V23 and VnR4, two scorpion peptides that block human T- | ynphocyte

pot assi um channel s (sub-type Kv1l.3) with high selectivity and decrease the
in vivo OTHresponses in rats 5 FIELD OF THE | NVENTI ON The present
invention relates generally to the fielgs of biochem stry, nolecul ar

bi ol ogy, i mrmunol ogy and el ectrophysi ol ogy. Disclosed are peptides, their
phar maceuti cal conpositions, and nethods for their use to block Kvl1.3

pot assi um channels, for the treatnent of various imunol ogical conditions
and for di agnosticVie2handVom2d.onen scorpionepeptidest that bloekcinemianal- synt hesi s

component 5. | sol TR S PORSSHon She RS (eivere KNI S0OHHR DEhARe G |
mexd canus smithi (here ahRreykalednb B VR PYHLYopdiRtl RRPHS) . i ch

;
constitute a nEM/SUb-faﬁlP;ﬁ%k potaSS|un1cPanne specl i gands, capabl e
of blocking with high affinity and specificity a sub-type of potassium
channels 15 (hKvl.3) shown to be inplicated in immnol ogi cal di seases and
graft rejeeti JHELD\BF AGUSINVENTIEYNni ques used for their chenical and
functi onal charactﬁﬁizatign are discl osed, as the results of in

well a -
vivo experiments of’t RESBTIFHOPSHaE emeelngg fhiez‘l%isroztblé)cb\?ﬁ’éﬁfyt’ OMRCBIT i t h
Vin24. This peptlogle @mBhdlogyi t sdhostednogipumiogp?3Datdseiheirs fpumtidbd, onadir
equi val ent anal ogs are.lead €9 oungs, gfi%ggfl dgt es for ﬁhgl%reat ment of
20vari ous | mminol Ogi el COHETY {g’gﬁsan et Ao JI 158 A P18 ¢ Ens POTRSBIRGROUND
OF THE | NVENTIctin@enér ahe tomsitlestatdrons if@usialicab speiions RO ubd dlgnds@ken
into cons'wjeraa r ni.n of the 25 inv ion reported

Lon.conc he, subj ec S | 1

here, anpnhg mhb@cmgpéz? &5t %FF§W1&§%VQ %@gw?%wgﬁﬁn?$é&§@g8Fm USSHR stry,
nmol ecul ar bi olpegides icomaspaidogytoarweh ploet capboysito ioiyedr edatied vEnt BE the
know edge gen Jt . 1)- the presence of integral proteins_ of
bi ol ogi cal ne (%%%gsﬁgg?ﬁ%J@mPg%-@ﬁ%%ﬁ'ﬁéwm%ﬁj§?%gd’“?%ﬁgaﬂgﬁ? ¥ rofe in
cel l ul ar commimiicetislomwhicki @naitute rarydubiinily pRpdwesiys dmtheBOgeinie Nighnds,
honmeost asi s of,, i Lk ous.organ functions, 2 in T-I hocyt es,
shown to Iaycgkégzgﬁﬁﬁgﬁg“%ﬁh%%éﬁug&%gﬁg‘? mﬁﬁaﬁ'%“Qﬁgthﬁ?méﬁgﬁPﬁ%hne
di seases; 18) - (ifsd Iposheivhl te ombplhtedfin timmunblagios| difaamst amdngrah enpetignessi bl e
treatnent of g} N e ition.of variou hem cal.s, natural
| i gands and syﬁ?ﬁ%gﬁégr$§ggggg§9%%”1§ggﬁ%%?%ﬁc%g; g?ﬁ%r&?@8?8ﬁh@?ﬁﬁ t he
ligand as f Ouﬁlﬂdpﬂﬁ’dmt\"@ﬂ@s the rppkbpeiii nee sipatihents aethe DAHe@snse of sensitized
(pepti dom Met |fSkhen treated with Vm24. This peptide (Vm24), its homologous Vm23 and their

functional equivalent analogs are lead compounds, candidates for the treatment of

20 various immunological conditions and diagnostic applications.

BACKGROUND OF THE INVENTION

General considerations
Several aspects should be taken into consideration concerning the subject of the
25 invention reported here, among which are the important advances in the fields of
biochemistry, molecular biology, immunology and electrophysiology related to the
knowledge generated about: |
1)- the presence of integral proteins of biological membranes termed “ion-channels”
playing a fundamental role in cellular communication, signal transduction pathways and

30 general homeostasis of tissues and various organ functions;

2)- different levels of expression of these channels in cells of the immune system, mainly



A mul titude of potassium (K) channel s have been di scovered and reported to
exist in the last fifteen years permtting their isolation, individual
expression and functional analysis. 10They are nultinmeric proteins
inmplicated in the determination of cell,menbrane potential, thereby
controlling snmooth nuscle tone, synaptlc excitability, neurotransmtter

rel ease, and other processes. In this invention we want to enphasize the

i nportance of a K channel species, sub-type Kvl.3, and its role in

| ymphocyt e pr dRiTFinaiorsas: s tp Pleka cleaip (1}} evgRts Bt IAFReESAPERIIBEUEY means
of inhibiting difthgs,channel. This is a delayed- 15 rectifier channe

predoni nantly expressed in T |ynphocytes [Gissmer et al., 1990; Lewis and

Cahal an, 1995]3)- mbfpmfb@montrbpm thé ehamH8) )RS HENCE- pbesiblY fredmbhtdR]dkorders,
di stri but ed |n br n heart tjissue, to mention just a few of the

S
sub-types of tughidh ey gddmon of variqyiechpmiclsrnaligl iapndiand synibeiisell PoPRet Kvi. 3
channel s asti \/sut;syanaefsf QRhe? AeHIPRAGYHR Ral ikefaid o) nafuR Beiph@adidpy kikgat ed
in several |abpratories gnd were the 20 object of many recent publlcatlons
(reviewed in [ gWSW( @ﬂ%ﬁﬂﬁs 2005; Judge and Bever, 2006 Panyi et aI

2006], including s S 5 397,702 an et a

and US 6, 077, 680 b Hapad ‘%}IPS ‘Q“ggﬁb“ga‘mm%a"e&iﬁ?bﬁhfﬁ%ﬁ?{% ?ﬂd§8’§§t%%t°§?"ét known
for their condgnderlad |fﬁ’temydads\/\pedtﬁ1tﬂﬁf(gf thti€l isbatiord\rimthgddah egeesdios aad atictidnal

type-1 di abetes nellltus (insulin dependent), nultiple sclerosis 25 (M),
rheumat oi d ar@ﬁr?ﬁls Sjogren's syndrone, m xed connective tissue di sease,
system c l[Qpus er yﬂwrm¢ omhme@ﬁlpﬁ)temmymmhehmathg Heteringnatib® ofredit ina@nbrpmest sone
of them A reI r eases is

exper i nent al gu%ég‘l{;ﬁm%g&ecgréte LI? smoo% mytlscf% t(( ﬁyapmxcﬂaglh A 8eu§?tfa§1$néit8 ept ed
t hat these autrdéassnané Oﬂimsmweﬁs rleguﬂ tnvdntiomwt I\\\entrtesplplnesae dfe 1mbmanmmfme

system dest r oy g, SPEGIcfek G uB—Itﬁ) Liﬁ«ﬁdz &hd ﬂﬂ] 1% mth Corolia éta l%, the
cells, or by produci ng auto ti e ov r=ex sSsion

channel's is aC@ME#aﬁm@mnmnmedﬁea@UMBm@msaﬂmbmﬁagﬁmvemmndermm1am¢ﬂa&y
provi di ng;an 8L § ' ) r .
prolifer altﬂlaon‘?%;t;lﬁ ) glc%%e?g) Peg? ﬁlﬁ@%ﬁ% ’ }qu gss%dhg]sgq hhlléog%% ?c?%%élg} G élléinlg 20;
experlnentatléﬂwﬁ§eW@ﬂ@MmsUﬁ§Ldﬁﬁesﬁﬁ@meh®%®GHWB§dl13KaMEWEvbnﬁ$dmmﬂﬁed
thus and severalhg: KVE? ifHeaft e & hifliiafy 28, FRETROS, e (CANRRNY 2 07 20
agai nst several authsi mechaeisas sle'as(‘éa;'sch( wodulatiogSols K373, 618’@11@3/ alevity effects| .

2000) . ARG RL BRirARH L b&hgept Sighalin A £ ARRRL SR an SE T L e

function of ion-channéls are toxic es |so ate from scorpl on venons.
K channel20speebiedt of pepy raes publisatiensdrevicnd ithEisetoy end fhardy e209hotutgectrai n

peptides cont g rmo@%aaﬁ eff amaqnaﬁalﬂgsoafm%ﬁ%g\d?%% ) B@E%}a‘ﬁr four

di sul fide brldges are Bl ockers of ent Sub-types o

channel's, witF% 1ﬁ%@d\i§r¢%ﬁ?qutbyfﬁeﬁl%éll &0)vity and affinity (reviewed in
[ G angi acomp et al poyioidRffhe dRRAEE GRS fof tﬁéﬁg&nﬁagaﬁé)mmvﬂe 2004 dlli)ty For

exanpl e, 10 charybdotoxin is a potent bl ocker of )

Shaker type déPgjetiescsiserses ap: teprahmhialedes mplite @tsulm @e%&eﬁhmw@wh&s&)

channel s JsRaugvisetrhélmatoid AP@Hitis, Myb gL 9 XdyRdroMBOLIREH SGRERIVO ntls\!&n QIRRept i de,
| acks K(Ca) channel bl ocki ng act|V|t but . maintains a high a flnltx bl ock
n,

of Kvl.3 chanW&legic pysegithemptosus SLE). éﬁyaSth@P@@i“S  IRGPEGIRT st seBRiof Semx

kal i ot oxi n_ar eleexARRbemeatl SO FoOfudiRKiuRS disEads 1§-ftﬁee&<berdhefnfta¢%@t6ﬁmﬁl}ﬂées of K
channels with 15 djsti cgﬁgéalnjtles nd selectivities, but usually nodify

more than one "StRYPYyELS &hﬁé?@ﬁ% yeeesRtcd i) thedearoimupn digsasesresyjt. |
2006] ). Due tforh higd sespobeadti thelenﬁﬁegﬂyﬁkeﬁlhi’eﬁﬁ)ydigr@&ﬁﬁ@ﬂs%hessElﬂiéf?'b b Qiredti ght | y

nalntain | £.i de bri dge rpi on pe es_have been
loed as ot WS M Foily o BF SroREE syt B Gisn BeS Dot me S LKAl
anm no aci d r edithesss b ohdrivesriotid Ratuadibita@iveiT dehethehBnpol ingkh ezRllept al .,

1995; 20 Ga h | f
scor pi on toi?k@oé%ggﬁyi%ﬂ?%ﬁﬁﬁp %ﬁﬁg{gnmglq&Q@Hﬁ@%ﬁ“%%kﬁﬁgrégrOnaSﬁQ?ic

resonance and/ or Xathase lohe§ 6ff raghich andretphddatatn kel dialGoRanb&twedndasbitad t he
known structure of sonme K channels have provided the clue to nodel the

i nteraction between the receptor (ion-channel) and the |igand (scorpion
toxin). Site-directed nutagenesis of amno acid residues in both the ion-
25 channel s and the lIigands has provided information for the identification
of the putative interaction surface anong this pair of receptor-Iigand
proteins [Rodriguez de la Vega et al., 2003]. This information is
fundanmental for the rational design of possible drugs with potenti al

phar macol ogi cal applications. The only problemin using these naturally
occurrlng peptldes as potentlal drugs |s the Iack of speC|f|C|ty and

Y Y o " ~ N o ~ o s =



4 Mol ecul ar basis for Kv 1.3 inhibitor-based therapy of autoi nmune di seases
In this section the inventors present the state of the art know edge on the
control of several immunol ogical diseases by sinple application of |igands
(peptides or organic conpounds) capabl e_of blocklng wi th high afflnlty and
hi gh specificity the Kvl.3 ion- 5channefs of "effector menory T-cells"

(TEm of |ynphocytes. It has been shown earlier that the nechani sm by
which Kvl.3 inhibitors interfere with the ctlvatbgg groc sses of

| ynphocyt es ed®ketehpaihissi OrogidaPaams geicstr ® it GYERYSi s the

depol ari zat i ORy@odkddfa PRIRMANGAABErdl Qe GARS BE HEMAimeD I Halé & pmteeﬂivetdf@ctCa%
signal required for ‘nornal progression of the cel | ycl e é&}%

prol i ferati on2gaest el pqisrRuTdiscas fraelP 007 opfidydiFatstel:

chal | engi ng anti geMJn%_‘b‘t&Y"ﬁﬁ%uﬂaﬂh&&a@ﬂﬂaﬁﬂepra@le of 2208hg tl?@-ﬂMbtuﬁxtofabn— 2004;
Panyi et aI , 2006

here are t BTBeS of K chan}g gs bei n (g res 8n5| bI e
for mai ntal ni ﬁ’@‘méel% ﬁ‘ieftP’E? BFtifSs lﬁ?}%}%ﬂ% SPTTPIAT VEROMST %7256 AT HGPERE: ?
mv) [ Ver heugemsoRkedathom tHe8O9dnodk afe %ﬁloﬁamtﬂaphdé@ Léagsingap Qd 4@nghino acids

depol ari zati on activated channel urs 4,
Matteson 15 awap%@étbg fgithef goq or faw %lffe éﬁ& ﬂ‘t@?f 9%%2%%?65 8ﬁ§ﬁ%ﬁhﬁjeffm

inter ”Fdl at e) CEEHEG t(ﬁr&l&u@ﬁnl‘)ﬁtﬁdl e VeG@ility Of sé‘fé‘o&&tﬂancﬁ@ﬁﬁﬁﬁﬂ(rﬁﬁewm m recent
nonencl ature) [Gissner e .,.1993]. The act chann

provi des the é([é‘ﬂP&I%CPH‘QI%ﬁ}: ﬁ@‘lbgg%{gu%zed% éfi} ke rfeé?m

mai nt enanpe . othayiie@ainiiy e peeiidlare Ietvent Kai Zdlhd’l Blg'hdkh;etypélﬂélwed@écuﬁ,‘a2+ into

the T cells through. th 2+ rel ease tivate h ke et al.
2006; 20 YerglPﬁ“F\egi u ?qsocglﬁﬂiﬁé?axlﬁ% KUk FHoBY “?ffe%taﬁeg@f\}%m? 3% of K
channels to tb@tﬁ@@hfr@ﬂ@v@ﬂhmbu@ 1a0lks K(Gaﬁbﬂammﬂemehdga@mty,hmt agintaigtai on

status of the cells. Sti v, h ctlonal role in

t he i mmune syg'tggr#f%étg'éﬁ)ﬁ# ﬂ@%lbicriaﬂjée % ‘gﬁl"é% VOF ait'l %r?rﬂ f"flré’rné”ﬁ PPt hon of
the T cells, asiothxs&cas s&dnmelo@mo[qwﬂ fo&methaahffe,ct &ﬁ@rﬁr}t tyﬁmf quhermelsfwxfﬁ cells,
t he nave d tral no Tce i 2 n

stinul ationh aﬁ’ﬁ % aé@rfnﬁ‘ﬁ ﬁl e#cW% %e tpHeuralalt GD% mo art %gfme g’baty}(gf ofgans to
be acti vat ed. ciHaecln e@nd reveiked it Renyina o, a(t)ﬂ6])emueJmcntlexredlapvegvr@dsthlye-an

anti gen bear 7+ 5RAt | i onal rke re 0 I ry T
cells (Tcm C@ﬁ%% Cture i ?{1 afqtau@% " ugf(#)eelg d‘l%gs gomeC%Prhe?e Scrggjﬂ%r obabl y
arrested at | p&pmdesehﬁvatbeens vwgens ‘mioletcaltarmadmlers’d itfrf Ieceem:ugadlst@twei bethegoke

ef fector nmenoy el have
little or no & Ielﬁgt or emdueg %%% u%%&%u%&le ?)(!f) Iﬁefcég%?ﬂg [ggega§?P ]fcelrggi’tl ate
to ef fectr c6Ehics dtal Q@Q(ﬂoﬁssehltegdmrrﬂImg@hstmcsm wﬁmaeﬂt»’lsmplorpto@me@nemﬁe ferenor y

| s governed bk gﬁam?qg Qas n@&?&e%ﬁ thf a!r 1%&1%{1%&%%@ 3 / -r F“ﬂlfﬁ%‘:t}

di spl ay char act ri'stic set |ne eceptors an e on nol ecul es
that are 5 reqtlupdsedndflorcommlmgmtbthelkhbmdwturescg’ueme W{Féa@els heye rexddad

i mredi ate ef fget r O%}Mﬂ L§ ésaldl c Q{dng

mul tiple scl e;&%sﬁ?@e {OV\)%)S&A(l 3@7 ﬁé}a&%}{%e&}egggl%) ke eﬁ(ﬁ.&t o?% i rt?t !hg

type-1 di abet &somieh|toxins JiBaéaeaefl arutagenesis 2(5036]1110 agit dP-Wﬁ?ﬁéﬂ @9@# ihaslp%* I upus
er yt Nematgsus oy i GELAL hY fgsrBl hid p%owéaam%mﬁ;ohcfopdﬂbﬁc@hﬁmtlam @9 Bative
resorption perl ontal disease, chronically activated TEmcells are
responsi bl e f Beractien sefagapmene, this ipais of ecerserrlizand prRicts {Reshisnez deHa Vega et

proliferati 0na1arzdozf] URgs hﬁﬂﬁahud%% mﬁuwen@il tshes@iGel Jie§1gh%f géssyiermgrs
i nportance in the managenent of these diseases (reviewed in [ and et al .

2004; Beet on &fentich @hwiracoemis! aPB.lFF?FO”ét The onlyopryslem e &5in ghsie rPé‘H“?Hléfl ve,

Tcm and TEm 0$cc§hf&1§%ptﬁ@élﬁs f)é%@lﬁlaﬁﬁﬂlgsofs DBk LAk &M afdfyPRepRksRe
express simlar nunb f)-|sFOf Kvl.3 and fewer than 30 | KCal channel s

per cel | 3 vl fFregre ap Sub @@e@qs 0 %Fﬁ@fldi”ﬁ%% ICOMPEYRENAKFE L4 diredilyeteladsdt o
proliferatingpdplias! clﬁﬁlﬂe& DYWhEPSGHdrcE siifatiBMng tpoSRHIARinBibnk %Tyagmmam ed by
a nodest (-1.5-fold ase 1n %he nuntf of Kv1.3 channel s per cel

wher eas t he nU%%e$° 7 VegRanf 8rsaninlPelase dramatical ly (500

channel /cell) and thus t hey acquire an | KCal hi glKvl. 31" ion channel 15
phenotype. In contrast, activation of TEm of either CD4 or CD8+ phenotype
in the peripheral tissues is acconpanied by a dramatic increase in the
nunmber of Kvl1.3 channels to -1500/cell1 w thout any change in the |KCal

| evel thereby the channel phenotype of activated TEm becones

| KCal | OWKv1. 3hi gh.




The causal |ink between Kvl1.3hi gh TEm and aut oi nmune di sorders is

substanti ated 20by the follow ng data obtained in hunman di seases: 1)
nyelin-reactive T cells fromthe peripheral blood of Ms patients are
Kvl.3111gh [wil ff et al., 2003]; 2) nyelin-reactive T cells fromthe

peri pheral bl ood of healthy controls aré Kvi.31', consistent with a

nai ve/ Tcm phenot ype; 253) stinulation of MS patient T cells with irrel evant
antigens such as insulin peptide, ovalbumn or with conventional m togens
did not i nducddeselathmeden Kdn iBhibihaiadher g of aoRPYKE #E5¢S  channel
phenotype; 4) Kvl.@hh@QRechEMifeshlefioeirQest Mt B 1O St RBGWIedBeMB thY @inflol
inflammatory infiltrates and in the parenchyna‘ofggggxg&lnated M5 | esi ons

[Rus et al., 20e57al masyolpgical dissases by spwly FrpEeieh Pentides i human

patients suffephnainid) QapBRessricRing Wbt Afisitd ) hi@X RleeisSity A6 & 13nBRNt s of
Kvl.3 as conpared to T cells of the same dﬁ&or but isolated from peri pheral
bl ood. These KimahphisfiaeiarapqonLea!! ) PAMEBASYSY that 6 they are TEm

celI's [Beeton et ajk has RWHown@hliSh@kt thd MEdRasigth by vhichRBa i3fihkibiRdihteTferel |
L es, (TOLs) generated. Lo perl pheral Blaod, | VIprGy! . ot Jupe, 4,8 et s
aut oanti gens istsuhtioh anehitch¥as3s dies Mpalritdion cifahaeleaibiat iand fikatomseqenf 5
TEm cel | s incé&@%n tge Iéqg onmcgﬁéﬁ%n&j en %CCRT and0 1. 3hi hRCGanne
phenot ype [Be “é&" the Caocgigpal req ﬁ§“¥% PR Ae p%?éﬁ NgF cSntrol
of TEm celd s ipfolio¥iod Sdnd erydu@gameoned Disell Rbnac tdevifit Yook diullenging hatigel s, the
D et o e o2 GLL TS ST ARG A B
Kv1. 3 10i nhi bitfpes sf KT bignhied$ bemg respomsibld foromaingdining & kwicid@tyahyparpblaszed
literature s u%fe’:%%%ané Q(i)tgnt%fg?& r—%(P r:nV) [Verheugen et al., 1995] of T cells, the voltage-gated

and depolarization activated channel denoted as Kv1.3 [Decoursey et al., 1984; Matteson

15 and Deutsh, 1984]; and the Ca®-activated K channel of intermediate conductance
denoted as IKCal (or Kc,3.1. according to a recent nomenclature) [Grissmer et al.,
1993]. The activity of these channels provides the counterbalancing positive charge
efflux required for the maintenance of a negative membrane potential during the influx of
Ca?* into the T cells through the Ca®" release activated Ca®" channels [Feske et al., 2006;

20 Yeromin et al., 2006]. The contribution of these two types of K channels to the
membrane potential of T cells depends on the activation status of the cells (resting vs.
activated) and their functional role in the immune system determined by the degree of
terminal differentiation of the T cells, as discussed below [Wulff et al., 2003].

Two types of T cells, the naive and central memory T cells (Tcnm), require strong

25 antigen stimulation and co-stimulation in peripheral (secondary) lymphoid organs to be
activated. The naive T cells that have not encountered previously an antigen bear
CCR7'CD45RA" functional marker expression. Cen;cl'al memory T cells (Tewm,
CCR7'CD45RA"), which cells mediate reactive memory, are probably arrested at
intermediate stages of terminal differentiation to become effector memory cells (Tgy)

30 [Sallusto et al.,, 2004]. These cells have little or no effector function, but readily
proliferate and differentiate to effector cells in response to antigenic stimulation.
Protective memory is governed by effector memory Ty cells (CCR7 CD45RA™). Tem

cells display characteristic sets of chemokine receptors and adhesion molecules that are



1) In vitro proliferation of chronically activated human T cell lines
bearing the characteristics of TEm (CCRT, Kvl.3high) and specific for
nyelin antigen [Wil ff et al., 2003] or TEmcells isolated fromthe synovi al
fluid of RA patients is conpletely and pernanently suppressed by Kvl.3
specific bl ockers peptide such as ShK [Wil ff et al., 152003], ShK.(L5) or
by the small-nolecule Kvl. 3 blocker PAP-1 [Beeton et al., 2006] 2) In
vivo experiments with Margatoxin, another high affinity Kvl. 3 bl ocker

pepti de, showaeiuirpdior hersiak toinflpgpar tEsyes adiere sy epat mhlkﬁd%t stsRiopfmginalped- t ype

hypersensi ti vigty GaeIhARR diftasls nl'h@l\’iﬂlﬂg? mﬂtkﬂlessdie‘?@s@st {1\@@) {g\ﬁulﬁ" gopdopmasur e of
the activity of effector nenory T cell's [Koo et al ; 2035 Tr eat nent

of MBP-speci f itesumgtoidrasitis sandy W}Pﬁ ISHH@QWS BRkupBoSony 6 F‘lhg2 e japtofTAMYRE 1 o

stinul ation wigt i MBPp %}ﬁ@@?y’tﬂeh%ﬁ)ﬁﬂlsoQlld%ﬁ%§@)coﬂtllsorkgmmtﬁéﬁcr speahRdaippbiccat i on
of the pepti des into the recipienf animals (during the effector phase)

prevent ed % he '&eHHe} velo@?taﬁépeaseo«fhr@keéy pervACaTenGrllsi amigpronsible for tissue

Encephal onyl eld&ﬁl? ( fls ﬁﬁ@va‘ 1ﬁ'1§191t151?w tﬁe profisraliBelddincBbnal hotivitg 00hése cBRAE 10
rats [Ben Nun and Cohen, 1982], is the best characterized K 25 del for the

human di sease VS YRt 5@%"&‘?1?"2éﬂthﬁwagﬁg?in?r&@fﬁ’éﬁe%ﬁ%ﬁ%g?‘ge%dnh@t’ﬁ;’ $gtcal
abnornalities 20@(1@eét&€a1ﬂl(§ﬁ§e§/€2muﬁdn@get-£l ,.28bd). popul ation is the

nyel i n-speci fic TEm havj ng Kvi. 3hi gh channel phenot The gaonbi ne
appl i cation of Kvi! Regting, umpaecsgfvec Fan s Tay & SRR LX)y é%?pff?eqr (g?gat(@ﬁm?}ﬁ

synpt ons qof E@Eenm@@em mnﬁ&lemﬁm)elf @bd-909) BEK VL. $ar@lri5xeér thaBEO IR Béhaiels,
2001]; 304) Prlst ndu I\/J:(f fgss Il-restri ﬁr glhronl arthéLatls
codel (PLA 1 RV 7000 L Tt @patton nERRTC 40 RO A
Rheumat oi d Ar tbllsityl sPecifid k& ﬂﬁluﬂalﬁoh iy aeedmpaﬁed of a Blokdedt ) 1. Staphiihdreantd y

educed, Lhe nugbehel R SyaLL ot o9 B hsae ) b el 1
inhibitor to ﬁfaﬁMﬁd&hﬂlyQﬂm&ﬂMﬂﬁmeﬁb aLith, mﬂﬁludﬁ abates! "E"BAD3 “aionahanieldel f or
T1DM of h ns udied, in

S es £te B/ Wr at Beet on
Stoal A CRE R I e it S S
high 5 af f [ npéryphaﬂaﬁ tissabe @t adcbﬁlyalﬁdﬂiﬁbjl' anfh@satid éckheckethe afuntierd o8 Kveduced

the fraction of toms of ed at 110
days of age) é‘i%anﬁ‘%h%%r Z@W{ ﬁ’c‘?ﬁ ?ﬁaﬁﬁﬁ g fhr%ﬁgcgﬁ ? @ege EGREY  Thi s
was acconpani ehi:nbwpeaoﬁiaeﬁvmgaqbecrotrrreaHe(I:zet"WK'vlcﬁlgW and macr ophage

infiltration and r duced est it t|o the treate roup as
conpared with vehi &t ‘f‘ral Lr?( TL%\(’:ete)’rrllgr ?F; ml%een 5%"57165“ §talélao age)

