Conformational Switches in Toxin Folding and Uses
Thereof Cross-reference to related application: This
wapeiozsaee on clai ms benefit and priority from RCBSG2005/000309
provi sional patent appli cat} on No. 60/608,151 , filed
on Septenber 9, 2004, the contents of which are
i ncorporated herein by reference. Field of Invention:
The present invention relates generally to novel
peptCorformanibrmp Switfches inyToxinrFoldinganti iUses Tisaeof as
peptide or protein scaffolds for drug design.
Backgr ound O‘ The I nvention: The listing or discussion
6 t.his specification
oRE ite ; ' Slamimes: as an acknow edgemant
hat the docurrent is part of the state of the art
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through their specific interactions with other
referencdi onol ecul es. This seem ngly boundl ess and exciting
therapeutic potential of proteins has its associ ated
di sadvant ages. Probl enms such as denaturation, poor
Field lfimd intestinal perneability, antigenicity,
| =n mani pul ati on and nodi fication, and route
of administration (for exanple, intravenous) are seen
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macr onol ecul es as therapeutic agents. Despite
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involved in their interactions which is responsible
for the ogi cal propertles Invitro experinents
BaCkCHIQMnﬁdft Hae Iventiem:i des cont ai ning t he
functional site of the proteins exhibit the biol ogical
activity of the parent protein nol ecule. Conplenented
The listing tan dineussitvaof esnprior-ptiblisheloi decwnenl irc beai specification should not
sol id phase peptide synthesis, the inportance and vast
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art or is ERGIH BvoRral FraviEKaR: Al doHiST iR PG AE LIRS fiaerapalod herein

b referePOSS|MI|t|es that are avail able, serve as a val uable
y bir ce of potential ligands in drug design and

devel opnent. However, short |inear peptides would face
probl ens such as enzynatic di gestion, as well as
suffer entropic cost in binding due to its
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increasing focus and utilization of protein

interactiansgwitl eatheg bianeleedleay his seemingly boungdiess |ands exeiting therapeutic
i npede the devel opnent of proteins as drug | eads.

potential T photeimsdrassitscassosiaiéd disadvamages. Probterns ssciab dedaturation, poor
i ncor porate novel

absorption and intestinal permeability, antigenicity, difficulty in manipulation and

modification, and route of administration (for example, intravenous) are seen as the major
obstacles in the use of these precious macromolecules as therapeutic agents. Despite the
larger size of proteins, only a small number of amino acid residues form the functional site

that is involved in their interactions which is responsible for the biological properties. /n



bi oactive peptides, mnimzation of proteins to create

“mni-proteins" are gradually gaining popularity.
wae\pwblozs420 nportant strategy . utilized woul d be PCH§E200$/000309

smal |, conformationally redtrained and ri gid

structures to incorporate novel activities. Besides

. [ s 1 {9 . [ i
viro. exthEins: BBnceakank <HBR, bERIE? shof o B RERHER S of the
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2003/ 0158096. The bi oactive peptide in the

the advangemienpraft éprmbinaderialorlieralstriywend apoligl h@sef peptidentsynthesis, the
chem cal nodification, manipulation and structural

importan@dmnchastimmtm.ofwwtingrmmideeobnﬂ proteinst &s nherapeutic agents is
scaffolds include proteins with a nunber of disulfide
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as to inmpart resistance to proteol ytic activit
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rotein scaffolds, disulfide bonds help in determning
enzyma“g HiOesHPR ﬁ‘?gWSH s SHHELERERRI® ﬁOS“V\lﬂub&"Pﬂ'HQ@QeéO W lgxibiligy.e
in maintaining its biological potency. One study uses
venom from a scorpion as the basis of a scaffold for
hol di ng peptide sequences in place32. This has the
The recertvownd agecagesmhanm asgemgha ipedsitey ifocsd rared witidizaidrh of protein
relatively stable activity. This scorpion scaffold

engineerif@n6tdirdainveht S¥Me Fharprobleftd that ||rﬁP§d@'Tﬁe FRYeR PHént R proteins
prone to poor absorption, intestinal permeability and

as drug ?é?id?,f Wgﬁhkﬁe&‘h&fbhsgg%tm?@ﬁqrg%? dﬁpfélr‘ﬂs%;%ﬁbﬂst f€incor orate novel

a-conotoxi n 1solate rom nus geogra
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antigenic properties of the native viral
popularityyent ' de. Obj ects OF The I nvention: The findings of this
work relate to the identification of key structural
determ nants responsi ble for the folding of
a-conotoxin Im. Here we describe the contribution of
Another jpnpdriame stnatedye ufilizesk wiontdebe ywstagienef swafl, casfowebtiorely restrained
the conserved carboxyl term nal am dation, as the

and rigid r'sjueturss el Gidorporate heveh aanities| Betsiﬁi@sfddrﬁérlﬂlﬁg@ialﬁhty and locking
cl ass of short peptide toxins, a-conotoxins.
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design of mni eincin the desit
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us 200 REHRBEL trEoRReRl pRpie T e Hip i SSAH0R, qyanp rapia anc
conserved cysteine framework made up of two disulfide

efficient qhyemigalgnadiigation, meanipyation agd shvetuel quarmgteaﬁam ddogf preferred

resi dues. Native a-conotoxins have a "d obul ar"
mini-protein scaffolds include proteins with a number of disulfide bridges, which confer

conformational stability, as well as to impart resistance to proteolytic activity and
denaturation. Toxins from the venoms of snakes, scorpions, spiders and cone snails are

good sources of small disulfide-rich proteins and provide an excellent repertoire of natural



conformation held in place with two disulfide bonds.
In spite of the relatively diverse range of possible
w@pioao28e0 d variation within the two intercystBCTeG2005/000309
| oops, a-conotoxins show a3preference to the
"d obular" conformation (C -3, C2-4) over the flatter
. "Ribbon" (G -4, C2-3). or the flexible "Beaded" (C1-2,
protein sqgffolgs. Cghér@sﬁﬂmm,,ﬁ)rotﬁgb@@ﬁffq}ds Higidlfig hengs drelp in determining the
conot oxi ns was di scovered: |-conotoxins (or
folding and-aoaifartration) whiehthayela vital iolagh mdistaiing de bitlagicalpotency.
possess identical conserved quadruple cysteines inits
framework, the native conformation observed was the
ri bbon (Ci-4, C2 ) conformation instead of the usua
I I r u [ { n j i :
One studg s f?‘én(ﬁﬁ Horh! éesc%ﬁﬁgn 45 fe $RARL gKL §caﬁd§i!1§% ﬁo{dr']r}ﬂ peptide

ssays wt native g ul ar a-conot oxin

sequence%I ol;ggt?éjedTh %sr gﬂfs %&?ﬁtgs? aqf C@ngé) h‘fﬂg %&'h?ﬂgiﬁruc’[ura with

) mati on, abol i d all nACHR antagoni sti
relatively Slabie At 'tyi%bﬁw%}@@”ysc%’?)rde Bonstus S, dor 9 2o, 46ds long and

nativeri bbon conformation has a potency that is 3
may still e geone tmgart absomiigheintesiingbppemeabitity antk antigenieity when some
gl obul ar conformation in seizure induction.2 These
peptides drenedds thenstedfildce t he point that structural
conformation has a crucial role to play in determ ning
t he bi ol ogi cal potency of these short peptides.
However, the structural features attributing to this
A a—conofd?@r{'gf‘olﬂéddhﬁ g ybéﬁ&ﬂ@,ﬁﬁusar}pascﬁgéﬁrlﬂ%td ad &hsad?a%ld to host
uncl ear. esl zing vari ant's of
a-,conot oxi e erm
alyooprotdlfrhtfingfetigs SR SE and auns @ AR torR epk65dpdineerties of
. loop can effect a shift of the folding tendency of
the natlveaur@ga@@t&g n fromthe native globular conformation, to
t he non-native ribbon conformation. By understandlng
the folding nature of this highly conpact and stable
structure, it is possible to mani pul ate the peptide
backbone as a scaffold for insertion of short, active
sequences, useful in the devel opment of novel
bi oactive peptides. Summary of invention: |In one
aspect, the invention provides a nethod of altering a
protein conformation by renoving, for exanple by
del eti on or substitution, one or nore
conformati on-i nduci ng am no acids. In one aspect the
i nvention provides a nethod of altering the
conformati on of a protein or a peptide froma gl obul ar
conformation to a ribbon conformati on conpri sing
renovi ng, for exanple by deletion or by substitution,
a specific conformation-inducing residue fromthe
protein or peptide. In one enbodi nent, the
conformation-inducing residue is proline. In one
particul ar enbodi ment, the conformation-inducing
residue is proline located in a |loop of a domain of
the protein or peptide, for exanple an inter-cysteine
| oop of a domain defined by one or nore pairs of
cysteine residues form ng disul fide bonds.
Furthernore, an Nterm na



or Ctermnal cap may be added or renoved at the
rel evant end of the protein or peptide to further
wEe@rors20r stabilize an i nduced conf or mat i onaPCERG1005/000309

