.1 Confornational Switches in Toxin Fol ding and Uses Ther eof
Cross-reference to related application: This application clainms benefit and
priority fromU. S. provisional patent application No. 60/608,151, filed on
Sept enber 9, 2004, the contents of which are incorporated herein by
reference. Field of Invention: The present invention relates generally to
novel peptides, and specifically to novel peptides useful as peptide or
protein scaffolds for drug design. Background O The Invention: The listing
or discussion of rior.-pu docunent this eC| i cati.on shoul d
not necessarll§: f%%%ﬁ"&ibﬁﬂgﬁﬁﬁh éﬁﬁﬂvﬁlﬂaﬁ tﬂ nt is part
of the state of the art or is common general knomﬁedge docunents
listed are hereby i ncorporated herein by reference. Protelns play a

cruci dCross-teference gOI relatedi apiplicationes through their specific
interactions with other bionolecules. This seenmingly boundl ess and exciting
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Probl ens such I on rption“and intestinal
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maj or" obstacles in the use of these precious nmacronol ecules as
therad@ﬁ?ﬁ%a%gents Despite the |larger size of proteins, only a snall
nunber of amino acid residues formthe functional site that is involved in
their interactions which is responsible for the biological properties. In 2
vitro F@ iocEMyentorshow that short peptides containing the functional
site o protei ns exhi bit the biological activity of the parent protein
mol ecul e. Conpl emented with the advancenent of conbinatorial chenistry and
sol i d Prag@espepinveaiayralaesigsnerally toingyet papwsa@@dmqu@aﬁxem nayelgreptides
utilizing peptides and proteins as therapeutic agents is

useful as peptide or protein scaffolds for drug design.

Background Of The Invention:

The listing or discussion of a prior-published document in this specification should not
necessarily be taken as an acknowledgement that the document is pari of the state of the
an or is common general k'nowledge. All documents listed are hereby incorporated herein

by reference.

Proteins play a crucial role in almost all biological processes through their specific

. interactions with other biomolecules. This seemingly boundless and exciting therapeutic
potential of protems has its assocnated dlsadvantages Problems such as denaturation, poor
absorption and intestinal permeability, antigenicity, difficully -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 agen’ts.Despite'the '
Iafger size of proteins, only a small number of amino acid reeidues form the functional site

that is involved in their interactions which is responsible for the bio|ogi¢a| properties. In



rapi dly gaining inportance and recognition. The diverse conformational and
functional possibilities that are avail able, serve as a val uabl e source of
potential ligands in drug design and devel opnent.- However, short |inear
peptides woul d face problens such as é&nzymatic digestion, as well as '
suffer entropic cost in binding due to its flexibility. The recent two
decades have seen the increasing focus and utilization of protein

engi nedfG RIPEIMANtE (@1s@ rithosb iealo sheRePenisisse paniaining i trsetunctipraldsite | Gfpthent
of proteins as drug |eads. Techniques such as utilization of protein

scaf f pradsins exhitsiotheobiatogioad eetivitp Db e paenp epviete siolstule MCahplemerted with
proteins to create "mni-proteins” are gradually gaining popularity.

Anot hetle iaiveht@MEnS of a6 Gaindtdral Zatbrier dale 49R0HREe SPBYde synthesis, the
conformationally restrained and rigid Structures to I ncorporate novel
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antigeni-city .of the epitaopes. One such ample is cyclic proteins,_of US
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protein" scaffold allows rapid and efficient chem cal nodification,

mani pePsRibibiies Hiftstreuavailedile,cseivacas @ Yalueble smome of gfosentied ligands -ipr diugi n
scaffolds include proteins with a nunber of disulfide bridges, which confer

conf otiesign cmal devalbpineny,, Hawewet, | shast fioeampaplides sicildises prolplesiseslioh iss
activity and denaturation. Toxins fromthe venons of snakes, scorpions,

spi degsryaiaticcdigestombbwell & sORatbrARPicessi biitng ddbse ks iegbliheh proteins
and provide an excellent repertoire of natural 3 “protein scaffolds. In
these mni protein scaffolds, disulfide bonds help in determ ning the

fol ding and conformation, which have a vital role in maintaining its

bi ol ogi t enom.froma_scorpio t.he basis.of a
scaf ?gljll %a'lfe 8?%3{4@? HS%@%% 'ﬂ%% Ls%%ﬁemeesf%rﬁ‘aﬁﬁngcé%%s %ﬂcf; Lﬁ'ﬁgatl%e 9 dg%?@ge
of maintaining a peptide in structure with relatively stable activit%_.

Thi s %?%?f&@%ﬁ??@ﬂ@@&%% Q& hg pr %m%ba’fam%d%@?%gev@ﬁam&ﬁaof RESIOHNS; | |
be prone to poor absorption, intestjnal perneability and antigenicity when
sonme aﬁ)gg@g deadsyr Eecivugies, suala as atitizatign of protein scaffolds to incorporate hovel

bioactive peptides, minimization of proteins to create “mini-proteins” are gradually gaining

popularity.

Ancther importént sirategy utilized would be usage of small, conforma’tibnal[y restrained
and rigid siructures to incorporate novel activities. Besides conferring stability and locking
the active segment in the conformationally correct structure, such strategy also minimizes
antigenicity of the epitopes. One such example is cyclic proteins of US patent application
us 2003/0158095. The bioactive pepﬁde in the “mini‘—proteiﬁ” scaffold allows rapid- and
efficient chemical modification, manipulation and structural 6haracteriz_ation. Most preferred '
mini-protein scaffolds include proteins with a number of disulfide bridges, which confer
conformational stability, as wéH as to ifnpart resistance to broteolytic activity and

- denaturation. Toxins from the venoms of snakes, scorpions, spiders and. cone snhails are

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



A a-conotoxin isolated from Conus geographus has been used as a scaffold to
host glycoprotein D of the herpes sinplex virus and found to retain sone
antigenic properties of the native viral peptide. 4 bjects O The

| nvention: The findings of this work relate to the identification of key
structural determ nants —responsible for the folding of a-conotoxin Inl.
Here we describe the contribution of proline in the first intercysteine

| oop, paseinedcaffekist hie thesesriny @doter beadididd, efisuifidé bomddaisipm detertieingether
structural determnants in the folding of a class of short peptide toxins,

a- CO“FEJ"I(%% BAd chfiftratibs alvhiRR l‘%lfvetd‘gﬁﬁ .réibgH?ﬁélﬁl%'inEﬁg"ﬁtB ‘E)'ﬂ:ﬁégicélﬁfot ulin
the design of mni protein in the desired conformation. a-corliotoxi'ns are
short, disulfide-rich peptides derived fromthe venom of the marine
predatory cone snails. One of the key structural features of these toxins
is the presence of a hi ghly conserved cysteine framework made up of two
di sul Pnaestidy dges WnamR (fam & Srgrrion qsyifen dasist of & seafiold o elding esddes.
Native a-conotoxins _have a "d obul ar” conformation held in place with two
di sul $eéqimnbeads place splhie tefs trteeadeaninge afymdinainig a gepsdedh ginsdinsl with
amno acid variation within the two intercysteine | oops, a-conotoxins show

a predsivelycstable adtvity GrakudcurpionosdadioRBtbstridEls dvef2d)arminer adide idricaaher
"Ri bbon" (Cl-4, C2-3) or the flexible "Beaded" (Cl-2, C34.) confornation.
e

Rece jpars kn } wed. o As farq
om0, B RES Qrkihal BLRAEHSIT and ARG Bhehforme o
quadr I L, -d amewor k,, the native confornmation observed
vvas-tﬁ%tﬁegﬁ%ﬁ%gﬁﬁth%&%%onf ormation i nstead of-the usual gl obul ar
structure seen in a- conotoxins. In vivo assays w th native gl obul ar
a-conotoxin G showed that the beaded isoformsuffered a ten fold
reduction in biological activity, while .force-folding into the ribbon

conf of netchbatoxib igalaird dfreml ConcrRyergragoms didsc baeni ysady s @osnabiokblig host

yj X-conotoxin CMVIA in its native 5
glycoprotein D of the herpes simplex virus and found to retain some antigenic properiies of

the native viral peptide.



ri bbon conformation has a potency that is 3 orders nagnitude higher as
conpared to the non-native globular conformation in seizure induction.?2
These findings enphasi ze the point that structural conformation has a
crucial role to play in determning the biological potency of these short
pepti des. However, the structural features attributing to this change in
di sul fide lIinkages and conformati on change are still unclear. By

synt i@m@m wmqrﬁeﬁgmﬂ:ve a- conotoxi n, we have shown that the -
Cte 1 ne residue in the 15t intercysteine |oop can
effe a sshif e dj ne & 8o t pxi j
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under st andi.ng- the fol ding nature of this highly conpact and stable
strué‘?w,s'mgﬂ?@h%é@@inﬁl a-eonRiRipUMt e t he peptide backbone as a scaffold
for insertion of short, active sequences, useful in the devel opnent of

novel bioactive peptides. 6 Summary -of Invention: In one aspect, the
invention provides a nethod of altering a protein conformation by -

r endychg wé QlesORRITHE cOMiBatieN i0f prefineS WOHHd fikd ifBroyeRn@lodPe well as the
conformati on-inducing amno acids. In one aspect the invention provides a
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gl obul"ar ™ confor mat'i on on’ ¢o comprising removin

exanpl e deletion or. by substitutjon, a cifjc conformation-jndyci ng
oo BLE et faort Beglius YoRns personatoxtis, kDT riom Seiese Sruotital SWHGHES
conformati on-inducing residue is proline. In one particular enbodi nent,

t he euniseiuhin tba-desincifmgint peiteindn ke gesirecheonfornaigan.in a | oop of a domain
of the protein or peptide, for exanple an inter-cysteine |oop of a donain
defined by one or nore pairs of cysteine residues form ng disulfide bonds.

Fur t Besdiviexing arbh sh@t, iRalficetridh ppited! deriRd RymP ¢ha ddednProfr S0 YRRl
the relevant end of the protein or peptide to further pronote or stabilize
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sequence of 11-19 amino acfd residues. Native a-conotoxing have a “Giobular”
conformation held in place with two disulfide bonds. In spite of the relatively diverse range
of possible amino acid variation within the two intercyé’teine loops, a-conotoxins show a
preference to the “Globular” conformation {C13, Cz.4) over the flatter “Ribbon” (Ci4, Cas) or
_the flexible “Beaded” (Gy, Cs4) conformation. Rec'ently, a new group of conotoxins was
discovered: A-conotoxins (or x-conotoxin)®**', Though the yx/A-conoloxins possess
identical conserved quadruple cysteines in its framework, the native conformation observed

was the ribbon (G4, Czs) éonformation instead of the usual globular strutture seen in o-

conotoxins.