10[ Beet orlet hjrth,e f«ﬂmmﬁigdataobtamedTrhlmmamhlusbasbsi on of T cell proli fer ation by
Kvl. 3- SpECI i ‘f fngleaécg(/e T tc%llssfp lfelé)ﬁeéhgéra}-glmog gil I{/I§ amltsaP E@f?&mﬁﬁe

conmpounds | dea m?’ or revent on

di seases. Alt kheligk0aht i gen- i nduced prol i feratl on of resting naive and Tcm
cells is partially sensitive to Kvl.3-nediated inhibition, the 1
transcri pti ondl myginrsentivafl whs fos Gf pridaral leakné bealby spritieare il $°'n

pre-activat edcggsg@hg‘ﬁtmlqemg‘%&ogﬁg proliferation of these cells to be
sensitive to IKCal inhibitors but not to Kvl. 3 inhibitors [Ghanshani et

al ., 2000k. Thy sink@ffohi NSl patdat ANceBE Wik lirrSleHnel abtlsem such ik BisteE periae,
different T cell subsets ung e of the selet|V|t of a

erlies the |r%grtan
gi ven mol ecul &"3Bmikg "3 GoBYerfigea mitoeqn pdyse dhparperelienat (Gv tH%: ¢ he
i nhibition of K¥EMIKOL ' FashatieDphe)tydey 1. 3 i nhibitors can

4) Kv1.3M8" Tpy cells were shown in postmortem MS brain inflammatory infiltrates and

in the parenchyma of demyelinated MS lesions [Rus et al., 20057;

30 5) T cells isolated from the synovial fluid of human patients suffering from Rheumatoid
Arthritis (RA) express large amounts of Kv1.3 as compared to T cells of the same donor
but isolated from peripheral blood. These Kv1.3"#" T cells were CCR7 indicating that



20 be overcone by excessive antigen stinulation m mcking the activation of
TEm cel |l s by pat hogens and vacci ne anti gens during normal protective nenory
i mmune reactions [Beeton et al., 2006]. Thus, the application of high
affinity and high selectivity Kvl.3 inhibitors ideally targets TEmcells
repeat edly activated during autoi mune $eactions whereas | eave ot her
protective functions of the i mmune systemunaltered. 25In addition to human
T and B | ynphocytes Kvl.3 channels are al so expressed in several organs and
tissues (incl duyats TeheclkdBesten ctabrAP80ls system ki dney, |iver, skeletal

muscl e), and the bl ock of Kvl.3 chapnels in the cells %‘hgl’yﬁ ~rlinl?sle

consi der abl e ) dorerrpattigen meeidn&Fe Ticall ras(6-km gonger fﬁdgr ePRFBHIG n vi vo
t oxi col ogi cal |} gpbsyeseTRR! | abiimebs VEMO YS! M) QlimSh Khtlenk) addBeetion fet al .,
2005; Beaton et al.’, 2006] fromthe 30 peptide bl ockers %r,oug and for

PAP- 1 [ Schni t Z1BM-gssociaterppipantigeat Bysulisyand (GCADSshwplaythorerarEigicde st s mal |
nol ecul e bd ocker, Selis IR@SBnSthé R 5t SORMRigkM ECd R Karaf K-8l 3"l dhadnesphirpdtgies f or
neur ol ogi cal and cardi ac side effects or histopathol ogi cal changes in

ti ssues wher e [Bgtaaetalg 2p®lexpressed. Thus, the beneficial treatnent-effects
of Kv1.3 blockers |isted above conhi ned w m_nimal or the co ete -
absence of side ef PEEEIPBIHC RGRYH LN 'ﬂé’ftélg‘mc?l@salﬁiefi?hﬁs&}ve& gosvgﬁng@ltb?'st/}g Kvl. 3
bl ockers in t heaivigragemsnhadklspiit piolifaiien @f sesseds, thar Suetivaslactidgt andabove

suggest a criticagl role of _Kvl. 3 K channels, in the Sexecutiaon of
physi ol ogi cal HUTHSTEPRESSH 8?utﬁlﬁﬂn‘ﬁf)lgﬁ‘fas?’Sh({uﬂdebea%lﬁﬁ?lgtﬁg:g % efllseo(fflgll'?’
t her apeut i€ | mitgsiteen Theoolldwing i 0k oradne vidd Seamehdlytertitue supduirtthis s@nargf Kv1. 3

channel s. SU Y OF THE. I NVENT The, present . nventi o erns, the
ot T catton ahd e S BHRITbCT Eﬁwg%‘s’ SRG RS &7 ARRCERRS: We
Mexi can scor pichdiactérist@xif i NCSR7 VKRS, 3" spexifid foeimryefiumigbo dblfiedal.val ent
anal ogs, whic re abl.e. of i.nhi bitin h gkc[t{'_ho . nel s
from human | y?’%‘% c%’?f% C\%!l? ﬁg‘ﬁtf%r%"é% PnlfznS ygaéﬁlgfdgpem fﬂg%%yg%%lp%feﬁz Ing a
speci fic ion panduetisoppressed ot Ket.3 epdotici tiehers peftide sechpaseSdntWildvetnt.i on,

t he i nventors ,di phar paceut i cal {14 C .S , Vnk4
and t hei r{ ung? @,ﬁ%‘f&f% ' gﬁgﬁgérélu%ﬁﬁgﬁggggg?lo%%ﬁ%ggﬂ?gétbrt?ﬁg?’r%gg @ to bl ock

Kv1.3 pot assi - - Ol | le} ipgftRieand t
v pot assi g?nl]}g bapne eﬁmeég n‘%ghﬁlg%%g\ﬁ?%,o tﬂegﬂ%ﬁ%lfﬁﬂﬂgfﬂl.f endick igRRieand to

di agnostic appfications an or their chemcal synthesis and
correct fol di segpwethbateblpepefi Hab3 vieads t slesl mhdbiiopyolngedayed-te dyprientiiioial hi gh

per formance | lrélbﬁ(glé (ﬁﬂtg}ﬁ\@g}i&gf %tigxgg,a@@&?m%greto?@e 'éctR/ritkz REYecRPhRR0ACT d

sequence determ ne man degra i on and rmass spectronetry, show ng the
20 primary st dselulieoshdwh997h SEQ ID NO'! and SEQ I D.NO 2. VnR4 contains 36
am no acids wth a nolecul ar weight of 3863.5 Daltons.,lt is a conpact

mol ecul e Hhi nehileaenesyof MBP-sarulia 1o deselby vilh SBK < (Shbripapm chiring theitge vitro

spectronetry t@,Reidelvne eVIBP séisiti@diion ViHaed) Nshgalvit @sjehie@Nippliatidndr @26, C12
and C31, Cl6 and C33, and C21 and where the letter C stands, for the

: d C d C36,
abbr evi ati on 8fPUdsS g e tpaRiFR AeEnalh dluiing the FsETPs PR EYBRE BoadoRrbYs 25
rel gti v F_ posi hﬁ@]gh& dﬁ@:@eﬁﬂ%&t&@ﬁt@irﬁﬁ%& E&q}uﬁd Tmaj%eiﬁl@h@mmﬁp ix@@im“@sthmltshe ¥
carboxylic end of the pept.i i.s ani dat ed. e fu eptide was chenjcally
synt hesi zed ugﬁ}?’?ﬁmteﬁél"ggﬁl]dgg‘ﬁé%éat%(:ﬁg]&fné@d aal Hgéﬁédp %ﬁgesf%‘aﬂﬂ‘? ct
fol di ng of5 t hewgyTbieE hempPepicadeVB@Bar@iriatdgOsiang pamofdnedieghdoyulobizltal
cheni cal and functilo.nal nﬁl ysis. Vnk4 jgs Hot tlo%c. :ﬁ?‘ m Cf whe 1i{]j ect ed
at relativel y HOgReESh Bt ParisoR® (qeisy Lt PoPYadso St g 8 lﬁﬁ%ecgér Youse of
20 30 granms hedhg Wei. gt chddnalt plieaotydl, TAO Qommbinsd gimivition| «fgkein mmdiFeCatei ght ) .
VWhen applied to h n, | hocytes Jin vitro, | hqws an. extr |y high
affinity for RIS et oy wncligteledaby WP{"HE "ng%ﬁ"’%é? 3‘?%%‘“%%&?4?&5‘1%@ 1% bi nds

t o t hese channeskigBeetomer ah) 2008L, i rreversi bl e manner, showing a Kd value in

the | ower piconolar range (less than 3 piconolar - 3 9
30 4) Pristane-induced MHC class II-restricted chronic arthritis model (PIA) in Dark Agouti

rats is a rat model for the human disease Rheumatoid Arthritis. Single daily injections of

ShK(L5) significantly reduced the number of joints affected by the disease during the



pM. It does not nodify the potassiumcurrents of the follow ng ion

channel s: |iKvl. 4, hKvl.5, rKv2.1, hBK and hERG channel, and the currents
of the voltage-gated cardi ac Na+ channel (hNavl.5) when assayed at a
concentration of 10 nanonolar (10 nM. The current inhibition at 10 nM
concentration for channels hliKCal, mkvl’1 and hKvl.2 is 5 approxi mately 20
to 50% as opposed to 100% bl ockage for hKvl. 3 channels. The toxin bl ocks
over 50% of the hKvl.3 current at a concentration as |low as 3 pM thus

bei ng approxi riel e¢rjed G003t deyk) Hiseenetdle2olie on this channel than any of

t he other channels assayed. Lethality tests conducted with VnR4 f used no

observabl e syfpiemefiiesey ofnKyhi sjbitat ‘P(S’FFV% R ISR et daksiss

m crogr anm 20 grﬁ%&&@%ﬁmmm HhaPRRliddad MIC tiag [I-AktricRdeP-EBW rats
del ayed-type hgper sensitivity g{aot ected the experjnental ani r%N
& HESNFB)

Ski n sensiti z&Bseim drl-300ek Jtdﬁﬁﬁtsé‘l’w? sregiated dgibnpdmighiRivr ShéAzené

causes a Pﬁns'aﬁﬁﬁtﬁ%§ shl@@?ﬂﬁ?'s@ﬁlliﬁﬂlecﬁ@m&eof( Kednesticantle gr08 of rats
i nfl ammati on of ears) rats_subj ected a sin Ieln ect on of 10

m crograms of SKAYPREE B Saragfomwf gﬁ? by v psved ar‘idtlé)ﬁ@’stqfél )r?éﬁf’

consi der abl e @bdtRNHAMbIO Freéd $HREVIhTELHY. TBS PANSROmpddibRfaldasremed mﬁalg& t he
treated ears is significantly decreasesd (at_ |east 60% Il ess inflanmtion)

conpared to cdnteHdnd mpephags infsation pag 1‘?51{413&‘}91 B el detucipr it hefiAL-1-treated  p

rel ated peptl dRup 3TRImYIFES withaRhitleSRat$ @&ﬁ;oegasi A8 bbthBerSFTR) UBRYN 26
conpl etel ?gqeynced as shown in SEQ I.D NO h| S peptide is 83%

i dent i cal toprppal.. 20004 35 anino aci d resi dues, packed by four disulfide

bri dges, and shows a, C 366 lio 3 di spl.

equi val ent functio ‘b‘r‘r‘ﬁ ﬁl ‘i\%ﬁ pg‘inffFlﬁ?%bya’ZdP@B%e&{%‘sﬁIﬂl?lg‘)%’l? ErSp%l%%. 3
channel s. TheTh|, @Ql@ﬁ@ﬂlcﬁ)fnaké‘s&h&ﬂ leb@pduddd ideal chvdnfoe it management &l fk@htionTKv1. 1
and hKvl. 2 at ELO nM con ent ra i.on of VnP3 were ﬁﬁgﬁom gpt el ﬁ 95%..1% 3%
and 9% respelt M@ 1“9‘““‘“2 ugh antigensinduged ProfisERiiep 8 alﬁ%?‘%fi tides
using nore.t haﬂlsls?ﬁar@etlbe;énslﬁmwl{st Nnﬁdﬁfbdﬁﬂﬁﬂhtldeﬂle[t%gﬂiaﬁkmaéﬁpﬁgulatlc&OOS]
specific r sho wed wi.t hin any
of “The. 50 Subof i it St e ok e Rl CE TR el BheHhine “They
are the first tltevwceﬁxwmal seﬁsn@\fe ta IREw whibitek buiakor UKV E. anﬁﬁmprsl'[éihmshmmptosed to
be named: a- V23 and
a- KTx 21. 2, g, p.éé(%]l T restn%ﬁ%?%w{l H% 12\21?3'» rdﬁlkg?ahmglctiﬂ? 1500 d?feren%(T Ce:ipsu%sets
sub-famlies oﬁdeslcee tlei importzmxé oiSths mnfumoﬂaoglvehi nolemikrebsKviag oo (ﬂKﬁgl fto an

i nternational pg of sci el i re now
in use (see [ sr{z?}% (% shown refcen Ii'ylg tf 1t1on qrtg TtE]\ﬁ gm?#e?&t%%& I&/l% %Q?Al %Il‘ﬁuc ture
to be di fX0er eht o@ycoate Hy&a%ssﬁ@%’cgﬁzn ’sthmll&ttOhemmuck[IIg tha@ctnvatloh@fﬂm hellﬂrtﬁB and
V24 show | ess_.t han about e si m h wn

t oxi ns. pat! orens Q do v CFII%Q a%e%y %Pﬁrégr Forgnoﬁfokegéfve%m%ﬁgh %}.\1?&11?3‘% clﬁﬁr%
properties nak@ewm pl \B@Q@] dihk, theedpplidation bf kmghlaffeqm|av@hghtsela¢tafitmg@l 3

Croatmont of | ROR!Son e MY dbycRiP PR e Rl o BERRES RlRes

The draw ngs Wh@rl‘:éud@de piherttiptsctioe Swicidemg &the Grimuay tte ingliqeedpr esent
speci ficatsi on and @gr leh&Fﬂobl %&Qn "l%? g l?m}] g@?kvfiﬁ’@zﬂ]ﬁ&ﬁ Q%eals%%&ﬁr@és&i fspect s

of the present invention. tion ma etter under st ood
by conpl enent ngab@remeranmsseles)fmqlwe%thd ﬁmahgﬂswwtsyﬁtqnhéu@ey,almeedkeletal

description Ofnuiﬂ)e@%rid' tﬁe Sﬁ@l@gf REDE ShRMER SR LNERR) Bive GRPRGAsRleta¥lel et NE
section of the exar? bel ow.
effects. Extensive in vitro and acute and chronic in vivo toxicological tests were

performed previously for ShK(L5) [Beeton et al., 2005; Beeton et al., 2006] from the
30 peptide blockers group and for PAP-1 [Schmitz et al., 2005; Beeton et al., 2006] from the

group of small molecule blockers. These studies showed the lack of clinical symptoms

for neurological and cardiac side effects or histopathological changes in tissues where



Fig. 1. HPLC separation of 1 ng of the soluble venomfromthe scorpion V.

i nexi canus. More than 80 different conponents were separately obtained by
application of the soluble 15 venominto a Cl8 reverse phase col um
(catal og nunber 218TP54 from Vydac, Hi sgeri a, CA) equilibrated with
solution A (water in 0.10% TFA), using gradient from0%to 60% solution B
(acetonitrile in 0.12%TFA) over 60 mm Nunbers 1 and 2 at retention times
23 and 24 min indicates the elution position of Vn23 and VnR4,

respecti vel y. Kan3dsieprissdalhusetpabereficsl tisatmenictiicsinel By1.3 hlogkers Hsed above

chr omat ogr aph'cgmli)&@cprwhtﬂ%mﬂﬁa? GORAWGH, ?lgte' dbsdnde o3 AR ef%@ts%{tet%m@yttheus' ng a
i near gradient fromsolution A to 40% solution B, during 60 mn for both
pepti des. The ap@isaility ofsetectivrokunl - hllogkigesén the mapagsment@f PléoquWéle 8592895 sks i n
the insets indicatg QW%O&tQBb@E%B B Pfcrifighbiy¥ OQLK‘HU &d cReRLIE Geshe Fi 9. 2
Am no acid sequence o consensus. The sequences_of Vn23 and
VR4 wer e bt &katakprbyf @i Mysiploggstaimmeg ramaricoanh Poinatq tis pRHeabHiEs ohrid
reduced and 2o, abki!iAbSHRAMPLRImmiuRe GRARI vYahd @RibMoh Bf KRSSHRRRE r omet ry
anal ysis of peptides obtained by enzymatic Cl eavage of pure peptide wth
specific enzynmes (endopr ot ease Arg-C and Lys-C), as indicated bel ow the
correspondi ng _sequences. am no acid sequences of the peptides purified
after enzynmat S “ﬂv |1H]%1% W[@@epar ation were identified by nass
spectrometry analyhies picllht MRenRA0RCIRS o SREGLANRL it kATRALADL QhesDY

el ectro-spray 30 1onfzation) er- eac sequence are the Indi catl ons of
t he segnehts iissbtediffonethe brynomhef thaMenigan Fepitof mgsieenus T 1éb tViradaand teéiman
degradati on, AfndaPOflilathr fndles, i beAGRIL ¢ Abitl O6: AbL&N SNAXTALI C

di gestion one neans Identification based on nolecul ar nmass of the
M ssi ng am no chashels fpheheaans bmphecytss gritnbish it g rperdficiyi §y dlegkipgdi dues

whi ch are idegid.gRliod SoddlQ8Re Oh MER3mBEdiNBRG of hDGrd3QR idveRibh, 1RBR)RMAS " X"

could be: xI, any amno acid providing it does not disrupt the three
di nensi onal f diselpyegpgrmacgetiopt eeranositigns expaniisipat Y3, KV pg4 pad ﬁf?n ﬁlﬁgﬁm&ﬁh no

aci d provigi nquntaléil@@ﬁawg@t m%§&SUﬁa1; tHeGust Y 81819 KIED HoRBMm Rlndé1ngo afeat he
protein or even better or P; amno acid providing it 5 does not

di srupt the t MpEss Wﬁ%@%@épérfd&om ﬂ*gf/ @fdlqaa@stlﬁraavl&awéranéwﬂw%fw dheli or R

X4, any am no @eiichi REAUESH Rgi b@me@p%ﬁdlﬁ%{ TS pftlded Rrd RoRRJdyBRSIs0sR
foI di ng of the proteln or even better or N, x5, any am no acid providing

it does not d tong i even

P eiptonglhéeh R fawnar disad Wﬂ%@p&?fﬁ@dwe fitethpir gEBay af3ino
better K or Raci@Béhuen®,deRfindd" b BdReh deg@mmfdaﬂagmhsts sﬂ&ﬁ‘ém@t@}t sHowing e t he
t hree di nensional ftoldi ng of thEagr otein or ﬁ?nl‘l%c%t\f Sae at all.
10 Fig. 3% vnpdnpystadweshoy Bmbdhilagod F SO 324 S9ARInS PR AR
? ssoci ation 6&31513)11&95 mbfé@ﬂ@'\ir 63 [sfy}hlltaﬂs ltqma @tnpaémce&aleélnammw byd

nonoi sot opi ¢ _nol_ecul a unit |ess expect

Uheor et car vELESaRas e 1 i@eggwss PR ) Qe PR Eut oo
corr espondi ngaﬁpbsﬁﬂns?ﬂ’ﬂ dated, Cil i a1 6LYUES3eadi (2190 W86, whetdthe lenger t
| abel ed 1). Theoreti.c Lon series val ue for free-carbox rm_nal
bopti de (Tv- COOMPE s ot oy of S5t 81 VRrGBET BrkRraar S
C-term nas (Tkéia%ilvl&)aos@tnﬁis eﬁcp&;blaﬁﬁmt@id $quente. ETBeE weso Viaﬂlae&e @Emy)lc aticeof
conpared int e tal e. inserte ..l abe 2 et rodlrrers
for disul fide adsP é T At aﬁ?eqaﬁér% tufe gﬁa geml QH\X/ i‘yﬁ eSIZe euéllﬁl atg V\g]i ght s
and schemat i cpisse method e&Mexfrmbldem&éteezpmdit fredisg pff tbel swﬂuttxbyep&;ldwhst @hrteghods
proteolytic c Vi f 4 t. t:pH£..5 The
P i on at - iSOG by W bnatidud BRI SR MRT, Glifllal: [0
het er odi ner ctmjmaii af rtivdle high Sticagraiah fasmeduy@:b mn(mugﬂm pét)naamjoftﬂﬁe [ M+Hr

ion at m %‘aﬁﬁ? @ody vl\)e1g}¥t %\étq 163&5 1'11& och'a?fll/fcﬂ mg:l?s 97 %{e apﬁled 1!: 1g. 5

VR4 cystl ne SS spec r"um correspondin Fucture of
t he human lymphocytes in vitro, it shows an extremely hlgh affinity for hKV1.3 channels

assayed by the patch-clamp technique. It binds to these channels in an almost irreversible

mannet, showing a Kd value in the lower picomolar range (less than 3 picomolar - 3



conpl ex core containing both cystine half-pairs, d -C4 and C2-C6 with

[ MM2ELI +2 1on at 25 nilz 1099.7 a.mu. This was fragnented to produce the
M5/ M5 spectrum shown in figure SB. The b ion series values from 1137 to
1507 a. mu. unequivocally represent the tag GSPE confirm ng the assi gnnment
of the last two cystine half-pairs. B). ?Shows the full disulfide bri dges
arrangenment of Vrn24, as determ ned by mass spectronetry analysis descri bed
in part A of this figure. 30Fig.6: HPLC purification of synthetic Vn4.

Synt hetical | y ns\flbﬁadoéﬁwmlfw& patassingrearrepy of &e fllowing iee shanaelediivh-4a C18

reverse phase [JraRaMAH, 1V%BKOAnHrHERd\HmM%I apd 'tH%%ﬁéﬁt?éf &Q%I@A(%Utgbt%‘cé?&ﬁé tion
of synthetic 3{113 correctly fol ded V24, "wher eas i Cat

i ncorrectly foVdeHanel @Neﬁc%t@@anwérﬁéwoncmwaa@pf i%%}pmgbpémaﬁ\ﬂ)oﬁh%f this

chromat ogr aphi c%rre&t%nkﬁ&a&{ 4011 M@%o&@ﬁk@dﬁ%ﬁ [ ch&nklg@xnéé‘ﬂenmhedﬁh HRYE 2Usi ng an
anal ytical colum devel oped with a mearQa/gra ient fromsolution A'to 40%

sol ution B duiPPiegiBtElhithio SPfe ay erpasaddo 4900 Blegkare &g hikibé chappels. Hde foxdiur e.

Fig. 7. HPLC coipas b@é;rso%f ofst}{@hﬁef-B%u@éﬁ@a@@&dﬁ%@lﬂa%ﬂ?és BERLs T, &\LS bein
Application of 10 mcro=glfamso native VnR4 into an anal yti cal g8

col um (cat al c?@Plﬁﬁ%‘équ b087pig mare gHpoiiyel g thisphepret than agpypf the thﬁédsay%?l%m of
HPLC descri bedséagedi 9. 1 shows that the pure peptide elutes at 32.67 mn,
when devel oped with a |inear gradient fromsolution A to 40% solution B,

during 60 mn. B) CEHPdHALEET LARBrted sVl Y sawsedos pherable campegsr 8bar ed

and f ol dedp VmBdiokiBatfoR &5 ¥BnR NS4 BN aﬁmb mnﬂicﬁdg%ﬁfzo @am%oﬁs@lv@@éh’t onmef a 1:1
m xture of 10 synthetic and nat{yral 4 (to mcr o rans) show ng that

they co-el ute ®PIeAnle dengat, Beds 105 ndefayRstypy thylpg‘S%‘Pf’W 5 ofPiRged Hat t he
Xh axi s hof th he e@pe’ﬂh’ﬂ:ﬁiab‘ arﬁﬁi:alg 183G Edli)hsfh%oﬁ o@ BdpefiRtnthiarhts it diablliofabehAan®r der
that the three s cou serve aratively, but separat el

ot herw se the @%W?ﬁ’l‘sﬁslaﬁ@gm& [1? gélcﬁgngs@ﬁrésﬁ@@ﬁ‘leg &% Hgla%’m“&‘yf al |

into the same olﬁeﬁk) Geogs ﬁeat@@iﬂajamdmsﬁ blﬁgul@é&am&ll()]rﬁaograrrﬁiofSQ?weﬂﬁ@ and]c
phyl ogenetjic ana Ses .of VnR3 a ti seguence alignment o
Unba_and P Ry e ER Ly coufderty 4Rl SR SR B was
per f or med wi t hheChllﬂ&:ﬁﬁdan@ﬁ bf higpsaal edrs as ngnlﬁgﬁfﬂ]y &ofchavrd €atalaght by Reguence
identity with.V | ast

) uatdvvlth dit. B) Sinplified
phyl ogenetic t? 8"’@&@695‘?@@%??\%%%9@&@”6 ﬁ}ﬂfﬁﬂ‘éﬁﬂfh?ﬁgg * and Ronqui st ,
2001; 20 Ronqui st AantteHiypepisdentack, ViaR) 3as aldoisolaedl frVﬂiQttﬂxe ahe Otaoat ended
Fo. o ol ectVEBMoBRBr yrshie, be Tk BB NBnare By e 4 Tyeetitd] & cel i
pot assi unur NVeuitds hadqﬁﬁ)ugmnohmd ré?sldtlbsal’pad{eé byefoer disolidel bhdgrm andhslmsazs al cel I
in response t from t,i
-120 nV every ge%gl%o%elrgﬁt é}%Gegﬁl N &é&gbssn}é %l?va%r?g% %10 ELP hﬁ% cat ed
by arrow) ar eafiinitpstd emnificiet &lr 2Kyl SckachelshBie Hodkhgepixlie nm@drtbmlmm&md to
the cell via e he ;e ell Arr [ dlcatesthe

. %}Eg 4Q B§I&§a‘hl r}nlg\];lf Wnd gl&{; l f‘H %M”%gceggtlo W3 o
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known scorpion peptides [Bagdany et al., 2005], specific for K channels, showed that
Vm23 and Vm24 do not fall within any of the 20 sub-families of already described
scorpion toxin structures. They are the first two examples of a new structural sub-family,
here proposed to be named: a-KTx 21. Vm24 and Vm23 thus should be named o-KTx
30 21.1 and a-KTx 21.2, respectively. Among the criteria used to define new sub-families
of scorpion toxins specific for K channels, according to an international panel of
scientists that set the systematic nomenclature now in use (see [Tytgat et al., 1999]), are

the need for the primary structure to be different by at least 50% of the others. In fact,



30 normal i zed peak currents of a |ynphocyte as a function of tinme are shown
as 3 pMVnR4 is applied to the cell and then renoved (wash-out) fromthe
extracel lular nmedium Perfusion with a toxin-free mediumresulted in a very
slow partial recovery fromblock with a time constant of -3800 s. Pul ses
were delivered every 30s. D) The dose-r¥sponse 13 relationship for VnR4
was obtained by plotting the remaining current fraction (RCF---1/ Jo) as a
function of toxin concentration, where | and h are the peak currents
measured in thetpVewdrwd Vit stygelssethar abave SQ%xseml,enWeemémﬁvweﬂyt,he ithgr
fitting the datg.pelfis With the function: RCF = Kan | (Kan [Tx]"), where