In a further aspect the in¥ention provides a method of

altering the conformation of a protein or a peptide

froma ribbon conformation to a gl obul ar confornation
Objects Of Thenlnventioni ng, for exanple by insertion or by

substitution, a specific conformation-inducing residue

The findifgonoft ks protieirslats tpepid ddentifitatios oM@y BROtturdih@eterminants
conformati on- |ndu0|ng residue is proline. In one

responsibfRAet i ofling BRAGRBRthan ffie, cont ar Tat i on | nduc ng
ue 1s i ne an I's introduced into a | oop of a
donaln of the protein or peptide, for exanple an
inter cysteine | oop of a domain defined by one or nore
airs of cysteine residues form ng disulfide bonds. As
Here we d?ﬁquh@ the sandikitiont elorroling invibe fisstialereysteinedpapnas well as the
cap may be added or renoved at therel evant end of the
conservechearbekyl terminap airddatton, fasrtheenajor sirotkiralr deteabinbintseinathe folding
i nduced conformational shift. In another aspect, the

of a classi 6TveHdii SERtRICOIKXIRS cBcdiiBafs. Ofldantifieatitl® of ifase structural switches
conformation of a pept| de, the nmethod conpri sing

RERT sy ce of Fornmul a
are useful R fid ¥l Bt R B0 Re sty S PANERY T ons
I\I-term nal to Q/SB or to renove a proline residue that
IS two p03|t|ons N-termnal to Cys3, wherein: Formula
o- conotoxmsi are ghett, -diguihd ym@g@t%@scggmed (f,r)pgq theyenom cgis the marine
and Cys4 are cysteine residues that together formtwo
predatory dose shaitte Onenafdhe ey wireictuCyiddatnes Gfthdsanoxibeisiberpresence of a
Cys2 and Cys4, between Cysl and Cys2 and between Cys3
highly corfsetvédy sfsteiie hameamitk @iade aipd ofhwd d@valfietbriges Qidiist its short

and Cys3; X is any amno acid; and mand n are the

sequences‘?)f'e1?r19d drhRbe i NbsRiRR. tﬁleﬁ\‘?é‘ah ééjﬁoﬁéxu% eahws & N3Biobular

In certaln enbodi nent s,

conformatgxﬁ\ Qﬁh@q ]TW 5\&5 a(‘{]%fs qﬁsb fﬁgﬁgro% ﬁ@rél@ﬂg&y %IVSI’SG range
convertin the Ct erm_nal to t he other of the

of pOSSIbI%aqu'Gseya%f? Fgpiakien t"l‘ig‘“&ﬁ’i‘%lgw@r'ﬁtﬁicyﬁlfﬁmﬁrﬂ@f)ﬁ%r axepetaxins show a
the invention provides a nethod of altering the

preference inther il war gionforpesiond€:-st Be«neardhie dlatipr fibhgn” (Ci.4, Cog) OF
nodi fying a peptide conprising the sequence of Fornula

the flexiblé “Bedded’CiG-ex; 1GsnicogfornmativhaRecenty,td@ewofraupcaf bonotoxins was
group or an am de group to convert the Cterm nal group

dlscovered 0 AL B ABXRS (Hr 5<Ih&? ’90 Ir 0’1’90&9@ tipg %J)X %n&lroSlH\% pOSSEss

wherei n: Fornul a

c&geéyﬁ%ﬁaééwmzs%ﬁ%a%gm@&t e .

nd ween s2 and s4, between sl and Cys2
was the né’%gp &é maws(gpg@or%ﬁj{m@y@gte%rofbt@pml g&:la;@n@g@ seen in a-
and between Cys2 and Cys3; X is any am no acid; and m
conotoxingand n are the sanme or different and each is equal to
or greater than 1. In certain enbodi nents the mnethod
further includesintroducing a proline residue two
positions N-termnal to Cys3, for exanple by insertion

In vivo assdys with native globular a-conotoxin Gl showed that the beaded isoform suffered

a ten fold reduction in biological activity, while force-folding into the ribbon conformation

abolished all nACHR antagonistic activityl’ Conversely, x/A-conotoxin CMrVIA in its native



substitution, or renoving a proline residue that is
two positions N-termnal to Cys3. In another aspect
W@ b@ofozs4emt i on provi des a peptide conpri sing aPCT/SG2005/000309
conot oxi n consensus sequenbée as defined in Fornula |
and having one or nore amno acid residues inserted or
) substi tuted between Cys2 and Cys3 such that the region
ribbon cogtarmadian hipsxenpPetaricyrtsat isodharderscmageiyim bighgr veeanparged to the
any wi | dtype conotoxi n sequence, or having one or nore
non-nativargiotularciahformsatitmeis Saiaee tieduaionsuTsdse finditgd emphesize the point
Cys3 and Cys4 such that the region defined by Xn

that structliralf edrFofmatiort hes e WrtEaPI itd gleryenal dmerrﬁmﬁr@/thw Eldb)gml potency
conot oxi n sequence, wherein: Fornmula | is -Cysl-

of these @h@’tsﬁﬁéldés%&meve@’ e st %%@ﬁ%g%ﬁﬁrﬁﬁ& this change in

residues that together

3 d between Cys2 and
disuifice '@%&& 308 KBRS SRS 8 sl ndRieen 053 and oys4
or between Cysl and Cys4 and between Cys2 and Cys3; X
is any amno acid; and mand n are the sane or
different and each is equal to or greater than 1. In
By synthesizingnsrifinieof a heatjyepti-ebmobaxin,awer bevaeshosei dinat theo C-terminal
positions N-termnal to Cys3 and a C-term nal am de

amidationg4d Prolfitdrdsitfied BPiHed £ iasrdyBRiNE Iutpn6an effieads F§h|fﬁof the folding
gl obul ar conformation. In another enbodi nent,

tendency Eﬁp& blfiotoRin ﬁ‘S@/ﬂ% ﬁaWé" %Iéreéérﬁpﬁnét Fl8sfhte' ﬁ’&'? natl\(/]e ribbon

rm na ternlna y grou p,

conformatiy.« By e ”de”CY%E@é‘“*oﬁwag%la@%‘n’gﬁﬁr&ﬂ&W aBinas! and stable

i nserted between 52 and6§%53 or between Cys3 and )
structure, df, iqpossiblg tpd?ﬂﬁﬁ a3 plee tpeplide | hackhene mspa sigaifels tor insertion of
peptide conprising the sequence as set forth in any
short, activa &eqtie8ED, UBeiNOB. the,de¥elopmet of nowveldibactiei pdptides.
further aspect, the invention provides a peptide
consi sting of the sequence as set forth in any one of
SEQID NCs. 2, 3, 4, 6, 7 or 8 By conparing the am no
aci d sequences of a-conotoxins and c/l-conotoxins
(Table 1), several differences are apparent. Firstly,
unl i ke a-conotoxins in which the conformational?
constraining proline residue is invariably present in
intercysteine loop 1, c/l-conotoxins has a
hydr oxyproline residue in intercysteine | oop 2 but
| acks the kink-inducing residue in the first | oop.
Secondly, it can also be seen that the C-term nus
am dation is conserved in all known a-conotoxins
(except G D a-conotoxin), but consistently absent in
all the 3 currently known nenbers of the
c/l-conotoxins. It is with these differences in mnd
that the synthetic peptide variants were designed.
Aside fromthe fact that a-conotoxin Im is one of the
nost studi ed a-conotoxin3 16, Im conotoxin was
sel ected as a nodel for our investigation due to the
fact that the



intercysteine |oop sizes are the closest to that of
c/l-conotoxins, and that Im conotoxin does not
WEOHsOSH2@NY f or m of post-transl ati onal nodi fiPEL/EG62005/000309
other than the conserved Germ nal anidation. Further,
the 3-dinensional structure of the native peptide,
along wth several of its point nutation variants had
Summarv@ﬂjnwmtm:/ed by NVR spectronmetry. In this work,
the follow ng synthetic variants were designed to
exarri ne the role of proline in both intercysteine |oop
as well as the effect of Ctermnal am dation: |m
In one asp@gt],dhg*n\{entlon provides a method of altenng a protein conformation by
A y- Cys- Cys- Ser - Asp- Pro- Arg- Cys- Al a- Tr p- Ar g- Cys- COMF
removing,[f@EQ(ampINbe dgletion omulzstitution, one or more conformation-inducing amino
d y- Cys- Cys- Ser - Asp- Pro- Ar g- Cys- Al a- Tr p- Ar g- Cys- COO#
acids. [SEQ ID NO 2]P6K Ami de:
A y- Cys- Cys- Ser - Asp- Lys- Arg- Cys- Al a- Tr p- Ar g- Cys- CONH
[SEQ ID NGO 3] P6K
Aci d: @ y- Cys- Cys- Ser - Asp- Lys- Arg- Cys- Al a- Trp- Arg- Cys-C