In vivo assays with native globular a-conotoxin Gt showed that the beaded isoform suifered
a ten fold reduction in biological activity, while force-folding into the ribbon conformation

abolished alt nACHR antagonistic activityl’ Conversely, y/A-conotoxin CMIVIA in its native



for exanple by insertion or by substitution, a specific

conformati on-inducing residue from the protein or peptide. In one

enbodi nent, -the conformation-inducing residue is proline. In one

particul ar enbodi ment, the conformatiofn-inducing residue is proline and is
introduced into a |loop of a domain of the protein or peptide, for exanple
an inter-cysteine loop of a donmain defined by one or nore pairs of

cyst eiben esifclesicronas agpsteasy thdeisw besers AfadrtiudeNfigRee¥s Gemnpmed ad then
N-term nal or C-termnal cap may be added or renoved at the 7 Trelevant end
of t [ I i o 2 ik | j :
cont qarElREl foBfiaP EBoRelh i1t SbiEre RIdRERRE oSk il deeedBnalay 3% point
of altering.the conforpation of a. peptjde, the t hod r.i,sing, modi fying
o poghftaluar pE T RaNE: 1Y & huliayoR iy W Sefiine B8 TuO BOERL PR racY
.residue two positions N-termnal to Cys3 or to renove a proline residue

t hat afsthege $wsi PeeHded Heweveal the stsiralvfrateies: attdruinca te this clagrge in
-Cyst-Xm Cys3-X, Cys4-; Cyst, Cyst, Cys3 and Cys4 are cysteine residues

t hat disgiddbrkapesmarthwnidinsatidn cergenals, stilemsisan. Cyst and Cys3 and bet ween
Cys2 and Cys4, between Cysi and Cys2 and between Cys3 and Cys4, or between
Cysi and Cys4 and between Cys2 and Cys3; X is any anino acid; and mand n
are the sane or different and each is equal to or greater than 1. In

cert ai j Lhe i h -t ermn I t i i ko Of

a car of&@%ggwﬁgﬁh%moﬁ?é?gg%,&%ﬁgoﬁnxérﬁn"é’n%ho Vefgusf'p ﬁ’gr lﬂ‘l?atntcﬁh%d;ﬂsfe?ﬁméf
converting the C termnal qrou _the other of the carboxy.gro r .the
ani d&ngHation anﬁ%arﬁﬁﬂﬁﬁéﬁaa%gm‘fhg t1tﬁ§lwtef95$¢ﬁlr@nloapdsﬁrH@§efa Sretifoel be Widing| ng
the conformation of a peptide, the method conprising nodifying a pegti de
conpriesdenpyt dfecsxamnoiein fioim ffbe mAtivel giokntar cobftrerationalto gheupon-hative gibbbtiher
of a carboxy group or an am de group to convert the G termnal group to

t he aidhesmedftiohh e\ andierdtasdiag pther folimgamiateeJoP s mgﬁweicbmpaet nafich stalble -
Cysi Cys2=Xm Cys3- Xn- Cys4=; si, CysZ2, Cys3 and Cys4 are cysteine residues
that sl RAGENENs THfeBiid e Fhartbliae 1ho g@ﬁtidé’%‘éyﬁﬁ&"‘@é@ 2 ARdrEMSRr aNskrish usten
Cys2 and Cys4, "between Cysi® and Cys2 and between Cys3 and Cys4, or between
st ait ik &liences, useful in the development of novel bioactive peptides.
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between Cys2 and Cys3; X is any amino acid;, and mand n are the sane or
different and each is equal to or greater than 1. In certain enbodi nents
the nethod further includes introducing a proline residue two positions
N-termnal to Cys3, for exanple by ingertion or substitution, or renoving
a proline residue that is two positions NNtermnal to Cys3. In another
aspect the invention provides a peptide conprising a conotoxin consensus

sequSummangd)ﬁqn\ﬁmﬁumal a |, and having one or nore am no acid
residues inserted or substituted between Cys2 and Cys3 such that the

region defined by Xmdiffers fromthe corresponding region in any wldtype
conot oxi n sequence, or having one or nore amno acid residues inserted or
subsin ona aspdudt iveenvabiod raddCy sdmsethdll dfraiterinigen pegeinrcodédrivagion byy X'
differs fromthe corresponding region in any w | dtype conotoxin sequence,

wher ginfiovind, dbtkample 5y déMEbn oPESBsIS ImE oiQnefe icor%ﬁﬁatiéﬁlﬁ%uc@gsa?m%d

Cys4 are cysteine residues that together formtwo disulfide bonds, between
Cysi ahd Cys3 and between Cys2 and Cys4, between Cysi and Cys2 and between
Cys3 and Cys4, or between Cysi and Cys4 and between Cys2 and Cys3; X is
any amno acid; and mand n are the sanme or different and each is equal to
or greater than 1. In one enbodi nent the peptide has a proline residue two
positions N-termnal to Cys3 and a C-term nal am de group, and the peptide
has e aRRShEE yealipprayidgsod meihod ohrbenrd henconfermaisnelia praseiai afént |
the peptide is lacking a proline residue two positions N-termnal to Cys3
and pemidedrommagiobalar boxiprrgatom jo anibbbacanienativteruryprising eztopving, forbbon
conformation. In different enbodinents, the sequence RGD or RGDWi s

i nsestaethlb SRR SPLRBh SO A sPEIECEH O ABHEHN thaOLRd. rebilua ffom ther

aspect the invention provides a peptide conprising the sequence as set

for throtdin oRBY¥pREE BY orEbiibBdNeEt, the SonfBrm&tior-iriuchhg @sidu i8prdlingd jhur t her

aspect, the invention provides a peptide consisting of the sequence as set
forth i fs : C IR . : I i no
Rl TER 1 Mo el PAUEPIREE Bt

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. Furthermore, an N-

terminal or C-terminal cap may be added or removed at the relevant end of the protein or

peptide to further promote or stabilize an induced conformational shift.

In a further aspect the invention provides a method of altering the conformation of a protein
or a pepiide 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 peptids. in one embodiment, -the. conformation-inducing ‘residue is proline. In
one particular embodiment, the conformation-inducing residue is proline and is iniroduced
~into a joop of a domain of the protein or peptide, for example an inter-cysteine loop of &
domain defined by one or more pairs of cysteine residues forming disulfide bonds. As in

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



several differences are apparent. Firstly, unlike a-conotoxins in which the -
conformationally constraining proline residue is invariably present in
intercysteine loop 1, X/ /% conotoxins has a hydroxyproline residue in
intercysteine loop 2 but |acks the kink-inducing residue in the first

| oop. Secondly, it can also be seen that the C-term nus amdation is”
conserved in all known a-conotoxins (except G D (x-conotoxin), but

consjeideiit byid b senprdidindrpeblidie 3o fuHSA HrbMotk DPYRALIEERST HdQed he .
x/ X-conotoxins. It is with these differences in mnd that the synthetic

pept i ' re designed. Aside fromthe fact that a-conotoxin Im is
one %ﬁ? e ﬁrg;i)‘ié‘f[i égi‘ffdi ed a-conotoxin3-16 ImM conotoxin was selected as a
model for our investigation.due to the fact that the intercysteine |oop
sizes are the closest to that of x/X-conotoxins, and that Im conotoxin
does not possess any form of. post-translational nodification other than the
consi@ransihes-agpechith inveniigna providesameibed of réedngihepenformastien ofi@t ure of
the native peptide, along with several of its point nmutation variants had

al r egafytidecthe wethcebcdiypidify spetityirgn® peptide totprisingelsequbhes bdFbemilag

synthetic variants were designed to examne the role of-proline in both
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[ SEQCysZ and between Cys3 and Cys4, or between Cys1 and Cys4 and béh:veen Cys2 and

Cys3; Xis any aminb acid; and m and n are the same or different and each is equal to or

greater than 1. in ceriain embodiments, the péptide has a C-terminal group that is either of

a carboxy group or an amide group, and the method further includes converting the C-

terminal group to the other of the carboxy group or the amide group.

in another.aspect, the invention provides a method of aliering the conformation of é
peptide, the method comprising modifying a peptide comprising the sequence of Formula |
and a C-erminal g.rc_)up'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, whergin: Formula | is —
Cys1-'Cysz—‘)(m-Cyss-XWCystl—'; Cyst ,- Cys2, Cys3 and Cys4 a;lr'e cysteine residues that -
. together form two disulfide bonds, betweén Cys1 and Cys3 and between Cys2 and Cys4,
between Cys1 and Cys2 and belween Cys3 and Cys4, or between Cys an'd 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 ceriain embodiments the method further includes



ID NO 6] CMVIA K6P Acid: Val - Cys-Cys- Q@ y- Tyr - Pro- Leu- Cys- Hi s- Hyp- Cys- COOH
[SEQ ID NO 7] CMVIA K6P :

Am de: Val - Cys-Cys- Q@ y-Tyr-Pro- Leu- Cys- Hi s- Hyp-Cys-CONH2 [SEQ I D NO 8]
Brief Description & The Draw ngs: TABLE 1: Sequence alignnment of

a- conot oxi ns and x/ X-conotoxins. (mn) refers to the nunber of residues in
the 1st and 2nd intercystei ne | oops respectively, when the peptides adopt

ei t Ratrotibeing leqhuliee redidud trappositon® No@ iz tc_FC%!B,Eoiléxépﬁ?iéw ifseaRin @n  of
synthetic im Acid variant, (B) P6K Acid variant, and (C) P6K am de

var i @{HsitRi mq% d(?EBEDé]i . :

sem - prelgg’rD gf §Ce col éTF}HHﬁ\S% ﬁégs’ . 1% EA%%&%@W%@'”%&W?%Q ng

gradi ent of 80% Acbtonitrile with 0.1 % TFA (Eluent B). FIGURE 2: (A
Oxidation profile of the various purified peptides in 100 nm Tris-HC, 2 nM
EDTA, - pH 8. 5. Chromatographi c separati on of the oxidized sanples reveal ed 3
i soflprangtier aspaehingrinyédionapyides a perdifiensarapiising eraonetoin CeRseNskgri ant are
marked with (*). 11 Table 2: Air xidation of synthetic peptide variants.

Al | semuicant sisalefidéd édFomholad, pod babing orsomf moneasing asid rpsidges irsgastli ans.

FI GURE 3: Chromat ographic profiling-of forced-folded conformations of

peptdighetingsd Botwben G2 a8d V6B @nch i@ HBE refienidined byot Japicrorbal mat i on
were conpared and matched with the dom nant isoformderived fromair

ox! daiedonflhG€ofin o MIBRTHOAHoOMR SRBERCESHHMRATRALH Rt Biiigect U
conrBioEag Bis ol et etPhoR £3p el g B o Befited” "
conf or_)g:tj on, ér[E)gthl m Conotoxin with the forced-fol ded gl obul ar

confr Xmtiirs fr SPPTREPONENG rSRIPA 1 ABY MAICRIE ¢andiedn SEEHBRCS IWIESRaL i on,

(F) CMVIA Am de with the forced-fol ded '
Formula I is —Cys1-Cys2-Xm-Cys3-X,-Cysd4—; 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 CyéA, or beitween Cys
and Cys4 and between Cys2 and Cys3; X is any amino acid; and m and n are ihe same or
different and each is equal to or greater than 1. In one embodiment the peptide has a
profine residue two positions N-terminal to Cys3 and a C-terminal amide group, and the
peptide has the tendency to adopt a globular conformation. In another ermbodiment, the

* peplide is lacking a proline residue two positions N-terminal to Cys3 and a C-terminal
carboxy group, and has the tendency to. adopt a ribbon conformation. In different
embodiments, the sequence RGD or RGDW Is inserted between Cys2 and Cys3 or

between Cys3 and Cys4.