[ Tx] indicates the toxin concentration and Kd 5 is the dissociation
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Ca2+ activated K channel s | ynphocytes (h were expressed 1 n Cos-7
cel | s and &ur rigngressipeaed &p ﬂlegltoed tf%ﬁn@nég@nWM§glﬁ%1éW%§Qo to +50 nV from
a holding potential of -120 nV every 10s. Current traces recorded before
the application of the toxin (control), 10 follow ng the equilibration of
bl ock in the FEMES@ﬁIPhQON\bVT@ﬂEf)RAW‘H\ﬁGSn n. and foll owi ng wash- out
(wash) of the toxin for 2.5 mn. are shown. F) Renaining fraction of the
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i Kv1. 2 channeksonyBikca exsofeeé%ﬁmeycoﬁ% (ot} a@n@m 8%'54 e&hwfﬁr gispypked by
voltage steps to +50 nv froma ng. potentlal of v every 30 s.
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channel s were! 'ieé’ggfé‘ﬂ“ﬁ?“m" bighlypudlicd repiideent s were evoked by vol t age
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channel s wer eaexgicggktztbvbijie Gosspondieg beuanaek. Ther anemt a:u!/\eq&neas@k&ld perbidby

ol tage ste 5 from dn al of - 30 The
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curr ent S 3\Ger e ﬁl\égtﬁ)%ﬁj Iaea\éﬁls&ﬁlggce arg'\&e lgdl g %&Ols HQS IHXH(%?%C}?%)Y g}r to - 40

nmVv during whi ¢ curreht was neasure
-80 nV, pul se¥rigey ened@ﬁft \weqded)ne%emyanBOE@mnTc&ﬁeladat@nd IAIY@CI mdsLymFC \4ne? 4he

application a ctively.
C) hBK (Kcal Hﬁ&eﬁﬁ%ﬁﬁ Qf\;\éerreglggé%}(ag?ed{%ﬂdo “bﬁna l,xgl{zlg]fc?ms ]Idgpstl%gar? curergeon S were
evoked by a vebleess masepf the misdngnamipe ededBe dogseasus Gequendayhpe BP @maoi &at | on t o
-120 mV froma holding potential of O nmV. Pulses were delivered every 5 s.
The durations of VnR4 application and the wash-out period were 4 mn. and 1
nm, respectively. D) 15 Navl.5 channels were expressed by Cos-7 cells and
currents were evoked by voltage steps to O nV froma hol ding potential of
-120 nV every 15 s. The durations of VnR4 application and the wash-out
period were 1 mn and again 1 mn, respectively. Fig. 12: Selectivity
profile of VnmR24. Bars indicate the remaining current fractions at

equi li brium bl ock of the indicated channels by V24 applied in 1 nM (A) or
10 nM 20 concentratl on (B) Data |s present ed as mean +SEM for n>3
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Fig. 13: High affinity block of hKvl.3 channels by synthetic VnR4. A)
Whol e-cel | potassium currents through hKvl.3 channels were evoked froma

human T cell in 25 response to depolarizing pulses to +50 nV from a
hol di ng potential of -120 nV every 30 s. Currents recorded in the absence
of the peptide (control, indicated by ar'r ow) are substantially bl ocked

(>90% when 100 pMsynthetic V24 (sVn24) is admnistered to the cell via
the perfusion of the extracellular medium Arrow indicates the 1st puI se in
sVn24. B) Nor rreﬁxduzsewhlp%e@m ideuticaletn theseef VanPBip m24nThsfrogifions labelad ahgnsould

following the ﬁ@gdupglo%ﬁm%g&opé\ﬁo@fdm gf’&é thiRk Mnél&ﬁl ﬁf?ffn?gsofttﬁ? start

of the appli catl oh signi f recovery fromblock is
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sel ective for cHIAIEHE.S @N:rdrny emige #sid pEWSINgdtlse AS disruphibe Apise fspsiongl of 5
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fol |l owi ng wash- ou of the toxin are shown. |on_ channel
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Equi | i bri um bli@ckitdes el-anedexpétted. thedtdtical vblheoﬂmem]*mo @faxﬁmaw@sdsh Qs perl od
was 2 min. B) Ca2+ activated Kchanngls of T tes (hlK ID%{
expressed in c)rogrgippringfa ap gridating §-tepmmal SpyeRs lé L Bringe's ?f%@ from
8120 to +50f rrmr}éédg@m@ ifoietbn@upotoe ﬂ’ﬁd -&rboRf-terrhid@l p@Mml‘egéTfsCG@{)stheoT&Eal y i
urations, of V a t|o nd, t he eriod we 5.mn._an
mn, respkcti 8 Sfr“esdg ialfl %%‘%‘P&nm&ﬁ)p Y3 o] tafjig’nLS@% ¥BFY's and
currents wer e(ENRKEcImparea it BgRDIS 8@ (isert Ibelad/2f r om a hol di ng potentl al of
-120 nV every_15 The durations af V i.cation and,th

period were 3.F’§'4m§§ m24h ﬁet?"?lr'imﬁr s P"ire‘gﬂ'g&‘{mvg?’@'ge %1 Julersch %%Y@o‘%eﬂ?e
expressed by @okedaroadighss @ﬂdct@maﬁcestmamasﬁhem&edmbzy prolitedde setuipsoto +50

nv froma hol di otenti al 120 nV. ev |I L ock

devel oped in B? %glﬁﬁq cleavggeo fXOEﬂZé' F’ﬁ%t%mangﬁ% rg‘hsmalt:_ Hpeslr ?f(;)e P@ o N,

Fig. 15: 28el entd %880y a. prmfcbﬂr@p@fdswrﬁié mdlbalap awass pﬁdledlatee)dtnm cogaaing itheg
current fractijops af | 23
applied in 10 echoanf a‘lgl&a@)@ a 'S E\AQE (fna nggs%%m@%%gﬁ%

i ndependent ekgpairrGSACB(nukbar 2). he expre55| on systens and the cal cul ati on of
RCF and ot herpco e [ gehd Fi g.
16: Del ayed- ty eﬁﬁi}%ief@%tn@el?@ﬁ'% %1}43% ergsponcz)g%l n drn%m & 3’%%‘%0"35?}? of 3
rats each werenpbmgote wedinigdothabtingrgdgaiyy Cani and 42 Gnwish igmet gr oup
received ,3n | j;6bb 90.40h. TSB! ARRLEOR T Shee BUTRSUIS bhedklf) iy Bt
received a single injection o m crogdranms Vnk4 (group 2). The ear
measur enent s $erlée b idosearialnesdrom BB ér LX0RpgU W@W@%ﬂlmfeseﬁfﬁléw@cﬁﬁpﬁol bar
shovs the 1 hi gesis B alifinfR! St A A6 RALERAL P 1B, RnbN o far aliigeecont 1 ol
rats, whereas the bar corres\Pondl ng e treat nent gﬂoup (grg@g 2) shows
the t hi cknessbriggestaygngesiest @ffVmPrb ap aeymingd by RS SREPEHS

Appr oxi WHtEL%paﬁQ\/ngﬁgﬁ Nt on the inflammation was observed in the rats

recei vi ng Vi corrpar ed to the control rats
Flg 6: HPLC purlﬁcatmn of synthetic Vm24. Synthe’acally prepared Vm24 (50 milligram

protein) was separated in a C18 reverse phase preparative column. Number 1 indicates the
elution position of synthetic and correctly folded Vm24, whereas 2 and 3 indicate

incorrectly folded or truncated sequences. An additional separation of this chromatographic



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Definitions 5Unl ess defined
otherwi se, all technical and scientific terns used herein have the sane
meani ng as conmonly understood by those of ordinary skill in the art to
which this invention belongs. As used herein, the follow ng terns have the
meani ngs ascri bed to them unl ess speC|fﬁed othermnse Al t hough any net hods
and materials simlar or equivalent to those described herein nmay be used

in the practice or testln% of the present 10i nvention, the preferred
met hods and miteionafas coeciafas e isurasystap LG 48 aielygeal colump developd withAent i on,

the f Ol | owi ng htn@a'i gﬁdt@ﬂt%ogﬁgolu'ﬂ@gAQ@ h@®Wsolution B, bifine 88 itk e RsultsRaRb O t he
terms "peptide" ol ypepti de" and "proteln are used |nd|st|nctly to refer

t he peptide nﬁlllséfélﬁﬂ@é'é@? the present invention. The term "Kvl. 3 potassium

channel bl ockipfgy. §giriy bJrN;')'arQ@ﬂ"@F %Hhxud’ SldGlaturhPVin e %ﬁ@tAﬁkppﬁ&hbﬁrﬁit ion of
t he degree of inhibition of | ow of  potassium.ions through the said

Kvl.3 chanhel sticiegiggeef r@twetwﬂpm@sa@ﬁeséwl (& 8 olyng (Gts{ogawmben 2 hkfrAdiom

i nhi bi tor. \% d&hﬁlsgeranmm&e%y%t BSISPIUNASHABNRITF mﬁmmang@ﬁ@é Fplide Means
a substance that inhi bits flow of pot assjum i ons fitﬂ‘? %h a Kvl.3 channel of

the. cel | monbewies ot 7 TpSh ASCORFH RIS gradigyt g sQlgtop A 4DGEPHEY he i on

conducti on patg)wasng &PkRe B)emm) AO@hA DT 19ehRolah JTRRERAYy PebiRERMd de
chain that shares at |east 83% palirw se SGQueQ)ng i.denti th?ver t he
(CpRjegns:

al i gned posi t I9AY BR2&ERhersang ystemee! OERFPTPNG! 3 pigh
over 36 psitispfiflic ahd n@@bll Vin2d Gbtbio® midddbianhsy sRuding ﬁ&ttthéyCch%lut& @t, thel @anteo sn X
am no acid changes, one or ngre non- natgFgé an%no acad rﬁéd, em cal
derivati zat i oGBS d} S FoFR MsRIqag thak e dyeds of threriphiisfiifsdia eé‘ﬁ}&t/ g c
term nal 25extflsi®nsd Q] tdﬂez)tdebyhaotﬂtbeﬂmargr@@s aeculd bee;@baﬂmstzoﬁfpat@wem bar gani ¢
noi eti es. The te |r .seq ce identi ent a rally
means the coeffPREnP 5‘3“(‘ Hﬁeﬁ%ﬁege &Jéeg |“tﬁiﬁ%en%%‘§ﬁ?f‘§ ‘%éilti f%ﬁt?g’ t he
sanme ani no aCﬂdﬂMkﬁd&lﬁﬂb@ﬂ@duﬁﬂﬁu@ﬁﬁﬁﬁ:OVer all positions when the two
protein s e ali d., The ternt"func;i qgg equi v +ent" raIIy
eans. anyl ol St eguest i ebbylTRERe s Shaiyh ok BE aff ik P vRERG
selectivity t @waértts ak¥riment @5 VHEU dn@ 'R 3Skth kHairNedsi cheI)SEQtéd}xmxg The
providing it shares the same stru L _A rm nants o&) finity / or
Dbect {1 oty ATEBh T ioreehy GhCLIR Ty L biioa et Lol sl e, o
channel s to t b&géncs eGueRGEs VhiR4 (@l 16kt betumht tudulabsd \RiftaBGJiRrB) Stmphﬁed
pepti dom meti Chylog]éIZetlc tree calculated with MrBayes 3.0b4 [Huelsenbeck and Ronquist, 2001;
.20 Ronquist and Huelsenbeck, 2003]. Vm23 and Vm?24 are clustered together and differ
substantially from the members of sub-family o-KTx 6.
Fig. 9: Selective block of lymphocyte ion channels by Vm24. A) Whole-cell potassium
currents through hKvl1.3 channels were evoked from a human T cell in response to
depolarizing pulses to +50 mV from a holding potential of -120 mV every 15s. Currents
25 in the absence of Vm24 (control, indicated by arrow) are almost completely blocked
when 1 nM Vm24 is administered to the cell via the perfusion of the extracellular
medium. Arrow indicates the 1* pulse in Vm24. B) The normalized peak currents as a
function of time are shown following the application of 1 nM (filled circles) or 0.3 nM
(empty circles) of Vm24. Arrow indicates the start of the application of the toxin. C) The
30  normalized peak currents of a lymphocyte as a function of time are shown as 3 pM Vm24
is applied to the cell and then removed (wash-out) from the extracellular medium.
Perfusion with a toxin-free medium resulted in a very slow partial recovery from block

with a time constant of ~3800 s. Pulses were delivered every 30s. D) The dose-response



The term "structural determ nants of affinity and/or specificity"” generally
means all the functional groups and their three dinensional positions on

t he pol ypeptide structure which confers SEQID NGO 1 and SEQ ID NO 2 with
high affinity and specificity towards hKvl.3 channels. These structural
determ nants of affinity and 5 speC|f|@|ty can be related to the sane,
partlally overlapplng or different am no acid residues. The term
"functional group"” generally neans a given chemical nmoiety within SEQ ID

NO: 1, SEQ | D Kedrtmngip SEG0S o obtained bhelotting theemping cpseny éféﬁﬂld@cﬁﬁfaﬁ n or
in the side chaihps ﬁ%udnt&ft@m %c@h%’agoﬂ Gk Uesd 7, W thdpdRkESeriRfGdt£inand

strong contacts wth hannél's, hence determning the affinity

and sel ecti vi e R#SGISE@Hﬁ @bN@e @ thﬁSIE’ESﬂI OSIREH1st GUsh GBS Hieydptaaninia B s

The term fU“%ﬂcR&?*R(ﬁ«qMKWg@ DNt [R0R), Qllere PR ALY tﬂs&@m} c@ﬁymﬁa&ymmg de
chain that shares at | eas pairwi se sequence i entltyr over the 36

al i gned posi tioHs @yso8mo Ellﬂ@tlErrE‘}E@IF indigater SEMA('SEG-P)D Thiey I9se 18ePOR%t ches

over 36 positisgRBdn cdubineRMlits whp yiemé,laqdﬁ 2DV lasd Aetil ERSAddne hed ) @a2one or
nore non-natural am no acid resjdues em cal derivati zatl on_of one or

more of the redivaisa chamgelnof dr mrbecyisndhisCab. weis sepirased #y Candiceisand t her

by other am neuagikdvdr&slicHESy Wita@l AMPs ﬁérﬁamOQomDOﬁKﬂfﬁﬁnaMHﬁQg bffl &ty
simlar affinit and sel ectivi té towards hKv1 as. set forth SEQID NO 1 or

SEQ I D NO 2. 2FPHeY el O eprsrd Gaserercrided brdors the applicaomed “é%S?X‘é‘H@We’éi
conmpound tghat feliowigas e&xﬁlﬂn@cﬁﬁi&)mﬂ%ﬁtlh AR reGRRUIS 0aIM Sinii4l RF 45 hﬁlﬁeand

di mensi onal pqsjtions as th 1, SE 2 or S

therefore m nioPig ¥aieo td@’@fhf) Ogth&’i‘?ﬁ‘hgl‘[%\l? %P ﬁ%ogfmag’l*:*é ‘%%ﬁ Wi t h
hKvl. 3 channelig.hikOg dugeiin e pldsaRs of nNIhed P @ emi24i videatuland S/g,ezﬂﬁfeiﬂ |y
nmeans peptides cB%Vi n

25 ID NO3, with a tertiar ructure
mai nt ai ned by i of
St reai s Biaib Y el aebepl i go Pl s ot g p
((:%Zt e:AEes at a&sndelo@Wiiﬁ@&e@edw%b}sn@barsamﬁlca@ﬂ%MG)1=63)and C33, and C21 and
: er

ands e abbr i Q tel eS|dues
amdl thonamborie KT RIS frdicot Aanie oo bRyt R it GG ani no
acid seqzjs/gggtraﬁxedmdgacﬁ }éefplreleﬁeﬁ%ﬁehtﬂaﬁeﬁgijemg@gm&pw}dmd thg e@ulﬁlﬁmb nce]c SEQ
ID NO 1 n X I e s.are able o
bl ocki g i t nORPGHE B 10 ANy ekt satovite +-h e hsht Bebf SRt RS AR S
I ncl uded are fumvctnlahamielse\qere \eﬂﬁreméd anabzyecliofan®E@rdniy W ByoksEQy| WIS 2 or
SEQ I D NO 3, i %..p vm e Seque e.l.dentit over
the 36 ali gne(s‘jterﬁot it ?6’%@ 8’1‘“ §§6d %%n%ﬁ E%&q BING®Y and &bnf@ kfl#
(30 mat chds odm:loaﬁi in@shini, qm:sw;aubineg/the onsesw eeriddevas Srihinal yhistl rAudhbuiress

mai nt ai ned by the four es..and. the il affinity
and sel ectivi }t)v)e/reteg ar d%ﬂﬁi Fas an 9‘?3‘? t%er% ?’{%QN%&E é(;rS éegEnb ?‘{B Iﬁg 2. The
t erm " phar nacé&oi ecladldhyg aceepl af)FéZOCJaNravery 30encﬁqumbssraénlc&h>dem‘loptetﬁén S§tandard
5 pharmaceuti [ &S f n i Dj.e i

phosphat e- buf %er e@eag TioRe ftshgl%v 'i,p%l{/l\/gc} ‘ggrgcf Iglrllldei 15?%%%%%8%?%?%&

oi | /wat er or ewlbgmpaly bErmIIlI&ilemh)bkmédﬂnmw%snd ppests oferqvetakidh by agbinges

and/ or adjsuva Cc tions
are desc% beda%pﬁ t&%&bt@&ppggﬂﬁﬁ/&g&bﬁ@&ﬁ% @Ncﬁgngshér@ Eﬁ&ﬁ%ﬁ%cﬁg Co.
Easton, 19th égelongob) 3.5Pmist.ethe elirgsharofebe veblcalt reded ivers st-depend) Foe upon
the intended pRdR.@fy @R kﬁ%xflaéft {1&'1 4%‘}\1)%@&111@1‘%"%\{@ eﬁﬂ@s@éd byTt[?é ‘73%115”5}1@95 of
adm ni stration are descri bed phadl | aceut | cal :
accept abl e safurents gfeey &yokest ‘?YoY?l'F%B@tWSé&‘“%P @Hoﬁfqm @ﬁolggngu@tenml,@f Ubﬁon@Vs alts

foimed w th i RRKURN. GhéGirffons %P‘Vl’ﬁzﬁﬁpﬁﬁé%&%ﬁh %e'v@asl@-@ht%en&ﬁ’@éz@%ﬁﬁ’im aﬁmac' d,
phosphoric acid, sulfuric acid and perchloric acid nd salts forned 15

with orgafic heis,; reserstvels El:bliivleS a@naels iR | SBresseq ay MFBH elle apE pyrenisal j ¢

acid, tartari \‘;}er@%bcﬂced 61 Ubliage &6psdo +501m&A i'%xﬁ a B61dthg Pt N G2 BBV EveltiREr
phar maceuti cal ng acceptabl e salts include i norganl c nitrate, sulfate,

acetate, mal at fi‘HFtFPélﬁ &l Vg ppplisationgpd thervash-giigeristhyvere 6amiprapde),> min.,

pt ol uenesul f oRglegrivepnd the |ike, including, but not limted to, cati ons
based on the alkali and al kaline earth netals, such as sodium I|ithium
pot assi um cal ci um mnmagnesi um and




20 the like, as well as non-toxic ammoni um quaternary anmmoni um and am ne
cations, including, but not limted to, ammoni um tetranethyl anmoni um

t et raet hyl ammoni um rnet hyl am ne, di et hyl am ne, trinethylanine
trlethylanlne et hyl am ne, and the |iKke. The term "pharnmaceuti cal
conmposi ti on" means a conposition suitabl*e for pharmaceutical use in a

subj ect, including a manmal subject or a human subject. A 25

phar maceut i cal corrp03| tion generally conprises an effective amunt of an
active agent &gl 14: Ywedndees urot dddckyorainbibift 2 typeety iy higlpgically importgat jey m

"effective amyy nelsn@ﬁ?&Kﬁicqgr%@ 8 lefdre BRY g%lfcgtli(ﬁrof%ttbﬁﬁ (0%9@51 follo@nﬁgh' S

case a peptide having a ot assi um ch l'ocking activity,

suf ficient t o thregiibmtion déblpd@hb’ teaMI ¥m24 ond folkeviag teshseip sk pirife i mune
response in a,neapgh A rk@atl 'cﬂﬁllnélg Wei%qsxgﬂégsgd BeeE7 gélﬁ%ﬁ&@urfeﬂts@ve?é‘@oﬁ&f in

need t her eof, supﬁres activation processes in the 1 mune system

of a mamaef, ofeest teng t@a*l5@|ru¥h fecingy g 1ol ding B‘ﬁ@fﬁ\ﬂ}a% 10 aVTevepingtheclice. The

desired resul tduﬁﬁbfnscm[ﬂﬁeap@hosa‘ﬁm SRd ItNE wath-QRI RELd \Cs%ré m&vm@t i), t he
subj ect (| ncl udi whi ch recei ves the dosage. The term

n
"subject" is |r%p@%m@u B)dl%?haanqlﬁa‘fﬁfﬁﬁpa%?%y Hﬁlﬁeqlh&rl%gur&nﬁm%ﬁﬁvo}&ﬁﬁn human

mammel s subj el tBidok %@{arrfeemo h OGR4 bY Qgteﬁma@h@z dieRYShich IRGRak Alrfs
horses, dogs and cats he term "aut oi mune_di sease’ c%enerally nmeans a

pat hol ogi cal E@RaeeEH- e hoklingdptantizimag e SeeV Bules vare bHyar SRVt The f ect s

the homeogd asigfraQnsSeH dm@m 5o'amn and the WddB-oh€pdHod akdr® I sTHMN Qndl 2SR A%e,
associ ated to | ynphocyt any aut oi mmune dj sease where the cell

that attacks f??éechﬁ&rQ)sWK éKQPI 1191 ﬁ?ﬂ%‘é? frereTERICESH 15 ity i 8e i eases
are included, wRiHcvoiRld b’jf%%l’t&g%tség td 050 iV Ipkekde@ b & h@-ﬁ@%&ﬁarpdlzﬂﬂb'tﬁﬁ'ﬁtt@l—@zo

arthritis, type | diabetes, autoi nmune sorlas us eryth t osu
ul cerative cofY ifem ﬁ@?ﬁ%é‘?tﬁé{ah&f@dﬁﬁt ??Fﬁvelﬁh%ﬁ%?ﬁ’eﬁgfﬂéf ﬁ“? %’Hat‘;?@?? dont al

di sease. Vif24" HRRAYh a6d te W4seaLNBRHod WeSe @ thihe atdTe Miin. aédipd%hﬁélﬁ red to a
subj ect o d es not exhi bi t si gns of a7d ease or exhi bltslﬁ'g y early
si gns of ke ChafRels &V PPEI et C9% i SPEFET VPSSV rLd B%e of

decreasi ng t heteps Bk v fﬂﬁvghamnggo@n@abheﬂzogw eSdry WAL THa, dufdbds cFOmaa4l y an
aut oi mmune di se Se, cli% S ﬁgl fical | ap gl rTTTUIiIe .di sease ,associ ated 15to
(514 ﬁlgam

| ynphocyt es TERjLication an P BERAG Do, TSPV R
admi ni stered Fig. a2:ssdicaeity ‘phﬁ“lle)éhIVBiZEiSBSﬂS Giticaaf theaéﬂMﬂllﬁgyune\ﬁhﬁﬁ@ioﬂs at

t t toi d t d f d h im i
those. pat hol obi BT GHS: o F FPUGHA SR BLY B hhaHE df SeRLed ol CR "0
specificaldy aasncauﬁadommnéa@lus mmtea&s aehat-8EMt €or Inzﬁrmhbpqnﬁeﬁ edfelimeROThe

t " )
br o . _adr enal o D5SRtrHP SREe At IS P Tubh et R b S B e ke,
The term "nol kgeddaro Figobel. general |y means any chemical or biol ogical

subst ance t ha% C%] IQ hua%'e t(l:jitysgl%gk f’ Eﬁvi ¥ cIlanne.s eyn;[yinihie%@t\}.m%. %f) \’E/’l%)ﬁggetll cells,

cel | ul ar
potassium currents through hKv1l.3 channels were evoked from a human T cell in

25 response to depolarizing pulses to +50 mV from a holding potential of =120 mV every
30 s. Currents recorded in the absence of the peptide (control, indicated by arrow) are
substantially blocked (>90%) when 100 pM synthetic Vm24 (sVm?24) is administered to
the cell via the perfusion of the extracellular medium. Arrow indicates the 1¥ pulse in
sVm?24. B) Normalized peak currents as a function of time are shown following the

30 application of 100 pM of sVm24. Arrow indicates the start of the application of the toxin.
No significant recovery from block is achieved when the cell was perfused with sVm24-
free solution (arrow indicates the start of the wash-out period). C) Bars indicate the

remaining current fractions at equilibrium block of hKv1.3 by sVm24 and Vm?24 applied



structures, receptors or any nolecule to which the probe can bind with high
affinity and 25specificity. The term "nonessential am no acid"
generally neans any amno acid within the SEQ 1D NGO 1, SEQ ID NG 2 or SEQ
ID NO 3 that could be changed for any ofher am no acid w thout
substantially changing the affinity or Specificity of the resulting anal og
towards Kvl1l.3 channels. 30 Min findings The main subject of this
invention refers to two novel peptides (Vn23 and Vn24), their am no acid
sequences ( SEGM BONOMI cepaentSEQ. |I§;«tw® Pyesengpsl goeppary $SE f@fo@%ﬁ tirdepdndenét i onal
equi val ent anaé@géme@mmttﬂ%{pr&%@ Ofsted, S 81cARHRREHAH fal T BRRHRRY §ssant
agents. Vn23 an are hi ghly selective bl ockers of potassiumion
channel s of sufsailyprelegapds B Figsaddicul arly of human |ynphocytes (hkvl.3), and

vere shown in WiV §G86C{faRER fb AKivS! @H‘féﬁ{i &’Jc¥s TeERRANREord ﬁﬁe%ﬂlﬁé{&ﬁi drype
hyper sensi t| vity 5 reactions in rats, hence these des and their

functi onal Sequihy antconiid) ddlowineehs equelibeainp of hlﬁ‘ék 0] 1%6“”‘5‘;5@83 fs follpwiag nent

of some i mn%&ﬁl&a{wa@mﬁﬁmmh%{@%@n t16h ARARINBENidcab®) blobiRE B9ﬂ§@ﬁ¢ inBefore
entering into the detail's of these inmunosuppressant_ agents and their
ef fect on hKv1lBnM¥iransseraionwere sqlasfsdripapharpasologigil geofdinae! Haside AkhEW-2dge i n
this field. 10fgaualbonxpkssp® @Mo@&%uﬁ?tbf %hﬁlem@fmo%hhylﬁﬁlol:ﬁeg Snd"BrRhY

mai nt ai ned by the presence of ion-channe per neab go assi umions,
sinply call ed Wrer%wlfﬁ%b%volraﬁﬁﬁtws@raaﬁo & fr@nﬁé}gﬂd&%w@g@a@ velanVarayilpct K

channel s, 19hi cf) FgAMbOREBIRK d6leRPRA ih13.5 BFRONS QlutaBolk BAMY S%ish-ButMRlibBd8s 2
intracellular calcium.levels or specific [ gands, al t hough volt age- gat ed

channel's are tR& RbSE adhish X dasrield: ymphocyisygakCa Arﬁﬁ%e‘ﬁ’ﬁ‘éseﬁé’f P 15

| i gands that cans iRdk@ie v&ei‘b?elﬂccué&l’éy @af ralfaps RaMNeLEtoarB Iﬁ0>ﬂoﬂ§a hé1@i venoms
of bees, scorpi ons%lzosf 2 anenone ‘f 9; Jouirou et

al ., 2004: Rod?oitetjlﬂ nvggysgﬁa g dutafipns %S&Zﬁ%.ap@kcé‘ﬂﬂ} gt g? wate Mt t oxi ns

are noxi ust oxigeribd Wé}et j?ﬁnﬁl@ @h@mﬂm@@pécumy dganmoxi mﬁ@@m@@r&pﬁgse@hy :
1982], chqubﬁiﬁzg mthe scor E Eﬁl ur us quing IIer et
al ., 1985] cCte FP‘%S?WSt LEERSR © F@F 6‘ét pI%ﬁ fhing us
[Bagflany et i’il pote(rjlﬁﬁlﬁﬁ] -12Baiy Eveﬁﬂng ﬁeTlﬁlnﬁfmn@ cBwnﬁizzsappﬁcagbrawldmé ehé-quAnei r os
et al., 1993] and, ShK omStl odact t aneda et -
T005] " These. tBRIhE NS dHBin TR BB BvH T ST M RBESAT bF ypes
and subtypes dfosKf catlhamtedusents netdievakgd Ky oBagevdtdpd tdi-fshen@nfrorafaf hcniilhg es and
specificities evi.enec anyi , £t al.. 200 3 channel

inplicated in I{f'{elng}%)mg&}(?)éj %‘@Y Pﬁ%lpgqqnbﬁﬂo%%vlv hlgggrfamp% 1%n and

bl ockers o K\biﬂﬁvmsleomfpehasrtmsesmmas potentl al |mTunosuppr essants [Panyl et

al . 2006] . , |c t oxi ns_hav hei r

t hr ee- di mensi oF lecif" r%"’%g"t gr rﬂlﬁeﬁg g\%ﬁ% B e B SreRt T fe%ﬁmns 004] .
Thanks to the egmhhﬂum) thloof of ke ihdicaet dimnsbyoﬁmlz.% ap;ﬂmd'murl@nlvf coacenbtfne of
vol t age- depen Seahl ane seqgment s
[Lee et al. %%gatsmlé e%%ﬁ’ycp an,:l%?afég 11%3 dm? ender)x(t ex er menf ”E%r C;[IEI d )g)tr éagnw th
doubl e mut ant §y5(t¢rm<4n|d$hmusukahemo@l@5 arbyot@fevendaiong s@uipEuM Bbgtsdseb ¥iwt9 al . ,
1994; Stappe ghgal., 1994; Aiyar et al., 1995; Hidal go and Macki nnon, 1995]
the contact surface of several of these ligands with K channels were
identified. Cdiz éﬁnl)ﬂgyegiﬁype Pypersensitivity (DTH) response in rats. Two groups of 3 rats

each were sensitized and challenged by application of DNFB. One group received an

injection of PBS alone (control, number 1) and the other received a single injection of 10
micrograms Vm24 (group 2). The ear measurements were taken 24 hours after this
30 treatment. The control bar shows the thickness of the ears after challenging with DNFB
for the control rats, whereas the bar corresponding to the treatment group (group 2)
shows the thickness of the ears of the rats that were treated with Vm24. Approximately