In one as@t %@5&@@@%%3%40&@%@6%9 S}pwgpa@_a%qf [e@é@ein ora
peptide fr({/@a’\@)g%&w@\ébﬁqﬁn Ec;g rippgn gfqm@tipgyﬁomis@@ rgppoving, for

ID NO 6] CMVIA K6P Aci d:
example bVade etjon eny @Qﬁtwpmacﬁp@éﬁw@p@mn@iwpnd)y@nmwiuq e the
IDNO 7] CMVIA K6P Am de:
protein or peptids; sinGyiss anpotiyneriy thel canf@ysatidnsindyein@yssida® ig ptoline. In
[SEQ ID NO 8] Brief Description O The Draw ngs:

one particiiaBembbdirfeqt, évecorfbimgatiarindating-residat & prsinandcated in a loop of
c/l-conotoxins. {mn) refers to the nunber of residues

a domain bﬂhbriﬁotbﬁ oﬁ?épt%@' o @nee e lﬁféch%l%ﬁ'né ROpRF dﬁ?ﬁ in deflned

when 't he peptides adopt either the gl obular or
oy ono or R R kb s il $9Jéyzf;o.%:6¢r§fa$§@@;ﬁ%zé< v
torminal oE ST L e RS AT RSV PR roin o

) A) and an_increasin radi ent of 80%
peptide to {UAGHIORIONS Ohs BRIIGE 2, IYUERUPI AT BN AESERE 2 (A)
Oxidation profile of the various purified peptides in
100 MM Tris-HCl, 2 mM EDTA, pH 8.5. Chronmatographic
separation of the oxidized sanples reveal ed 3 isoforns
In a furthei aspect the invention provides a method of altering the conformation of a protein

or a peptide from a ribbon conformation to a globular conformation comprising introducing,
for example by insertion or by substitution, a specific conformation-inducing residue from
the protein or peptide. In one embodiment, the conformation-inducing residue is proline. In
one particular embodiment, the conformation-inducing residue is proline and is introduced
into a loop of a domain of the protein or peptide, for example an inter-cysteine loop of a
domain defined by one or more pairs of cysteine residues forming disulfide bonds. As in

the previous method, an N-terminal or C-terminal cap may be added or removed at the



each of the variants. Predom nant isofornms in each
variant are marked with (*).Table 2: Air Oxidation of
w@wbhetsp€c peptide variants. Al variants oxi dPZESGR005/000309
3 possi bl e conforners of Varying proportions. Fl GURE
3: Chromatographic profiling of forced-folded
conformations of peptide variants. The retention tinme
relevant eggl of Hie PiSIQIB@r PePHdel I biniher Rramele atestabilizmpairducedd
mat ched with the dom nant isoformderived fromair
conformationadishifton. FI GURE 4: 1- Di nensi onal NMR spect roscopy
conparing the spectruns of the (A P6K Acid vari ant
peak 1 with the forced-fol ded ribbon conformation, (B)
P6K Ami de variant peak 1 with the forced-fol ded ribbon
In anothe ef, ikd IrR/@ntié‘ﬁ‘?rcf\ﬁaeé %ne?ﬁﬁéj %%ﬁé}iﬁ efﬁn?&ﬂkétﬁhd&%
I n wth the

ribbonr conformation, ( not oxi n .
peptide, kg St ARy Thor ol RBsib g onleh Eogmuta

, Amide with the for ceq,-foll\?ed ri boE\tycgnfor mat i on, (GR
to introduceyg HANRABSIALE IWRiROSTioRE Y- Krewal o Cyed QiteEeimaye a proline
. conformation, (H CMVIA K6P Amide with the
residue thaldie dwe positieas Nytesminal to EysB owhekein rEormuiuRE -S0yateE¥s2-Xm-
Spectronetry profiles of the various reduced and
Cys3-X,-Qys#di; Xy 1, Ays2pBGpsdand Cysd atd/cysidinsomsiducisithaisiogetiies form two
TABLE 3: Mass Spectronetry summary table for the

disulfide bbheritiveah G3RA aplisCysEehdBEtvdedr CYdrane Bysdebetween Cys1 and
vari ants. FI GQURE 6: 2-Di nensional NVR sumary char

t
Cys2 and %@Wg&@j@egﬁd @?gPorT%rfﬁgggﬁﬂsﬁn%rﬁ?gg& 5h@Bbnish €992 and

i on ott various spin
SN tem . ' opnectj viti -D N .
Oysa: x s Rote SRR af BRbhe bh bBeart i 8en s equaito or
structural. i soform for each varjiant, and.the sanples
greater thijh,f o yPlrdein SEAP Rt T R BRINE heS 9(CHRimIgAl c0aR e Tppither of
Bruker DRX-500 MHz spectroneter. (A) Im Acid Variant
a carboxy gEQUP ar an anideserond;, antdi "B%tthtjuré’@K"MﬁlC&ﬁ:S Fmpterting the)C-
I'm conotoxin Peak 3, (E) CMVIA Acid Peak 3, (F)
terminal gromp\Ip the\nthes oPthuk carpokGratir ol thekBmdagrdueak 1, and
(H CVVIA K6P Am de Peak 1. TABLE 4: Chem cal shifts
summary for (A) Im Acid Peak 1, (B) P6K Acid Peak 2,
(C Im Conotoxin Peak 3, and (D) P6K Am de Peak 1.
In anotherFRIsEEBELHE inPERNIGH PFVideso4 Ridined bﬂélte‘iﬁigq‘?méﬁ]ohﬁﬂheﬁ%ﬁ%f%

and PSK Acid variant Peak 2 perforne Accelrys

. i | . i . 80 f
peptide, thp el confisFiy BV e bk Eptising HRESagRhGE T Pormuia
r tively,.3-.Dinensignal structure of solution
and a C-te[F L BIRUP Tt js it ST P Gl ROWd OUB CLARAI e PP 49 Gppvert the -
. Dat a Bank. FIGJRE 8: Profiles of the 2 constructs RGD .
terminal groppiiRdhg piher 0% paiBoKy 8 YAReE araida sokvhereim Eormula | is —
second intercystine | oop (RGD2) 7b oxidized into 3
Cys1-Cysp¥estyseXecbiysbrnpysloCyedr Gyed apd dhsrtdremystaine rasidues that
ability of these to inhibit platelet aggregation of
together farmelsw disulifide iends Dedtaviebr Cyidd sa1d OY$dan®dbeddeen Cys2 and Cys4,
| nventi on:

between Cys1 and Cys2 and between Cys3 and Cys4, or between Cys1 and Cys4 and
between Cys2 and Cys3; X is any amino acid; and m and n are the same or different and

each is equal to or greater than 1. In certain embodiments the method further includes



Pepti de synthesis: The peptide variants were
synt hesi zed by solid phase peptide synthesis with Fnoc
w@b@waiost4eey on ABI Pi oneer Mdel 433A Peptide PCT/SG2005/000309
Synt hesi zer. The anino aci@ residues were coupl ed
usi ng N-[(di rrethyl amno)-1 H1
2,3-triazolo yridine-1 hyl ene] - Nnet hyl net
introducing Z1QliRe (A8 ’g[fcp ggélggmﬁ)glﬁﬁgp@a oo()}y@%/for example by insertion or
N, N-Di i sopropyl ethylam ne in situ neutralization
substitutionh entarneying Aoy tesiduecthas st twdegsositinisry-ta@minatorGys3.
am dati on were synthesi zed usi ng Fnoc- PAL-PS support,
whil e variants possessing a free carboxyl term nal
wer e assenbl ed on a pre-|oaded Fnoc-L-Cys(Trt)-PEG PS

In another(é:’éﬁebﬁfﬂé\’hﬁé‘ﬁlcﬁi yﬂr@?ld@%‘a)’ﬁé AR Mé%oﬁ%ﬁi@ %cﬁ’)éensus

four cysteines In seq rot ect

sequence HS dgH IR e8I b A RO b i b, 850 Bt sgriod o
subs’ntuteé gﬁﬂyﬁaelfne@y pgéf%g s‘ycﬁrsﬂa@qetgg:r%g\uota Pjgdﬁég @g%g‘lﬁers from the

Trifluoroacetic acid: Ethane-dithiol: Thioanisole:
correspongiggiegiongin sny vgldivme comtoXimisequeneR Q5éeVingeena el @ore amino
subsequently purified by reverse-phase HPLC (Figure
acid residuds inpearted oe dubgtdutedddiwbern Qlys8 @andrCyeaiss aisthatiher regicrddefined
from Synpep Corporation (Dublin, CA). The purified

~ by X, diffepefrbircige csereepbheing ¢bgiondh any iﬁ\ﬁldtﬂ))e dd?@tcﬁxuﬁ@bgl‘}éﬂéﬁ wherein:
mass (Figure 2). A|r oxi dation of the purified peptid

Formula | Y@SCSy‘salr Cy§:;d-)<° UEy XL QS saM. TEy St fd%zwggéil%nm&ﬁ%e o?/'é'teme