In a further aspebt 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.



ri bbon conformation, (G CMVIA K6P Acid with the forced-fol ded gl obul ar
conformation, (H CMVIA K6P Amde with the forced-fol ded gl obul ar
conformation. FIGURE 5: Mass Spectronetry profiles of the various reduced
and oxidi zed Im-conotoxin and CMVI A conotoxin variants. TABLE 3. Mass
Spectronetry summary table for the theoretical and observed mass for the
peptide variants. FIGURE 6: 2-Di nensional NVR summary chart conprising of

70 min SHIGSNMrtder abbect; te innelﬁﬁcﬁp})roamtbs?@Fepﬁdé%&%}(sﬁr@bﬂhe(ﬁé%éﬁ@@ adett ni ng
the various spin systens and sequential connectivities. 2-D NWR

ex pefdrFBRtahy WHeCoCREQ] |BINOEE 208 4 he -dgpgnant structural isoformfor each
vari ant, an Vtﬁle sarr%ll es wer e’ di s'sol Vgghl n 90 % H20O and 10 % D20, pH

3.0-3.1 on Bruker DRX-500 MHz spectronmeter. (A) Im Acid Variant Peak 1,
(B) P6K Acid Peak 2, (C P6K Anmide Peak 1, (D) Im conotoxin Peak 3, (E)
CMVIA Acid Peak 3, (F) CMVIA Aride Peak 3, (G CMVIA K6P Acid Peak 1,
and BH)coppaying Kepamiiel e.citk srRAUeNaEs off aptenofoxian eanct x\-sandtosinsuihaiie 19 .or
(A Im Acid Peak 1, (B) P6K Acid Peak 2, (C Im Conotoxin Peak 3, and

(D) 8Sokeranditterdness ale abb&kdrf. Firstl, rumtike lopbommegins 18 wHith fise doNffmatiéndigak 1
and P6K Acid variant Peak 2 perfornmed with Accelrys Insightll nolecul ar

0. 7o 0B L3R RS TGN Blosk e et latenl Ba - B’ dentts el o1

im conotoxin was obtained fromProtein Data Bank. FI GURE 8: Profiles of

t he 2 'YHFBYPIRING TREIURNN: IRELIeYSIaNeclpapish Ul lnshs (thedink-naughg reiguenin e
second intercystine |loop (RGD2) 7b oxidized into 3 possible conforners of
var ylinsty loopr Geseniiynd candalshebenbeén ttiyaiothet Gdswminasi athidaiion pé gbpseved in all
aggregation of these conforners. 13 Detailed Description O The Invention:

Pept kistews wridm@sans ]’é)@:egﬁmllbdﬁcaﬁﬂoﬁm) Shiweschsitehiieabesd iRwliTRb idcnhaaly
peptide synthesis with Fnoc :
known members of the y/A-conotoxins. It is with these differences in mind that the synthetic

peptide variants were desighed.

Aside from the fact thét a-conotoxin Iml is one of the most studied a-conotoxin®, Iml
conotoxin was selected as a model for our investigation due to the fact that the
intercysteine loop sizes are the closest to that of y/A-conotoxins, and that iml conotoxin
.does not possess any form of post-iranslational modification other than the conserved G-
‘terminal amidation. Further, the 3-dimensional structure of the native peptide, along with
several of its point mutation variants had already been solved by NMR spectroﬁetry. in this
work, the following synthetic varianis were designed-to examine the_rolg of-proline in hoth ’
intercysteine loop 1 as well as the effect of C-terminal amidatioﬁ:

Iml Conotoxin: G1ly-Cys—Cys—Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg-Cys—CONHz

[SEQ ID NO: 1] |

im! Acid: Gly-Cys—-Cys-Ser—Asp-Pro-Arg-Cys-Ala-Trp—Arg-Cys—COOH [SEC!_ED

" NO: 2]



chem stry on ABI Pioneer Mddel 433A Peptide Synthesizer. The am no acid

resi dues were coupled using N[ (dinmethylamno)-1

H 1,2,3-triazol o[ 4, 5-b] pyridine-1-yl net hyl ene] - N- net hyl met hanam ni um

hexaf | uor ophosphat e N-oxi de/ N, N-Di | sgpropyl ethylamne in situ

neutralization chemstry. The synthetic peptides having Cterm nal

am dati on were synthesized using Fnoc- PAL-PS support, while variants

posse8KiArgida: GigecoarboxybertRspt nas- NG ecasSRNBL e, O G- @ &= tORELISEQ

Frnoc- L- Cys(Trt) - PEG PS (Pol yet hyl ene gl ycol - pol ystyrene) support resin.

All f[pﬁb:gﬁrstei nes in the sequences were protected by Trifluoroacetic acid

(TFA‘)- abife Trityl group, with no selective deprqgtection. The synthesized

peptlgéllg vv(l;l_G hge cl_gave off the resin, vvi_..t‘,h__ t he concom tant rempval of

si de O K ;‘)V TF8R gF BUPEP TRY R 09 TFY S0P bacBrP oA BET @Y S EE PR dOHQ 1 ol

Thi oani sol e: Water (92.5:2.5:2.5:2.5). The crude peptides were

subs@@ﬁéht |y purified by reverse-phase HPLC' (Figure 1). Purified reduced

-1l conotoxin was custom ordered from Synpep Corporation (Dublin, CA). The
pur i EMedlApapidt Ues-vesecybenl ghayact gsized-bysthesLyppl egal @boﬁ‘gSECﬁ fihgure

2). Air oxidation of the purified peptide was carri'ed out in 100 mM

TrigyyCsiwith 2 M EDTA, pH 8.5, and allowed to stir in air for 48 Hr.

| soforns” within the oxidi zed peptide sanples were then separated using

rev hase. . C.on Bi D_SPRLNT chronat ogr.aphi ¢ wor kst ati on_or

ATATRT SO AP VeSS Y AT At vor 0 AP aBPoREr OB SROe! ¢ her
0.1 % TEA or formc acid as ion-pairing agent over 100 mn on VWdac 201
sp5d® P86k, 6 nm x 250 nm anal ytical colum (Figure 2A). 14 The peptides
were verified to be fully reduced based on ESI-M5 (Perkin El mer Sciex API
111 CNIrVIA 668 el \Quladhupdl ves -Bist-a1r {BriceiL dvo- Oy -da s-0iy s oy @i-e D0 RS B r
oxidation, 0.1 mMof peptide was dissolved in folding buffer conprised of
100 jpNNDt 7p- CL and 2 nmM EDTA, adjusted to pH 8.5, and allowed to stir in
air for 48 hrs. xidation studies were also repeated in denaturant
condririh@m, . glyt ag bl ope redox,syst em Ldat.a. not  shown npl et e
oxi (éld\tar%"li'\glnBA Pé?lstA ﬁhgég§}dgyﬁyée€?¥i§gg b?/&%(h%&g]eéﬁgtl?losnoﬁoﬁzgpg ‘?)%%lg‘gzouni ts,
whi i rhbuted to the formation of the two disulfide bridges within
t hec[ggﬁﬂ%@k%glkbone (Figure

Brief Description Of The Drawings:

TABLE 1: Sequence'alignment of a-conotoxins and y/A-conotoxins. (m/h) refers 1o the
number of residues in the 1% and 2™ intercysteine loops respectively, when the peptides

adopt either the globular or ribbon conformation.

FIGURE 1 : (A) Purification of synthetic Iml Acid variant, (B) P6K Acid variant, and (C) PBK
amide variant on a Phenomenex Jupiter C18 5 300 A, 250 mm x 10 mm serhi—preparaﬁve
column, using 0.1% TFA (Eluent A) and an increasing gradient of 80% Acétonitrile with

0.1% TFA (Eluent B).

FIGURE 2: (A) Oxidation profile of the various purified peptides in 100 mM Tris-HCI, 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 (*).



5, Table 3). Each of the synthetic variant folded into three isofornms upon
oxidation (Figure '2A 2B, Table 2). lodine oxidation Peptide variants
with the desired forced-fol ded disulfide |inkage of choice were generated
by neans of selective deprotection. Thjs involves the orthogonal side chain
protection of the four cysteine residues so as to generate specific

- cysteine pairing of choice in the formation of the two disulfide bridges.

{ o : : . : . : - _
0 sul £ PR AIOKRILELN St PGS, DO VaRafs, HiCldES oxdiiet 3R6ST possivle

i . dyvely. Th -trityl whi ch i i
pr ot ?ﬁhfo%gr éfq}él??'géﬁ%%&‘wg y. The S-trityl group which is renmoved during

t he eavage step first disulfide bond to be formed by stirring
in air in 0.1 Mammoni um bi carbonate (pH 8.5) at a concentration of 0.1
air of cystei nes was deprotected and

gﬁcﬂﬁbﬁfﬁ é?cgbmg%ﬁﬁﬁg %;3 W Ak foreRedalded reonfoinatipns alcheride) vayariadi ng

0:1 Mlodine to a deaerated sol uti oh. containing 0.1 nM peptide (10

equi Vapdatentinoime af ikselosead foldes! conrfarmetiore were Compzsedmntviatced with theed
vi.gorously under nitrogen blanket for..1 m n before quenching with 1 M

as codbminaat iisbfanmoderived fromndit bxddheios.ol uti on becones col orl ess. The oxi di zed
peptide was then isolated using RP- HPLC. 15 |Identification of Dom nant
isoformfromair oxidation The retention time of the forced-fol ded

conf gIBREN f-DiméhSoNANPSsROSESpY AbinPaFia pe&ﬁﬁ@b@%%@ Péac

correspondi ng air oxidation chromatographic pg\gﬁﬁes sous to ntify the

conf g%lﬁ%ti %éklof mﬁﬂﬂ%h@%%ld&?ﬁ% icanﬁ%tipﬁ{)téﬁnﬁsk'ﬂﬁ eet\%)é{anf‘héak 1

oxi dation conotoxXl n was used as. a contr toverity

f ol di I tLen S mai nt.ai ned t he | ding.bias of nati .

12 c oA 8 At Ao HbhoRtrpisttagh e e i KR it P e Rided ribbonr

conot oxg n, lm égl d variant, P6K Am de variant, and P6K Acid variant, it

can B@VSEBARIGMAP) Iawh Gonaigxia oW Bia frraed-ielded aiphuler eenfarmation.ad) SFMREVY ng

gl obul ar conformation as the dom nant isoform while the other 3 variants

has A&kitk withl the fercad-folded rithbiosncadamaatia, i (Eh CMrVIA Amide with the forced-folded
ribbon conformation, (G) CMrVIA K6P Acid with the forced-folded globular conformation,

(H) CMrVIA KeP Amide with the forced-folded globular conformation.