60% decrement on the inflammation was observed in the rats receiving Vm24, when



scorpion toxins known to date, nore than 125 different peptides were

st udi ed, whose am no acid sequences were reported [Rodriguez de | a Vega and
Possani, 2004]. These peptides were grouped into 20 different sub-famlies,
based mainly on three criteria: primary sequence simlarity, position of
the disulfide bridges and specificity of function. 5 For the pur pose of
the present invention both peptides (Vn23 and Vn24) were isolated,
purified, sequenced and assayed. The inportant originality and proprietary
i nfor mati on obempiediojthe eopEolypF.queness of their primary structure and the
hi ghly specific function, which is not evident by sinple observation of
their structural characteristics, but needs experinental evidence of
function, bot PEFRALED BESERIFHON Q8 THEEINKEYR NG claimed in this

10i nventi on. This work started by the collection of scorpions of the
species V. mexPafaiiass in the field and the extraction of their venom by

el ectrical¢stinul atiQn. I e i :

Mor el os, xico. T eggb?a%%%&ﬁgggkgﬂéﬁﬁﬁkggﬁgﬁhgﬁgﬁg?%§$%¥§%§%€ﬁgfﬁ§%'

pur pose ( docursent mpanideess cSEPANDEIEIOoHdS tfse Maerdinaty skillip s artge whish Bys t he
15 Secretaria: | ' el : i :

Gover nnment) . d%%%&%p&%%éggﬁfg%gﬁéeg%?g1?1|k@%&§?$g§%£ﬁi§%%§%¥ggﬁf?%“Earbon
di oxi de (COR) .thefhamtepy deecifisf ovthanrise-e Mthagh pingcmstheds prdrawieaiels| simder Rept

frozen at -20 fiUtdcko #8&Mescribed heff nB9 bt BiR i HROMMESor SURSEHUBDbredent
separated by HPLC. The purified peptide, object of this invention, were

0
further as®aydeveptipny thg prafesfed gnatiodvangdematesinds argdeseriied. Hop purposgs pldbe pisseat t oxi ¢
effects (I et hghjehifont 88 bSlowirtenianaicfad elo®l.r primary structure deternined
by Edman degradation and mass spectronetry analysis. The details of these
experinents are debicdhs prewnt inveaskiamibe &rms “nsatidsiy, “polypeptide g “prgteinh @refuged  t hat
the amount of j{digseNe pekdeSpdpidd Bé1aduldé 8t te St invéhtbRe venom in order to
further characterize their functignality and specificity of action on

f > 2%
hKv1l.3 25 channel $t© &8 Bt anpotassivgriahel Brockipactiidy” sivemly 4¢ipy to the

synt hesi zed.  Ghei sg@hatfoy Nt IIRSHcErRfof YiHMtion of thSHBHE RE pbBssitim dnp eRbigHehd/| @
sol i d- phase net hods _incl udes tﬁ?g use of a%tfol i d-§has.e rgsi n such as but not
Y

limted to polSYdfyldsaenngs coued §y Rrprrecnceeha oyl 1qdseipa cggnmghipupiiadt ap| e

poly rrﬁlr S. hDe(r]I : vat |3 ’gl@ei feR “R1.8 Wa&qﬂnﬁ _dhaafi@&@?ck@;sgene@%n rﬁ%n@ﬁ@d&%lﬁje mﬁilt h ad
sul tabl e hanadl e . SucC as C orotrit riae, -C orotrit ori de,
hydr oxymet hyl s | lovegl potgssn Pradyughon E&éguﬁﬂémteh@f ey el g e
functional |y esntiysaliechpiRR 8y @lechly ostbaing: B iop t@lde@loytphwst.abi | i zation via a

resin linker such gs but not |imt to a 4-(2',4'- . : .
et hoxy S enyl < mriie. G Baer A5 Hehars 7ot ol baide shain st shares syl
assenbl y usualB¥ paiwlstsememB Ydefitytoher the 38 liphedgpsBiondipl SHQ HY B0k ESEQHEr e t he

amno acid protecti r [ (ther t-b | oxycar.ponyl.. C), Qr.

ot 1 vor enyl Rt o SRR BHNO:? (i iph e Ph bethoeR O SENL RS s

vari ous am noragicts tejapdo fioamspntiiebirgebnd drang@e pid-oeuralraeni moddidebiylues,
protected. Comnonly.use rotectin r S .binc e..t:b |,  benzyl,
Pyt m et nyense i afiaRbOb Rk e Ran Y Fes fot SR NSt S e

t - but yl ox3scar bagenstons @ithehbyostbdyanmind acidZeddduosairehaz gtganiosoltxsy benzyl , for myl
acet om donet hyl , t t hyl chr n_. syl f.onyl » .

ent anet by i by dr GRBHaaT L SRR Ridhd? Biisenage gengatiy cans o opfiien
guani di nes, pheweinsamiap coldoksduecaptsitions ihai tavzchesame inwb sicidaimdworadighesls .

Q her protect [hg. dLoups, : Egﬁ] ' - G i sh the sane goa
of elininatindﬂuﬁ%e§#?a egig e f%gg??gﬁgﬂ%ﬁ%ﬁﬁgé%?gﬁa y chain assenbly.
Synt hesi s of the aliedenbGmtidenl equivadeddi generalliomeanswey malerule stuétars whicht he

gr owi ng pti : i . j i t] i on
Tethods el uﬁ.ﬁ?ﬁgéﬁ*’aﬁ%ﬁ@?_’%‘% SHE o O & RN T30 M ey
HOBT esters, HEWOR| porvidiess it shegesyihg nfamm siaciugedt dstesmmenth odsafbinity med/od i mi t ed
to TBTU, HAT . BT, ' ot i : imted to
5P, PyBoP,  PyBrCR e BRRaNg e TR e ieRd SRS ks PRt el beRy
group whi ch t feasecesy Keould bagjthenan aankog of popbidnmiinietisynt hesi s woul d be expect ed
to know. Synthesis of anal og structures which include substitution of

unnat ural am no




20 acids into the sequences SEQ ID NO 1 (Vn23), SEQ ID NO 2 (VnR4) or SEQ
I D NO 3 (Vn23 and VnR24 consensus sequence) may al so be useful for certain
enbodi ments of the invention. The use of convergent nethods whereby
fragments of the peptide are assenmbled in a fashion whereby the ultimte
product is VnR3, Vn24 or their anal ogs ¥s al so known and can be used by
experts in the field. The nethods for the cleavage of the 25 synthetic

peptide out of the solid support at the end of the synthetic procedure and
the correct fol di nghoterm fgruguey detparnagisiof gty ancigf SRPHIEHe SEEHIE R8s SEQ

NO. 1 and 2 or jhgi re@nehd G5 ok ean@'tﬁéh Iﬂﬂ@e/vam@aﬂ@lo&aarpoaam{sem U R GpdRYdEXPErt
on the state of the art of the sub Fi nal cl eavage and. depraotectjon and

fol di ng of t hetrigsee iviiely confers YEQS anﬁ ey SEQ 1B tYRE Wit Sieh A e ghdi ng

on the strategy..guRl aestdf My ¥NERGSHS ThEdeS thiche® ReRdinado drofrimty &
i ncl udes any orthogonal approach where differential Cys protection could be

used to positisBesificHE @n baIFREd dhigmicn rrtallc ayslapring Bf ﬁiffef%t eBgo 81 31,
C16- C33, and G&inks36 |inkage for Vin24. However the disulfide bridge
formation can al so_be obtained by air omﬁati on, or shuffl | ng.reactions
assisted by the pro8eiER “Gciuglguuragacgly dieswge evsn Ghomrist! i Wi r\/arl ous

proportions. SEQ ID"_N’@IIOSE@Q) N3 od5%) D WO1heiehet adle Mah belyiSeptide chain or in
natural | y-occurr oxins froms ak SCQr pi g{n and,_sea, anenone wer e

i
produced synt H@ﬁ“@aﬂh?‘ s of SRR r@ﬂ WP aces sRpeific apd SongHenacty Wi pr obes
for investo gathkng3s Qﬁ&ﬂslglmmecawd@mmhngahé e @nd@ BlleckiiRc & SHQ [ISNOONGEQ 5
1990; Moczydl ?m 4% %1% E gCfarci a et al, 2001, Kern et al., Patent
Us6, 077, 680] . ErepdsbKal £ §UimMeS-ar e sel ective for particul ar K channel
sub-types [August eTkd tefh “fundRAQ); eqGRb@ZnglbY aéenerallﬁﬁm@ans%ﬁ@bly@etpu& chainl 992;

Gar ci a- Cal vo rcia et al 9

US6, 077, 680] . %}&ﬁg‘ﬁ&sﬁﬁg sﬁﬁé?a PBFYISH SEEEC 5%5 Péﬁ%&eﬁ%ﬂ?ﬁ%‘?‘&% SSEOn t he
venom of the slnamwSE@rIDaNOQSarﬁ(ﬂBQ EPNG3 [(Harmeyes &@93@ ,poﬁtyiﬁs)‘ mocoutche sea
10 anermn Bunoﬂ % &%I’IEI [0S et b essandr i, Haber
ot ol 16bo] TRde ¢ % Efch Shrhak oh ot Femsu Bl i KA 1-AHER QAL aneda
et al., 1995 dEiémizamgﬂmf @t @l morel 898 asidusewust a{-tesnmalpamivbrt@»xtammnmCh as

noxi ustoxin from Ce S _Noxi us. ou et. al

char ybdot oxi ne?{t%s?ﬂnﬁg he{ %§ OFiT AGTHR P [r?“ﬁes[%()%er SFEaale moigfigy \%mJ}} ‘%Sp?ré'nt i on
just a few Semelaohifinhessd saockingy toswacly h&s1.SHH sbi foctk SEQVID NQ:{ peSKQ ID5
channel s in Jw ¢<at T |lynphocytes at very | ow concentrations (< 1 nM.
However, many of them suffer fromthe |lack of specificity. That is, at
concent rad ons i n Tlve teomd&peptidonfiteticl §@@raHM hévay @y eclringwl abinpound thhiock
ot her sub-typ I

exanples to bgggllg}ssctfﬁ?%gg%héﬁho@l g@n&%ﬁiuﬂ&%éﬁ dmlr?eglsgg ?gﬁrg%?g%ﬂpdgmg
hKv1l. 3 channelld Ndhtl S5/ B 00 st BER 1D NG: hﬁhgref“stermmndm@ the epecifksomudiee!
20pept i des de i . we decided to prepare Vnk4
synt heti cal | y§>E€2 Be0: %%g@ig{/gpeir\‘?%%ﬁ?{%%}g{egf V24 was obt ai ned by

chemi cal synt hesi sTheceor Fentides of theepresoitiiayveptiens eengraltveneays PRbidey havisigd:

[Merrifielsd, éﬁéﬂ) NOSi Qghfa@&ﬁar?@in%r@ﬁfaﬂ%neﬁ%y%rl dlﬁ[ﬁd@%ﬁ%és ReadhiR¥.qour
group [Drakopoulou et al The possi substitution of sone

of the amino #chedstwientrriss pf ¢ysigings aftnoidiensr(ed M@GS%@ CéEand 83 NG 18 and€B3. D NO: 2
or SEQ ID NO 3, &Y flites HHQ& fHe@éite@@‘sﬁst%f s alei‘e\%tQﬁrof Eﬁte@QHé&dﬁe@%dana' 09
peptide with a higher hal f fe in vivo, thus red um&g pr.ot ease

suscept i'bi | i t PCAIMORE ceré%w@ OpeiT erAsve §0%0cnﬁ ith thepdisedgping feid pravpices ent
invention. ThiEgenimty Ipmférkedq)ep@&h afeeﬂﬁsgathaﬁhg %%Q@Ieh&mm@ pado: mqvﬁfis)ea{dl al

resi dues with conservative repl acenents; for exa e, lysine for

gl ut ani ne%or  SEBL) NPs; (Ngl24brsa‘él W@E‘ieﬁ are earpble Oﬁéi"ﬁkln@@“@l}%&? oflinig] gi ne, or

Na- met hyl at edsp%aiﬁ&ey 46 ipdtaSdits chdnbli 10N 3. MaE@el aleNfuR@Bhkli ééiﬂﬁzalfeﬂt a'hﬂdghcﬁ
proteol ytic d g at| on_of the biological Iééactlve geptl

truncation of “ERdPpMPHary PO e SBy IHANRS: bh that sap ¢h %Sta{ﬁ%/%ﬁal%?eds

nonessenti al §e@fienbdRichtith 6¥dr @2, 36Qigred GhbdididcHd 0PSE@ XD ND: [ SHEUENOQandBEQVi de
t he anal og structure with a higher stability in vivo. Some 24 nonessenti al

resi dues of the peptides of the present invention identified by the
alignment of SEQ ID NO 1 and SEQ ID NO 2 include but are not restricted to:
those residues in positions No. 10, 13, 17, 23, 29 and 35 of aligned SEQ ID
NO 1 and SEQ ID NO 2 or aligned SEQID NGO 1, SEQ ID NG 2 and SEQ | D NO 3.
5A functional equival ent anal og peptide can be produced by inclusion of

sel ected



D-am no acids or by chem cal synthesis of a retro-inverse anal og, where all
resi dues are D-am no acids and the am no acid sequence is reversed [Janeson
et al., 1994; Juvvadi et al., 1996]. These nodifications could increase the
stability of the product. Another ngj or .appr oach is the devel opment of |ow
nol ecul ar wei ght conmpounds 10 based on®the structural determninants of
affinity and specificity of SEQID NGO 1, SEQIDNO2 or SEQID NO3 in

order to generate non-peptidic ptidominetic) . In these studies,
non- pept i di c JDANP G| (3% maiches peei iﬁl@@t@ffﬁd thgyronwaieAkegtertigy %Wc%ﬁﬂ%mﬁm%y

functi onal Pie B8 WidulRle @,%%e%%&ﬂ %&*@é}ﬂl@' snmmddmgty%efs@ﬁaw% bgdpar ent

pol ypept i de T ere are man where natural |y occurring | ow
mol ecul ar wei difv].3mepet fapht EQN(DN@Q @ 8RRABNYE2. have been shown to mimc or

to antagoni ze the gffgeh "manﬁacgﬁ% cxm%rc&ﬁ@owmmf%&bﬂpdswaﬂpofﬁ@%&mﬂ metic
conpounds have been desighed and synt hesized for a nunber

t her apeut i &al |Pjrammapeniggt capigs i yélrs ?Aldl @@t?%?seé@*}tdnkgnpli%@mﬁe@éeﬁlﬁ? whi ch

binds to HV gplalh, R¥eL %@ HRARiHS BLANRD ATy B B Q;%%eus@lemsfam ahd1ediolChen et
al ., 1992] and shown to be an effective bl ocker of gpl20 binding to the CD4

receptor at | Gwpes 2 watlineopasniarangon cainyank: iSyHdle pharmacertiqal cafiers H’é‘i"1 thsianml e

of a mmetic QhmbdlRioks tafY r&bs{&ﬁted elglfqmmeﬁm's pPHARm@EUmALs s@xm&tm\t
bl ocker of onco enic Ras sig %ft er et al it can be

deduced from t Clﬁ%@@‘%@@r E‘Eﬁé‘ﬁl é‘ii e193?)eP’i“rﬁ3Ff§d Wa“&wcﬁ} AT ﬂﬁ’end

functi onalp equipyalieNtndiaad egRle afr idAasiendivR d7elt 08 MRS BptalVilded bat can
be used as 25 | eading drugs_to control abnormal functions of T

| ynphocyt es. Iaﬁﬁfr’&&é?ona?é??l??%ﬂheéﬁeﬁ‘f’ T |l ynphocytes are known to cause

aut oi mmune di seas e$he( wﬁh'pa&mawuhmn&%s@taereoms ,re‘férbﬁbl %h@dxﬁb adid raaaltmﬁs, type
| di abetes, aut 0| (?Bgso[s ?FS us eryt hemat osu uI Cglgghl ve I|t| S,
synpat heti ¢ opfsal o gt o10) 8“‘?6@36‘9 Ry PEHoNTSR grie

t ran_sgl ant rejhgazbb@ﬁucam;gah@@h@gcsamdi@hlﬁmradﬁlrantiq)eicﬁmc ta&el &ldf saled ﬁmyd of
possi bl e pew i npunosuppr essant rusteeare i mal .

provi de altequaf® 90 a@iﬁis 2RI ACES C{deg’falilﬁﬁmf‘ C) %‘/‘ilcg r’éarl\‘éf?c‘gl)tﬁ‘gaﬁ‘cﬁfgll bl e

si de-ef fects e@ftriGadid)¥edcinitdeiicomin by itn GtheAphatrhack@ichiyeaccgBabladalts aeludeact i on

known as dela ed typ sensitivity (DTH-respon in rat whi ch has
boon uaed 1 n- g CRIR o PUHe e TR et i e B oo e
bel ow, to aSSaﬂﬁenéshﬁoﬁkﬁ@taﬁ@the\llﬁceﬁi&lﬁl&dlhg,dfut hétdingieptto, d:eﬁomfbaiehe)npheslkm

i nvention, smal t.o contr.o | ammat o

onoti on i hat ToL A e REREA B R 1Rt S By St Jar Rl

di ni tr of | 20or oltenilenes (ENEB)non-Tdxis amassaiymh gsatdieey amindeiuy, usé dmar talisns,
accepted as 5Sadeguat t he pu f..the e i,nvent.i gn
CPhanuphai et il GulfR BimgElo iRUER 15EmeAiahiSp R R R R o1
as cycl ospor i methythnfs @6natitanbie, tsevdylmaiedgictfyfagites ethiyiagine] bmd thetlhei r

t her apeuti c use. earch, u o to
identify at |east Rglirrge Hglf éih%glgaﬁ%'lﬁt%%u%é’p OSﬂllgﬁaE’lletsaMrrgé bgﬂm?né)O H?ggpggﬁ%kgl%ﬁf or
10 undesi r abl ghaindeuidat @st & updnecthieclading mrsammfthsgbje@fortmblsmnohuhgst A

Cycl osporja i n many
@ 11 or ot 11 sEnELAlfeabdfhadiin BALRY B e B i bEa LS end

FK- bi ndi ng pr @@Cbapharraacsmmlé»mdepta’vlmrdl fferent tissues. There has
therefore been a MAQeyeidiRfivel a%oh&emeaﬁsv BRUE of o IEHRABHRARK €38R methout
serious side-effects mai n aIS|sto dentify novel targets
expressed 15¢3¢ i meptisiabpying yKyl wﬁﬁgﬁﬁe}@w@@ml §l9é1ﬁn%§mtvﬁié sphfigient tp@rpdemnnel
The Kv1.3 pot Q%@élﬂéﬁﬂr&ﬁﬁr}ﬂ@ﬂn&a&é%ﬁﬁéﬁﬁg %u'l‘ mﬁnlm)é%iib@ﬁs\étxﬁﬁ n@aﬁlﬁna\re{femgmpr tant
for certain cellular functions, (g RNA coding for this protein is

al so fountd i na@piHwung dispase (I Mbmﬁwa@y@ ihereof, suppigpiing, T-relbcspion @ocesses
osteocl asts, pl @tehilfe 3NEnS IR hdhd) SRhihg HIBNRYEEnalifd bithiva)s in a T-

T-1 ymphocytes, Kvl.3 dom nates the membrane potential and has its bl ockade
si gni fi cant lymphocyte. The desired result may comprise a subjective or objective improvement in

the subject (including cells) which receives the dosage.



20 functional consequences. Due to the distinct mechani smof action of

Kvl. 3 blockers and the relatively restricted tissue distribution of Kvl.3
channel s, a specific and high affinity bl ocker of Kvl.3 is expected to
display less toxic side-effects than cyclosporin and FK506, hence, it may
prove useful for treatnment of autoi mun® di seases as well as for

transpl antation therapy. 25Scientists from Merck Sharpe and Dohne have
shown that margatoxin (another scorpion toxin peptide) has a potent effect
as bl ocker of the Rbatesmcsahigsd] is dpjended tq meanpapmEabniggh pcdgingyhyrad. | mmune
response in anygiuih ARAGAs BHiE0k - 1o TRUWBNET inciBE 9BF @Xdnfbld, Sco8) sh'ééb?cﬂi%s', c for
Kv 1.3 channels, but also affects the Kvl.2 channel with sim]lar potency.
Si nce the hearhorsghdograaf gats.i ssues al so express Kvl.2 channels, its 30

bl ockage m ghtTaaye, Safbittindelelser LamISThaRS 8 padBRLREN cPeRb devisSey) at ed
from sea-anenmone, ShK is a potent bl ocker of va.S (see Kern et al., 2000,
pat ent USG5 07 7mEB0g celis phan oipaynpihftaéipds e hapeosiasinplegidiigantsannel s but nore

than one hundred fahgd t&hﬂhﬁﬁoi&ﬁﬂﬁ@%s'éﬁéid@%ciaﬁsdﬂ%eg&ghéc?fes ares Hhdadd any
bl ockade. It neans that the related channels are 26 >100-fold |ess

sensitive to ivWiBHR dsgeiconhernie sl Srpaticsls 1o otgpaism is phminhgete Tnp%lland

VR4, obj ect ofméddl thesk AL 8B inchlded, (OBt Restictddasantlible @t10@EIS dheusiiL e,
have a distinctly different primary structure fromthat of ShK and_are nore

specific for HQHIS TR HbeEs (v mBRte PsORpss: ARts Bamppyiciecatispapiifs: o
coupl e of 10t h%zmﬁatﬁéa@@mhl&imrboﬁmbd fbn paridfontdl G@ag&ent rati on nore than
3000 tinmes higher than Y:/nat‘ i s needed to bl oc&rn,t he sane fract %og of hKv1l.3
channel's, as it wi Py PHEREARIRIreamnyise tiadment pdmigisiesd o p uliprt AR 41785 bel ow
(reéarrpl gs E t @xhiBit sigh$bSa HiﬁBé@é’l]Bﬂ &hibat Sl?y Gﬂ[ypeﬁérfls%S atdEBEasB,L\OﬁHdﬁlfl i;rgmmﬁﬁt V23,
V24 and their , .. nctional egui val ent anal ogs t he L d-phase
rothod The: préieliSeangre doRaed S AL e ees SRS of
wel | known pr gaeicolbdy iroagxpeiuhs disdasd, idrd dpetiflcallfgn debdiminhed divkdsh hszodidted
descripti ﬁ oft §,xaggly§ 31’ El ect rophysi ol ogi cal characterization The
devel opnent of° aAfP8YPI€i'&"t i mrune response agai nst foreign or autoantigens
requires the acti vat'itiempamnit gpraahdnt'eis atiteatmenf adnyiniglaed yté @ sulsipe eitbiexhibiy a

gi ven antigen.. Thi 15 requir.e wel.l - coor di ed interpl bet ween
i {Torent ool it EaRaoRr e ieRmeS: i afREREyd e PESH R BmaBhBERh (1 s
pr o](c:ess_ IS It helim_‘rrﬂé@ttmsbopatmﬂogiml S{i@mpgﬁﬂ‘edaﬁmtdrgalmim%ﬂgﬁméw,ymh_ b%
prof essional antigen presenting.cells t : : thin the
subj ect of t heSpeﬁlrtggu nt 3 vent 1|1%dr%Sel‘?lsse aﬁ?élafeggo\(ﬁép ?Ogﬁé%?m’*r- | ynphocyt e nedi at ed
:c m‘rutnﬁ r e%(lpt)nses (@haé:mze‘b@yﬁﬁmtewéooﬁypwm%hiavithw)leab%/ limr?m:uﬁ,rhdweci fic

or e vol t age- ! oo dV 1 r c e
el aboration og?atnﬁgarlgn\l/’ol gcglr%‘é%?%g%ﬁ%l%%é%ﬁ%f"gnl Sﬁ’%ﬁ)@eﬁaﬁﬁg%eﬁﬁg' activation to T
cells. However, weTkhduind “meletilanptobeit cpreniliyf ewatsi any chengiealt @i hiodagipsket s of
B | ynphocyt es d Vit Ve of . Kyl 3. ¢h I al .,
2004] . RecogniSIt?dlSt(?'iﬁr}lceo?[Bl ? %gn %e‘é%ﬁt %%Elg#tnﬁ'gfé)g 18%1\@ ﬁ%mgn??%g%& rngcY%p{egFlg%f T
cel | s | eads t @trucRBes; preerders v aityi rogleculy tolwhicdythe probe emmcbindewith high affinity and
differentjatign.gf;fhe cells [Sallusto et al., 2004]. Transmenbrane _
si gnaling pathways triggered by antigen recognition include the activation
of several protei nTl s eeongssentiebersieg aedt pyrerlzmeats PHoaprOIYhEERIndhe
I(DEIC_:CI- f7) - (C;_enterng'hl@JN@Fl, 'S_EQFU% @'J'[Ohé- ,ofls%gtﬁj N@hﬁﬁ&@hﬁ&uﬁd bd gl%-ﬂmgéw for any other

-1 f-nmedi ated hydrolysis o 1e_menbr.ane phospholipid _

phosphat i dyl i ABEPtasid withowispbrirapipihit ehapgpgothe sffpity ar srecifisdy oBdhepiepHing ¢ Ca2+
si gnal requi r gehideQbwHRL Send1® Pproliferation in T cells [Lew s, 2001].
| P3 diffuses and binds to its receptors in the endoplasmc reticulum (ER),
which resfits in the rel ease of Ca2+ into the cytosol and a significant
rise in the cylasmldigsfree calciumconcentration ([Ca2]i). The transient

risein [Cali followng the release fromthe ER is ]
The main subject of this invention refers to two novel peptides (Vm23 and

Vm?24), their amino acid sequences (SEQ ID NO:1 and SEQ ID NO:2), as well as



27 not sufficient for the execution of the signal transduction cascade, a
sustai ned Ca2+ signal is necessary. This is realized by Ca2+ influx from
extracel |l ul ar space through Ca2+ channels in the plasnma nenbrane through
cal ciumrel ease activated Ca2+ channel s, (CRAC channel s) [Zweifach and
Lew s, 1993]. 5Although CRAC channel s at’e i nherently vol tage-i ndependent,
the Ca2+ current is sensitive to the electrochem cal gradient for Ca2+,
which is influenced hy the nmenbrane potential of the cells [Panyi et al.,

h
2004]. The dep®rsils ziingieeabcauivpietix #al8st o2kt BelinPEEHR aMte PShyPeRE

activation of iKnehesp@tsar age@l{csamzyBgdmqipa@r}@ghmpée&aﬁ%amomrsr@@g@«bsism&l val ues
and thus, to provide a sufficient driving force for further Ca2+ entry