5, and [owed to stir inalr

residues tﬁ\fgggg%{epf’odw (?lgglflpg%to'nﬂg E&‘&%Eﬁ%&@ﬁ %@%ag@ﬁp%een
o e JETSHORIL FATAERAD BT S en o

her % TFA or formc acid as ion-pairing agent
and Cys4 606 PEMRPHENSD ANthf0ES; X3 aBpsmingacs!; and Mand e thgmsame or
anal ytical colum (Figure 2A). The peptides were
different apd eath étlequealiie or greater ancle dinbaseembadiBsint MB: pPptidé has a
El mer Sciex APl 111 Triple-stage Quadrupol e System
profine regiduetwd positiortlaNiHermisialitt ©gs3 &ad adl-teredhaladrhide, groug, and the
of peptide was dissolved in folding buffer conprised

peptide ha@fthé@éhdéwcvrtb%d té@%tﬁlléﬁ\éoﬁ@'ﬁzat%ﬂl Y5 RSiHe? dibtiment, the

and allowed to stir in air for hrs. Oxidation

peptide is ﬁatdkﬁi h@ ré 1896 %8 "sﬁ‘i‘ank'N H]?rﬁdé—!a “[8‘@'3{8?%2@'0% t‘ﬁérmﬁm%l

Ut athione r OX syste

carboxy g@%ﬁé ﬁﬁgif#ed?em%ﬂﬁiigﬁﬁw o eoTpudon Blitrerd”
embodim etﬂfn oréga tl vk éthe@{%‘fﬁ/\@é ?n%%&}a&%@%’v&éggasg@tnaﬁygsh&

synthetic variant folded into three isofornms upon
between GyisB@di @YS4.Fi gure 2A, 2B, Table 2). Iodine oxidation

Peptide variants with the desired forced-fol ded

di sul fide |inkage of choice were generated

In a further aspect the invention provides a peptide comprising the sequence as set forth in

any one of SEQ ID NOS. 2, 3, 4, 6, 7 or 8.



by nmeans of selective deprotection. This involves the
ort hogonal side chain protection of the four cysteine
WO e®ha28a%0 SO as to generate specific cysteine PEi/sG195/000309
of choice in the formati o of the two disulfide
bri dges. Cysteine pairs involved in the formation of
) bge first, and second disul fide bri dg,e were protected
In still a fugfhpngSReqty theyveriigN Srawdes AiREPHEE IBPNSISHDY o iheospaiengpas set
) respectively. The S-trityl group which is renoved
forth in any eneray 35@”5”%386\%,6&%@;)7&1”80\/\5 the first disulfide
bond to be fornmed by stirring in air in 0.1 M amonium
bi carbonate (pH 8.5) at a concentration of 0.1 ng/ ni
for 48 Hr. The second pair of cysteines was
rebe ! ¢ N, . L
By compeiRE e AR AEQ SAIEeb X gITC Eny S MBS (Table 1)
.a deaerated solutian contgining 0,1 nmV peptide (10 )
several diffeBRGSH Bift ARG i1 SHY e LBATS P1OPBPIOKER) Invibieh tio sopforgrationally
%v/v), and stirred vigorously under nitrogen bl anket
constrainingprolinairesidae s nvatieblyrasentiin intérdysteinm ldapct agh.a@onotoxins has
dropwi se until the solution becones col orless. The
a hydroxyprolife 2edidne nh iisteroyateihd edbg 2B iAtigcksHeBink-inducing residue in the
RPHPLC. | denti fi cati on of m nant | soformfromair
first loop. Sébgﬁélmﬁ .cjéhe'?lét?tb%néééﬁ‘tﬂa‘t e Qf-térﬁlg‘njsoéﬁﬁc?ét{oﬂl ebnserved in all
conf or us pepti S were

tion tor the vario e vari an

conpatred, wi t correspondi ai.r._oxidatiopn,

known a-CORP SO@R(QE% {gftz P‘é?‘?qozg’&@o%é‘g %pgsug@gﬂyi epﬂlg all the 3 currently
conformati on of the dom nant isoformin each variant

known mepbiegs pbth®) y/AAonotintati isrwitf these differenoss im mind Unsib theasynthetic
a control to verify that the folding conditions used

peptide vananistwéneetbsidred, ol di ng bi as of native a-conotoxins.
From the chromatographic profiling of synthetic I'm
conotoxin, Im Acid variant, P6K Am de variant, and
P6K Acid variant, it can be seen that only Im

: ' [ i.ne: e. f [ [ of . havin . 316
pside fronf S8 Tl BORUBRE, e, fa® B Aps{ St Peanaten™, imi
. the other vari ants s shifted towards the ribbaon
conotoxin g% &PR% ‘?éna%@gﬁp@eg%?f TS| VERligaiigR shiea:to THe fact that the
dom nant isoformfromthe air oxidation studies for
intercysteir@ doop sizesrareviie clheestaloalvt of ydkcohetoBinsk end3id@t Mrk conotoxin
spectroneter to acquire the 1-Di nensional NWR

does not pzeets any fdhe of-pgoshivensipashalumoumisalidie bir? TRaA eHe WohBerved C-
the spectrum of the various possible conformation

terminal agﬁeﬁioﬂ?qfu }ﬁeﬁeﬂh%‘:é-idﬁﬁer‘i’sﬁgﬁé?tﬁﬁ}dt%' of fHe. RAME Pﬁbﬁ]b; along with

ailned fromthe 1-D NVMR anal ysis matches w

. of . i\Q ' ' S n .
several of 88 o BRAAETH O PRl PRSP B SR cp ety n i
work, the ﬁﬂ@\;\}g}\é’fé G &m?%le%ﬁgg g\f?:rl%%%d Wg:t?)o@@gﬂz_ 2 gtea?[ae gaxaeleofg—)groline in both
, Table 4). In all four cases, ~ 1 mMof the peptide
intercysteing pOPNIVES Yol @ the Aifegtiebadesnigabamidations TOCSY and

ROESY 2-D NMR experinments at pH 3.1 in 10 % D20, 90 %

Imt Conotax@y @ Ined yonr BrsukSer -PR¥-PR0~Arg-Cys-Ala-Trp-Arg-Cys~CONH;

[SEQ ID NO: 1]
Iml Acid: G1y-Cys-Cys~Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg~Cys-COOH [SEQ ID

NO: 2]



MHz spectroneter. Spectra were acquired at 298 Kw th
wat er suppression. TOCSY mxing tinme was set at 70 ns
W@rweRBESY spin-lock tine of 300 nms. Struct ur aPCT/SG2005/000309
nodel i ng was perforned usilfg Accelrys | nsightll
software with NOE constraints derived fromthe NWR
_spectrum (Figure 5). NCE constraints were classified
P6K Amidgs GEyr6rg-C1s~9er3Adptys—Aegh Qe (Al a -0 rp-R1g-Ay,s dHWH, [SEQ
Wak (1 .9 - 5.5 A). Pseudo-atom corrections were nade
ID NO: 8}f or nmethyl and net hyl ene protons according to Withrich
et al. 17 H gh tenperature nol ecul ar dynam cs was
id:-Eh s er{,oLBEd_ - € r
PO A Y BO6 R 2 16 Bo YT ol T onel By D00 K e 20 o $9EQ D
Dynam cs was subsequently done at decreasing
tenperatures from900 Kto 400 Kin steps of 100 K
before cooling to 300 K by "soaking" in an assenbly of
CMIVIA Agigk ¥p 1 sy acGr8sGay~Bprphy S Theu 16y $ Thihediug 1¢y s HeOoOH [SEQ ID
| onwest energy levels were then overlaid wth an
NO:5] averaged structure from2 11 frames. Overlaid Im
conotoxi n Peak 1 gave a backbone RVSD of 0.39 0.12.
CMrVIA Aigs: el - R A -t 1Reak r2 1gav-e ca-byekhone VBB 9L cBvA] [SEQ
0.09., both eﬁgépti ng a "%{l@%bon" (%% -4, Cg-S) 2
ID NO: 6]confor mati on. 2-D NVR TOCSY spectrum gave a spectrum
simlar to that reported by David Craik et al5. Figure

d nst es 1-Di mensjonal NVR spectrqQsco
CMIVIA ’@Brﬁ%ﬁ&ﬁ@f%‘s‘é’ﬁ%‘%&% . é"%ﬂé‘&é’iSaﬂ&érﬁ%ngféaEO?H [SEQ
with. the forced-fol ded ribbon conformation, P6K Am de
IDNO: 7] vari ant peak 1 with the forced-fol ded ribbon
conformation, and Im Acid with the forced-fol ded
CMrVIA K6Povoide: Yenf-GysaCiyonGl ATy Cobod-akém s FH i helyp~Cys—~CONH,
forced-fol ded gl obul ar conformation, CMVIA Acid wth
[SEQ ID Ndreg)f or ced-f ol ded ri bbon conformation, CMVIA Am de
with the forced-fol ded ribbon conformation, CMVIA K6P
Acid with the forced-fol ded gl obul ar conformation,
CM VI A K6P Amde with the forced-fol ded gl obul ar