FIGURE 5: Mass Spectrometry profiles of the various reduced and oxidized Iml-conotoxin

and CMrVIA conotoxin variants.

"TABLE 3: Mass Spectrometry summary table for the theoretical and observed mass for the

peptide variants.

FIGURE 6: 2—Dime.nsionall NMR summary chart comprising of 70 ms TOCSY aH-NH
region (top) and 300 ms ROESY region (bottom) defining the variolis spin systems “aid
sequential connectivities. 2-D NMR experiments were carried out on the dominant siruciural
fsoform for each variant, and the samples were dissolved in 80 % H20 and 10 % D20, bH
3.0-3.1 on Bruker DRX-500 MHz spectromster. (A} Imi Acid Variant Peak 1, (B) P6K Acid
Peak 2, (C) P6K Amide Peak 1, (D) Imi conotoxin Peak 3, (E) CMIVIA Acid Peak .3, (F}

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



(Figure 2B, Table 3). NWR Data. The domi nant isoformfromthe air oxidation
studi es for each variant was then analyzed on the Bruker 300 MHz
spectroneter to acquire the 1-Di nensional NVR spectrum The 1-D NWR
spectrum was then conpared with the spectrumof the various possible
conformati on obtained by selective deprotection. The concl usi ons obtai ned
. fromthe 1-D NWR analysis matches with the data of the confornmation

obt aTABUFURi GigerhidaCshiftb suirnasy i R ﬁhPA@id pE&kIqt leB)ePBRrA@:b@émd ,@r(O)aﬁﬁor m
of each variant was then solved w't 2-Di nensi onal ' Nucl ear Magneti ¢

Resong et §s ( I @(b]l e 4). In all four cases, -1 nM of
t he pelgﬁ% @ gave hﬁy@e@@énﬁ equate quality for TOCSY and ROESY 2-D
NVR experinments at pH 3.1 in 10 % D20, 90 % acquired on Bruker DRX-500

VHz ) r tra re.acquir t.29 wat er. essi on.
Tocséﬁﬁ?fi'??'%‘“ﬁ%aﬁﬁeg@'&@! U AR M s ane ol st Vit P
Struct cﬁalln performed usi ng Accelrys Insightll software wnth
NCER%E@F@Q%‘I AC@%‘FY&/'@E'QW[)MO@W'W eina saftware; Backb®)e RMED ke Rai nt s
were classified as Strong (1.9 16 - 3.1 A), Medium (1.9 - 3.8 A), and Wak
(1. StrucBirss mere Ps3% ¢ -8 and 6073 & &t 1D respaetiesly nddBiniarsionst! IsirLicaine ofret hyl ene
protons according to Withrich et a[.17 H gh tenperature nolecul ar dynam cs
was doliigin giercheengdmlsbRgtokinsivad bblaifddRonePro@iub@&adard00 K and 600 K at
10 ps, followed by 900 K at 20 ps. Dynam cs was subsequently done at .
decreasing tenperatures from900 Kto 400 Kin steps of 100 K before
coolgFog) 3PEHt I ps.
RE 83PRilfedyt th%%ﬁarudtmcm [rfﬁ@evq[@ﬂ dys‘%e"@éf?sﬁove e ﬁeﬁﬁ.ﬂ

The 15 franes with the | owest energy vier e aid wt

ﬁgﬁ&ﬁ%ﬁ%cmw SR BB RGO md%ﬁé*@ﬁpé%@%&@@ﬁ?ﬁ&s FRne ReD
0.51 .0.09 2-D NWR
TocsereyBns ohtag pB @3@8@?%@%&#@ QTG ETe BN BIRE: & ai kot
215 Fi gur ef 4t ﬂgrmnstrat es 1- D| mensi onal NVR spectroscopy conparing the
pectruns o



P6K Acid variant peak 1 with,the forced-folded ribbon conformation, P6K

Am de variant peak 1 wth the forced-fol ded ribbon conformation, and Im
Acid with the forced-folded ribbonr conformation, Inm Conotoxin with the
forced-fol ded gl obul ar conformati on, VIA Acid with the forced-fol ded

ri bbon conformation, CMVIA Amde with the forced-folded ribbon

conformati on, CMVI A K6P Acid with the forced-fol ded gl obul ar confornmation,
CM VI 68 Amide w t.h the forced-fol ded gl obular conformation. Figure 7
showﬁ%ﬁ@' : SLARY, JeNMOI: pPeak 1 and P6K Acid vari ant
Peak 2 performed with Accelrys Insightll nolecular nodeling software and
conpared with solution structure of Iml conotoxin. Backbone RVSD for the 2

stru #$elic38 Q06 and 0.72 0.12 respectively. 3- Dinensional
strugégtgﬁeo%oleuﬁ?on structure of I'ml conotoxin was obtained fromProtein

Dat a - Bank. "Di scussi on Analysis.of the. sequences of a-conotoxi.n | and
the R CoRBISXPHENTE MetPe AVRESERN by " SRR opamities SUATERTS St ol
basis to the design of -the synthetic variants. Inl_ Acid variant was
desi ghemisiey P& ifignesrdMpdeleddiA Peptide rasithesizear. TBEAMAP atid RldEHF WRER
is seen in nearly all of the known a-conotoxin. By converting the peptide
anm deoupled t heisingept iNk§(danéithyfaorinp)-ikl-haye triarotdd StHhipysdisai tyliabtiyiensleNdi ng
- tendency from-54 % of the «classical globular formseen in the oxidation
st udingsthgimdthgnainidiat hexdior autd), Nioxided 7NIN-Dilsbppykanyiamirs iionsimn
the Im Acid variant (Figure 2B, Figure 6).18 W proceed to conduct a
reci pg ; i i 0 i J%a C Xihy, I X4

. Heﬂfrﬁbz&ﬁ%n .dﬁ%nﬁ%’tﬁqt ﬁ@e ][bfy@tﬂb‘”i‘fb ‘f‘%_p%f/dés. ﬂﬁ@ﬁ@ I dLterfrlvh ! Argig vlrg\ vBre

Reci proca Istudl es he e h_(:t of erm nal am-dation in ]

3?28@?@%%?%9%" uéiﬁ&éb‘hfof’c-%’ﬁk?% hftﬁépq‘@ @gé“%@%ﬁ%o PRl o e SR
: ins. This i .

conf GRARITAGHGR: PRITEDER QT PrRIETRISE SR LR e T BE S depyeryBrecsiveeh

the two classes of conotoxin. Another structural feature examned in this

wor k Polyshireee) tsweppdpresenddl Tour wystaines jifethe sequences were protected by

Trifluoroacetic acid (TFA)-abile Trityl group, with no selective depratection, The
synthesizéd peptide was then cleaved off the resin, with the concorﬁitant removal of side
chain protection groups using Trifluoroacetic acid: Ethane-dithiol: Thioanisole: Water
(92.5:2.5:2.5:2.5). The crude peptides were subsequently purified by reverse-phase HPLC
(Figure 1). Purified reduced Iml conotoxin was cusiom ordered fforn Synpep Corporation
{Dublin, CA). The purified peptides were then characterized by their molecular mass (Figure
2). Air oxidation of the purified peptide was carried out in 100 mM Tris-HCl with 2 mM

EDTA, pH 8.5, and allowed to stir in air for 48 Hr.

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 colurmn (Figure 2A).



‘residue with a Lysine residue. Lysine was selected as a substitute due to
its occurance in all 3 nmenbers of the x/X-conotoxins at the sanme position
of the 1t intercysteine |loop. Such substitution also resulted in a shift
fromthe globular conformation in Imyconotoxin to -68 % -ribbon
conformation in the P6K Am de variant. - ‘'Reciprocal studies involving

CM VI A x/ X-conotoxin was al so conducted. Native CMVIA % k-conotoxin folds

to 53n30pehalenwesd leringd iPhe e BdlYSPHASRs 6@@@ g ehidin ﬁlrﬁé{agb@% APLII

residue, the synthetic variant "shifts to fold preferentia

gl obyl.ar ' t S 66k nf t.he point, that th
QonsoiBe e ST e SIRBRT AR e’ Qo0 BRERG T RRHpethl: prifm of
conformafi on of, tf]e%&?ﬁti a_e toxin. 18 Simlarity in the degree of shift
seenPERIIR 1RE BEROIK; YidaRYiTRIMEOTRIISEE 0 W&k Mt rissGly fust 3 MiaELHdbh
C-term nal® am dation and Proline at the 6 1h position are likely to have
si mi fdjustedft Brpsl 6b,t hed fallogiadgia etidémalr d6r d8cbreot@xidatidnrstudies heerenalént r o
setting. A further nodification conbining both the structural sw tches as

seenrgpeatdkinAlErdtvant aoiditiors s weltlas glathividesdoxbybtend {ddiandt BEoweNdency
to -76 % ribbon conformation, suggesting a I|ikely synergistic or additive

?Lfeeggr@ﬁe‘téiﬁﬁci fonl GHHRE Oﬁgﬁé QR shReRehT ﬁBeredPEtﬁberg?t@gwesn%rﬁﬁ g fdra8 on

ing tendency. T the two structura wer e

na i S 16 37 i RCor R S Tl brhen iful Rl bERCSREGENS BTk

pl ay crucjal. rol e .as conformation switches in the Im conotoxi Though
t he 5,‘15%*%'?@%315?%@ 15 SVANERG Vee PSSl ifop SSpToTS UPOR RS FiaurBne
formover the other is not drastically different, suggesting that folding
may d8ceB, bl Rliependent pathways. It is not clear whether proline
cis-trans isonerization or hydrogen bond interactions contribute to these
fol di ng pat hways. These findings will have a significant effect in the
mani pul ati on of these small, conpact peptide toxins in the devel opnent of
pept igdens orfdaalcds. The fol ding (oxidation) of the peptides will result in 3
possi bl e conformati ons, dependi ng on

Peptide variants with the desired forced-folded disutfide linkage of choice were generated

by means of selective deprotection. This involves the orthogonal side chain protection of
the four cysteine residues so as to generate specific cysieine paliring of choice in the
formation of the two disulfide bridges. Cysteine pairs involved in the formation of the first,
and second disuffide bridge were protected using S-trityl and S-acetamidomethyl pratection
_groups respectively. The S-trityl group wﬁich is rermoved during the cleavage step allows
the first disulfide bond to be formed by stirring in air in 0.1 M ammonium bicarbonate (pH
‘8.5) at a concentration of 0.1 mg/ mi for 48 Hr.