[ Fanger et al .1on chapnekoefsub-tyge Ked 8 pasticuagly af Syaep prhgoptes il yrgd gerg he

mej or det er m nasws i0fivd REJRARY B SnREh R Mspétse BBy ed-t} ¢ MPasHtiasity Whi ch
is around 50 to .-60 nV. Two ti\ypes of K chaC{me,I S. conduct ,Yo#twaraﬁj K+ fl uxes
under physi ol SEACHANS 18 &3 henesniasse {we rertilet ap g‘?lr'ﬁﬁlﬁuﬂlﬁ’ﬁf% °nf gPAogg dgat ed K
channel in hurm@d cbrpyiHab e Yt @Sed KY he@meRPE o md PRIMUABIERIEANEscaRP ddl@sd ZAat i on

with an activation threshold close to the restin tential of the 15

cel I's [ Matt eséARo%Ra ’Eﬁﬁf@ﬁﬂ‘??sei gre eﬁ*ﬁ%ﬂ@@#ﬁgéﬁﬁ%{;i& RS BRREOSANEREhnel  of
human T cel | s agdntGall tHe@TeffK@ as hKv1.3 thanhds BGlinpatBtto38lielsymbYastdi@owicdg: of the
cytosolic free (halfc' m concentration over -200 nM independently of the
menbr ane pot ent P4 16? i ssmer et al., 1993]. The contribution of Kvi1.3 and

| KCal channel s to Remlaneniuf an@niraicepdterdial opatlre@lls i?chadlly maiedihel depiends on

the activation status of the cells (resti vs..acti.vat ed hei r
funct i onal T oPESTRe (R ARIAES qyttebiccl: kB Ry THEbaelrEd shreb nal
di fferenti ati dmlidfual helsTmagetdpsess Wilefal ditinalK chad@O8|whidscaleset iobeldsd
details in th?essgncstéioor}mofSI?ag reouqd eg{ thglci{ln evnksiogn. ﬁrclmat e goi t of
t her apeutic appPiEal T1RPSPS 8 Var4S FUSPOUIEE FECIg QG ST SRETHS ik ddoush s
i nportant to enjHyaghEd chdnadls seltiechost icdnymbo {Gimin & al.23005h axmelgshowaural KCal
channel s js of. ut.nost 1 npo nge | ff.et . al. 2003]. Effector mory T
ol (Tel, PR i RENI L B st g K ity S5 gt Bpd sLFES
rheunat oi d ar ts¢vrpionss $na§;<gsmad keadanainetel astieudt al. noihelopisar etas] 3004 Ryliguez

eryt he”?‘t OSUS e l1':& GREALLY %O&Qllﬂ‘.l th(ﬁlg E}Ya tsh%tgu(é\h Q(Bglgsaérmn% at‘lntg 'rtgotno?n th
resorption peri odontal’ di seace: , selec |ve(fy upregul ate RV 3 channdl s upon
activati on, an@ritn€enitiheideseriivaiGarbateental. al 982BGhaprtotoain Hom tthreserpiel | s i s
gover ned sol elyy: . hanngl ef.on al ., . q tly, the
proliferati on%l%{ %h@éq%%tflp%pc%ﬁB%%Zu%ﬁr égés%’d Aen?l%oég)g ?Jveffog);? gﬁ% %g&éolngt ently
by sel ectilve Kywo@orustwimiodentidus [Bagdahy ettal aP005], 283 fronydmneicanpe Bundatoma 2004,

Beeton et al. . %%,]1. COMRk \%g( a ] s (Tem
escape from §7§'% vli. éﬁg%%?%g?g{]%xisﬁﬁi |t‘?%r}{s%?;y%$}(l)e l%g?%qéﬁ%{%n%ﬁ%tl ff et
al ., 2003] byakrIgAdc¥hqse iasing haypbece ghdvar todhockfa Yakealof fitfszans tyaes andtsulal . |
2000] . The prgli i t . Br e et Lyat I S tive to
| KCal i nhi bi t%lrpg o %g?n?%l%’ ke ﬁgsﬁﬁ%&hﬁs%ﬁgﬁ%v%ﬁg_spggfgég&t her apy
that suppressb8viewrd ticPanyhet 3n2Q6]- Tem3ceinel Wt brsndmplicgieil fih dalvophorytei r ment
5 of the rol plefalib® i yAMRiR NS oddelbiE Slnli ShiFERT o MRYE3 USE of Bnbl& as
managenent of autoi nmune di seases, particul arly autoi mmune di seases

associ at ed t oP9i§AvBHBE asupERssanl Hang st 4ly386)  di abetes nellitus [Viglietta
et al., 2002; BeetRWe@l ofthese ROOMInel IsPQIUBIRIA RS R thed: HBR&LAMsRhad! -
2006], multiple sclgzrosls, i nfl ammat ory bone 'resog[ptl on in experinental

periodont al df'CEREIgsRnGE (gRiewed By [Moubpionjal- o f{94E witpHe whidiseohthed t o

10 organ rej etdeQiimerSidadl stsctdB bONERpBoAldltaHEehdANK ARANEL 8t conflsda- host
di sease i ch aregggrg osed to be sustained by chronically activated TEm

cel I's [ Yaltashifd"gm c seggigpid][Lengsdls 10y bentgetlt 3lyi200S] and the sgpamentshi gh
aff i lni t?/ ptepti(/ﬁ@lzdiﬂd_?_ﬁ&ﬁi@blefnlld@his (Box@fsAnd Ela@hdld) b9 sévefal g\bﬁfﬁsamt@m{eml é(ﬁQalT )
simlar o ese. i ude scorpion _toxins, e.g. at oxi n X) ,
15 Noxi ugt oxi ’r?g%%\ﬁ‘t%‘??e #al- @ts%c‘lgﬁ?r ekﬂhﬁggi;éigaﬁgoa‘ﬁ‘é h@‘f%“?‘ﬁk&%ﬂ &icqtiedt from
sea anenone. {defMeVef seve@NoCMaRNBl8dd FRBIK @Rknnke Wiedl idAdicda0dnd¥HSEd e
excitability are also inhibited by these toxins w th nanonol ar- pi conol ar
affinities, e.g. Kvl.1 by ShK [Kal man et al., 1998] and Kali otoxin

[Gissner et al., 1994], whereas Kvl1l.2 is blocked by MgTx [Koch et al.,
1997], Ntx [Gissmer et al., 1994] and Anuroctoxin [Bagdany et al, 2005].



20 The lack of specificity of the toxins inposes the possibility of
significant biological effects. lon channels of the Kv famly are w dely
distributed in classically excitable and non-excitable cells (see [Gutman
et al., 2005] for a conprehensive review) . In neurons, skeletal and cardi ac
nuscl e cells these channels are criticall deterninants of electrical
excitability. They contribute to the nai ntenance of the resting nenbrane
25 potential, the shaping of the action potentials bty influencing the rate
of repol ari zatsFBRion drdnsdePwr P dates maredpank B25¢ ¢ilfeyam ephden Ferretindiethvhase er
hyper pol ari zat,}, 9, a(cﬁﬁ&qﬁ&i“éés”@&e %poﬁéd iRodRORE df & VEgCATRILERENSH0LE. TIRW ew) .

| on channel s expressed in the central nervous_system are nore protected
agai nst syst erpaptidsariese arpwicd datot A fiffgropfusibtigmiting based JaRIBY Annhiss rritesia;
however, in myliti.pl 8qrabEh ARy, poliGHof Be SsBOdLRILA an@RRCifRR} bPRAn@I8a Of
Kvl.3 30 inhibitors, this barrier is conprom sed which |eads to neural
toxicity ih afiehir PHBEE o et prasentipeationbash pepfides (Ypgd pod Mgtk were elagds ect

contact of theugsld SeqibdcBd hitPadddyR@ArIRtimBAMAnE SighaAby MAOGYrRErAnEoriRlich
susceptible to_ the p& ential side-effect of a non-selective Kvl,

ARRS Kvl, 3 .
i nhi bi tor. | nORggh sathevaaueRFscyt ber rimay g aad thy highly goepjficafyaction.
ventricul ar  29idiio Gyt &elivly dmbRalbSvaabsl ooasP Beldural 200adteanek, hERGeds

(reviewed in [Sanguinettj and Tristanj-Firouzj, 2006]) channels determ ne
critical ly t h&Xpesimsniah§vidsnsesi iyt bR it ﬂ@og%ilﬂawoyﬁaﬁ%ma& clajprdriR Bds Nav1. 5
is response bl envkeptiont he depol ari zati on phase [Rogart et al., 1989]. BK
Ca2+-activated K channel s are. ubiquitous in the man bo brain, . 5

skel etal nuscle, s Wﬁrkﬁ%tég@,'&ﬁgﬂ Ftéﬁ’t‘ifécqr@f’régt"? ISP%C}eSg%’?f,gx"f"é‘W BRI i n

[Vei et al., ZQ@5dnH tandxtreged] at e wadnt &Y \eledfricfnyisiuhiog TRl schipivat meRs

i ncluding electrical itahbilit f neur.ons_.and skel etal scle.cells and
ot et & Eoltein R Satrltutitte, Sk e B B e S i
the a- KTxl.x fagrplryose &dgumeiaiubdogGPa DGV /e348%bf darch 18986(5) givEhéy the

availabiljty of the X-ray. c tal | ggraphic stru re of.a bacterial [Doyle
ot e Y Sesmtadade ARlindno » BerBo b TGS ad e S 008)
si gni fi cant | y 3exgapicedyvas milliadetes tutaitlesiegwitli cdrben dimtidec@Cay. Thasiude odnoar KTX
specificity for different .i.on channels over ~ast, decade [ G angi aconop et
2P 20041 nfieblie SENd R RERRE kR RO R Al DAL BENAERT U Ty Sorori Lo of &
gi ven peptide t oxi Thebabbtt wnomtves pubisemeytlysteparetedibe HPECnObe posisil pE@ide,Thi s
substanti at es g.he; e eri nent al d tt%{n‘i nat i,an _of t.he sel ecticﬂgl}z f -Vm 24

; . ct of This invention, were er assayed.1n vivg using niice as ¢l adimals for
agai nst ion 15¢Rarnel's aving bio oglca? significance and Kiown
suscepti b2 i t yossiblelibxic kffdpis (Gethiatigl testspyand dave had their Phimagydsiractare detatmiodd by
nol ecul ar bio h l.oni f 1 hann : he . -
phar macol ogi cg?[gg %%?aéléuot%oa%gg&%ggsﬁ’aﬁgneegyglr?]al}gielbgl#b(%ﬁaggtg f E%%Jﬁ%&etgﬁlﬁgﬁs &° The
expressi on of deseclmdini eranmipleclhaeimel s in suitable cell lines provides several
advant ages for 20, (Wolal i : i f
contam nating curr el%[} grﬂl{%gﬁé%lgl&h%i%ﬁogﬁ%gﬁy et&ﬁ%&t}}%% Itg?&%gﬂ}g?ﬁg?%gk%qufﬁ%ng’t S is
suitabl e for pheereiodbaesr characigmayheir flnetiohdityene specifisiterbratios ed hked dnbi nant
channel s 1ai niahRid BeuRRAGITRRMELRA S Ofba %f&éﬁcﬁﬁ} Shites-Qf the channel s
expressed in native cells. Pharmaceutical conposi‘tions 25The invention

provi des phar ppeeyti Aesz‘i%ﬁ%??i“ ons conprising the peptides of the present
i nvention. As already nentloned, these peptides are useful for suppressing
an i nmune responseSynthesis ofpapaptidewieselidapmpeoethpds isdbdetheafke ¥t ¢ edlidphps
activated. In.partiCUlalor BR i Lt4.008S,. LI Si

pepti des of tﬁe Sr egdgn_t ?Oﬁye%%%ﬁ)%%%&gés’gg %F&? %@dte?%g%]lﬁ%ggggséﬁt?%vs{eaﬁﬁ ng a
condi ti on whep®@ymers.Heerivativaten efabpitidehdss resinecag be podited ofithrreuisatdd bapdlss or gan

rej ecti ono( bygiRst A6RuRyNGASde, R chibRityPenldrE n d?ox§+1gﬂn%§he%ﬁ &sﬁ@%ﬁaeas) or
the result of an autol nu-nune gl_sease associated 10 ynphocyt es

In a preferretcasspperpdist thh&-femiattdcnfunetinaalhar rag dut ireredclanpesist ¢fons
conprise the @@%ﬂﬁf%@ﬁu&% paes G0n AN "doR Mhs Obut BndR NARARCRUL T £ Y.

accept abl e sal eof, and
dimethoxyphenyl-Fmoc-aminomethyl)-phenoxymethyl group.




30 pharmaceutically acceptable carrier. The preferred form of these

phar maceuti cal conpositions and the selection of the pharmaceutically
acceptabl e carrier depend on the intended node of adm nistration and

t herapeutic application. The pharmaceutical conpositions include (depending
on the fornul ati on desired) pharnaceuti%ally 5 acceptabl e, non-toxic
carriers or diluents, which are defined as vehicles commonly used to

formul ate pharnaceutlcal conpositions for animal or human adm ni stration
Addi tional Iy and ofhdibpwssmbly usuely prbirerersi at fhe arotecHRpERTR FEsrEicHpogIlco
conprise at |easl, apa pdebhiondy F' m&&%umtﬁ&@ba&go@g%bc) whi e.huérBy1have a

conpl ementary effect in the treatnent. Some ||l ustrative i mmnosuppreSS| ve

agents are cydredyisysateonyl @pamh Blerfeactivpside dies apibe yarious pwing asidh ased dpn

toxin, ShK ders;Madisv@snmand %O&X%%Qg%ruama f’(%xﬁm&ﬁf &t pMoRStingOErodpssal t
thereof. The phar maceut i caf) corrp05| tions of present invention can be

admi ni stered alident FEHK dunet, iy aﬁ@ﬂ{y}t@yénobeg%yéﬁ}?%y&@myé net ®&ds This
invention provgekximithadsniiRbxylcheb 3Rt 168bensy], RbRMNYESSL, lnqetﬁo&sv@ehmnt of

15 conditions where the suppressign of an inmmune response in a nanna is
required, espdefalbly when?Popfonetigle acti venBEehyIlcBBRRct s i n HEeWof such

treatment, m%&&&ﬁetﬁﬁdﬂydﬁ&ﬁéﬂidﬁhr@rﬂ&ﬂfoﬁﬁ' udeo het eqed Qﬂ@iﬁs aRIPaN ghRldek] On
(for i nst ance art, ancr eas

| u I | %
aut oi mune di @E%Pg a%qhahs S ﬁ*ﬂ%?@@&%@ orof ﬁ%rwa%&f’%%ms
type | di gbet eseniaitiai mm@s@wsa@s igBal of UPHBa@p)inaesrablo $ids reactdfds Whe®r at i ve
colitis, synpatheti opht m a and bone resorption periodontal disease.).
These subj ect $"aY ¢ ﬁﬁﬁfiﬁﬁ@ Mumans and other mammals, such as dogs, cats,
goats, cows, hor seSynilekigst the BaRPond Qurig alididdh anbwlaminotabﬂmO the gmwmgas pect,

the present i nv tion provid t hads for. the. pr | ac apeut| C
treat ment of Ff‘}aﬁﬁg a‘fcﬁ’g’?ﬁiﬂgggif PR A A tWCI%aégga&% h‘ g%mc 5"1% PISI tive
to the inhibi tnbnorimﬁéd lﬁ/iyn&mﬂéaa%hymﬂd&h@amdhsmd@ HUBTC ebtbrs,mauyb fiatiédes,of

2t i 3t 6% ng (B SRR CH ey B HEFBbR. PRt UK P L rmPl O R cct f ve

anount of a pe@tvatde wth hhbutpmceSmitedlm\B@nPyB@P LaRyBie8cThde dreadiDimethodsester al | y,
this peptide rlse th a
st0 1D No o eIt RET e Sl el he it etiha

equi val ent anad:e@sctemkﬂm or a 30pharmaceutically acceptable salt thereof.
02 preferred emhadl Ry ohi1f: RERSAS' whill SRHA B REAST TRYDS Sming
specifically direct’e 0 rea(t)% ng reven Ut oI mune o SedSes

associ at 6 wi achdsTm@ehd semmasﬁithﬁ)N@ 1r(§sﬁ6h§EQéDtNDQm}émKW)JgﬁEQdDdﬁ@ﬁum
channel s i nhi bj t 4 i I re.n

i ted to mi st TR B SLTRRC BT8R inl Rl BB g8

aut oi nmune psdﬁiiamnsqn IThpuse ef yoﬂvermntascthquuvf@abatfragmemslof tthespepsiyerpat het i ¢
ophtalm 2 and.Ronfed SA0LRANARY L RARLAL AlSE3S FnoThARE) FELIPAS GoP | S°
adm ni stering to a subject in ne ere01p |nc uman subfect, an
ef fective anp#p kngvngng et basedby Pmﬁﬁmrtb%féfﬁd Tihavestitode for g drevageioféd above.
| n anot hets pr &hehe e REPAG JFHH soilh 36 ﬁea%%tenhra¥%t§é/ﬂt?%tjﬁ [ ylage pELROds

specifically directe totreatlng) preventing th tion o
het er ol ogous #igeirfoldig of therdvuiedehrifgasrie obtain therrgqueacdsiSEEYNO4 akil drwethedr a

pancr eas) . Th@@ﬁ) m&@%%@@mﬁd S &Q%rgéhﬁ:@faﬁh Béheli® oﬁtl@-%pdt@&{thé B¢ ReRd

thereof (i.e. a subj ect who will receive or has receipt an 10 organ

transpl ant at i Bkject: Fival dleaivess aad denretRction snd foidipg ph/ike &%’MW st bui neydsmitede of

the present i tav&ﬂérlmoﬁ@m%ls‘eauﬁg@nmﬁteg%@%&i ﬁpgyn%&@%%mae bond
adm ni strati on In therapeutic app|cat|on e o0 t he

i nvent i onYmayfopBation iichides apeerthogonsl appsyask whete g &‘d?lt‘éﬁ?Yse?fPﬁﬂlﬁprcﬁhlﬂé’edl sease
or an undesi r @i & gosifeh thi aRulfie Bonds AUAOEIMIESm: C6-C26, C12-C31, C16-C33, and

C21-C36 linkage for Vim24. However the disulfide bridge formation can also be obtained

by air oxidation, or shuffling reactions assisted by the presence of reduced and oxidized



15 di sease or heterol ogous organ rejection, respectively), in an anount
sufficient to treat, cure, partially arrest, or detectably slowthe
progression of the disease and its conplications. An amobunt of a peptide of
the invention effective for use in ther apeutl c applications will depend
upon the severity of the condition, the 3gener al state of the subject, and
the route of admnistration. The effectlve anount of the peptide in 20
therapeutic applications will generally be within a range fromabout 0.1
m cr ogram per %?@@?%V@W%B@m’mﬂﬁ m crogram per kil ogram of the peptide
(or a pharmaceuti CPblko\(wﬁ’é:ﬁ%maﬂ@hﬁth%@dl@gytx}&ﬁ&%q{aﬁlra‘?@focgﬁﬁ?g toxins ﬁ‘om Sﬂake,
prophylactic applications, the subject peptid of pharnmaceutica

CONposi ti ons tSHEPEBRIGFE SRR Ere Produced Swﬁflé%lﬁ’smé’f’lap‘?l%wﬁﬂ b@lduﬁ%ﬁ

al ready suf f erds pghiRuidi ﬁ%@e%@moﬁwéﬂgaugg p&'t@gﬁaﬁi ¢fafhef SRREL Qﬁl fudd¥8n %éti&@t ve
anount of geptlde to be istered w !l depend upon_the zi{*ect state
?1

of heal th and 16%91@4%Zyd§?‘é%kb§t %ﬁ 199% qa’rﬁ'ﬁfﬁél )4k dyppm strpbs Bt W78 8unt  of

the peptide i M&nyﬂhﬂés@@&mrﬁé AP Idctad f@@ﬁmmhﬂ K%ﬁ&ﬁfeaﬁdb;tym [)%éd@terbt%l range
from about O. gram per. kil ogramtqo about mcr%%gam per |Iogram of

Lhe bantt de. paotSbY SaehEopsied til- od: Garh aforhes Bt Pafed chil 99

phar maceut i caIKe@pémospa&m US6077,5408. AhERER mbH\EBH LR ekt Ly &Bnﬂ@ﬂ)xkhy t he
di sease or clinic i ndi @géglgkgﬁﬁq%he Si te where treatnent is required.

For a certain 4%p e gfrobt P golylepsisitiarey €87 Ak BgK drom e Stiody, it
may be desdr abhgndne mpwoyomgapﬂy&mqgn@fos @A Q893; I0&sdnbe reBé: skl tveo] ocal

i sease o o i PnBBUR RS OR Seofr R i St Sy PERTRR r abl ¢

t o admi ni st er et kie lpﬁf}tahdi Qcv@fal mf’mﬁstokin@ @uc‘ﬁ)é.s texiiaalih fromFCunntodRE noxius
i ndi cati ons, i de maceut | i.tions of the invention 5
iy b ot vel kiR e, BT ERE et yndior 2RO R RSt e el

subcut aneous, 1991y @nasiby jiand fawntSome ef ke uofamﬁgcshtlosms SHKSbloels| KvaS e K

i ntrabronghi a til uliser), d transnucosal,
systemi c, Ps?r aﬁ]%a&né }uf EQY“(‘% %ﬁésag?(ﬂgﬁ g% go a(f(‘rali Iﬁ\‘D'i V&Y Ypat ch)
oral, and gasbf tibmtsefftrifroal thel bk viespycifigtygThat i itho@ceﬁteqmsnﬂ i@ tiefrordlbF &0 jo. One

or nore pepti the | t| ni s ed .i n,.conmbi nat.i.an
t her apy. For gg(grrp they ('a)lrr?eaﬁsooré1~|3 ?Oebé)c j%‘%rt S“%%"F&i@%?&y‘s n%‘n?dﬁ‘?ﬂ ’{thF ‘ed |n
conbi nati on \Mderhorammchmrthc exampdes So ppp des st bedge Mm{3sand Va4 irh@squigitev e
mentioned) to bj 0 ch treat nent . her are_ s
i di opathic aufl%fﬁmgrui}ﬁg g‘vgga@g%n%ls L%dﬁH%/se El‘rc%%srﬁ%c r]}llnaoyr'rts)(%Cy %5re(1)e a% %tﬂ?rpura
[ Cooper ad Bpeptides deg@ib6] sodhr indtediterntmenee dopivol Byprepaid én2d sywtaedopligr ome [ Oren
et al., 2002], whepg croba%ntt gtﬁﬁ&ﬂ?@é\fﬁ?flﬂ/ c(b?a I rbg cﬂen;h?ﬁg%&thet ar gc%trdlr?é) Br OaCh
therefore nore than one I Mmunosuppressa 08
He solid eh

pepti des of tHe sohde @Sleowstﬁayofti‘éera@nhdrﬁhmrdieédi 18b4Inesiog finpc- a:tmnblam@l‘sm;n WI t h
a phar maceut i ga Rkl ed above in the

"Phar maceuti cal ﬂl%)gen%%g@tl onsgm&l?@rhﬁ%mﬁ%g%? ??‘Ides may be adm nistered in
single or nultipl JM@Q@@lll%inuéﬁlt@I%Wéﬁqm@mhq agaiho ecadsrof é}esmlmﬁc’l mgtuxenert
solid diluent g @t fID'NI@rlS tr GYRP | S
nont oxi ¢ organi c so vent SSEg it Ndﬁ%%&ceu?é\rgzgc@o&%&sl ti o%neg éi Sb
conbi ni ng a sPBfiee digEI; @elowmda vpther elee belf b&l mylvactbemeéM@ maiﬁﬁaeer may
be readily adiﬂsé@pﬁ&ﬁfy‘%@ tﬂeﬁaﬁve\iﬁfﬁ&gﬁ vﬂﬁnxf’tﬁé ?&E &QEJ"ﬁeéHlQHvé’ﬁﬁoﬁ é}"g ?ﬁaﬁ

e Ke. e

| ozenges, syrups, ggcta e sol utions, desire
phar maceut i cal®clidg ’reP PANCHR O WGHEIoR Oid@nwe@ﬁ%llresl%ﬁ W@ﬁ@@m@mﬁo%w

flavorings, biepid@ufentsERHe bRt Ssind s gth'ﬂ@mlhé K ace R a@ﬁe Qk @hne@BMRing bEAL i on,
tabl ets %8nt al nj ng vari ous. excl plents, such as sSo
such as alanine, or Na-methylated amino acid substitution in certain positions to reduce

proteolytic degradation of the biologically active peptides. Also truncation of the primary
sequence, by deletion of certain amino acids nonessential for the function, or addition of

extra residues can provide the analog structure with a higher stability in vivo. Some



citrate, calcium carbonate, and cal ci um phosphate, may be enpl oyed al ong
with various disintegrants, such as starch, and preferably potato or

tapi oca starch, alginic acid, and certain conplex silicates, together with
bi ndi ng agents, such as pol yvinyl pyrrolidone, sucrose, gelatin, and acaci a.
Lubricating agents, such as nagnesium st'earate, sodium 30 lauryl sulfate,
and talc are al so added for tableting purposes. Solid conpositions of a
simlar type may al sp be enployed as fillers in salt_ and hard-filled

gel atin capsul Besseptiaf esiducy ofdfiediepties of s prespnk nyentign dentificd by dles gligemente or

m |k sugar andoh$gh INN@E 4h@SEQEDIG:2RAIYRIYIY hi@ P8t B5Yi60Rd So: IBERRBUERUS
suspensions of elixirs are_desired for m ni stration,

oral 33 ad t he

essential acti ¥H9EHIP I ilfgt e di-dtand RéPerlienahyER D AHrvhiapd SERI IPANQArar ous
sweet eni ng or #llAVDSEQ D AYENEEQ IDN @D g @b treNoes. dyes, and, if desired,
enul sifyi ng or suspendi n(% enté, to%et her with diluents such as water,
et hanol , propyl ene f'“gfq%% 2 %‘“9’6 14 4palog REPtide A3 Praftpdised bhisclagen oiSyelseted
parent eral adnDringid @ids@R by Sinitdl Syshedik of NRPEPIcld 888, whb@ aNH&RRB arc
invention in esane o nut . oi |, or in aqueous pol ypropylene glycol may
be enpl oyed, as &1 acli’;s ag‘f ARRoFGdstence s ’ieﬁgseéiéfaﬁ”teﬁ%’r@ aﬁflg)?‘ﬁé‘“’vadl et
correspolndi gg M/all?6&.%%%%@11%@6&&&!&&1&&?&&% s@ﬂbﬂ%ﬂéfﬁeﬂé odiRt. al E?' tz Cfored

revi ous escri bed. Such an aqueo ol.ution ou e suita uffere
!Of necessgr y, and tHSHE {f]‘la,ff”dap@fq%ﬁbﬁ#ﬁef‘?%P’%I?P“Feé‘ﬁﬁéf’@dn‘i %CBPBWFB}‘WO{’%O““S
suf fi ci entlOsal basel onlfle arucgldl da@stninahties affindy hidCipbaficigPiSBQIDIM U SKED ar e
especi al ly suitabl e 1 avenous, intramuscul ar, subcut.aneoqus, and
intraperit oneallgyéign?regcﬁ (%% %#%én solr‘gef' i &g e?)‘i?épeﬁfé%f PRI PEE) arla thyse
readily obt ai neslie, yn-pe@iditascfors hare giesignatebdd kpaisicd twhiohecoskid lked i n