. confQrnatio jgure 7 shows structural nodeling of
Brief Descripti H a 6K Acid variant Peak 2
performed with Accelrys Insightll nol ecul ar nodeling
. g it | 5Us/d ¢ t
TABLE 1: S8Rt el SRR Btk R A SonplhtR ol Retep o the
0.38 0.06 angd 0O.72;.0.12 respectively. 3- Dinensional.
number ofsr{eﬁﬁeea n"bt?l?f PSSBWJ%i o'Ht%?YSG%'{‘Eﬁ%OFb? rESRPCIRGERLVYIE ptides
. obtained from Protein Data Bank. D scussion Anal ysis of
adopt eithehideHepidacesriponceadaatign 1 M and t he
c/ |l -conotoxins reveal ed the structural differences
which formed the basis to the design of the synthetic
FIGURE W 4A) Rutiication of/gyinthetier limdricidariaets i(ighBaKtAcid danant, ynd (C) P6K
the role of the conserved C-terminal amidation that is
amide varigetoniaPhessrhgnedt Jugifertds Epada0 A; 2506 10 Ny semi-preparative
converting the peptide amde into the peptide acid
column, ubRGND. 196 T GERIAE A Hrid hit inkYebsRY §heiidR! gt 8% Acetonitrile with
te?dency fro?ﬁE-54 ac?of t he cl assi ga? gfcggucﬁar foorcr:n onitriie wi
0.1% TFAggﬁﬂanit @?_t he oxi dation studies of the synthetic Im
onotoxin, to ~67 %

NO: 4]

FIGURE 2: (A) Oxidation profile of the various purified peptides in 100 mM Tris-HC|, 2 mM
EDTA, pH 8.5. Chromatographic separation of the oxidized samples revealed 3 isoforms in

each of the variants. Predominant isoforms in each variant are marked with (*).



ri bbon conformation in the Im Acid variant (Figure
2B, Figure 6). 18 W proceed to conduct a reciprocal
wo edodiozsy2et udi es on a native c/l-conotoxin, CMGEA/$G2005/000309

conot oxi n. Reci procal studiles on the effect of

C-termnal amdation in CMvI A conotoxin also resulted

in a shift of structural conformation towards the _
Table 2: §irdBydation ef ynihetieraptideniasiasis.f All ivarigntsaoxidizad| ibleeB possible

extent as conpared to Im Conotoxins. This is |ikely
conformetsaoflvanding ptapdriiengor esence of a confoundi ng vari abl e of

differing second intercysteine | oop size between the

two cl asses of conotoxin. Another structural feature

FIGURE gxefidmegtograghic prominl dfnfopdetelddte corohmatoRs of Peptifi€ variants.
Proline residue with a Lysine residue. Lysine was

The retenﬁcgﬂ\ngﬁfeegf lﬁé#ﬁm%ﬂ%{deﬁ“&ﬁwf%ﬁoﬂ \jv%zt% Q&ﬁﬁé@acc’?n(% ﬁwda‘iﬁélluo?dgwith the

ers o e ¢/l -conotoxins at the sa posi

. . Nt st.eine  oop. Such substitution also
dominant isgiq{ﬂrfé%fj“{%rge@&%tﬁ"f?Xlg?%%'t he gl obul ar conformation in
Im conotoxin to ~68 % ribbon conformation in the P6K
FIGURE 41 ae i dr i NN DRl Sy Aok Spe ol o the (4) PEK Acid
_ c/l-conotoxin folds to 53 % ribbon conformation. Wen
variant peglsie With dhe dprcggdaldgdt ihbhonpeenfpriaatiass i (BL 6K Aeide variant peak 1
synthetic variant shifts to fold preferentially to 83
with the forcedl-fldéedribbonfaonfartriadion, @he <€) trak Actdswitkithé dorced-folded ribbonr
poi nt that the conserved Pro6 in Im conotoxin has a

conformatfap, D) tmil ©opibtaxiv Mgtht the fordeal-fofdudf globaldr dondrnidien, (E) CMrVvIA
peptide toxin.Simlarity in the degree of shift seen

Acid with IHePBrEd@1dI8Ed Mpbes c%fdrﬁiéﬁioﬁn@| EMrGRA An¥iBE VA the forced-folded
suggests that both C-term nal "dm dation and Proline at
. -1 pRsi hi 1 [ : i {0 f t :
ribbon contBinglioh,"E5' EMPQE KGR RER! Yith AngRbfoetlBidd e corfoimation,
[ setting.. A further, nodificatiaqn conbining both
(H) VIS ARG )t S e oS oBIR R var i ant
resulted in a further shift of folding tendency to -76
%.r.i bbagn conformati gn, suggesting a |ikely synerqgjstic .
FIGURE %rM%%gppgiéorgﬁr&ﬁro@gsIqiélgﬁgggnp é@(jﬁ‘ﬁd@ o%u@gﬁ% Imi-conotoxin
Proline, and C-term nal am dation on the folding
and CMrViA geeetexin VRGNS the two structural features
identified were not able to result in an absol ute
shift of the folding tendency fromthe native gl obul ar
TABLE 3: ddadsoPpestramnetry suimgmary balla fooiheahaatatical andepsenvedonass for the
play a crucial role as conformati onal switches in the
peptide varightsconot oxi n. Though the peptides fold into different
predom nant isoforns, the excess of one formover the
other is not drastically different, suggesting that

FIGURE 6:0bMiRrtngRinaP™NMR Biminidg peHfe bripaishepss 70 tnd TOLY  aH-NH

cl ear whether proline cis-trans isonerization or _
egin (o) SHALED REYAOESETSBLECBEBRYL SRS e JoEag o ¢ dms an
sequentialeéofn?\%%ti\i/iﬁeé.%Dmiﬁo&paetrinﬁ)éhtg(/vetrgec%reries OllJtl on the oamcltnant structural
isoform for each variant, and the samples were dissolved in 90 % H,O and 10 % D,0, pH
3.0-3.1 on Bruker DRX-500 MHz specirometer. (A) Iml Acid Variant Peak 1, (B) P6K Acid
Peak 2, (C) P6K Amide Peak 1, (D) Iml conotoxin Peak 3, (E) CMrVIA Acid Peak 3, (F)

CMrVIA Amide Peak 3, (G) CMrVIA K6P Acid Peak 1, and (H) CMrVIA K6P Amide Peak 1.



peptide toxins in the devel opnent of peptide
scaffolds. The folding (oxidation) of the peptides
waowdob/oesagsul t in 3 possi bl e conformations, depePdl/sG2005000309
how the 4 cysteine residud® pair up to formthe
di sul fide bridges (lInmagine pairing conbination of
[1-2,,3-4%J [1-3, 2-4], } 1 -4, 2-3]). Based on the
TABLE 4:p@hemingl shile syapnagefoni(A) Innbdpid Beak dr &t PeKaAwid Peak 2, (C) iml
(that's why they are termed "gl obular™, "ribbon" or
Conotoxir' Beald8dand (RnE6Krenidegteakf1.r esi dues they will present
on the surface wll be different even though they have
t he exact sequence. The idea of using this as a

FIGURE B@tfdoalidl imddeliad IrdepsiddianiantPeie dndsQAcREVdridhg PeaR®
consequently the conformation resulting), the sane

performed Uﬁsvﬁﬁ%%éﬁ)(]sc Ri3ighalY %d@é\ﬁalut rﬂ@ﬂeﬁnﬁ%ffv@ér@%@ﬁb&?@'@'@aﬁor the 2

e as a host sequence The sequence can
r r s i DLW n_inNser
structuresy@letd FER Ry P AT P fospebrtiy SHMARDraRRFLt o
. I nserte egnment . can t hen e use of the conformation
solution s{iits GHy MR WaS CBANOR N SIUI8 el Hedkat t ar n
the desired activity. W have tested the sequence by
insentin? a well-studied tripeptide seqguence )
FIGURE g Argtilep o )8 copstiugts 8GI3 inthedingt eysiine e (RGRd) a@nd RGD in
RGD- Conot oxi n chineric peptide exhibits the
the secondinterdyatied opaGN2) Yb vkidizeddnioddi pdssilpeconfamearsef varying
tripeptide sequence. Wl e bl ood sanples were freshly
proportiondramanthbrapiiith esthielsy ty tihivit pltsict Ry@regatidn etiesd abhmers.
was neasured via change in electrical inpedance.
Col lagen (2 nmg/m)or ADP (20 mM was used as agoni st
Table 5 and Figure 8 show an antiplatelet activity
assay when RGDWis put into the host sequence in
intercystine loop 1 (RGD1) and intercystine |oop 2
(RGD2) showi ng the inhibition concentration. In
several exanples seen in natural protein nolecules, a
| arge percentage of the protein nolecule is involved
in defining the confornmation of the active segnent
which is responsible for the biological activity.
However, this active segnent is usually made up of
just a short length of am no acid sequence.
Conventionally, there will be the effort to mnimze
the protein size so as to exploit the feasibility of
using the active segnent as a viable therapeutic agent
and/or to insert into a protein scaffold so as to
restrict the flexibility of the active segnent into
the desired conformation. A larger protein nolecule
will also presentwith problens of antigenicity due to
the presence of several antigen presenting sites on
parts of the nolecule not relevant to the activity of
interest. Short, linear synthetic peptides
corresponding to the active segnents of the parent
protein nolecule usually will present the probl em of
excessive flexibility and the related high