The second pair of cysteines was deprotected and concomitantly oxidized using iodine
oxidation. This was achieved by adding 0.1 M lodine to a deaerated solution containing 0.1
mM peptide (10 equivalent/ ACM) in Acetonitrile/ TFA/ Water '(20:2:78 % vfv), and stirred
vigorously under nitrogen blanket for 1 min before quenching with 1 M ascorbic acid dropQ
wise until the solution becomes colorless. The oxidized peptide was then isolated using RP_-

HPLC.



how the 4 cysteine residues pair up to formthe disulfide bridges _(I|nmagine
pairing conbination 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 " beadeq"), and the type of residues they
will present on the surface will be di Pferent even t hough they have the
exact sequence. The idea of using this as a scaffold is that dependi ng on

the t : i t the conformation resulting), the
sane P EHREAREh o BhmiyBRISAIPRENER: i SidBafighi on 10 Ecanpl e 1o vseps a
host sequence The sequence:-can be used as a rigid structural framework, in

whi ch we can.insert short ment of bioactive peptide sequence. This
i nsePﬁﬂa‘?‘dfé@%ﬁhﬁméaﬁ’i‘aﬁ‘ﬁgﬁfﬁi@&k@?@%@ecwfovﬂ%ﬂ%mfffbﬁrféar{%@ﬁ REPSICat@diahE WeEe

strictural scaffold so as to attain the desired activity. W have tested
.t he SofIaed v tha cermeppendingair oxidaiitnezhromiategraptie wefies so@s(tAridei@ify s p)
into the  conotoxin framework, and the RGD Conotoxin chinmeric peptide

exhi bhiormatioanti e tdemihantatsofort Yn tédh wariset|(Higendent Af okRitibhi 8Emhi de
sequence. \Wol e bl ood sanples were freshly drawn from heal t hy vol unt eers,

seqt | ! . eal t
ol | S e e e IR M) S{InL VBN 18 oBh b e SBREA e,

showap:-ant.i.pl ct iVl S N, RGDW.i s t inta the host .
soqu B ka8, & Safile Bldnbiodind bl e ST age bl hos T S\Restis Im

show ng the .inhibjition.c eptration. In several exanples seen in natural
oot EPHotae i Aot yauiaeg BRRCRidh kgt SnRd K s NarhBh dcearobe Seen bRy od
in defining the conformati on of 'the active segnent which is responsible
for .CRY Hngmgp@eﬂn auaimiginegd thedeiding, bigsi of dwvinge ghdmiancomnferrgiicn las e
up of just a short |length of am no acid sequence. Conventionally, there
wi | | dogninard isgioont whiletheiothere3tuasiants bagishifsdd toveardashs aittropl eorifotrhation
feasibility of using the active segnent as a viable therapeutic agent
and/ (Figue 2RsBalbleidht o aproteri scaffold so as to restrict the flexibility
of the -

NMR Data:

The dominant isoform from the air oxidation studies for each variant was then analyzed on
the Bruker 300 MHz spectrometer fo acquire the 1-Dimensional NMR spectrum. The 1-D
NMR spectrum was then compared with the spectrum of the various possible conformation
obtained by selective deprotection. The conclusions obtained from the 1-D NMR analysis
matches with the data of the conformation obtained using HPLC.

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
c‘aée‘s, ~1 mM of the peptide gave NMR spécira ‘of adeguate quality for TOCSY and
ROESY 2-D NMR experimenis at pH 3.1 in 10 % D,0, 907%, acquired on Bruker DRX—SGO
MHz spectrometer., Spectra were acquired at 298 K with water suppression. TOCSY mixing

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

Structural modeling was performed using Accelrys lhsightll software with NOE constrainis

derived from the NMR spectrum (Figure 5). NOE constraints were classified as Strong (1.9



active segnent into the desired conformation. A |arger prot-eih nmol ecul e

will also present 20 with 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 segnments of the parent prcﬂt in nolecule usually wll present ,
t he probl em of excessive flexibility and the related high entropic cost of

bi ndi n r.that the se t will b r d:easjly due to the lack of a
compuctt o) dledin Oy >REEN, Al Weeh AE0oe oS Haeliap ot airicsiolS e
several restraining disulfide bridges, these problems can be reduced.
Fur t made oy noethiigaad 9velhyisng pretans gcedrdingsiabYulbriele etv@d. ' chioh ipmpeRaliaed -
~easily mass produce the peptide using chem cal synthesis, as well as to

easi moledulisi dyrizheics wasclirst pbridmfert ‘maigdnsighsl Discoives nealuld et BOD dlesd S06h as
NVR. 21 Reference List (1) Gehrmann J, Alewood PF, Craik DJ. Structure
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spectrum gave a spectrum similar to that reported by David Craik et al’.

Figure 4 demonsiraies 1-Dimensional NMR spectroscopy comparing the spectrums of the
P6K Acid variant peak 1 with,thé forced-folded ribbon conformation, P6K Amide variant
peak 1 with the forced—fold'ed ribbon conformation, and Imi Acid with the forced-folded
ribbonr conformation, Iml Gonotoxin with the forced-folded globular conformation, CMerA
Acid with the forced-folded ribbon conformation, CMrVIA Amide with the fofoed-folded
ribbon conformation, CMrVIA K6P Acid with the forced-folded globular conformation,

CMrVIA K6P Amide with the forced-folded globular conformation.

Figuré 7'.shbws structural médeling of im! Acid variant Peak 1 and P6K Acid varfant Peak 2
'performed with Accelrys Insighﬂl molecular modeling software and compared with soluﬁon
structure of Iml conotoxin. Backbone RMSD for the 2 structures were 0.38 + 0.06 and 0.72
.'*:r 0.12 respectively. 3- Dir;hensional struciure of solution struc’fure.of Iml conotoxin was

obtained from Pro’tein Daia Bank.



(6) Gouda H, Hirono S. Solution structure of al pha-conotoxin I determ ned
by two- dinensional NMR spectroscopy. Bi ochi m Bi ophys Acta. 1999;

1431: 384-394. (7) Johnson DS, Martinez J, El goyhen AB, Hei nemann SF,
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al pha 7 and al pha 9 receptors. Ml Pharmacol. 1995;48:194-199. (8) Lanthanh
H, Jﬁgigg-l\/a.trﬁgron C, Servent D, Menez A, Lancelin JM M ninmal conformation
of the Pﬁﬁ'é’- onotoxin Im for the al pha7 neuronal nicotinic acetylcholine
receptor recognition: correlated CD, NMR and binding studies. FEBS Lett.
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extent as compared to Iml Conotoxins. This is likely to be due io the presence. of a

confounding variable of differing second intercysteine loop size between the two classes of

conotoxin.

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

'Re_ciprocal studies in\}olvi_rig CMrvIA ;dk—éohotoxin was also conducted. Native CMrVIA
y/A-conotoxin folds to 53 % ribbon conforﬁ]ation. When Lys6 was replaced with a Proline
residue, the synthetic variant shifts to fold preferentially to 83 % globular conformation.
These results reinforqed the point that the conserved Pro6 in Im! conotoxin has a role in

determining the final conformation of the peptide toxin.
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peptides fold into different predommant isoforms, the excess of one form over the qther is
not drastically different, suggesting that folding may oceur by independent pathways. I is
not clear whether proline cis-irans isomerization or hydrogen bond interactions contribute to
these folding pathways.

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

peptide toxins in the development of peptide scaifolds.

The foldmg (oxidation) of the peptides will result in 3 possible conformations, depending on
how the 4 cysteine residues pair up io torm the disulfide bndges (Imagine pamng
combination of [1-2, 3-4], [1-3, 2-4], [1-4, 2-3]). Basect on'the pairing, the peptade 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 théy 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‘sa-me framework can have more thah 1

conformation.
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Ri bbon Ref min min 4/7 Cass Epl- GCCSDPRCNWNNPDYC* [9] Mol lusks 5/12 13/4

1918 se@ﬁh'eﬁt Y NERY Goqueddd. Tt linsdroPsddmeal far Wéh nifMBuse of the
GOCSLPPCALSNPDYCF [ 11] Mol I'usks 5/12 13/4 2019 "M | GOCSNPVCHLEHSNLCF [ 12]

st RPN G P i i
' D) RPN Y ST NG SPPRnCIES] HDERTgs SEaLaRre MBCOBHPARINARAGHY
[18] Worm 5/12 13/4 2625 AU B GOCSYPPCFATNPD C* [19] Mol lusks 5/11 12/ 4
2322 conotoxin framework, and the RGD-Conotoxin chimeric peplide exhibits the antiplatelet

activity that we would ekpect of the tripeptide sequence.

Whole blood samples were freshly drawn from healthy volunieers, Platelet aggregation was
measured via change in electrical impedance. Collagen (2 pg/mior ADP (20 M) was used

as agonist

Table 5 and Figure 8 show an antiplatelet activity assay when RGDW is put inio the host
sequence in intercystine loop 1 (RGD1) and intercystine loop 2 (RGD2) showing the

inhibition concentration.

In several examples seen in natural protein molecules, a large percentagé of the protein
molecule is involved in defining the cc_)nformaﬁon of the activg segment which is resppnsibie
for the biological activity. However, this active segment is ‘usually made up of just a shori
length of amino acid sequence. Conventionally, there will be the eifort 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 segrhent into the desired conformation. A larger protein molecute will also present



VC- 1.1 GCCSDPRCNYDHEI C* [20] Mol lusks 5/11 12/4 2726 - Il GCCSDPRCAWR C*
[1] Wrm5/8 9/4 10 Im| ACCSDRRCRWR C* [21] Wrm5/8 9/4 4 3/5 Cass M
GRCCHPA CGKNYS C* [22] Fish 4/9 10/3 2827 d ECCNPA CGRHYS C* [23] Fish
4/9 10/ 3 2928 G A ECCNPA CGRHYS CGK*2 24] Fish 4/9 10/3 2928 G| ECCNPA
CGKHFS C* [25] Fish 4/9 10/3 2928 SI“1 CONPA CGPKYS C* [26] Fish 4/9 10/3
3029 x CMVI A VCCGYKLCHO C [271 Mol lusks 5/7 8/4 2 -Cv X G CCGYSFCYO C

[ 28] | A 0 G - 8/ 4
1 Sy prog arygentiiEfiogo (e prEsEEBEREVerel aliagpralBhiy Kool § 6,
67.24 0, 2.67 t,.0.46 , P6 cid 19.75 ,0,29 76.16 0.44 4.08 0.54 Im
Cnt xP3ES Bg*?‘ed."%@cﬁ?.@ﬁf@.%’%@é& € %%'g\’ OHBleTRRl de 68. 50 1.69 30.23+1. 47
1.27 0.39 CMVIACntx 31.27 0.87 52.92 0.34 15.81 0.54 CMVIA An de
33.95 :0.55 48.84 0.97 17.22 0.42 CMVIA K6P Acid 82.94 0.40 3.48 0.26
13.57 0.40 CMVIA K6P Am de 93.14 0.67 5.33 0.70 1.53 0.06 TABLE 3

Shor, linear synthetic peptides corresponding to the-active segments of the parent protein

molecule usually will present the problem of excessive flexibility and the related high
entropic cost of binding, or that the segment will be degraded easily due to the lack of a
compact structure. By inserting into a scaffold that is stabilized with several restraining

disuifide 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 o easily attain the structural ihformation .

using phyéical technigues such as NMR.