the art. Additi the aforesai.d co nds may. be .adm ni stered,
topically (forfugﬁglr]r%?égu%f ﬁ?‘%ﬁgﬁmp"za%}méé g%ggléhﬂ%dz?geﬁuyfa“ﬁff@& W@er‘gﬂ‘ﬁ%ﬁ?%ri ate
sol ution sui t abilew dromathexathbleamhere nbarallp ucqposg. lowhnR3ulaMveigd, @acheptiiet | onal

equi val entsan | ar obes esi.de the. therapeutic use of
the pepti ges of %gﬁlgﬁ %rﬂggéeﬁ%}{isﬁ(\)%gh o F\teosaé%gg’ﬁ%‘? ﬁ‘gfﬁﬁ%@?& pﬁﬁ’p‘f@‘gﬁl %o
det ect and chareeindigpzk Pepialohimelic @impkurkls haohbeenalesigedpamd ssnthesized fa Hr oad
variety of cel el ' rom. ani pal tissues . or able cul.tures.
The 20 i npor tdélﬁ‘"é’ e %ﬁtﬁkgépggtgctca?gé% ?ézjvlairlltgp%\@\lf%?' ex, éessesr%l%é’ﬁ t}ilanc@/Il Eeéf:ﬁ%‘ ‘ﬁ?i%h

al ready been Ringhl¢ HRY epll20mrattin svad desigmediand syhibetehldy ebtsihéds[Charveni.j 1924l so
relates to the,ys d D PeRLd t [ nLhen. as, nol ecul ar
probes to &hysin.ol o%v?{:gl yacﬁ-gf?dgg{??}o%% (ﬁe\/gfﬁ)%(?gﬁg% et{)]iﬁgex%ir)gsrgcfeﬁtﬁr (#e . The
det ect i on2&nd mEpramaler eqriconitations. BT1-24p1is 3nathep eemgilonf £aimdie domeCiymaaver al
detection techisaRaySionsh SR aN i f, fihe present

i nventi on, 25gg|1ncl uca]li %é’ but E%'?qrpg’%%&r?igé't}\gg&!toggog?ﬁ%g%agﬁ%ﬁg% ﬁLffneg%tr? ‘beal
and conventi odd@?3lf | uorescence microscopy, total fluorescence eni ssion,

radi oactive bi ndi ngs uh 6 &0l a8 SR IBGORLGHES. D0 ok FIHDQL B GAL. B | - down

assays. Quantitative determ nation of 3 annel s expres 3 %i ven
cel | can be p&FeHeRbefubR cALARARY elithese tifepeptiddsofm23erh Meiderbat cimbd wad mg  but
not restrist egeali@y doR N @ntrSI0BASHA0LRNIAOHE PRRIphbASE! Inip@?ﬂép hAiah G FqSCOPY
30 i mmunogol d detection and radi oactive bindi'ng and di spl'acenent

techni ques. MBFEBOBHeS ¥RSHPWA| o neguTer pedipPBAg distaseh ésughlay peytible scletsisn or

si de- chai ns ofhes@weidabriRAREIFERNT | AibeRTl RABELAS SoMld RLAN dembahgl ed
functi onal equi;ival.ent .anal ogs that could (t))le used‘gsforS kvlﬁls cﬁtanneﬁgu’

det ection and“GEFANYS PIES S7BRRthgtg ophirlmia pndelame pesatptipl Rerlodarfal disthssnt ansnal ogs
34 could be ussgdlamSecjs®iogambas othérobes to search for specific |igands,

provi di ng,.t hese new | jgands ,share the_sa bi nding site on Kvl.3 as VnR3,
VR4 and%tohei rof uﬁBtodeﬁEﬂteséHﬁi e@éﬂl@ﬁi’ Oﬁﬁ’?ég‘g‘@g?wmu%q&wr%%m@aﬂ there are

modi fi cati on shoudniindl eedels gt iiedade el b6 hishalfodedkial Me RER S cPindVITR3,
Vn24 and their f.unctjonal equival ent anal ogs which 5 confer themw th high
affinity and %"ps%lg{gfsﬂ‘!c?re?s"tﬁ 83/565’%61 noyvn @fgﬁﬂue%@sab&i e casei Brihgpfeaction

pol ypepti de chaivnssidslagedappaipperRéRiieiy (BT H-sp&iRt)ah fitd) Gvhihaiay bediRk&CH! ar
probes; it can be achieved by several w dely avail able nmethods and is
regul arly used by experts in this field. The | abel provided by the
nodi fi cation could include, but is not restricted to, radi oactive isotope,
fluorescent, chem | um nescent or chronogenic noieties and 10 crosslinking
or fusion with tag proteins (antibodies, biotin, green fluorescent protein
or its derivatives).




In the follow ng exanples it is described in detail how these new peptides
of the present invention, were isolated, purified and chemcally
characterized. The synthesis of an exenplary peptide, VnmR4, is described,
and the selective action of two exenplary 15 peptides of the present
invention (Vnm23 and, VnR4) on Kvl1.3 chafinel s of human T-| ynphocytes is

t horoughl y descri bed Finally, the protective action of VnR4, at |ow
concentration in the in vivo assai; for DTH-response in rats is al so

descri bed. EXARMPPESSIDITHEOR A bitilhbe dwyand disgsed bplepuesesothe ermnsste at e
typical preferdge #HRIMIRIbShObreldiCinlMUEN EnADdosMPAW ENAPIES1LAH cRfroBAE 1N
the specific enbodi nents of the reported exanmpl es and still obtain a like
or similar reshy inflgmmnbuy repspen thehgorrom theeeas oif it PavéPuskyofsesidred t witls

i nvention, by cfuh@%o?dﬁeﬁﬂeﬁ‘éj emﬁmemetassa fha§ Benf mag @5@@9&9%&% hse the
sequences shown her e ( Q I D NO SEQ | D NO 3 25 their
funct i onal ° equidvaRERC Slrfalf fg@gmqs%@fﬂgﬁrgeslg@dw@n@%l [Flaspehal cbale 4Q;ame resul ts
as those described here and thus are expected to function well in the
practice of tHemungsapressenicl ai med here Exanple 1. Isolation,

lethality test in t and
| SLality test |1 ThGenainBLTai SGUEtGR PR RNOT, O 30 RS

doubl e- di st i | [védchakimia thejjsiberarcatic s Be%g:h@htcomda@e@m@éhm éwe sompguiiseas

descri bed [ Batpgt@ f?lt:nt?f%r at 180 Ume 0B ﬁl%ie@ﬁlbpﬂleﬁfaﬁgﬁgweﬁlﬁ respons1ble-|}ﬁte

procedures used for isolation of the various natural ands nenti oned

above maké0 usangsivgty st Bentaptonche edmiseis. Of‘l'fh‘ée\ﬂéligé Velesperd itsrpdtzed i n

wat er and centyiinf g pebteat cy%%ﬁgﬂg whidh i fesdit M Iﬂande?ﬁer&HF?ﬁM%@tvﬁﬁfeaé’\@ﬁS%
recovered and separated. b erformance 'l i quid chromat ogégg q
Bl e

(HPLC). One hGAHFREXIKIE Peﬂap%eégt%ﬁttg ¢ AKrigndingopraseiny plse Ewvndfin magy

venom protein tl‘é@és almezlel 1R tﬁe@bf&@ bB&RA Yrajop REfoCIBideRYP S Rt Fh'ﬂﬁr‘ﬁﬁosﬁ ré&%ts
(di mensi ons 10 .x cat al o&?nunber 238TP). obt ai.ned from

(Hi speria, CAWI@S‘A)SGHQ}‘P S’éie'lelfﬁ?f@ & bthe mof $°€-]r§|1~‘iﬁ?1 IRAOEiY; Roypletaress P¥R§?%ed | MA) .

Conponent §5 We pgindphlliyf in €Tl 1y45iho6 e@ kichAeAr thgnadizenh-chiaen ek qmcsn AagsRin1 2%
trlfluoroacetlc é(s) acid - TF water) to 60% sol ution ?I.O%TFAIH

acetoni trile) “hges egrese it b y\‘?i’é“’ﬁ@?é’é"c YSh TR RRDRT P%Taéﬁc%lﬁ»‘laéﬁé‘ﬁ?%’ﬁ’nce at

230 nm and el ytiggigRRNA rfbt[iLHg Forf {h@Wpio R is Emedmms ONRF RelkO(H-Batpaskypmnual | y

and dried USI% a Savant E eed- Vac drl‘ﬁei Aﬁ shown |ns§§ 1 nore than 80

di stinct fractTOREABPEORIBEISoseReats Biclah Ad sppebraip sl ioteverrenle i Bns t hat

ig ute from 201ltgphd&ytes Kvlr.&'fdeﬂﬂinh@ﬂ t}feidmﬁar#iﬁlp%{ehyalﬁﬁd h}ﬁsiﬂ;odflﬁbkh& didtefig@hiut i on
tinme annel ‘sco ecific toxins of other o pi on, venons

st udi ed Fjé)atl gPﬁg%Fp%ﬂnsequ%%we bt PgchepiAm S @‘i?ioﬁl‘)%gt % éﬁf%%ﬁ%

dedi cat ed to tH&eelmstmeﬁﬁaﬁDmeﬁH éﬁstﬁbluioh ROK&L. 3bm§as tal sp®Sfic MEegdhfdfealyl y, two

fractions: t 23 r at 24 were furt

anal yzed, bec lﬁgléerﬁgggl pe W?‘%}%&P%W@%? Fﬁxﬁaﬂe ei'ﬁ%ﬁi/‘fl?fégm’f ?‘gnéli “hi's

el ution ti nmessO@ehence] OSﬁdyyprbﬁ ade@d forotrdahigeny af UﬁSlen@.lﬂlehsfeﬁHes & hen aksgwn 20
K channel spe&!x{ hﬁnt%ﬁc?%tﬂera t hey had nol ecul ar nasses around 4, 000

Dal tons. Since oerents were still not honmpgeneous, a second

chr omat og¥baphi c seﬁ@afmam &nmidgcic Slmtpﬁcmu&id)almertgvé Hrewnahe nhiPgAoxsy Ghetrrbut
eluted with a 00/ ol ¥yen r 60, mn,
using a Cl18 col hﬁ&f %gglt&%ggé)ﬁlg%éjr%%g eﬂ:’g4 rgfno o I&% %lcgaﬁlég 9(5055 As
shown in the tanshe to§ &upprﬁftsglg the immveg mwwnporrmnamwa]smoédl @tz dHbweny, 25
each one of. these it La! spkd; ( Ligk)y hhe insert of
the left side g%r roelsplongt P lﬁ&{?lr%gcéth?%% e?ut\téqshrmg §]§ Iévklzdaﬁnetl Rat' on the
right to the fimdet pgence ﬁmpm@leaheaﬂwraltﬂn@wesaﬂhw poress Kvlitagduusgbedtsr onet ry
det er m nayi Onblaékqﬁeg BAYE LD JeRYs AULRABRLS é;ffelggngﬂotﬂ%g}ge%g@é kBN ROk, REPL T des
were found to be rrggeneous The one elutin in our experinental
condi tions we¥cRAg. pakds ¢ peteat blqckerwéi@ﬂ)@r(&eeé@dl et3D, M&M@U&@DU&&OM mass
of 3864 at om @aNBKS atdidkst &hér%meﬁ ﬁvl J: nhdld Byt dxg&lé’@eﬂ# Dﬁ’ldkcjd R higher

i nterchangeably a.mu. or Daltons revi ate e5| gnating one unit
of mol ecul ar m%@tram@rlsmﬁ@@drf@ra%@mﬂ@hblopl@p}@|Ia@emsthﬁath@delar¢mmannm ah st ands
for peptide of the venomfromV. nexicanus that elutes at 24 mn in our
experinental conditions.



36 The chromatogram shown in the insert of the left side (Fig. 1)
corresponds to the separation of the peptide naned VnR3. It stands for
pepti de of the venomfrom V. nexicanus that elutes at 23 mn. The
experinmental nolecular nmass for this conponent was determined to be 3665
Da. 5In vivo deternination of toxicity ¥f whole venom from V nexi eanus and
lethality tests of purified Vn23 and VnR4 The effect of venons and

pure peptides If u mlly conducted jn the | aboratory umpﬂg@ | east three
bi ol ogi cal nodaf ¥-ORHFTRFSILIVE (q Exaplication whew eqraraeed i Kve B nigetides e23kandwn

that scorpion wmamtg&ﬂbﬁmsn&eaﬁd)maresm%haﬁ‘feﬁa%&bfogm sm%@ Gafd § als@achs
specific for pl s or for different ty C{)es of “arthropods (reviewed in

[ Possani et al gﬁ?felfg@g imary giggeturyfrong that ok ghis pigt #p grorg sperifie &n bl s shenelsed

experi nent s usmagsmc‘ﬁn%‘addhanmm&ls <r5'0%€‘df,a cQ@ﬁ@b&S&heﬁ Rech%&x%!é'\%&n‘éﬁﬂiﬁ be a
reliable indi cat i on of what umans in contact with the

venom or pari f Pt RERTALN ReE éh"‘i“rﬁoggflg‘ﬁs ngﬁer‘i t’%aé%r‘}’lﬁhks nsatdrie Hlogk theshmp| e
venom (from 50fihdio” 00hKNICT G@haIM, BY Rl Be R85 MRE 88cRed 20 dGSiAM ROMAmPRS ot )

of V. 15 nexiganu we synptonms of intoxication. Usually if the
venom cont ai nsgel?% eﬁ%mOl ﬂ‘iﬁ:]rﬁhs with these anounts of material a clear

synpt om of i nt oxi canhisolihmwhdallélavcﬁmbﬁ@ﬁ tﬁ@QﬂoduSthtﬁah oﬁs\/rﬁz@l VAabk | dnli Yiheir
sal i vati on, reﬁﬁlra rear |inbs

t.or stres (dyspne aral i S
di arrhea, convifi%GHse CX‘bVIae ‘@éa‘f}ys’fﬁé’géa Seé? d %igfg%‘]ed“r%éseﬂef?h de is
said to bd0"t oohiemical s‘ynthhﬁs lﬂ@luﬂ@h&én@ﬁjfﬁ?&ll poes @fﬁt&oﬁr‘t& eQperts € 1RARYE as

synpt ons, but Qver, t QuUI'S foIIovmngthe admi ni stration of
t he pepti de, m%gaﬁe%gltﬁ%flmeégscﬁ%ﬂ%og % is called "lethal". Non-toxic

conponents are_t hos uce no_synptons of intoxication and produce
simlar behaV|%fma?é’gyﬁiogaé"‘iahﬁr}’@ﬁ‘fcg(ﬂl‘wof’h PBS-sal i ne sol ution, pH 7.2 [Possani

et al., 1985]. Evenhuaédempﬁlm o‘f\ﬁ’t@&iﬂcwﬁnﬁﬂihﬁére§;%h@tagé‘iﬁfitfor€@1‘{"op&§cﬁ9§g #1§ not
toxic, but purified i.m|ar _doses can 1nduce synptons 0

i nt oxi cati on, B%U&rﬁﬁ@geﬁ 'i‘?ﬁ’gangféoﬁ‘ﬁqﬁ‘?qofllogﬁ’mpé?lcﬁ%ép%ﬁw?fé‘ gieen@ptigeanBhds i n

that part L& ul aequiresrpowelitoordidted Misplep asBReNEfdrak QR QoS F ahd On
that the soluble venor nus was not toxic at 200 mcrogram 20

gram nouse wei ght < PA gmpﬁ]l?eeﬁrﬁteqbep |“3:I§‘1Wﬁss\h%ﬂ§le P’f‘?feé‘@flé%loﬁ the BroRsted apfiZedar i ous

concentrat i ongo 1momgmloﬁmaumgemseam e [J@g@@%?@l 08B witthat i s:
10, 000 mII|g nos tons of |ntOX|cat|on wer e

:
30obser ved. ﬁ‘e”}u%}f; TR ﬂ?sp rgsg?tt]ﬁYe\r?f?fg ﬁhecrfigﬂlart%% Y RPIOSY R Zledi@isthyament s
such as toxi n r@a@seplerg. fitlaadiyremypnanbiavitlyyibtares GREEL Ot e Mdiapd-itdes

5006 ot af % ARSI b i s Ge SabRRorr e e ente ickagng's o). o
m crogram 20 dynephoemie setivakorg it T[&Hmlﬂlcw@evext vad shouli99&tion | that rm@ﬁ&aﬁdhabf V24
oL 20, 2001 b ahel Sl GRS QISR SALLRD, 2, A0k LA L0 6t <25
Vn23 and VnR4abPRABAt echni ques were used: automati c Edman degr adation and
mass spectronetry e aci d seqt nation
of pure toxin was %er%%?%géﬁgés?m&ed% %(e%rgﬁqﬁﬁzargﬁﬁrbreﬁ g ﬁr‘:seil& flnrgcg’r (Pal o
Al'to, CA 25USA}he\RmW1@h@mhé@aat@namﬂte@mod@dﬁwma@n@fﬂd@dﬂmamhe ecadnpeay. A
reduced and alpkyl a f ptid enzy.mati.c cl eaved
Al ggiﬁaglgg p%nsaé,p% EaBEP b IGNEP EOEYIRY Zlgs;},ulgn
td

with Arg-C endopepti dase nos ase usi ng
si mi | ar procedfiiveiionad sevgrdl petein binasel bletlcmmqummwat sﬁmroppMIypa@rm@(i&m S

[ Val dez et aI ef 0 Garcia a

corr espondi ng pecf)e%1 ?r%éos? I%\%téll%ogﬁ(ﬁ i %%3%110532/}1 %I_(,}_Pé?%gfg d’l—ebrmr?égﬁ _
spectronetry mh@b@mrpdhesphmmé phasgietiytinagipl ueﬂbipms@hgae F@len) OiuitiakeSQPe- ] 1 0N
el | very Oy ot SRRttt a0 GRS Prrkaigd ¥ 1eouien S il der o
al | ow only 5%Pafdiffuyes asvdrbptd@ t¢ Us eaemors ithibe mpmmﬁyetmmm@m Owllich results
mcroliter/m a and the capillary

t enper at ur e al'? )ﬂieSr-(g §se %ﬁ/éﬁ gges\rl\f?arrrl%r?tssgm%lfcﬁit TS %Wﬁﬁﬁ&?ﬂﬁﬁeg U8 was
operated wit Heopeentyatish (&Qﬂ I]l)sTlnrtraemert givs m:{Ba“Zlﬁ%l(oaﬁdy the seleiseUiink the BRf is

normal i zed collision energy and the scan with wi de band activated. All
spectra were obtained in the positive-ion node. The data



20 acquisition and the deconvolution of data were perfornmed with the

Xcal i bur software on a Wndows NT PC system The MS/ M5 spectra from

pepti des enzymatically generated were anal yzed manual ly and by the Sequest
software [Batista et al., 2007]. The primary structures of both Vn23
and Vn24 (see Fig.2) were deternm ned, aid the pepti des were used for

el ect rophysi ol ogi cal experinents as descri bed bel ow (see 95 acconpanyi ng
exanples 7 to 10 of this invention). The native peptide re-pu ﬂ?}led from
the fraction evrbiffitienafor i erpautiereel thhwenel traspduction qapegde, @ pusipiredGaf | sjenal
characterized. lnE&ss‘:a‘f‘ype[rhisnEnlteQ 2R EGR! AT BFR \WRScERIRhQ BRu3fER2Da. One
nanonol e of this peptide was |oaded Iinto the sequencer and th irst 34
anmi no aci ds wehawngi riacthe plasee penplhirans hyough rpalsivgeigleasgarctivaed GAdesheniésd

Direct). q/ste{tﬁgcrcﬁédn@g)emeﬁmaﬁ@ﬂm meekiby reduction 30 and al kyl ati on,
usi ng the nethodo 6? |ven r;r;gﬁ@l (Beckman). .The | asj, residue of
8iflys

V23 in podition 3 @&A&?ha??@éﬁ a1 Eﬁerlkﬁﬁéff\@m tha &2e epaeit éd

theoretical aygfpge Wk %ree&&heﬂ@asgrzta?ea@fé)r @a2+t »bﬁcwqmg&dct@ttﬁmﬂ%ewas
3665.51 Da, thus confirmn ui vocal determ nation of the full

sequence. Bot PoteRial oBthe éi‘(lbgP%ﬁtahi 399414 @bf‘eﬁkiﬁplﬁ%n%%l filx dggia O eeputer-

theoretical mhggdthay tﬂ@ﬁﬁ@m\ﬁ@ff@( t:mnesmeaarw ihglnﬁbrﬁﬂi‘efﬁe %feﬁﬁal Qf nddagve
appar at us used (Finni gan ion spectr.one

Simlarly, oned?hlgyfdis 8@%@@ hwﬁéfgf@h%% fﬁ@ﬁtﬂi’lcﬂc@ﬂ\?h@ﬁ eﬁl‘f@/ [Seneet staly as

shown in the 2088 StRcilvherefdighd KOk & ond bf W8 nafdd Bleintifshtd &F taiihenBith Edman
degradation, 5 which allowed the identification of the first 28 am no acid

resi dues (Fig PO"?mql &bbyggp Ypmphooyess Whichds aoHelici®® w0t h Vv are &vss &f Equot s

of the reducedhanels abkiikEs@dar@ KO AEs VRIS M@@Glo@féél c%ﬁdﬁflbrfsniﬁtﬂhe@@ @k, the
cysteine residues and for d[%é:;estl on wWith en grpeptl ases._ The di gestion of

Vie4 with ArgEoRRawpEtiaeraded & chumedn hraar JbmRheeyiete KVl @petatipon

confirmed thenf;‘eﬂﬂ,&:@ea@poiammoh%th%%uvﬁh@i thieShoff @bse fo (he@ésuhglght&ﬁal&d then the
figure because 10 it ncri)rl ses same, \-term nal sequence %I ead)f
P Huggg -

det er ni netP whé&sl M?SE Pﬁ%tscrli‘atl?&% 1hese (fé“"a“i‘ilr@?rs?‘%é? ek

anot her from Adigl&ta @E G2 )HNEI £avRd Pyelf b menﬁe%rdfa&el:ﬁslsohé\me @alaqum and
the last one fromlL 530 to Cé;sSGngund rli ng% - C2) a?g isél%uences wer e
obt ai ned by Ea%fﬁnt g7 Qs PEh i indeavBicHiY P 1%;3%@1% it fon (see
Fig.2, Vin24) 1983nce the | ast residues were identified by CI D 15
(collision induced_fra ntati .y L ino acid osi tions, 30 nd 32
coul d have been ed’pl‘?ecrogﬁgti‘%é)f%mﬁ Iaﬂ‘?%ﬁaaﬁ]epﬂf@glrsréo Ti?ﬁfr@ Jane Pogrtiekeopt rgl

order to Aol vef Thelladdpegisi dnyth@fctiaahihint sempadf tﬁmanmtestmgodseacﬁagai)@hd Tﬂhallrs I ast
sub-peptide wi.th.trypsin. conducted. Three .snal|l pept.d e _separ at ed
by HBLE | whos Snrb RSler it Bt JBRGEE. Toieey AFHEHTEy e BendrES R RRgd 1o be
from positi onmf@eﬂﬁaﬁxoh@f the SI3E11§ wwdmrdt anmoa]m dejeribey m2fetall® in tREsdcy @3 ( not

i ndicated, fo t|on of n not

i cat od) . SPaeRBR SR LPBuGla, M CRYnRBC peitiete, Dol b IRDa

| ysi nes, t hesblotiwos momtoummmse dipes dSis ugpmtdmtto ehphdsizs itae selasividu s Kva ol VI ng

nbi | { t t
Crermnar st Bl (RERENEGes IRk BRaR L RRUR S Al PRl
i sol at ed af t emetygr dl y@lss(iimh, hwmyl‘s Iﬁ}:@ﬁddpswt dagge 25¢gunddiplabebees,Lys- C).
2 dat o O 1 of iAo ERR, S6H1 PLudHRES Al bifind IREFRE"IBRR biemgsaum no an
exper i ment al | ylcewaiéve388idis.0 sybapathetinfaphipindy anf eboeal tescspipneprriodorBil ndecasche
accuracy of the L O)eﬁpxgélf@ﬂﬁbpg' @}ll]alrﬂlﬂp?éornaagﬁva'ﬁn :caﬂ%{hgg tﬁeaﬂ]&ﬁbr%e ijQtehl fpm for

pepti des under 1,0 e sm erence o units Is n the
expect ed 3al ueonrplopf fheseeellicie gomemerk selely Urvaky!-30binnelselBeeioi sheht 246b

[ Aeber sol d ang,{z0, (?Qﬁﬁ?}l Uthe 2003 htion of th&e! ge\fl@néanf Bl sﬁ@r%sédnéﬁ'&tu&?{}_r%ﬁ

inportant to highli ght flve characteristics of

primary struckUfgentlydiypaleetdveviielly whibitersd Wodhetr als é@@%lV@nnftk@%P sbalk 280 t o
date 39 havgediml£al 6@65]5@@@ h&ﬁtﬁfﬁﬁ% ahd %U%MrﬁT@elm&QWescaé%"h fact
justifies the existence of a new sub-fam | unknown until ere
proposed to be the nunber cc-KTx 21; exanples a-KTx21.1 and cc-KTx21.2. It
is an original disclosure and defi ni tively shows that both peptides are
structurally different fromany other such |igands, including those




5from sea anenone, bees and snake venons peptides. 2) The N-term nal
segnents of both sequences up to amno acid in position 10 are identical
and 7 of the 8 positions of cysteines that nmaintain the disulfide bridges
are in identical locations of the pri mary structure. The eighth cysteine
(C8) of V3 is located in position 35,%at the extreme of the C-termnal
side, one amno acid earlier conpared to 10 Vn24. For this reason Vn24 has
36 residues, whereas Vn23 has 35 ami no acid residues. The |ast cysteine of

V23 i s not aridat deck-mediatedeinhibiiionwd profifaration d WaifF eicale 28031 yltansegPicnak he
sane as that qf, MiRdion of RS gaﬁanﬁllfh}'lﬂtgl Ofo6RThEpbBE B 0i0be tﬁ&%? eve[l‘:g;aat@pd vn24

are corrparabl e it s expecte am no aci d sequence a

N-tei mi nal reqﬁlé)hchgﬁlisrs@@ﬁlté/le te JrCad ciphibitqrs; but s fp Eﬁh%)&lhihﬁf@lst W@lsp% Kﬁh?y
structures of bygéﬁ?tll@z{gbsi t%/ﬁ%\fppiésyeg tlQ:' dclihBRSE Sy éeﬁs %ﬁ&n fQH#dad: AnP9Sichi Ons:
10, 13, 17, 23 and ., and one indel between the |ast amno acid and_ the
previ ous ohe (o¥3ke P‘f?hfﬂ*rfﬁ@ndﬁdHWSaqdnTW@W m%ﬁbhﬁ’ﬁs‘fse\}artﬁ%lmaéagﬁ@ﬁiﬁoﬁf is at
the central p%{on%m@qmas@@g&am@ﬁﬂ& %@t%inﬂﬁk@é disQasEpasé&latécmow%ﬁtbcﬁe vie, out  of

six differences are |ocated), suggesting ;O(EOSSI hese resi dues are
‘0

not so criticdbch Qﬁrtyﬂeﬂedlﬁ‘hﬂ?étniegﬁu léief“h@tral h@e%?tlaae%OO6] ghepmatgisk ¢ 1
nmentioni ng th%hhﬁﬁw[@é%téttatlmé] llmm@s&lb@m thflarhBhtdy: borOr t(d}il # and

29 (RJK) are conservative nodifications, because both argjnin n
lysine (K) ar &<efigigauryidpealatiients Behaide ehabr H104] é%%aqr'égwﬂ%éssm%dawd

serine (S)gar %rgaanejgdﬁaﬁ,g@% By e OR8 blakt Gejddtiod And Gialt- «e@ﬁs Ejééeﬁ}seal-@efhjcﬂﬁf% of
tyrosine in position 35 talﬁgftltutedfor cﬁfteln |r]23£al redto