entropi c cost of binding, or that the segnment will be
degraded easily due to the |l ack of a conpact
w@Reoeo284e@®. By inserting into a scaffold that PGI/SG2005/000309
stabilized with several rd8training disulfide bridges,
these probl ems can be reduced. Further, by using a
scaffold that is of a snmall size, we can rapidly and
DetaileckDéscriptiono@fcEhe¢nwentitnysi ng cheni cal
synthesis, as well as to easiTy attain the structural
i nformati on using physical techni ques such as
NVR. Ref erence List (1) Gehrmann J, Al ewood PF3 Craik
Peptide sythesisict ure determination of the three disul fide
bond i sonmers of al pha-conotoxin G: a nodel for the
The peptidel ¥atantdi werd i sypthasices by solidiqphasal psptidié | $yinghesls Meith Fmoc
Bi ol . 1998; 278: 401-415. (2) Balaji RA, Ohtake A Sato

chemistry kreABRPioricaniMiniet dBeAMeptRle ByimtRvsizaN THe ahinvoact essidaes were
wi th unique disulfide pattern and protein folding.

coupled ! S@4i 'Onl\la[@nféi‘ﬁ\ﬂ%frﬁj)lﬂ-ﬁ‘l'zoﬁ g R *@b@ggme?g )yfﬁ‘i’é’tH?lene]-N-

mar nor eus Bi ol” Chem’ 2000:275:39

o A Tt N PG AIILFAE i sr

neutralizapo%ﬁlp%b}%g&]es %Sgﬁ bow ég%dr?\@)wr}g @g%;lb{ap é:rﬁ{dlafc‘lbn were
Ml ntosh_JM Qivera BM AI pha- conotoxins Im and

synthesizedy ysingsj FnparAli-Bra SHPReG.otWhilec VRHRRISt BPSSeasit A dree carboxy!
act at different sites. J Biol Chem 2003;278:757-764.

terminal wWesg asshmidech od,a Dee-ioadleﬁﬁﬂ:mmddeTrlQ?rR&@-F[ﬂ (PSlykthylene glycol-
structure of al pha-conotoxin Im by IH nuclear

polystyren@)lgﬂqbpon rresipnaAlt efoud &fsteifbsnin 1!9@956?19213:6&- wre. piddected by

Gouda H Hirono S. Solution structure o

Trifl cdtRhaacgen -Bbllen THEA e dyhin tyed] n M%é%t T
" uoroaspect roscgi)'?/;a‘)I Bi ochi mRABl gﬁ}l{/bsa Act a. H61)9§g‘§g%1 38% 394 lon.. The

synthe&zﬂbﬁéﬁ(ﬁ?ﬁ%% t?%\ éﬁé\&éd“% %Etl)s(lﬂﬁywlﬁrﬁ %cpﬁ{ﬁ%ﬂp removal of side
: ubt ype- specific tinic.acet. ine
chain pf(%ffﬁ@?ﬁageo 5 P B R SO drifapisplo: Water
pha 9 receptors. Ml Pharmacol. 19955 48: 194-199.
(92.5:2.5:8 B2 Bairl W NG PR 5t WRIEHIEHROEORE DUkeCEEN ERarSasphase HPLC
_ Lancelin JM Mniml conformation of the .

(Figure 1)alPphified gaduesd iml genetoxint was Augkur aideresnBiomnBypem Corporation
acetyl choline receptor recognition: correlated CD, NWR

(Dublin, CALNTH®e pualiifieyl s¢pidicssverEEBEN thatacter®ed, k\btheR93ei288lar (Bss (Figure
Masl enni kov |V, Shenkarev ZO Zhmak MN et al. NWR

2). Air oxRigéibh adf tﬁterptmfwdep@;ﬁno@ plag- et atnn! T80 HEVIERISHE! with 2 mM
conmon scaffold in snail and snake toxins recogni zi ng

DA, P AT K B 2ol Mosh amt Vosni kam D, Nahe

E et al. Anicotinic acetylcholine receptor Iigand of

Isoforms within the oxidized peptide samples were then separated using reverse phase
HPLC on a BioCAD SPRINT chromatographic workstation or AKTA™ purifier system, using
a gradient of 80 % acetonitrile, with either 0.1 % TFA or formic acid as ion-pairing agent

over 100 min on Vydac 201 SP501 C18 4.6 mm x 250 mm analytical column (Figure 2A).



uni que specificity, alpha-conotoxin Im. J Biol Chem
1994, 269: 16733-16739. (11) N elsen JS, Buczek P3 Bul aj
wW@20000383k0ent - assi st ed oxi dative fol ding of a PCTYELI08000309
al phaconotoxin Im. J Peptl4Sci. 2004, 10: 249-256. (12)
QJi ram PA, Sine SM Structural elenents in
pha-conotoxin Im essential for binding to neurona

The peptigeepNaTe Vedias lorbe Ty BpOIoacHeRRechomBSHMS (RN &imarisciex APL I

(13) Quiram PA, Sine SM Identification of residues in
Triple-stagmé)uaeinumialSyﬂtema‘priacem yixadadionnstudisse poorait beidatiamf @1 mM of

selectivity for conotoxin Im. J Biol Chem

peptide wb@&ﬁsé’d@edlr@@dldméo&ﬁfer(éo%prﬁéd amM BO3AMTHs-LL. aftin® mM EDTA,

Pai rwi se interactions between neuronal al pha7

adjusted EF??—V @%hc?%él&ﬁ%@ Pio Sgr ?’;%‘i’a@z@? clggoggg%ér’tgn%tudwles were also
repeated b%@%h&&%ﬂ&r @%&%@W@Wé‘% oSBT LBk aym)

i.fic for neuyronal I nic Ih
Comple’te Bc,cgtﬁ%p@gﬁﬁﬁ@fsrv}enﬁgégg ﬂgg r Lo%g%jour( mgps ynjts.nwhich is
) YN, Zhmak MN, Methfessel C, Tsetlin VI. Aromatic
attributed $eiihe farmationofithe aveprhsudfideobadges wikhin Wmem@iesbaﬁkbone (Figure
I odi nat ed photoactivatabl e derivative. Toxicon. 1999;
5, Table 337E46188f 16O Synthaig vamaritrfoldedHintd\MrRe@ isdRomteupsn aridiation (Figure
Nucl ei ¢ Acids. 1986. (18) Kang TS, Vivekanandan S,
2A, 2B, Ta#e ).SDS, Kini RM Effect of C Term nal Amdation in
Fol ding and Disul fide-Pairing of a-Conotoxin Im.
Angew. Chem I nt. Ed. Engl. In Press. 2005. (19) Loughnan
M Bond T, Atkins A et al. al pha-conotoxin Epl, a
. | sulfated peptide from Conus epi scopatus that
lodine ox%\ﬁ%& ively targets neuronal nicotinic acetylcholine

Peptide vgréqrﬁg tvﬁ%&hemﬂ%&%&%%ﬂ-foﬁ%ﬁ aéﬂﬁpeﬁn %Z@\}ggﬁc%%lce( \?vg%e generated
nmol | usc-speci fi c al pha- conot oxi ns bl ock éf ysia _

by meansnefuseiaeiiveadeprptediioni fbis wvelyesribe mihegesa sideychaim guotection of
33:9523-9529. (21) Cartier CGE, Yoshikam D, Gay WR et

the four qysteire nesidabplren- asriot generathisphcifiargystainal pelvarb ef athoice in the
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HPLC.
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The three dimensional structure for the major isoform of each variant was then solved with
2-Dimensional Nuclear Magnetic Resonance Spectroscopy (Figure 5, Table 4). In all four
cases, ~1 mM of the peptide gave NMR spectra of adequate quality for TOCSY and
ROESY 2-D NMR experiments at pH 3.1 in 10 % D20, 90 %, acquired on Bruker DRX-500
MHz spectrometer. Spectra were acquired at 298 K with water suppression. TOCSY mixing

fime was set at 70 ms and ROESY spin-lock time of 300 ms.

Struciural modeling was performed using Accelrys Insightll software with NOE constraints

derived from the NMR spectrum (Figure 5). NOE constraints were classified as Strong (1.9
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of 0.51 + 0.09., both adopting a “Ribbon” (Ci.4, Cs.3) conformation. 2-D NMR TOCSY

spectrum gave a spectrum similar to that reported by David Craik et al°.

Figure 4 demonstrates 1-Dimensional NMR spectroscopy comparing the spectrums of the
P6K Acid variant peak 1 with the forced-folded ribbon conformation, P6K Amide variant
peak 1 with the forced-folded ribbon conformation, and Iml Acid with the forced-folded
ribbonr conformation, Iml Conotoxin with the forced-folded globular conformation, CMrVIA
Acid with the forced-folded ribbon conformation, CMrVIA Amide with the forced-folded
ribbon conformation, CMrVIA K6P Acid with the forced-folded globular conformation,

CMrVIA K6P Amide with the forced-folded globular conformation.