Theoretical Mass Observed Mass (Da) Oxidized Mass Da Da Im Acid 1356.54
1356. 18 1352.16 .p6K Acid 1387.65 1386.54 0.66 1382.85 0.48 Inm Cntx
1355.52 1355.85 0.04 1350.90 0.17 P6K. Ami de 1386.67 1386.45 0.80 1381.95
0.38 CMVIA Acid 1241.57 1241.20 0.38 1236.90 0.17 CMVIA Anide 1240.59
1240.20 0.26 1236.30 0.68 CMVIA K613 Acid 1271.61 1209.70 0.10 1205.70
0.18 CMVIA K6P Ami de 1270.63 1208.80 0.04 1204.96 0.39 26 N1.,.1 <t v
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HOri NM4l IDh OO0 O*N1 28 TABLE 5 Inhibitor ICso (Coll )

| Cso-(ADP) RGD 1 Pkl 1.48 M2:63 M £4G 1 Pk2 0.82 M0.22 M RGDL Pk3 1.64
M2.40 0 M_RCD2. Pkl >15 M 11 4 oM _RGER Pk2 >15 M.3 .05 M RER Pk3 >15 M

2. TONBIm&pt i fi HeqdertOBER GDCNG)]M 29 PAERT |'S GlabivElr | Ribborf mehod of
preparing a biologically active peptide, conpr|5|ngnvnlncorpﬂ{ ting a

bi oactive peptide sequence into a peptide scaffold e _npept] scaffold

con'pf’tﬁ_ﬁ_ﬁgithe sequence of Forrrul al, the bioactive peptlde sequence bei ng

i nc orated i d by r, L he r Nely} def d by
Bl e Tt el Bloysl - @Fé@ Sigh oy <310 oysalFoys] gﬁ%/
Q/sarmdqm @c@szy@cmmem*dtmnt hat pglggkdier fofm two  43/5 249

PRIB GCCSLPPCALSNPDYC* [11] - Mallusks 5/12 13/4 g9
Ml GCCSNPVCHLEHSNLC* [12] Fish 5/12 13/4 220
= RDOCCYHPTCNMSNPQIC* [13] Fish 5/12 13/4 2221
AUIA GCCSYPPCFATNSDYC* {14] Mo]!usks 512 18/4  ®22
AUIC GCCSYPPCFATNSGYC* [15] Mollusks 5/12 13/4  #22
GIC GCCSHPACAGNNQHIC* [16) Fish 5/12 18/4 223
GID TRDYCCSNPACRVNNOHVC [17] Fish 5/12 13/4 %24
AniB GGCCSHPACAANNQDYC* [18]  Worm 5112 13/4 %25
AUIB GCCSYPPCFATNPD C* [19] Mollusks 5/11 12/4 2822
Vel GCCSDPRCNYDHET 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

ML GRCCHPA CGKNYS C* [22] Fish 419 10/3 227
Gl ECCNPA CGRHYS C* [23] Fish 4/9 10/3  *28
GIA ECCNPA CGRHYS CGK* [24] Fish ¥ 10/3 o8
all ECCNPA CGKHFS C* [25] Fish 4/9 10/3 %28
Si ICCNPA CGPKYS C* [26] Fish 419 10/3 %29
CMrVIA VCCGYKLCHO C [27] Mollusks 5/7 84 2
CMrX GICCGVSFCYO  C [28] - Mollusks 57 -. - 8/4 2
‘MrA NGVCCGYKLCHO c [29] Mollusks 5/7 g4 %3

TABLE 1



di'sul fi de bonds, between Cysl and Cys3 and between Cys2 and Cys4,

Cysl and Cys2 and between Cys3 and Cys4, or between Cysl

and Cys4 and

bet ween Cys2 and Cys3; X is any amno-acid; in and n are the sanme or
different and each is equal to or grea%er t han 1; and the peptide scaffold

has a C-termnal group that is either

car boxy group or an am de

bet ween

group; and one or both of the follow ng: (i) introducing a proline residue
two positions N-terminal to Cys3 orA E?/I ng an exi sting proline residue
%@ ,' and (ii) convertlng t he

that is two p03|t|ons N-t er m nal
Ctern

. mai ni ai n the bioactivity alﬂbrkﬂalﬁi oact i veRiblonle. 2. The nddraded cla
sequence RCD.

1, wherein the bioactive peptide seqguence conprises the

The mpihgetiaf claim 1 or ghahon2g gvher ei ngtmeghl Pa3¢3| ve pept @ef Se5Ughc

, conprises-the sequence RGDW 30 4. The rret hod. "o a| m 2,

ereln the

2: g? yﬁﬁﬁaé: ﬂet ;gqlt;?g;igﬁm p'f? de Lsggéeﬂéiugu [ st s of 4 IQ@C"'I

RGDW—6.- A nethod of altering thp conformation of a peptide, the mathod

conpi il @ntxnodi fyi ng a pBAt0e: 0BBri si nd2ADE ssO@BNce of FOALD.66an

Ctefmnal group that 1is either of a carboxy group or an

am de group t

CO.nV ,%K mpdv%er m nal gregps(lj q_ q fBg ot hego%st_'h? &?r boxy gr-p%? Qro B@e
am de group,
CMIVIA Cnix 31.27 £ 0.87 52.92 + 0.34 15.81 = 0.54
CMIVIA Amide 33.95 + 0.55 18.84 % 0.97 17.22 + 0.42
CMrVIA K6P Acid  82.94  0.40 348+ 0.26 1357 = 0.40
CMIVIA K6P Amide  93.14 = 0.67 5.33 £ 0.70 153 0.06

TABLE 3
'(rgae)oreﬁcal Mass Observed Mass (Da) %}S;ﬁized Mass
Iml Acid 1356.54 - 13566.18 1352.16
I.PGK Acid 1387.65 1386.54 + 0.66 1382.85 + 0.48
ImiCnix - 1355.52 1355.85 + 0.04 1350.90 0.1 7
P6K Amide 1386.67 1386.45 » 0.80 1381 95 + 0.38
CMrVIA Acid - 124157  ° 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
CMIrVIA K6P Amide | 1270.63 1208.80 = 0.04 1204.96 + 0.39




Formula | is -Cysl-Cys2-Xm Cys3-Xn Cys4-; Cysl,
cysteine residues that together formtwo disulfide bonds,
Cys3 and between Cyst and Cys4, between Cysl
Cys4, or between Cys
acid; and in and n are the sane or different and each is equal
greater than 1.

proline residue two positions NNtermnal to Cys3 or renoving a proline
residue that is two positions NN terrdgnal to Cys3. 8. A peptide conprising
a conot gxi,n consensus seqguence as ined in Formula I, and haying one or
nore amijn® acid residues inserted bstituted between Cys2 ahd Cys3
such that |the region defined by X rs fromthe correspondipng region in
any wi l{dtype conotoxin sequence, ing one or nore am no id resi:dues .
inserted or substituted between nd Cys4 such that the regi on defined
by X diifffers fromthe correspondi riegion in any w | dtype copotoxin '
sequence, |wherein: Fofgula | is - s2- Xm Cys3- Xa Cys4-; 31} Cysl
Cys2, sB and Cys4 af‘ cysteine fesijdues that together formt di sul fide
bonds, between Cysl a wcySS aEF n Cys2 and Cys4, between Cysl and
Cys2 an t ween s3“aﬁd SEO n Cysl andFtys4 a tween Cys2
and Cys3;|Xis' any am no aci d; and “h ark the'saf® or different and
each isjequal to or greater than L: d wherein the peptide does not have
a prolifpe|lresidue two positions Nt tdrnfinal to Cys3 and has a G-term nal
carboxylgroup, the peptide having|thg |tendency to adopt a ri bbon
conf or mat | on. = :
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(B)

Cys2, Cys3 and Cys4 are
bet ween Cysl
and Cys2 and between Cys3 and
and Cys4 and between Cys2 and Cys3; Xis any am no

to or

7. The nethod of claim6 further conprising introducing a

and



9. The peptide of claim8 wherein the amno acid sequence RG is inserted
bet ween Cys2 and Cys3 or between Cys3 .and Cys4. 10. The peptide of claim8
wherein the am no acid sequence RGDWis inserted between Cys2 and Cys3 or
bet ween Cys3 and Cys4. 11. A peptide conprising the sequence as set forth
in any one of SEQID NOS. 3, 4, 7or8. 12. _ A peptide consisting of the
sequence as set forth in any one of SEQID NCS. 3, 4, 6,70r8. 13. A

bi ol ogically active peptide conprising-a peptide scaffold and a bioactive
pepti de sequence, the peptide scaffold conprising the sequence of Formul a
|, the bioactive peptide sequence being pacorporated into the region
.defined by Xmor the region defined by X of Fornula |, wherein: Formula I
is -Cysl-Cys2-Xm Cys3-Xa Cys4-; Cysl, Cys2, Cys3 and Cys4 are cysteine

resi dues that together formtwo. disulfjde bonds, between Cysl and Cys3 and
. between €ygq2 and Cys4, -32 ° bet'ween Cysl|and Cys2 and between Cys3 and Cys4,
or between |Cysl and Cys4 and between Cyst angd Cys3; X is any amno acid; m
and n arg¢ tlhe same or different and each i g equal to or greater than 1;
and in whigh a proline residue normal |y} ocqurting in the peptide scaffold
sequencejtwo positions Ntermnal to Cys3 Has|been renoved. 14. The peptide
of claim 13 having a CGterm nal group that |is|either of a carboxy group or
an ami de| grloup. 15. The pep}ide of &l aim 13 oy clai m 14 wheBefh the argno
aci d seqlienfe RED is, inset}ed petwgen Cyst| anfl Qys3 or, betWegn Oys3, 48d,
Cys4.
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16. The peptide of claim 13 or claim 14 wherein the am no acid sequence
RE@Wis inserted between Cys2 and Cys3 or between Cys3 and Cys4. 1/9
93231-142 seq listing 09-08-05 ST25 SEQUENCE LI STING <110> Manj unatha, ini
Kang, Tse si Kang <120> Conformati onal swi tches in Toxin Fol ding and Uses
Thereof <130> 93231-142 <150> 60/ 608, 151

<151> 2004-09-09

oo el A B
U Inbibitor | ICso (Collagen) | - ICso:(ADP) -
- RGD1 Pkl - 1.48 uM 12,63 uM
RGD1 Pk2 0.82 pM 0.22 uM
RGD1 Pk3 1.64 uM 2.40 M
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 pM

<160> 29 <170>




<220> <223> synthetic peptide <400> 2 Gy Cys Cys Ser Asp Pro Arg Cys Al a
TFrp Arg Cys <210> 3 <211> 12 <212> PRT <213> artificial <220> <223>
synthetic peptide <220> <221> MOD RE5 <222> (12)..(12) <223> AM DATI ON
<400> 3 2/9 93231-142.seq listing 09-08-05 ST25 sly cys Cys Ser Asp Lys
Arg Cys Ala Trp Arg cys 5 10 <210> 4 <£911> 12 <212> PRT <213>
artificial <220> <223> synthetic peptidé <400> 4 sly Cys cys Ser Asp Lys

Arg cys A auiRTASGISHR/ED IS

1. A method of preparing a biologically active peptide, comprising:

incorporating a bioactive peptide sequence into a peptide scaffold, the peptide
" scaffold comprising the sequence of Formula I, the bioactive peptide sequence being
incorporated into the region defined by Xy or the region defined by X, of Formula I,

wherein:

Formula I is —Cys1-Cys2-Xp-Cys3-Xy-Cysd—;
Cysl, Cys2, Cys3 and Cys4 are cysteine residues that together form two
disulfide bonds, between .Cysl and Cys3 and between Cys2 and Cys4,
between Cysl and Cys2 and between Cys3 and Cys4, or between Cysl

" and Cys4 and between Cys2 and Cys3;
X is any amino écid; .
m and n are the same or different and each is equal to or greater than 1;
and the peptide scaffold has a C-terminal group that is either of a

carboxy group or-an amide group; and

one or both of the following:

1) introducing a proline residue two positionsk N-terminal to Cys3 or
. removing an existing proline residue that is two positions N-terminal
 to Cys3; and
(ii) converting the C-terminal group to the other of the carboxy group or
the amide group; _

to maintain the bioactivity of the bioactive peptide.

