEQ ID No.19.

16. The method, pharmaceutical composition, packaging,
antagonist, or use according to any one of claims 14 or 15
wherein:

X; is a single amino acid chosen from T or K;

X; 1s a single amino acid chosen from K or R;
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single
single
single
single

single

amino
amino
amino
amino

amino
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acid
acid
acid

acid
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