VR4, suggest TR 1g sTustained bX shEyqally pedival PeselnkYoriianeals S04 1 ol df ng
and function of both Feptl des. 253) The nost variable region is thus

| ocat ed at t helsteevitgsalecyart, all owi ng for conservative substitutions. This

can be easily desighef %ghaeﬂﬁﬁ%&pﬁépfndé 'Blo'fcﬂ{b%s bF /vils Ande1Bqgt fhCRY1. 9 R%eOr
substitutions bé am no acid physi cochem cal_ properties in
&l

al i gned positi% tSHaléarBhT&r‘ég%t Tllleé‘éélﬁd@soz%c%loiﬂvﬁ“%léss%%uMFﬁ?@‘}nd@ﬁﬁ&)y (as

shown her g5 f ONokﬁ&oﬁﬁ%NtXQfKM&%?mﬁMuM%ﬂh afd ShIEXREE 6% tell FroBLRE hAdnfns.
functional equival ent apal og th simlar 30cgro perties, . and thus shoul d

fall within thEVEREHEL ahar%lﬂé “Bﬁ’%@’étn‘fl neproRah e uscly expiiabilify are aliogabibisdk

feature, homewrthes@@xﬁlbwa B JArSEORReM affRitRY I IKES. 17r>ytsm<lﬁ(ah@alnceﬂ/a1 s the
high affinity % ?t bot h Vo3 and VnR4 hgve towardiahKvl annel s

when conpar ed W&l sahErIR IGyseerst aln oAt shffsaE Ky éﬁ@oc BMedy I@?ﬁiﬂ have
hi gher affi nl tatyan;wax ctswndﬁﬂgsnérétfaam991rnem@m@rocﬂsﬂﬁ\[\magla&@cés@1r mospuch as

Char ybdot etc. [.Pan et al 6] . .The ot her
bl ocker s nt| oned iﬁ’ﬁé #ﬁ%qﬁkﬁ(‘?lﬁhP thgi KR Jpap r‘ilbe a%%swﬂ% £33 d/ or
di sul fi de pai bioh@gal &ffecti Eipl @ynrlsddfSthé MGt famﬁy Slﬁe@idélycdlitﬁbtﬁéd Cdlseitalpnd

affinity of bindi t owar d .3.channels. Fro e, anal sns of the
i ey s r uc e ERe st RS Al cSppaca Dt bl RS Gid cPReEn SRS S
affect Kvl. 3 ohasurebskelbtabind dagiiacrmause cslisatbest kbdaels hﬁvmtlﬁa]rdeﬁehm]nmsh@fr

scol pion or s n hi s t he seq ces for ich a
proprietary i ﬁ'f’cmc teix?)lﬁabh ﬂ?é Gogmg?w&tﬂggy R e TSRS RS, r?:nc?ul d not
be evi derit5 fr potertiak tﬁmmapmglgéthafacmdﬂEpotérﬁaletbblenﬂlmeqahg d:es'atb éitepakafietibn Kv1l. 3

channel s. Thi ent Qrts. compl et el stinct m ng acid

sequences (sia% dél%é TimIBIe 8u6§@©nr? eKBn%)agtle’Fhu‘}lp fﬂﬁ%lra rl%a\%P%gsﬁ%LGuglﬁthg ![ hat

t he det er m ned..286dnce cwrsprcm:sm@tevwr)mionf dhametshexpressd it theahbitel nadowi t h a
nt heti cal | V] N € n{.hetl cal l

o opar ed_nave aeabt St HefhuchRliht DRLES AR (806 A0S, DICROELLER 'Y

(exanple 9). b&8yr, Kwakt, jn anﬁttpﬂmsclawqmmhaﬂms faamtenfid apglicatioth atelh o Evi 3o

pepti des gos thsgmthﬁ;%s%meﬂefm ﬁ%{a&emﬁﬂ%&%&g%&ﬂaﬂ B f%%%h{ag%%e@ ofani mal s

at relati veI y ‘concentrati o m crogr ram nouse
wei ght). Thi sMSs[Bmwle eb@lgﬁﬁﬁ]ci@m tonthe direwt cowad af éle\meﬂfhW@th h@rblk(nbmamcor pi on
venom t oxi ns gnjggc; 0% iene [, r
[ Zarmudi o0 et a‘fa?dlgc 3 C%r? épg‘gst ggbgﬁtﬁgﬂéﬁl&t@% glg%out é’g% %nes Hﬁer dose
t han 20VnR24 cﬁulsé:mhm% rmhmahn @tylal 1Excatish KvR5 [Rensset klne7] pudiintvernaillarsi s of

t he conponents present in the venomof V. nexicanus.



Scor pi on venons are highly conplex m xtures of conponents, conprising short
25 and | ong-chai n peptides active on ion-channels (reviewed in [Possani and
Rodriguez de |a Vega, 2006]), free am nes, nucleotides, carbohydrates,

lipids (reviewed in Possani et al., 1996') enzymes such as phosphol i pases
[ Zanmudio et al., 1997: Valdez et al. 04], hyal uroni dases and |ysozynes
[Batista et al., 2007] and nany ot her protein conponents of unknown

function [Di ego-Garcia et al., 2007L Addi tional ly, scorpions are very 30
anci ent cr eat Uresyigs Kyl fdPacliand Campball 2A0H dré HERS (rqvistvey dmf Sangrriney 6ndit i on

on the surfacerffsf ﬁ?ou%ﬁrj()b@?@ganﬂﬁy Qle@ﬁlqné offReallf ﬂ%ﬂeﬁ@lﬁnz%ﬂ@x? bhhds€ deapl s for

hunting their preys or for defending themselves from predators. For these
reasons it is pyepAtenigl akareod @@1'{5013%99?1@@1&?@# theiepplpreaation phass (Hsizatt 6hi cal | y

active conponept §o4d). BRECL* YGRS K THARKS aFeOuﬁlJil@toﬁ@ﬁleﬂk hﬁ‘ri%n%@ﬁ (ﬁ%{})ar ed
to other sub- t%pes of potassium channels. Vnm23 and VnR4 have highe

affinity towardecrkyuscs, yreh nysleopraraticddsiselly sereneveddnieiesal, 2005])

Char ybdot oXi n,anénd dg&z&é QxildﬁetyBleKphy%alﬁgw@lt SinctidBa Mdludgle @lketncﬁQQéﬂabﬂl—tEh@f ot her
bl ockers nenti oned above have hi di stinct am no acid sequences and/or

di sul fi de pai rMeKgaEs anérskelF@lp%*yleafeléﬁ %ﬁf’.q@d{an&@ﬁ%lﬁéewmutsgﬂe o?heé?éé FhsAnSAnh d
affinity of biaRdhiagked ByRkEs e RKTRBRMENIS; (c BT QMybNRiSIMDERL AN2dY53). s of the

primary structures_of VnpR3 and VR4 it is not, obvi ous that the Shoul d

affect Kvl.3 channdPsavapiabdlitipfthe anahﬁ@%’%ﬂogsapblﬁa@&ﬂ%&%bafzf@?alt[%v%ftwér

Scorpi on 0 SeIFNBARNERNRXbIREe-ghtdd KNdhgnidBM.onk QﬁalSQOM?@ Fichly pdnady a
proprietary |nfor%|on angd use is clajrr?d heref& and Vin24 could
not be evi dent®“f FYIHAREE A W&H’&é‘ﬂﬁ’?bﬁsﬁé’ oFolXPRE Cnéefﬁ‘t g%@mtlﬁh? RSt

Kv1l. 3 channel SwverTtht Sast ﬂu@ﬂé [GiBndiRPA6 lcB aEOEUDh]?thG{VyveﬂltStdafégbleaﬂaﬂoﬂ’lfb‘t‘Qﬂle am no
acid sequence%ﬂ%see SE urther evi dencgll showi ng

that the deterRtHEYY S&X #c?eg‘Y% Pé?fﬂgé%’im B"’c‘?ﬁ%&m i %)‘W%rhém}c&f% {58t g5t ned

Wi t hha synt lhet‘]]hiséslubganlﬂmepﬂhé eﬂaeﬂﬁi&iﬁal thﬁt‘d’imﬁttb(ﬁ olﬂﬁ‘tel sylecltl‘vi[’tﬂéf Fﬁ@ﬂz@@mst ion

synt hetic y prepare ct t he sio ica ons,

Shown bel Dt { SR dagpe Dty eafespe aBf R NpeUaD Paiech BUAGTH < h
these two peptoxiiss is that they are not toxic when injected into
experinmental aninmals at rel atl V, oncent on ( to, 10,000

i crogram per 20 g l:zzema(E e&‘%‘?@ﬁ?‘f # Ogysmﬁoﬁi’ &lnﬁlﬁl &B%HP%&?HWE
conpare with @ﬂdnerthd@imvmacsbgmil umlissein dr doadticred ,onee@mbindt fonataddent Ther oi des
noxi us, as ne iQ e 1992 Cn2 injected into mce
at about 800- P%érdﬂ%gv(\)gr 6§3ar{t Ran %‘“o\‘}m‘éﬁa zeacﬁlslehéle ldess Velral @am}azﬁeﬁrg%l e 2:
Mass fingdr prhamacredions expedhertife. gcthmmgmmds obcce]mumatmg cﬂnimtsmenegﬁrgrbfe V.
mexi canus. SC %cPﬁQ%g}ﬁ%ﬂ%’e’ﬁ‘% t}?er %rrhﬂtgl}g sé{lta%f)% epef armatco gélca?%ssgys lgu Prﬁ’]o?mthe
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10 Table 1, the retention time of the fractions collected fromthe HPLC
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intended mode of administration and therapeutic al;plication. The pharmaceutical
compositions include (depending on the formulation desired) pharmaceutically

5 acceptable, non-toxic carriers or diluents, which are defined as vehicles commonly used
to formulate pharmaceutical compositions for animal or human administration.
Additionally and optionally, the pharmaceutical compositions may also comprise at least

one additional immunosuppressive agent, which may have a complementary effect in the
treatment. Some illustrative immunosuppressive agents are cyclosporine, rapamycin,

10 azathioprine, prednisone, ShK toxin, ShK derivatives and deoxyspergualin, their
derivatives, or a salt thereof. The pharmaceutical compositions of the present invention

can be administered as mentioned below.

T hefapeutz’c and prophylactic methods
This invention provides methods for therapeutical or prophylactic treatment of
15 conditions where the suppression of an immune response in a mammal is required,
especially when T-cells are activated in subjects in need of such treatment, wherein said
conditions include heterologous organ rejection (for instance a heart, a lung, a liver, a
kidney or a pancreas) or autoimmune diseases (for instance multiple sclerosis,
theumatoid arthritis, type I diabetes, autoimmune psoriasis, lupus erythematosus,
20 ulcerative colitis, sympathetic ophtalmia and bone resorption periodontal disease.). These
subjects may include humans and other mammals, such as dogs, cats, goats, cows,
horses, pigs, sheeps, to mention a few of them. In one aspect, the present invention
provides methods for the prophylactic or therapeutic treatment of conditions that are
treatable by, responsive to, or sensitive to the inhibition of Kv1.3 potassium channels in
25 cell membranes of T-cells of subjects in need of such treatment. These methods comprise
administering to a subject in need thereof, including a human, an effective amount of a
peptide of the present invention as described above. Generally, this peptide may
comprise peptides Vm24 with a SEQ ID NO: 1, Vm23 with a SEQ ID NO: 2 or a peptide
having a sequence SEQ ID NO: 3, or functional equivalent analogs thereof or a
30 pharmaceutically acceptable salt thereof.
In a preferred embodiment, the present invention provides methods specifically
directed to treating and preventing autoimmune diseases associated with T-cell activation

or responsive to the Kvl.3 potassium channels inhibition. Such autoimmune diseases
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include but are not limited to multiple sclerosis, rheumatoid arthritis, type I diabetes,
autoimmune psoriasis, lupus erythematosus, ulcerative colitis, sympathetic ophtalmia and
bone resorption periodontal disease. These methods comprise administering to a subject
in need thereof, including a human subject, an effective amount of a peptide of the
present invention as described above. ]

In another preférred embodiment, the present invention provides methods

specifically directed to treating and preventing the rejection of a heterologous organ (by

instance a heart, a lung, a liver, a kidney or a pancreas). These methods comprise

administering to a subject in need thereof (i.e. a subject who will receive or has receipt an
organ transplantation), including a human, an effective amount of a péptide of the present

invention as described above.

Dosages and methods of administration

In therapeutic applications, a peptide of the invention may be administered to a
subject already suffering from a disease or an undesirable condition (e.g., autoimmune
disease or heterologous organ rejection, respectively), in an amount sufficient to treat,
cure, partially arrest, or detectably slow the progression of the disease and its
complications. An amount of a peptide of the invention effective for use in therapeutic
applications will depend upon the severity of the condition, the general state of the
subject, and the route of administration. The effective amount of the peptide in
therapeutic applications will generally be within a range from about 0.1 microgram per
kilogram to about 10 microgram per kilogram of the peptide (or a pharmaceutically
acceptable salt thereof) per dose.

In prophylactic applications, the subject peptides or pharmaceutical compositions
thereof are administered to subjects at risk of, but not already suffering a disease or an
undesired condition. The effective amount of peptide to be administered will depend
upon the subject’s state of health and general status of the immune system. The effective
amount of the peptide in prophylactic applications will generally be within a range from
about 0.1 microgram per kilogram to about 10 microgram per kilogram' of the peptide per
dose.

The route of delivery of the peptides and pharmaceutical compositions of the
present invention is determined by the disease or clinical indication and the site where
treatment is required. For a certain type of disease, limited to a restricted area of the

body, it may be desirable to apply the peptide or composition thereof at the local site
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(topical application). Alternatively, with the progression of the disease or simultaneously
to the topical application it might be desirable to administer the peptide or composition
systemically.
For other indications, peptides and pharmaceutical compositions of the invention
5 may be delivered by intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal,
and intradermal injection, as well as by intrabronchial instillation (e.g., by using a
nebuliéer), and transmucosal, systemic, transdermal (e.g., with a lipid-soluble carrier in a
skin patch), oral, and gastrointestinal delivery (e.g., with a capsule or tablet).
One or more peptides of the invention may be administered in combination

10 therapy. For example, one or more subject peptides may be administered in combination
with another immunosuppressant agent (such as those above mentioned) to a subject in
need of such treatment. There are some idiopathic autoimmune diseases, such as immune
thrombocytopaenic  purpura [Cooper and Bussel, 2006] or autoimmune
lymphoproliferative syndrome [Oren et al., 2002}, where the treatment could require a

15 multitarget approach, therefore more than one immunosuppressant substance is needed.

The peptides of the invention may be administered alone or in combination with a
pharmaceutically acceptable carrier as described above in the “Pharmaceutical
compositions” section. The peptides may be administered in single or multiple doses.
Suitable pharmaceutical carriers include inert solid diluents or fillers, sterile aqueous

20 solutions, and various nontoxic organic solvents. The pharmaceutical compositions
formed by combining a subject peptide with a pharmaceutically acceptable carrier may
be readily administered in a variety of dosage forms such as tablets, lozenges, syrups,
injectable solutions, and the like. If desired, the pharmaceutical carriers may contain
additional ingredients, such as flavorings, binders, excipients, and the like.

25 For oral administration, tablets containing various excipients, such as sodium
citrate, calcium carbonate, and calcium phosphate, may be employed along with various
disintegrants, such as starch, and preferably potato or tapioca starch, alginic acid, and
certain complex silicates, together with binding agents, such as polyvinylpyrrolidone,
sucrose, gelatin, and acacia. Lubricating agents, such as magnesium stearate, sodium

30 lauryl sulfate, and talc are also added for tableting purposes. Solid compositions of a
similar type may also be employed as fillers in salt and hard-filled gelatin capsules.
Preferred materials for this purpose include lactose or milk sugar and high molecular

weight polyethylene glycols. When aqueous suspensions of elixirs are desired for oral
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administration, the essential active peptide ingredient therein may be combined with
various sweetening or flavoring agents, colored matter or dyes, and, if desired,
emulsifying or suspending agents, together with diluents such as water, ethanol,
propylene glycol, glycerin, and combinations thereof.

For parenteral administration, solutions of the peptides of the present invention in
sesame or peanut oil or in aqueous polypropylene glycol may be employed, as well as
sterile aqueous saline solutions of the corresponding water soluble pharmaceutically
acceptable metal salts previously described. Such an aqueous solution should be suitably
buffered if necessary, and the liquid diluent first rendered isotonic with sufficient saline
or glucose. These particular aqueous solutions are especially suitable for intravenous,
intramuscular, subcutaneous, and intraperitoneal injection. The sterile aqueous media
employed are all readily obtainable by standard techrﬁqﬁes well known to those skilled in
the art. Additionally, the aforesaid compounds may be administered topically (for
example, through a placed catheter) by using an appropriate solution suitable for the

particular purpose.

Vm23, Vm24 and functional equivalent analogs as molecular probes

Beside the therapeutic use of the peptides of the present invention, these peptides
could be used to detect and characterize the level of Kv1.3 channels expression in a
broad variety of cells, either obtained from animal tissues or stable cultures. The
importance of characterizing Kv1.3 expression in T cells has already been highlighted in
this document, therefore this invention also relates to the use of the peptides of the
present invention as molecular probes to physiologically characterize Kv1.3 channel-
expressing cells. The detection and characterization of Kv1.3 expression can be done by
several detection techniques using conveniently labeled peptides of the present invention,
including but not restricted to: flow cytometry, confocal and conventional fluorescence
microscopy, total fluorescence emission, radioactive binding and displacement
techniques and immunological pull-down assays. Quantitative determination of Kv1.3
channels expressed in a given cell can be performed by quantitative detection techniques,
including but not restricted to: channel counting by confocal laser scanning microscopy,
immunogold detection and radioactive binding and displacement techniques. Moreover,
chemical modifications of the polypeptide chain or side-chains of several nonessential
amino acids could provide labeled functional equivalent analogs that could be used for

Kv1.3 channel detection and quantification. In turn, these functional equivalent analogs
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could be used as molecular probes to search for specific ligands, providing these new
ligands share the same binding site on Kv1.3 as Vm23, Vm24 and their functional
equivalent analogs. Any such chemical modification should leave unmodified the
structural determinants of Vm23, Vm24 and their functional equivalent analogs which
5 confer them with high affinity and specificity towards Kv1.3. Chemical modification of
polypeptide chains is a common procedure for obtaining useful molecular probes; it can
be achieved by several widely available methods and is regularly used by experts in this
field. The label provided by the modification could include, but is not restricted to,
radioactive isotope, fluorescent, chemiluminescent or chromogenic moieties and -
10 crosslinking or fusion with tag proteins (antibodies, biotin, green fluorescent protein or
its derivatives).

In the following examples it is described in detail how these new peptides of the
present invention, were isolated, purified and chemically characterized. The synthesis of
an exemplary peptide, Vm?24, is described, and the selective action of two exemplary

15 peptides of the present invention (Vm23 and. Vm24) on Kv1.3 channels of human T-
lymphocytes is thoroughly described. Finally, the protective action of Vm?24, at low

concentration in the in vivo assay for DTH-response in rats is also described.

EXAMPLES

20 The following examples are included to demonstrate typical preferred
embodiments of the invention. Many changes can be made in the specific embodiments
of the reported examples and still obtain a like or similar result without departing from
the spirit and scope of this invention, by those skilled in the art. If the final products
comprise the sequences shown here (SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3) or

25 their functional equivalent analogs, they are bound to reproduce the same results as those
described here and thus are expected to function well in the practice of the invention

claimed here

Example 1. Isolation, lethality test in mice and primary structure determination of
30 Vm23 and Vm24 ,
All solvents and chemicals used were analytical grade and double-distilled water

was used throughout the procedure as earlier described [Batista et al., 2007].
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Isolation procedures
The procedures used for isolation of the various natural ligands mentioned above
make use of chromatographic techniques. The venom was solubilized in water and
centrifuged at 10,000 x g for 5 min. The supernatant was recovered and separated by high
5 performance liquid chromatography (HPLC). One hundred microliter containing 1.0
milligram of the soluble venom protein was applied to an analytical C18 reverse-phase
column (dimensions 10 x 250 mm, catalog number 238TP) obtained from Vydac
(Hisperia, CA, USA), of a HPLC system (Millenium Millipore, Miiford, MA).
Components were purified using a linear gradient from solution A (0.12% trifluoroacetic
10 acid - TFA in water) to 60% solution B (0.10% TFA in acetonitrile), run for 60 min. The
detection was monitored by absorbance at 230 nm and eluted at 1 ml/min flow-rate.
Fractions were collected manually and dried using a Savant Speed-Vac drier. As shown
in Fig.l1 more than 80 distinct fractions were collected from this HPLC separation.
Fractions that elute from 20 to 35 min retention times usually correspond to the elution
15 time of most K channel scorpion specific toxins of other scorpion venoms studied
[Batista et al., 2007]. For this reason special attention was dedicated to the venom
components eluting at those times. Specifically, two fractions: one eluting at 23 and
another at 24 minutes were further analyzed, because mass spectrometry determination of
peptides from this elution times were closely related to the values found for other known
20 K channel specific toxins, v.g., they had molecular masses around 4,000 Daltons. Since
these components were still not homogeneous, a second chromatographic separation was
conducted using the same HPLC system but eluted with a distinct gradient (solvent A to
40% solvent B for 60 min, using a C18 column, catalog number 218TP54 from Vydac,
Hisperia CA ). As shown in the inserts of Fig.1, a major component was isolated from
25 each one of these initial fractions (labeled with asterisk). The insert of the left side
corresponds to the fraction eluting at 23 min and that on the right to the fraction eluting at
24 min. Under analysis by mass spectrometry determination and sequencing by
automatic Edman degradation both peptides were found té be homogeneous. The one
eluting at 24 min in our experimental conditions was analyzed first. It was pure and
30 showed a molecular mass of 3864 atomic mass units (a.m.u.). In this document we will
use interchangeably a.m.u. or Daltons (abbreviated Da) for designating one unit of
molecular mass. For this reason the peptide was named Vm24, which stands for peptide

of the venom from V. mexicanus that elutes at 24 min in our experimental conditions.
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The chromatogram shown in the insert of the left side (Fig.1) corresponds to the
separation of the peptide named Vm23. It stands for peptide of the venom from V.
mexicanus that elutes at 23 min. The experimental molecular mass for this component

was determined to be 3665 Da.

In vivo determination of toxicity of whole venom from V. mexicanus and lethality tests of
purified Vin23 and Vin24

The effect of venoms and pure peptides is usually conducted in the laboratory
using at least three biological models: mammals, crickets and crustaceans, since it is
known that scorpion venom contains toxins species specific. There are toxins specific for
mammals or for different types of al*tllfopods (reviewed in [Possani et al., 1999]). For the
purpose of this invention we conducted experiments using mice as the animal model,
because the results would be a reliable indication of what could happen with humans in
contact with the venom or purified toxins. Mice injected with various amounts of soluble
venom (from 50 to 200 microgram protein per mouse of 20 gram body weight) of V.
mexicanus showed no symptoms of intoxication. Usually if the venom contains toxins to
humans with these amounts of material a clear symptom of intoxication would have been
seen, such-as excitability, salivation, respiratory distress (dyspnea) paralysis of rear
limbs, diarrhea, convultions, or even death [Possani el al., 1985]. The peptide is said to
be “toxic” if the injected animal presents any of the above symptoms, but recovers within
24 bours following the administration of the peptide, whereas if the mouse died it is
called “lethal”. Non-toxic components are those that induce no symptoms of intoxication
and produce similar behavior as mice injected with PBS-saline solution, pH 7.2 [Possani
et al., 1985]. Eventually the whole venom at relatively low dosage is not toxic, but
purified peptides at similar doses can induce symptoms of intoxication, because during
purification the sample is enriched in that particular component. For this reason and
taken into consideration that the soluble venom of V. mexicanus was not toxic at 200
microgram/ 20 gram mouse weight, the pure peptide Vm24 was injected into mice at
various concentrations. The highest dose used was 200 microgram/20 grams, that is:
10,000 milligram/kilogram mouse weight and no symptoms of intoxication were
observed.

This is certainly in contrast with lethal components, such as toxin Cn2, purified
from another Mexican scorpion Centruroides noxius. The fifty percent lethal dose (LDsg,

meaning the dose that causes 50% mortality in a group of animals assayed) for Cn2 in
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mice is 0.25 microgram/20 gram mouse weight [Zamudio et al., 1992]. It means that
Vm24 at an 800-fold higher protein concentration is not toxic to mice, whereas Cn2 kills

half the population.

Determination of the amino acid sequence of Vin23 and Vim24
5 Two techniques were used: automatic Edman degradation and mass spectrometry
(MS) analysis. Direct amino acid sequence determination of pure toxin was performed
using a Beckman LF 3000 Protein Sequencer (Palo Alto, CA, USA) with chemicals and
procedures provided by the company. A reduced and alkylated sample of the pure
peptide was enzymatically cleaved with Arg-C endopeptidase (Roche Diagnostics, Basel,
10 Switzerland), using similar procedures as earlier described for other scorpion components
[Valdez et al., 2004; Batista et al., 2007; Diego-Garcia et al., 2007]. The corresponding

peptides were purified by HPLC and sequenced. For mass spectrometry the samples were

PYO jon trap mass spectrometer (San Jose, CA)

directly applied into a Finnigan LCQ
using a Surveyor MS syringe pump delivery system. The eluate at 10 microliter/min was
15 split in order to allow only 5% of the sample to enter the nanospray source (0.5
microliter/min). The spray voltage was set at 1.7 kV and the capillary temperature at
130°C. For MS/MS experiments, the fragmentation source was operated with 25 V of
collision energy, 35-45% (arbitrary units) of normalized collision energy and the scan
with wide band activated. All spectra were obtained in the positive-ion mode. The data
20 acquisition and the deconvolution of data were performed with the Xcalibur software on
a Windows NT PC system. The MS/MS spectra from peptides enzymatically generated

were analyzed manually and by the Sequest software [Batista et al., 2007].
The primary structures of both Vm23 and Vm24 (see Fig.2) were determined, and
the peptides were used for electrophysiological experiments as described below (see
25 accompanying examples 7 to 10 of this invention). The native peptide re-purified from
the fraction eluting at 23 min (see inset left in Fig.1) was fully characterized. Its
experimental molecular mass was found to be 3665 Da. One nanomole of this peptide
was loaded into the sequencer and the first 34 amino acids were directly identified by
- Edman degradation (underlined Direct). Cysteine residues were confirmed by reduction
30 and alkylation, using the methodology given by the company (Beckman). The last
residue of Vm23 in position 35 was determined by mass spectrometry. The expected
theoretical average molecular mass based on the sequence determined was 3665.51 Da,

thus confirming the unequivocal determination of the full sequence. Both the
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experimentally determined and the expected theoretical molecular masses were the same,

P mass spectrometer).

within the error of the apparatus used (Finnigan ion trap LCQ
Similarly, one nanomole of the homogeneous peptide Vm24 (re-purified as
shown in the inset to the right of Fig.1) was submitted to automatic Edman degradation,
5 which allowed the identification of the first 28 amino acid residues (Fig. 2, labeled
Vm24). Analysis conducted with various aliquots of the reduced and alkylated peptide
was used for confirmation of the cysteine residues and for digestion with endopeptidases.
The digestion of Vm24 with ArgC-endopeptidase produced three sub-peptides, one that
confirmed the sequence from residues Alal to Argl7 (not indicated in the figure because
10 it comprises the same N-terminal sequence already determined when analyzing the native
peptide — underlabeled “direct”); another from Alal8 to Arg29 indicated by the
underlabeled “Arg-C1”, and the last one from Lys30 to Cys36 (underlined Arg-C2).
These sequences were obtained by Edman degradation in combination with MS/MS
fragmentation (see Fig.2, Vm?24). Since the last residues were identified by CID
15 (collision induced fragmentation), the amino acids in positions 30 and 32 could have
been either lysine or glutamine (same molecular masses). In order to solve the ambiguity
an additional -enzymatic cleavage of this last sub-peptide with trypsin was conducted.
Three small peptides were separated by HPLC, whose amino acid sequences determined
by CID were identified to be from positions Cys26 to Lys30 (undetlined Trpl), Cys26 to
20 Lys32 (not indicated, for simplification of notation) and Cys33 to Cys36 (also not
indicated). Since trypsin cleaves the peptide bonds at the C-terminal of lysines, these two
positions were assigned to be lysine residues, solving unambiguously the full sequence.
The last four amino acids at the most C-terminal were also identified by MS/MS
fragmentation of a peptide isolated after hydrolysis with Lys-C endoprotease
25 (underlabeled Lys-C). The theoretical average molecular mass of the expected peptide,
assuming an amidated C-terminal amino acid was 3863.64 Da and the value found
experimentally was 3864.0 Da, confirming the full sequence. Since the accuracy of the
three-dimensional ion-traps is in the range of 100 ppm for peptides under 1,000 Da, the
small difference of 0.36 units is within the expected value (for reference on the accuracy

30 of the equipment see [Aebersold and Goodlett, 20017).
Relevant for this invention is important to highlight five characteristics of Vm?23

and Vm24:

1) Their primary structures compared with all the other scorpion toxins known to date
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have more than 50% difference (see example 6 below). This fact justifies the existence of
a new sub-family (unknown until today), here proposed to be the number a-KTx 21;
examples a-KTx21.1 and o-KTx21.2. It is an original disclosure and definitively shows
that both peptides are structurally different from any other such ligands, including those

5 from sea anemone, bees and snake venoms peptides.