2. The method of claim 1, wherein the bioactive peptide sequence comprises the
sequence RGD. '
3. The method of claim 1 or claim 2, wherein the bioactive peptide sequence

comprises the sequence RGDW.



5 10 <210> 5 <211> 11 <212> PRT <213> cone snail <220> <221>

m sc _feature <222> (10)..(10) <223> Xaa can be any naturally occurring
amno acid <400> 5 Val cys cys Ay 5 r Lys Leu Cys H's Xaaa Cys <210> 6
<211> 11 <212> PRT <213> artificial <220> <223> synthetic peptide <220>
<221> m sc_feature <222> (10)..(10) <223> Xaa can be any naturally
occurring amno acid <220> <221> MOD RES <222> (11)..(11) <223>

AM DATI ON 54 OO>TEe E/J%lthogjo% c%{m ZGV%erem the%macgve %%dglseszque%ce combizts of the-

sequence RGD.

5. The method of claim 3, wherein the bioactive peptide sequence consists of the
sequence RGDW.

6. A method of altering the conformation of a peptide, the method comprising
modifying a peptide comprising the sequence of Formula I 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 I is —Cys1-Cys2-X,-Cys3-X;-Cysd—; :

Cysl, Cys2, CysS and Cys4 are cysteine residues that together form two
disulfide bonds, between Cysl and Cys3 and between Cys2 and Cys4,
between Cys1 and Cys2 and between Cys3 énd Cys4, or between Cysl
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.

7. The method of claim 6 further comprising introducing a proline residue two
positions N-terminal to Cys3 or removing a proline residue that is two positions N-

terminal to Cys3.

8. A beptide comprising a conotoxin consensus sequence as defined in Formula I,
and having one or more amino acid resi(iues inserted or substituted between Cys2 and
Cys3 such that the re gién defined by Xy, differs from the corresponding regioﬁ in any
wildtype conotoxin sequence, or having one or more amino acid residues inserted-or
substituted between "Cys?{ and Cys4 such that the region defined by X, differs from the

corresponding region in any wildtype conotoxin sequence, wherein:

Formula [ is —Cys1-Cys2-Xy-Cys3-Xp-Cysd—;



<210> 7 3/9 <211> 11 93231-142 seq listing 09-08-05 ST25 <212> PRT <213>
artificial <220> <223> synthetic peptide <220> <221> m sc_feature <222>
(10)..(10) <223> xaa can be any naturally occurring am no acid <400> 7 Val
Cys Cys Ay Tyr Pro Leu cys H's Xaa cys 1 S 10 <210> 8 <211> 11 <212>
PRT <213> artificial <220> <223> synthetic peptide <220>
<221>mi serfeature <222> (10)..(10) <223¥ Xaa can be any naturally
occurring am no acid _<220> <221> RES <222> (11
g Cyslz, Cys2, Cys3 a'\n/ﬁ%?s are c}rstefne I‘(eS]:'l&l?leS tﬁat tc)>gether form two
disulfide bonds, between Cys1 and Cys3 and between Cys2 and Cys4,
between Cysl and Cys2 and between Cys3 and Cys4, or between Cysl
and Cys4 and between Cys2 and Cys3;
- X 18 any amino acid; and

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

and wherein the peptide does not have a proline residue two positions N-
terminal to Cys3 and has a C-terminal carboxy group, the peptide having the

tendency to adopt a ribbon conformation.

9. The peptide of claim 8 wherein the amino acid sequence RGD is inserted
between Cys2 and Cys3 or between Cys3 and Cys4.

10.  The peptide of claim 8 wherein the amino acid sequence RGDW is inserted
between Cys2 and Cys3 or between Cys3 and Cys4.

11. A peptide comprising the sequence as set forth in any one of SEQ ID NOS. 3, 4,
7 or 8.

12. . A peptide consisting of the sequence as set forth in any one of SEQ ID NOS. 3,
4,6,7or 8. '

13. A biologically active peptide comprising-a peptide scaffold éﬁld a bioactive
peptide sequence, the peptide scaffold comprising the sequence of Formula I, the
bioactive peptide sequence being incorporated into the region defined by Xqorthe
region defined by X, of Formula I, wherein:

Formula I is —Cys1-Cys2-X;,-Cys3-X-Cysd—;
Cysl, Cys2, Cys3 and Cys4 are cysteine residues that together form two
disulfide bonds, between Cys1 and Cys3 and between Cys2 and Cys4,



<223> AM DATION <400> 8 Val cys cys Ay Tyr Pro Leu Cys H's Xaa cys 1 5
10 <210> 9 <211> 16 <212> PRT <213> cone snail <220> <221> MOD_RES
<222> (16)..(16) <223> AMDATION <400> 9 Ay Cys Cys Ser Asp Pro Arg Cys
Asn Met Asn Asn Pro Asp Tyr Cys 1 5 10 15 <210> 10 4/9 <211> 16
93231-142 seq listing 09-08-05 ST25 <212> PRT <213> cone snail <220>
<221> MOD RES <222> (16)..(16) <223> AR% DATI ON  <400> 10 d y Cys Cys Ser
Lea Pro Pro Cys Ala Al a Asn <210> 11

between ys? an& %yﬁ and betw%/n Cys3 and Cys4, or between Cysl

and Cys4 and between Cyszr and Cys3; )

X is any amino acid;

mand n are the same or different and each is equal to or greater than 1;
and

in which a proline residue normally occurring in the peptide scaffold -

sequence two positions N-terminal to Cys3 has been removed.

14.  The peptide of claim 13 having a C-terminal group that is either of a carboxy

group or an amide group.

15..  The peptide of claim 13 or claim 14 wherein the amino acid sequence RGD is
inserted between Cys?2 and Cys3 or between Cys3 and Cys4.

16.  The peptide of claim 13 or claim 14 wherein the amino acid sequence RGDW is
inserted between Cys2 and Cys3 or between Cys3 and Cys4.



<211> 16 <212> PRT <213> cone snail <220> <221> MOD-RES <222> (16). .
(16) <400> 11 Ay Cys Cys Ser Leu Pro Pro Cys Ala Leeu ser Asn Pro Asp Tyr
Cys 5 is <210> 12 <211> 16 <212> PRT <213> cone snail <220> <221>

MOD RES <222> (16)..(16) <223> AM DATI/®ON <400> 12 dy Cys Cys ser Asn
Pro Val Cs His Leu Qu H's ser Asn Leu Cys 1 5 10 15 <210> 13 <211> 18
<212> PRT <213> cone snail <220> <221> nmiscfeature <222> (3)..(3)

93231-142 seq listing 09-08-05 ST25
SEQUENCE LISTING

<110> Manjunatha, Kini
Kang, Tse Siang

<120> Conformational Switches in Toxin Folding and Uses Thereof
<130> 93231-142

<150> 60/608,151.
<151> 2004-09-09

<160> 29
<170> PatentIn version 3.3

<210> 1

<211> 12

<212> PRT

<213> cone snail

<220> -

<221> MOD_RES
<222> (12)..(12)
<223> AMIDATION

<400> 1
gﬁy Cys Cys 5Ser gsp Pro Arg Cys Ala Igp Arg Cys

<210> 2

<211> 12

<212> -PRT

<213> artificial

- <220
<223> synthetic peptide

<400> 2
g?y Cys Cys Ser ésp Pro Arg Cys Ala Igp Arg Cys

<210> 3

<21l> 12

<212> PRT

<213> artificial

<220> .
<223> synthetic peptide

<220> )

<221> MOD_RES
<222> (12)..(12)
<223> AMIDATION

<400> 3



<223> Xaa can be any naturally occurring am no acid <220> <221> MOD_RES
5/9 <222> (18)..(18) 93231-142 seq listing 09-08-05 ST25 <223> AM DATI ON
<400> 13 Arg Asp Xaa Cys Cys Tyr His Pro Thr 10ys Asn Met Ser Asn Pro G n
ile cys <210> 14 <211> 16 <212> PRT 213> cone snail <220> <222>
MOD_RES <222> (16).. (16) <223> AM DATION <400> 14 dy Cys Cys ser 5 Tyr
Pro Pro Cys Phe Ala Thr Asn Ser Asp Tyr Cys 10 5 <210>N 15 Q11> 16 <212>
PRT <213> cone snail <220> <221> MOD RES <222> (16)..(16) <223>

AM DATI ON | 93231-142 seq Tisting 09-08-05 ST25
g]y Cys Cys Ser ésp Lys Arg Cys Ala Trp Arg Cys
. 10

<210> 4

<211> 12

<212> PRT

<213» artificial

<220>
<223> synthetic peptide

<400> 4
E1y Cys Cys Sser ?sp Lys Arg Cys Ala Igp Arg Cys

<210> 5 -
<211> 11
<212> PRT
<213> cone snail

<220>

<221> misc_Teature

<222> (10)..C10)

<223> Xaa can be any naturally occurring amino acid

<400> 5
XaT Cys Cys Gly Eyr Lys Leu Cys His §aa Cys-
0

<210> 6

<21i> 11

<212> - PRT

<213> artificial

<220> L
<223> synthetic peptide

<220>

<221> misc_feature

<222> (10)..(10)

<223> Xaa can be any naturally occurring amino acid

<220>

<221> MOD_RES
<222> (11..(1D
<223> AMIDATION
<400> 6

\l/a'l Cys Cys Gly “gyr' Lys Leu Cys His )1%& Cys

<210> 7



<400> 15 Ay Cys cys ser Tyr Pro Pro Cys Phe Ala Thr Asn Ser Ay Tyr Cys 1
5 10 15 <210> 16 <211> 16 <212> PRT <213> cone snhail <220> <221>

MOD RES <222> (16)..(16) <223> AMDATION <400> 16 Ay Cys Cys Ser His
Pro Ala Cys Ala Ay Asn Asn An Hs Ile3ys 1 5 10 15 6/9 93231-142 seq
listing 09-08-05 ST25 <210> 17 <211> 19 <212> PRT <213> cone snail <220>
<221> M SC FEATURE <222> (4)..(4) <223> 4-carboxyglutamate <220> <221>

M SC FEATURE <222> (16)..(16)