Figure 7 shows structural modeling of Iml Acid variant Peak 1 and P6K Acid variant Peak 2
performed with Accelrys Insightll molecular modeling software and compared with solution
structure of Iml conotoxin. Backbone RMSD for the 2 structures were 0.38 + 0.06 and 0.72
+ 0.12 respectively. 3- Dimensional structure of solution structure of Iml conotoxin was

obtained from Protein Data Bank.
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iml Acid vgrig%%ﬁa%sgggﬁ%&ﬁé@%ﬁﬁé{%ﬁ%é()lg% tﬁe %é’&eryeé%?ag%n%eé '3tion that
s seon Gl 4l PAahe Knewi9ROKNUL o oS BRUAhBEIerIdgMIde o the
peptide agdesfg?rﬁl,s i/vle4r31a\;e successfully shifted the folding tendency from ~54 % of the
classical globular form seen in the oxidation studies of the synthetic Iml conotoxin, to ~67 %
ribbon conformation in the Iml Acid variant (Figure 2B, Figure 6).®* We proceed to conduct a
reciprocal folding studies on a native x/A-conotoxin, CMrVIA conotoxin. Reciprocal studies
on the effect of C-terminal amidation in CMrvlA conotoxin also resulted in a shift of
structural conformation towards the globular form. However, this shift is of a much lower
extent as compared to Iml Conotoxins. This is likely to be due to the presence of a
confounding variable of differing second intercysteine loop size between the two classes of
conotoxin.

Another structural feature examined in this work involves the replacement of the Proline
residue with a Lysine residue. Lysine was selected as a substitute due to its occurance in
all 3 members of the y/A-conotoxins at the same position of the 1% intercysteine loop. Such
substitution also resulted in a shift from the globular conformation in Iml conotoxin to ~68 %
ribbon conformation in the P6K Amide variant.

Reciprocal studies involving CMrVIA y/A-conotoxin was also conducted. Native CMrVIA
x/h-conotoxin folds to 53 % ribbon conformation. When Lys6 was replaced with a Proline
residue, the synthetic variant shifts to fold preferentially to 83 % globular conformation.

These results reinforced the point that the conserved Pro6 in Iml conotoxin has a role in

determining the final conformation of the peptide toxin.
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1. 2. e method of claim1l wherein the peptide has a

no doubt pialy4 Britdhl ILUB ddhfdrmictioRhl Bfficids f the Im! conotoxin. Though the

likely syn

peptides fold into different predominant isoforms, the excess of one form over the other is
not drastically different, suggesting that folding may occur by independent pathways. it is
not clear whether proline cis-trans isomerization or hydrogen bond interactions contribute 1o
these folding pathways.

These findings will have a significant effect in the manipulation of these small, compact

peptide toxins in the development of peptide scaffolds.

The folding (oxidation) of the peptides will result in 3 possible conformations, depending on
how the 4 cysteine residues pair up to form the disulfide bridges (Imagine pairing
combination of [1-2, 3-4], [1-3, 2-4], [1-4, 2-3]). Based on the pairing, the peptide will adopt
different shapes (that’'s why they are termed “globular”, “ribbon” or “beaded”), and the type
of residues they will present on the surface will be different even though they have the
exact sequence. The idea of using this as a scaffold is that depending on the type of pairing
(and consequently the conformation resulting), the same framework can have more than 1

conformation.
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In several examples seen in natural protein molecules, a large percentage of the protein
molecule is involved in defining the conformation of the active segment which is responsible
for the biological activity. However, this active segment is usually made up of just a short
length of amino acid sequence. Conventionally, there will be the effort to minimize the
protein size so as to exploit the feasibility of using the active segment as a viable
therapeutic agent and/or to insert into a protein scaffold so as to restrict the flexibility of the

active segment into the desired conformation. A larger protein molecule will also present
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disulfide bridges, these problems can be reduced.

Further, by using a scaffold that is of a small size, we can rapidly and easily mass produce
the peptide using chemical synthesis, as well as to easily attain the structural ihformation

using physical techniques such as NMR.
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<220> <223> synthetic peptide <220> <221> m sc_feature
<222> (10) ..(10) <223> Xaa can be any naturally
wW@ewenes4ng ami no aci d <400> 7 Val cys cys G | yp@ysGRo8000309
Leu cys H's Xaa cys 1 ,5 1B <210> 8 <211> 11 <212> PRT
<213> artificial <220> <223> synthetic peptide <220>
<221>- msc _feature <222> (10) ..(10) <223> Xaa can be
(30) ZataraflarkHE, RambiloyCoGrap rWR ey alaRhylogemeticspeaifigity of 2iokinkAgir RE@ds:
alph228mrot¢xid 1. Bi¢dhtmistR2 398G DI THN5<400> 8 Val cys Cys
Gly Tyr Pro Leu Cys H's Xaa cys 1 5 10 <210> 9 <211>
(31) MclftosiZIN >ChRilz €0 Baya Rieetshdidlatich2d characterization of a novel conus
peptide with apparent antinociceptive activity. J Biol Chem. 2000;275:32391-32397.

(32) Sharpe IA, Gehrmann J, Loughnan ML et al. Two new classes of conopeptides inhibit the
alphal-adrenoceptor and noradrenaline transporter. Nat Neurosci. 2001;4:902-907.



<221> MOD _RES <222> (16) ..(16) <223> AM DATI ON <400>

9 Ay Cys Cys Ser Asp Pro Arg Cys Asn Met Asn Asn Pro
WASW6/09842Cys 1 5 10 15 <210> 1093231- 142 seq | PGL/BGL05/000309

09- 08- 05 ST25 <211> 16 <222> PRT <213> cone snall

40056905008 IECU2 NOJ Leu PFevPro & Ringan  Ref
Asn Pro Asp Tyr cys 1 5 10 15 <210> 11 <m;1|1> 16 qRie>

£ 4 0N\

/7 Class PRT—<213>—cone—snart—<220><221>MDBRES<222>(16)

.(16) <400> 11 Gy Cys cys Ser Leu Pro Pro cys Al a

Epl  Leu corspAsmaPnapASi+TYDIcYs LMolkbksls <2902 12 <2Bl# 18
16 <212> PRT <213> cone snai l

Name

PniA GCCSLPPCAANNPDYC* [10] Mollusks 5/12 13/4 219
PniB GCCSLPPCALSNPDYC* [11] Mollusks 5/12 13/4 9
Ml GCCSNPVCHLEHSNLC* [12] Fish 5/12 13/4 2120
El RDOCCYHPTCNMSNPQIC* [13] Fish 5/12 13/4 %221
AUIA GCCSYPPCFATNSDYC* [14] Mollusks 5/12 18/4 %22
AUIC GCCSYPPCFATNSGYC* [15] Mollusks 5/12 13/4  #22
GIC GCCSHPACAGNNQHIC* [16] Fish 5/12 13/4 223
GID IRDYCCSNPACRVNNOHVC [17] Fish 5/12 13/4 2524
AniB GGCCSHPACAANNQDYC* [18] Worm 5/12 13/4 %925
AUIB GCCSYPPCFATNPD C* [19] Mollusks 5/11 12/4 %22
Vel.d GCCSDPRCNYDHEI C* [20] Mollusks 5/11 12/4 %26
iml GCCSDPRCAWR C* [1] Worm 5/8 9/4 10
imll ACCSDRRCRWR C* [21] Worm 5/8 9/4 4
3/5 Class

MI GRCCHPA CGKNYS C* [22] Fish 4/9 10/3 %27
Gl ECCNPA CGRHYS C* [23] Fish 4/9 10/3  #28
GIA ECCNPA CGRHYS CGK* [24] Fish 4/9 10/3 %28
Gll ECCNPA CGKHFS C* [25] Fish 4/9 10/3 %28
Sl ICCNPA CGPKYS C* [26] Fish 4/9 10/3 %29
o IN

CMrVIA VCCGYKLCHO C [27] Mollusks 5/7 8/4 2
CMrX GICCGVSFCYO C [28] Mollusks 57 . 8/4 2
MrIA NGVCCGYKLCHO C [29)] Mollusks 5/7 8/a 33

TABLE 1



<220> <221> MOD_RES <222> (16)

.. (16) <223> AM DATI ON

<400> 12 Ay Cys Cys Ser Asn Pro Val Cys His Leu Glu
wok®eBz4200sn Leu cys 1 5 10 15 <210> 13 <211> HGI/SQAA5/000309

PRT <213> cone snail

<220>25%221> m sc_feature <222>

(3).. (3) <223> Xaa can be any naturally occurring
am no acid <220> <221> MOD RES93231-142 seq listing
09- 08- 05 ST25 <222> (18YABLEIB) <223> AM DATI ON <400>

13 Arg Asp Xaa cys cys Tyr

Hs Pro Thr Cys Asn Met Ser

Asn Pro Gn 1 @jdBular!ie cys RidBonl4 <211> 16 gHddded
PRT <213> cone snail <220 <221> MJD_RES <222> (16)

Iml Acid™ ' >/ """ "30.09'+ 0.61 67.24 + 0.36 2.67 + 0.46

P6K Acid 19.75 + 0.29 76.16 + 0.44 4.08 + 0.54

Iml Cnitx 54.02 + 0.39 42.97 + 0.95 3.02 = 0.56

P6K Amide 68.50 + 1.69 30.23 +1.47 1.27 +0.39

CMrVIA Cntx 31.27 + 0.87 52.92 + 0.34 15.81 + 0.54

CMrVIA Amide 33.95 + 0.55 48.84 + 0.97 17.22 + 0.42

CMrVIA K6P Acid 82.94 + 0.40 3.48 + 0.26 13.57 + 0.40

CMrVIA K6P Amide 93.14 = 0.67 5.33 £0.70 1.53 + 0.06

TABLE 3
'(l'gae)oretlcal Mass Observed Mass (Da) 8)):;:Ilzed Mass

Iml Acid 1356.54 1356.18 1352.16
P6K Acid 1387.65 1386.54 + 0.66 1382.85 + 0.48
Imi Cnix 1355.52 1355.85 + 0.04 1350.90+ 0.17
P6K Amide 1386.67 1386.45 + 0.80 1381.95 + 0.38
CMrVIA Acid 1241.57 1241.20 + 0.18 1236.90 + 0.17
CMrVIA Amide 1240.59 1240.20 + 0.26 1236.30 + 0.68
CMrVIA K6P Acid 1271.61 1209.70 + 0.10 1205.70 + 0.18
CMrVIA K6P Amide | 1270.63 1208.80 + 0.04 1204.96 * 0.39
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. (16) <223> 4-hydroxyproline

W2@6m28470 | i e Arg Asp Xaa Cys Cys Ser Asn Pro PCESGY®5/000309

. (4) <223> 4-carboxygl utamate <220> <221>
(16)

Asn Asn xaa 1 5 10 15 Hi s Val

M SC_FEATURE <222>

<222> (4)

cys <210> 18

<220> <221>
.(17) <223> AM DATI ON <400> 18 G
Hs Pro Ala cys Ala Ala Asn Asn

15 10 15 cys <210> 19 <211> 15 <212> PRT

Arg val

(15)

MD RES <222> (15)..
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Page 693231-142 seq listing 09-08-05 ST25 Ay Cys cys
ser Tyr Pro Pro cys Phe Ala Thr Asn Pro Asp cys 1 5 10
WA 2006035320 20 <211> 15 <212> PRT <213> cone snaPCT/SQA057/000309

<221> MOD_RES <222> (15)..

(15) <223> AM DATI ON <400>

20 Ay Cys Cys ser Asp Pro Arg Cys Asn Tyr Asp Hs Qu
lie Cys 1 5 10 15 <210> 238<211> 12 <212> PRT <213>

cone snail <220> <221>

<223> AM DATI ON

<400> 21 Ala cys Qys s

<222>- (12) ..(12)

r Asp Arg Arg

Wkinifart Paéattolidada >t YCHADP)
RGD1 Pk1 1.48 uM 2.63 uM
RGD1 Pk2 0.82 uM 0.22 uM
RGD1 Pk3 1.64 uM 2.40 uM
RGD2 Pkl >15 uM 11.4 uM
RGD2 Pk2 >15 uM 3.05 uM
RGD2 Pk3 >15 uM 2.70 uM
Eptifibatide 0.083 uM 0.023 puM




<222> (14) ..(14) <223> AM DATI ON <400> 22 dy Arg Cys
Cys Hs Pro Ala cys Ay Lys Asn Tyr Ser Cys 1 5 10
WO 200m283 <211> 13 <212> PRT <213> cone snail PCT/SG2005/000309
<220>93231- 142 seq listing 09-08-05 ST25 <221> MDD _RES
<222> (13).. (13) <223> AM DATI ON <400> 23 d u cys cys
Asn Pro Ala cys Ay Arg Hpg Tyr ser qlls 15 10 <210>
gl5 <212> PRT <213> cone snail <220> <221>
WHATIS éﬁAﬂaﬁE@lZZD (15).. (15) <223> AM DATI ON <400> 24 QG u

1 AR P B S4RoSot W B Ve el onn
a péc’pr{%el comprising the sequence of Formula | to introduce a proline residue iwo -
positions N-terminal to Cys3 or to remove a proline residue that is two positions N-
terminal to Cys3, wherein:

Formula | is ~Cys1-Cys2-Xm-Cys3-X,-Cysd—;

Cys1, Cys2, Cys3 and Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between Cys2 and Cys4,
between Cys1 and Cys2 and between Cys3 and Cys4, or between Cys1 and
Cys4 and between Cys2 and Cys3;

Xis any amino acid; and

m and n are the same or different and each is equal to or greater than 1.

2. The method of claim 1 wherein the peptide has a C-terminal group that is either of a
carboxy group or an amide group, the method further comprising converting the C-
terminal group to the other of the carboxy group or the amide group.

3. A method of altering the conformation of a peptide, the method comprising modifying
a peptide comprising the sequence of Formula | and a C-terminal group that is either
of a carboxy group or an amide group to convert the C-terminal group to the other of
the carboxy group or the amide group, wherein:

Formula | is —Cys1-Cys2-X,-Cys3-X,-Cys4—;

Cys1, Cys2, Cys3 and Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between Cys2 and Cys4,
between Cys1 and Cys2 and between Cys3 and Cys4, or between Cys1 and
Cys4 and between Cys2 and Cys3;

X is any amino acid; and



<220> <221> MOD RES <222> (13).. (13) <223> AM DATI ON

<400> 25 G u Cys cys Asn Pro Ala cys Gy Lys His Phe
w®eroeysE20 5 10 <210> 26 <211> 13 <212> PRT <2BGESGTNE000309

snai | <220> <221> MOD_RES 3R22> (13).. (13) <223>

AM DATI ON <400> 26 lie cys Cys Asn Pro Ala cys Gy Pro

Lys Tyr Ser Cys 1 5 10 <210> 2793231-142 seq listing

09- 68a0d n&rathecgdbe ar Hiftereat-amiREast? 3equab he os grdter than 1.

<220> <221> M SC FEATURE <222> (10) ..(10) <223>

. Thé-rhe‘lﬁbcwI@ranhimrtﬁéﬂaémgﬁsi\dg|im¢0’(ﬁ1c§w§a?rblmeTwTsid&ﬁe&Weq&bsitions
cys Hs Xaa cys 1 5 10 <210> 28 <211> 12
N-terminal to Cys3 or removing a proline residue that is two positions N-terminal to
Cys3.
. A peptide comprising a conotoxin consensus sequence as defined in Formula |, and
having one or more amino acid residues inserted or substituted between Cys2 and
Cys3 such that the region defined by X, differs from the corresponding region in any
wildtype conotoxin sequence, or having one or more amino acid residues inserted or
substituted between Cys3 and Cys4 such that the region defined by X, differs from
the corresponding region in any wildtype conotoxin sequence, wherein:
Formula | is —Cys1-Cys2-X-Cys3-X,-Cys4—;
Cys1, Cys2, Cys3 and Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between Cys2 and Cys4,
between Cys1 and Cys2 and between Cys3 and Cys4, or between Cys1 and
Cys4 and between Cys2 and Cys3;
X is any amino acid; and
m and n are the same or different and each is equal to or greater than 1.
. The peptide of claim 5 having a proline residue two positions N-terminal to Cys3 and
a C-terminal amide group, the peptide having the tendency to adopt a giobular
conformation.
. The peptide of claim 5 not having a proline residue two positions N-terminal to Cys3
and having a C-terminal carboxy group, the peptide having the tendency io adopt a
ribbon conformation.

. The peptide of claim 5 wherein the amino acid sequence RGD is inserted between

Cys2 and Cys3 or between Cys3 and Cys4.



<212> PRT <213> cone snail <220> <221> M SC_FEATURE

<222> (11) ..(11) <223> 4-hydroxyproline <400> 28 G ly
WO 3weysE2Cys Ay Val Ser Phe Cys Tyr Xaa Cys 1PGI/3G2005/000309

<210> 29 <211> 13 <212> PRT <213> cone snail <220>

<221> M SC_FEATURE <222> (12) ..(12) <223>

4 hydroxyprol i ne <400> 29 n Gly Val Cys cys Gly

%/s Leu cys H s %/ d1
9. The pep de of clalm 5 whereln t e amino acid sequence RGDW is inserted between

Cys2 and Cys3 or between Cys3 and Cys4.

10.A peptide comprising the sequence as set forth in any one of SEQ ID NOS. 2, 3, 4,

6, 7 or 8.

11.A peptide consisting of the sequence as set forth in any one of SEQ ID NOS. 2, 3, 4,

6,7 or 8.