93231-142 seq 1isting 09-08-05 sT25
<211> 11
<212> PRT
<213> artificial

<220
<223> synthetic peptide

<220>

<221> misc_feature

<222>  (10)..(10)

<223> Xaa can be any naturally occurring amino acid

<400> 7
val Cys Cys Gly Tyr Pro Leu Cys His Xaa Cys
1 ‘ S5 10

<210> 8

<211> 11

<212> PRT

<213> artificial

<220>
<223> synthetic peptide

<220

<221> misc_feature

<222> (10)..(10) .
<223> Xaa can be any naturally occurring amino acid

<220>

<221> MOD_RES
<222> (11)..(11)
<223> AMIDATION

<400> 8
val Cys Cys Gly Tyr Pro Leu Cys His Xaa Cys
1 5 710,

<210> 9

<211> 16

<212> PRT

<213> cone snail

<220> _
<221> MOD_RES
<222> (16)..(16)
<223> AMIDATION
<400> 9

gﬁy Cys Cys Ser ésp Pro Arg Cys Asn ﬁgt Asn Asn Pro Asp Igr cys

<210> 10



<223> 4-hydroxyproline <400> 17 Ile Arg Asp Xaa Cys cys Ser Asn Pro Ala
Cys Arg Val Asn Asn Xaa 1 S 10 15 His Val cys <210> 18 <211>: 17 <212>
PRT <213> cone snail <220> <221> MOD RES <222> (17)..(17) <223>

AM DATION <400> 18 Ay Ay Cys Cys serdHis Pro Ala Cys Ala Ala Asn Asn G n
Asp Tyr 1 5 10 15 Cys <210> 19 <211> 15 <212> PRT <213> cone snai

<220> <221> MOD _RES <222> (15)..(15)

<223> AM DATI ON <400> 19 Page 6

93231-142 seq listing 09-08-05 sST25

<211> 16 .
<212> PRT
<213> cone shaijl

<220>

<221> MOD_RES
<222> (16)..(16)
<223> AMIDATION

<400> 10

gTy Cys Cys Ser_éeu Pro Pro Cys Ala ?ga Asn Ash Pro Asp Igr Cys

<Z210> 11

<211> 16

<212> PRT . .
<213> cone snail

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

<400> 11

g1y Cys Cys Ser Eeu Pro Pro Cys Ala igu Ser Asn Pro Asp Tyr Cys
- 15

<210> 12

<211> 16

<212> PRT

<213> cone snail

<220>

.<221> MOD_RES
<222> (16)..(16)
<223> AMIDATION

<400> 12

Gly Cys Cys Ser Asn Pro Val Cys His Leu Glu His Ser Asn Leu Cys
1 5 - 10 15

<210> 13

<211> 18

<212> PRT

<213> cone snail

<220>
<221> misc_feature
<222> (3)..(3)

<223> Xaa can be any naturaliy occurring amino acid

<220>
<221> MOD_RES



7/ 9 93231-142 seq listing 09-08-05 ST25 dy Cys Cys Ser Tyr Pro Pro Cys
Phe Ala Thr Asn Pro Asp Cys 1 5 10 15 <210> 20 <211> 15 <212> PRT <213>
cone snail <220> <221> MOD RES <222> (15)..(15) <223> AM DATION <400>

20 Ay Cys Cys Ser Asp Pro Arg cys Asn Sr Asp Hs Qu Ile Cys 15 10 is
<210> 21 <211> 12 <212> PRT <213> cone shail <220> <221> MDD RES <222>-
(12)..(12) <223> AM DATION - <400> 21 Ala Cys cys Ser Asp Arg Arg Cys Arg
Trp Arg Cys 1 5 10 <210> 22

03231-142 seq listing 09-08-05 ST25
<222> (18)..(18)
<223> AMIDATION

<400> 13
érg AsSp Xaa Cys gys Tyr His Pro Thr Egs Ash Met Ser Asn ggo Gln

Ile Cys

<210> 14

<211> 16

<212> PRT

<213> cone snail

<220>

<221> MOD_RES
<2225 (16)..(16)
<223> AMIDATION

<400> 14
Gly Cys Cys Ser Tyr Pro Pro Cys Phe Ala Thr Asn Ser Asp Tyr Cys
1 5 10 15

art

<210> 15

<211>= 16

<212> PRT

<213> cone shnail

<220>

<Z2721> MOD_RES
<222> (16)..(16)
<223> AMIDATION

<400> 15
Gly Cys Cys Ser Tyr Pro Pro Cys Phe Ala Thr Asn Ser Gly Tyr Cys
1 5 10 15

<210> 16

<211> 16

<2172> PRT

<213> cone shail

<220>

<221> MOD_RES
<222> (16)..(16)
<223> AMIDATICN

<400> 16
Gly Cys Cys Ser His Pro Ala Cys Ala Gly Asn Asn Gln His Ile Cys
1 5 10 15



<211> 14 <212> PRT <213> cone snail <220> <221> MOD _RES <222>
(14)..(14) <223> AMDATION <400> 22 dy Arg Cys Cys His Pro Ala Cys Ay
Lys Asn Tyr Ser Cys 1 5 10 <210> 23 <211> 13 <212> PRT <213> cone snali
<220> 8/9 <221> MOD_RES 93231-142 seqgg sting 09-08-05 ST25 <222> ,
(13)..(13) <223> AM DATION <400> 23 G u cys Cys Asn Pro Ala Cys Ay Arg
Hs Tyr ser Cys 1 5 10 <210> 24 <211> 15 <212> PRT <213> cone snai

<220>
93231-142 seq Tisting 09-08-05 ST25

<2i0> 17

<211> 19

<212> PRT

<213> cone snail

<220

<221> MISC_FEATURE

<222> (4)..(4)

<223> 4-carboxyglutamate

<220> :

<221> MISC_FEATURE
<222> {(16)..(16)

<223> 4-hydroxyproline

<400> 17
Ile Arg Asp Xaa Cys Cys Ser Asn Pro Ala Cys Arg Val Asn Asn Xaa
1 5 10 15

His val Cys

<210> 18

<211l>.. 17

<212> PRT

<213> cone snail

T <220

<221> MOD_RES
<222> (AN..07H
<223> AMIDATION

<400> 18
g1y Gly Cys Cys éer His Pro Ala Cys é&a Ala Asn Asn Gln égp Tyr

Cys

<210> 19

<211> 15

<212> PRT

<213> cone snail

<220>

<221> MOD_RES
<222> (15)..(15)
<223> AMIDATION

<400= 19

Page 6



<221> MOD RES <222> (15)..(15) <223> AMDATION <400> 24 Ju Cys Cys Asn
Pro Ala Cys Ay Arg H's Tyr Ser Cys Ay Lys 1 5 10 15 <210> 25 <211> .13
<212> PRT "<213> cone snail <220> <221> MOD RES <222> (13)..(13) <223>
AM DATI ON <400> 25 G u cys cys Asn ProMla Cys Ay Lys Hs Phe ser Cys 1
5 10 <210> 26 <211> 13 <212> PRT <213> cone snail <220> <221> MOD_RES
<222> (13)..(13) <223> AMDATION <400> 26 Ile Cys Cys Asn Pro Ala Cys Gy
Pro Lys Tyr Ser Cys

93231-142 seq Tisting 09~08-05 ST25
g?y Cys Cys Ser gyr Pro Pro Cys Phe ééa Thr Asn Pro Asp ggs

<210> 20

<211> 15

<212> PRT

<213> cone snail

<220>
<221> MOD_RES

<222> (15)..(15)
<223> AMIDATION

<400> 20
G1y Cys Cys Ser Asp Pro Arg Cys Asn Tyr Asp His Giu ITe Cys
1 5 10 15

<210> 21

<211> 12

<212> PRT

<213> cone snail

<220

<221> MOD_RES
<222>- (12)..(12)
<223> AMIDATION

<400> 21
Qja Cys Cys Ser ésp Arg Arg Cys Arg Igp Arg Cys

<210> 22

<211> 14

<212> PRT

<213> cone snail

<220>

<221> MOD_RES
<222 (34)..(14)
<223> AMIDATION

<400> 22
gTy Arg Cys Cys gis Pro Ala Cys Gly i%s Asn Tyr Ser Cys

<210> 23

<211> 13

<212> PRT

<213> cone snail

<220>



15 10 <210> 27 9/9 93231-142 seq listing 09-08-05 ST25 <211> 11 <212>
PRT <213> cone snail <220> <221> M SCFEATURE <222> (10)..(10) <223>

4- hydroxyproline <400> 27 Val Cys Cys Ay Tyr Lys Leu Cys H's Xaa cys 1 5
10 <210> 28 <211> 12 <212> PRT <213%8/&£one snail <220> <221>

M SC FEATURE <222> (11)..(11) <223> 4-hydroxyproline <400> 28 Ay lle
Cys Cys Ay Val ser Phe Cys Tyr Xaa Cys 1 5 10 <210> 29 <211> 13

93231-142 seq 1isting 09-08-05 5T25
<221> MOD_RES
<222> (13)..(13)
<223> AMIDATION

<400> 23
g1u Cys Cys Asn gro Ala Cys Gly Arg Egs Tyr Ser Cys

<210> 24

<211> 15

<212> PRT

<213> cone snail

<220>

<221> MOD_RES
<222> (15)..(15)
<223> AMIDATION

<400> 24
Glu Cys Cys Ash Pro Ala Cys Gly Arg His Tyr Ser Cys Gly Lys
1 5 10 15

<210> 25

<211> 13

<2125 PRT

<213> cohe snhail

<220

<221> MOD_RES
<222> (13)..(13)
<223> AMIDATION

<400> 25
g]u Cys Cys Ash Ero Ala Cys Gly Lys gas pPhe Ser Cys

1

<210> 26

<21%> 13

<212> PRT .
<213> cone snail

<220>

<221> MOD_RES
<222> (13)..(13)
<223> AMIDATION
<400> 26

%je Cys Cys Asn gro Ala cys Gly Pro &%s Tyr ser Cys

<210> 27



<212> PRT
<223> 4- hydroxyproline

<213> cone snail

<220>
<400> 29 Asn dy Val

<221> M SC_FEATURE

<222> (12)..(12)

Cys Cys Ay Tyr Lys Leu Cys

Hs Xaa Cys 1 5 10

9/9

93231-142 seq listing 09-08-05 sST25

<211> 11

<212> PRT

<213> cone snail

<220>

<221> MISC_FEATURE
<222> (10)..(10) )
<223> 4-hydroxyproline

<400> 27

val Cys Cys Gly Tyr Lys Leu Cys His Xaa Cys
1 5 10

<210> 28

<211> 12

<212> PRT

<213> cone snail

<220
<221>
<222>
<2723>

<400> 28

MISC_FEATURE
(11)..(11) .
4-hydroxyproline

g1y Ile Cys Cys gTy val Ser Phe Cys I%r Xaa Cys

<210> 29

<21i> 13

<212> PRT

<213> cone snail

<220>

<221> MISC_FEATURE
<222> (12)..(12) .
<223> 4-hydroxyproline

<400> 29

§sn Gly val Cys gys Gly Tyr Lys lLeu g%s His Xaa Cys