2) The N-terminal segments of both sequences up to amino acid in position 10 are
identical and 7 of the 8 positions of cysteines that maintain the disulfide bridges are in
identical locations of the primary structure. The eighth cysteine (C8) of Vm23 is located
in position 35, at the extreme of the C-terminal side, one amino acid earlier compared to
10 Vm24. For this reason Vm24 has 36 residues, whereas Vm23 has 35 amino acid residues.
The last cysteine of Vm23 is not amidated, but we assumed that the structural folding is
the same as that of Vm24. Since the physiological effects of both Vm23 and Vm24 are
comparable it is expected that the amino acid sequence at the N-terminal region is crucial
for activity. When comparing the primary structures of Vm23 and Vm24 five differences
15 were found in positions: 10, 13, 17, 23 and 29, and one indel between the last amino acid
and the previous one (Y34 in Vm23 and Y35 in Vm24). The most variable region is at
the ceniral part of both peptides (residues 10 to 30, in which five out of six differences
are located), suggesting that possibly these residues are not so critical for the function of
either of the peptides. It is worth mentioning that the substitutions in positions 17 (R/K),
20 23 (N/S) and 29 (R/K) are conservative modifications, because both arginine (R) and
lysine (K) are charged basic amino acids, whereas asparagines (N) and serine (S) are
non-charged hydrophilic amino acid residues. The lack of tyrosine in position 35
(substituted for cysteine in Vm23) compared to Vm24, suggests that just one tyrosine is

sufficient for the same folding and function of both peptides.

25 3) The most variable region is thus located at the central part, allowing for conservative
substitutions. This can be easily designed by an expert in the field, and modifications or
substitutions by amino acid with similar physicochemical properties in aligned positions
that shares at least 83% pairwise sequence identity (as shown here for the case of Vm23
and Vm24) are expected to generate a functional equivalent analog with similar

30 properties, and thus should fall within the scope of the present invention.

4) The most important feature, however, as shown and discussed in examples 7 to 10

below is the high affinity that both Vm23 and Vm24 'have towards hKv1.3 channels,
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when compared to other sub-types of potassium channels. Vm23 and Vm?24 have higher
affinity towards hKvl1.3 than the other known blockers, such as Charybdotoxin,
Anuroctoxin, BgK, ShK, etc. [Panyi et al., 2006]. The other blockers mentioned above

have highly distinct amino acid sequences and/or disulfide pairings, or display a distinct

5 specificity of action and affinity of binding toward Kv1.3 channels. From the simple
analysis of the primary structures of Vm23 and Vm24 it is not obvious that they should
affect Kv1.3 channels in similar manners as those shown for the other scorpion or sea
anemone toxins. In this way, the sequences for which a proprietary information and use

is claimed here for Vm?23 and Vm24 could not be evident from the knowledge of the

10 other peptides that affect Kv1.3 channels. This invention reports completely distinct and
novel amino acid sequences (see SEQ ID NO: 1 and SEQ ID NO:2). Further evidence
showing that the determined sequence is correct comes from the results obtained with a
synthetically prepared Vm24. Both the native Vm24 and the synthetically prepared have

exactly the same physiological actions, as shown below (example 9).

15 5) Finally another important fact found with these two peptides is that they are not toxic
when injected into experimental animals at relatively high concentration (up to 10,000
microgram per 20 gram mouse weight). This is more significant when we compare with
other known scorpion venom toxins, e.g. Cn2 from Centruroides noxius, as mentioned
earlier [Zamudio et al., 1992]. Cn2 injected into mice at about 800-fold lower dose than

20 Vm?24 causes 50% mortality.

Example 2: Mass finger print analysis of the components present in the venom of V.
mexicanus.

Scorpion venoms are highly complex mixtures of components, comprising short

25 and long-chain peptides active on ion-channels (reviewed in [Possani and Rodriguez de

la Vega, 2006]), free amines, nucleotides, carbohydrates, lipids (reviewed in Possani et

al., 1999), enzymes such as phospholipases [Zémudio et al., 1997: Valdez et al., 2004],

hyaluronidases and lysozymes [Batista et al., 2007] and many other protein components

of unknown function [Diego-Garcia et al., 2007]. Additionally, scorpions are very

30 ancient creatures with more than three hundred million years of evolution on the surface

of the Earth and have had time to select specific tools for hunting their preys or for

defending themselves from predators. For these reasons it is appealing and wise to search

for the presence of biologically active components in their venoms. Thanks to the recent
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when compared to other sub-types of potassium channels. Vm23 and Vm?24 have higher
affinity towards hKv1.3 than the other known blockers, such as Charybdotoxin,
Anuroctoxin, BgK, ShK, etc. [Panyi et al., 2006]. The other blockers mentioned above
have highly distinct amino acid sequences and/or disulfide pairings, or display a distinct
specificity of action and affinity of binding toward Kv1.3 channels. From the simple
analysis of the primary structures of Vm23 and Vm?24 it is not obvious that they should
affect Kv1.3 channels in similar manners as those shown for the other scorpion or sea
anemone toxins. In this way, the sequences for which a proprietary information and use
is claimed here for Vm23 and Vm24 could not be evident from the knowledge of the
other peptides that affect Kv1.3 channels. This invention reports completely distinct and
novel amino acid sequences (sée SEQ ID NO: 1 and SEQ ID NO:2). Further evidence
showing that the determined sequence is correct comes from the results obtained with a
synthetically prepared Vm24. Both the native Vm24 and the synthetically prepared have

exactly the same physiological actions, as shown below (example 9).

5) Finally another important fact found with these two peptides is that they are not toxic
when injected into experimental animals at relatively high concentration (up to 10,000
microgram per 20 gram mouse weight). This is more significant when we compare with
other known scorpion venom toxins, e.g. Cn2 from Cenfruroides noxius, as mentioned
earlier [Zamudio et al., 1992]. Cn2 injected into mice at about 800-fold lower dose than
Vm?24 causes 50% mortality.

Example 2: Mass finger print anaiysis of the components present in the venom of V.
mexicanus.

Scorpion venoms are highly complex mixtures of components, comprising short
and long-chain peptides active on ion-channels (reviewed in [Possani and Rodriguez de
la Vega, 2006]), free amines, nucleotides, carbohydrates, lipids (reviewed in Possani et
al., 1999), enzymes such as phospholipases [Zamudio et al., 1997: Valdez et al., 2004],
hyaluronidases and lysozymes [Batista et al., 2007] and many other protein components
of unknown function [Diego-Garcia et al., 2007]. Additionally, scorpions are very
ancient creatures with more than three hundred million years of evolution on the surface
of the Earth and have had time to select specific tools for hunting their preys or for
defending themselves from predators. For these reasons it is appealing and wise to search

for the presence of biologically active components in their venoms. Thanks to the recent
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advancement on mass spectrometry methodologies and equipments it is now possible to
obtain a mass finger print analysis of the whole venom. For these reasons one of the first
studies conducted with the soluble venom of V. mexicanus was the identification of the
molecular masses of all components, that could be identified by using a Finnigan

5 LCQPY° (San Jose, CA) ion trap mass spectrometer (EIS/MS) and a matrix-assisted laser
desorption time of flight (MALDI-TOF), model Ettan MALDI-TOF/Pro apparatus from
Amersham Biosciences (Uppsala, Sweden). The strategy used was to pre-select by HPLC
separation pure peptides or families of related components eluting as mixtures in the C18
reverse column (Fig.1) and then analyze their molecular mass by mass spectrometry. In

10 Table 1, the retention time of the fractions collected from the HPLC system is listed
followed by the molecular masses of components found in each fraction. Over 340
distinct molecular mass components were determined. It is worth mentioning that some
components appear in two contiguous sub-fractions of the HPL.C separation system, and

in such cases only one was counted. Also some fractions were not identified (labeled

15 ND).
TABLE 1:
RT Average mass RT Average mass
292 222.334,260.168, 372.815 27.12 1340.203, 1642.177, 2620.029
5.06 272.055 28.24 2084.938, 2883.506, 3770.697
BS5.06  429.1 28.72 222.295, 373.089, 4037.264,

4062.469, 4860.475

7.40 -ND 29.12 2028.249, 4044.625, 4743.102
9.84 1235.349 S29.82  1989.272, 2117.962, 3770.356,

3828.061, 4048.342, 5125.488
10.78  994.899, 1047.829, 1234.056 29.82  2368.289, 2514.764, 3772.141,
4131.437, 4196.231, 5612.061,

5684.0

11.28 117.063, 1234.349 30.62 1219.7, 2029.978, 2756.56,
4051.043, 5487.234

B11.28 -ND 31.20 1894.409, 2288.761, 3544,

3695.567, 3873, 4053.615,
4623.314, 5309.113, 5468.43,



22.40 533.5,788.5, 2286. 744, 49.6 -ND 4024. 456, 4980. 605

23. 39

1014. 47, 1129. 8, 1390. 042, 50.75 ND 1527.099, 1902. 299, 2111. 018,
2228. 143, 2311. 791, 3665,

13.07

14

14.96

15

16.22

16.70

17.34

17.66

18.35

19.10

B 19.10

20.14.

43

300.703

1466.168, 1960.937, 2363.969,
2441.293, 3091.036
-ND

272.091, 334.602,
1086.902, 1689.2

427.197,

-ND

324.238, 418.72, 501.4, 834.6,
1049.296, 1877.397

261.344, 1205.752, 1274.737,
1876.767, 1886.725

261.283, 1243.892

208.909, 223.509,
1436.27, 1652.505
1148.738, 2096.296, 2297.193,
2318.577, 2353.524

373.827,

2377.208, 2593.419, 2610.334 -

2593.88

31.71

3222

32.78

33.47

34.11

S135.79

S235.72

S3 35.79

35.79

36.19

36.72

46.53

8340.499

2526.804, 4053.34, 4256.777,
4623.389, 8184.727

2610.12, 3068.716, 4050.544,
4251.603, 4616.633, 8157.368
1727.988, 3115.418, 3838.78,
6231.008

1288.661, 1630.123, 1856.102,
2076.866, 2116.85, 2306.616,
3302.189, 4160.467,
4322.925, 5434.357, 6514.206,
7937.084, 8364.316, 9125.702,
15373.608

1811.589, 2792.828, 2890.806,
3272.21, 4008.728, 4044.677
3032.485, 3862.668, 7469.49

2558.149, 3032.024, 3987.629,
4232,375, 8260.244

3037.876, 3058.507, 3738.686,
4027.624

3038.075, 3738.649, 4027.696,
8269.386

2814.497, 3038.868, 3564.677,
3721.56, 3807.978, 3878.666,
4027.936, 8267.094,
13944.696

3588.529, 3610.297, 3625.895,
3983.521, 4020.726, 4223.762
3915.145, 4051.546, 4319.845,
4710.326, 4782.406, 4868.122,
5107.706, 7067.905,
13435.689



4025. 1

S 24.11 1048. 604, 1657.949, 2310.809 51.66 -ND S 24.11 1048. 604,

1657. 949, 2310.809 52.34 -ND 24.11 1952. 328, 2166. 86, 3864, 53. 31 3460. 978,

3807. 741, 5673. 486,

20.14.2

20.23

20.96

21.98

22.40

23.39

S 24.11
S 24.11
24.11

B24.11

5338. 229
44

1464.42, 2098.654, 2594.163,
2610.477

-ND

1866.081, 3777.92

4314, 714.7, 1259.69¢,
3777.049

533.5, 788.5, 2286.744,
4024.456, 4980.605

1014.47, 1129.8, 1390.042,

1527.099, 1902.299, 2111.018,
2228.143,  2311.791, 3665,
4025.1

1048.604, 1657.949, 2310.809
1048.604, 1657.949, 2310.809

1952.328,  2166.86, 3864,
5338.229
253.04, 87542, 1398.661,

1948.124, 2436.139, 2679.346,
5336.308

1489.6, 1511.315, 1617.7,
2529.512, 3864.577
253.073, 5904, 1194.739,

1511.312, 1985.92, 2075.691
1485.399, 1728.229, 2258.489,
2387.001

422.3, 462.4, 1327.008,
1495.436, 2258.772, 2620.03,

46.86

47.82

48.70

49

49.6

50.75

51.66
52.34
53.31

53.84

3920.472, 4236.709, 5044.021,
5182.747, 8246.293,
11459.022, 13358.3, 16209.23

4298.5, 4700.818, 5272777,

12469.982

2166.644, 2304.621, 2569.271,
2768.228, 3278.62, 3424.448,
3819.497, 3916.217, 4265.672,
4292.422

5953.928, 11315.991

-ND

-ND

-ND

-ND

3460.978, 3807.741, 5673.486,
10978.726, 16185.602,
24611.234

3548.378, 3591.69, 3899.344

-ND

-ND

1603.661, 1640.656

-ND



10978. 726, 16185. 602, 24611. 234 B 24.11 253. 04, 875. 42, 1398. 661, 53.84
3548. 378, 3591.69, 3899.344 1948. 124, 2436. 139, 2679. 346, 5336. 308

25.10
45

3870.226,3917.489
26.51 1234.369, 2621.099, 3871.574

Components labeled with bold figures mean that they were present in higher

concentration in the venom, whereas those in italic figures mean the component was

identified only on the EIS/MS spectrometer. When the time of retention is preceded by the

letter S means that the chromatographic peak was not symmetrical, and the fraction

5 collected corresponds to the ascending segment of the curve, whereas if the letter is B it

means the descending segment of the curve. Italic figures mean that the corresponding
molecular mass was obtained only by EIS/MS. Some values were not determined (ND).

The various components registered in Table 1 were analyzed and arbitrarily

grouped according to molecular weight in increments of one thousand, starting with those

10 that had less than 500 Da, then from 500-1000, 1000-2000 and so forth up to 9000-10000
Da (by 1000 difference each group). More than 90% of the components identified have
molecular masses under 10,000 Da of molecular weight. Three groups had at least 60
different components. They fall Wi_thin the range of 1000-2000; 2000-3000 and 3000 to
4000 Da. More than 40 components had from 4000 to 5000 Da molecular masses.

15 These results were important for choosing the appropriate peptides for functional
analysis. The rationale used is discussed and published in a recent paper by our group
using Tifyus stigmurus scorpion [Batista et al., 2007], in which a comparative analysis
was conducted taken into consideration various mass finger print analyses ofdifferent
species of scorpions (not included V. mexicanus). It is common to find that peptides with

20 molecular weights in the order of 4,000 Da are specific for the recognition of ion-
channels permeable to K jons. For this reason we have selected peptides in this range of
molecular masses for the physiological studies, described below. By following this
strategy the two peptides: Vm23 and Vm24 were selected for primary structure
determination (Fig.2) and further physiological assays (see below, examples 7-10).

25 '

Example 3: Characterization of the C-terminal amino acid sequence of Vm23 and
Vm24

Concerning the last residue at the C-terminal amino acid sequence of Vm23 the
results are clear. The sequence analysis described in example 1 of this disclosure, whose

30 sequence is shown in figure 2, leaves little doubt that the last residue is not amidated and

terminates the primary structure with a free carboxyl cysteine residue.
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However, for Vm24 the mass spectrometry results suggest that the C-terminal
residue could be amidated. The literature reports examples where the amidation of the
last amino acid of a given peptide is important for defining its biological function. One
such example is the case found for toxin HsTx1 of the scorpion Heterometrus spinnifer
[Lebrun et al., 1997]. Electrophysiological experiments have demonstrated that the
amidated form of this toxin is 5-fold more potent than the free-carboxyl-terminal form
and it is up to 300-fold more active in binding experiments to rat brain synaptosomes
[Lebrun et al., 1997]. For this reason it was very important to be sure of the chemical
form of the last residue of Vm24. As mentioned in the discussion of example 1, the
experimental molecular mass found for Vm24 was 3864 Da, and the theoretical
molecular weight expected from the amino acid sequence shown in Fig.2 was 3864.6 Da.
The two values are different by 0.6 a.m.u which could be attributed to the presence of an
amidated C-terminal residue of Vm24. Collision induced dissociation (CID) experiments
performed with the C-terminal peptide (909.4 a.m.u.-monoisotopic mass) produced by
Arg-C cleavage show all y jon series values 1.0 am.u. lower than those theoretically
expected for a free carboxy-terminal peptide and exact values for the & ion series,
confirming that the C-terminal of the toxin is amidated (Fig. 3).

For this experiment an -aliquot of 25 micrograms protein of Vm24 was
enzymatically cleaved with the enzyme Arg-C, using the same procedure described in
example 1 above [Valdez et al., 2004; Batista et al., 2007]. The product of enzymatic
hydrolysis was separated by HPLC in the same system as described in Fig.1. All peptides
in homogeneous form were systematically analyzed by MS and the peptide with
molecular mass of 909.5 a.m.u. was submitted to MS/MS analysis. The experimental
protocol set for the nano spray ionization source of the mass spectrometer was 130°C for
the heating capillary and 1.65 KV as spray voltage. Surveyor solvent delivery system was
operated with 0.6 microliter/min using 50% acetonitrile (AcCN) in the linear mode. The
MS/MS scans were defined with 200 scans/milliseconds of injection time, wideband
activated, 25 V collision energy, 1.0 (m/z) isolation width and 40% normalized collision
energy. The data were analyzed manually and automatically using MS-product tool of the
Protein Prospector (http://prospector.ucsf.edu/) developed by the University of California
— San Francisco Mass Spectrometry Facility. The MS-product tool allowed the
estimation of the possible ion fragments produced for the peptide KCKCYYC using

monoisotopic mass, unmodified cysteines, and unblocked N-terminal residue. The
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possesses the C-terminal amidated, that is, a cysteinamide residue.

Example 4: Determination of the disulfide bridges of Vm24
10 Due to its small size Vm24 toxin is an ideal molecule for studying structure-
function relationships. The peptide contains eight cysteine residues, located at positions
6,12,16,21,26,31,33 and 36, which form four intramolecular disulfide bonds. This
example describes the determination of the disulfide bonding pattern of Vm24 using
Edman degradation and mass spectrometry determination of peptides purified by RP-
15 HPLC columns, after cleavage with proteolytic enzymes.

The disulfide pairing was determined by mass spectrometry analysis of peptide
fragments obtained after endopeptidase cleavage of pure toxin and their separation by
HPLC. A sample of toxin containing 25 micrograms of protein was incubated with an
equal mixture (0.5 microgram each) of chymotrypsin and trypsin (Boehring Manheim,

20 Germany) in 150 mM Tris-HCI, pH 6.8, for 12 h at 37°C. The peptides generated were
separated by HPLC using a C18 reverse phase column (catalog number 218TP54,
fromVydac, Hisperia, CA). A linear gradient from solvent A (0.12% TFA in water) to
60% solvent B (0.10% TFA in acetonitrile) was applied to the column and run for 60
minutes. The effluent peaks were collected and immediately freeze-dried. Individual

25 peptides were analyzed by mass spectrometry fragmentation (MS/MS) from which the
amino acid sequence was obtained. Since the primary structure was known, the
assignment of the disulfide bridges could be inferred.

Molecular mass comparison of reduced and oxidized forms of Vm24 show
exactly 8 a.m.u. difference; the experimental molecular mass found for the native peptide

30 Was 3864.0 a.m.u. and for the completed reduced peptide was 3872 a.m.u, confirming
that all cysteines are involved in disulfide bridge formation. Three main peptide
fragments were obtained from simultancous chymotrypsin and trypsin digestion at pH

6.8 (slightly acidic pH in order to prevent mix disulfide rearrangements), showing mono-
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exper i mrerfal dryélpk@ewl §7etabeQ§lina1t pediRY %mxasrm@rﬁl Zainadn wdurerugly fde nass
spectronet er Wasnchd@Eh i padridets Meabk BY 158Rh bliays A8 9hol=t @\511 Ifd{déﬂsarﬁpr ay
vol tage. Surveyor sol vent ‘delivery system was operated wt

m crol it er/ m Pickesl sHyctogoPieeting p s¢tics 6 edaé@ﬂges oHertofsr Pigﬂ@aﬁorﬁmds THE MS/ VB
scans were defd fgl pleh 0d S&Basdpatikitil NelsutfRtity | 4ak Ghili Qhsdti Jreactivh.deband
activated, 25 SV glgp |es%yoﬁ@ene§g§}, P .11 IE}S mz |s%l a?l on V\%ldt hsand 4?01%
nornallzed collision energy. The data were anal yzed manual | y and
automatically using Ms-product tool of the 30 Protein Prospector
(http://prospector.ucsf.edu/) devel oped by the University of California -
San Franci sco Mass Spectronetry Facility. The Ms-product tool allowed the
estimation of the possible ion fragnents produced for the peptide KCKCYYC
usi ng nonoi sot opi ¢ mass, unnodified cysteines, and unbl ocked N-teuni nal
resi due. The



47 cal cul ati on was performed for both the free carboxylic acid term nal and
the am dated C-term nal peptide. An ESI lon Trap instrunment was chosen for
this evaluation. The theoretical fragnmentation of the am dated G term nal
peptide was perforned using the Protein Prospector, which showed the exact
same val ues for those obtained 5 experl’rrent ally for b (232.11, 360. 21,
463.22, 626.28 and 789.34) and for the y ions (782.27, 679.26, 551.16,

448. 15, 285.09 and 122.03). Therefore, the VnR4 pepti i de possesses .t he
C-terninal anFushesoretthest aresofien seyallt ptaiasricenss-Hikerl diyeseveglasisyide bridges.

Det er mi nat i on1Qfs.t fgcidap Yhihdgishes des Bf mdalhpdRPuenid debfe ITBdtdbilRy,ze V4

toxin is an ideal nolecule for studying structure- function rel at] Or‘iShl ps.

The peptide célfouphthe spuet foddiag of mentheizsaliy Brsparpdodesiy dtye RPSes 5¥1E pdgHiona

6,12, 16, 21, 26 %leﬁé fWoﬁé1syMés%th)@Em ftﬁélﬁmbdihrtsr ﬁ@és@?pﬂy@éptﬂéss tdehidig bonds.
Thi s exarrpl e descrl bes t determ nation of the disul

é‘?on f% pat tern
of VR4 usi ng VEBIPUEEGrHAkt '8 AuifEnates ua e dRicdhBt Y SUBE ifpheisiRntof

peptides puri fui ﬁekr exysfé?ogléaﬁki%f% erteY éﬁ'ﬂﬂa%tha@??déﬁc& kiRay B d dobs Rstak&ployt i C
enzymes. disul fide pairin erm ned by mass spectronetry

anal ysi s of pé{?fill?ﬂ’érqa? ArEtRsdn S{SI’F%ﬁOﬁ‘é?jthﬁmtl%?‘n b Yreptaa SRheE {8 S3LgES0f ~ pur e

toxin and theigeirSEPAr &t dgshdRy HRhElved idaNPletutart. Ameugh @M&rﬂmﬁﬁsn@f PBse
m crograns of protein was incubated with an Sﬁvgﬂﬁé{ m Xt ure B 5 n cr.ogram

each) of chyndtirypesaidesHreptyiselptrd e dirsomge i3 Cnovg eSPIRSTe Y 150 v
Tris-HCL,10pH GerBral hRthah@mibfattich/dad hitenlREB,iifl 6% pgan@e abRdctiward s&wﬁ,&ﬂat ed by
HPLC using a C18 reverse ggse col umm écat al nunber 218TP54 r.omvydac,

Hi speria, CA) chagacfsrizalion i REREAS BHIE o1 BIHS2A, PRSI0 SPRR0T ISREEES t 0 60%
sol vent B (0. LQ¥Iy ftAs inBeosegt Npiotice ahe Vs gpptld Sldth'é@ dteﬁ@n@féﬂ syfthewoatly,r un f or
60 m nut es. Tge e fluen peaks werg coll ected and i nmmedi at el ¥ fre e-dried.
I ndi vi dual  25°R5BYHES §8st 9\/@?‘3’%%?‘3‘7 Y By TRustealign, o r%lﬁﬁf‘lr QPR t St i on
(MS/ MB) from wéktelﬁhnahbleﬁm ﬂ@g@&tmdns&ﬁhﬂl}&ﬁﬂﬁt&re%ﬂxe@ﬁde@&ﬁﬂ thSIld’eﬁtﬁidail’ﬂ(gl qngi mary
structure was_known, the.assi, nt of..t he es, co e
inferred. > the \A%‘éeu ’B]?ehcﬁtﬁislgc g soRagn @F%%df&?@tar ang® g%?ﬁh% ¥ 8Fns of
Vn24 show exa€intiymdhted fonthe dedigh fof medified vérkienseof pler inttieihede! mofoe thelsguthesis s

found for the .a&ggoe .’get%tsi de 30 was 3864.0 a.mu. and for the conpleted
reduced pepti 3 a.mu, confirmng that all cysteines are invol ved
in disul fide briddgéeré ovenddtscobe. thEhcrlemicrahisynﬂmptdfdémM aﬁfmmimlyv\kfnﬁ oldsai ned
fromsumltane hy not a sin_di ti a baghtly
aci di o pH 1 n SPHRIt oy TR RN Bt b PR et 2 e RRuB nBLl Sl 6 48" Y
48 i sot opi0c niivedishavasniasses cbéonbebdherd—{]or ﬂ188as@ of VM2H - ah]i+he56@s dordimgled to

[ MF21- 1] 2+ logetmefgl mau. IFéSgS 4-1, 4-2 and 5A). The peptide with [MH
788.0 corresponds ex alﬂ)f 0 the expect ed nol ecul ar wei ght of the
cystine-pairs (C4-LBhsar ehaloghel Yiel4e moslbymeresiagt yosodidipbass enptiedeleg AQGRKKCY (Fi g
4-1). The sec ol d has.. equal

t heoretical an qexpgtr#gréen?es?{ vfatj(l%glcl,\)g)%ﬁe?JI ggga%gmﬂ@& %%Téb}gl H@E fho écl'l{ﬁ

pepti des wer e(@aihiQQhem P@Wdﬂ@&l@l@r@%ehww ussDwetk g foklewing ssclvovhamgprpﬂq@mex pect ed
am no aci,d se I 1 + 2197. 4
deconvol uz?ed %ass f%ﬁ?‘? Gl ero rr@rLc ]%)Oec) (?gﬁ%él?r?l nml ﬁuﬂl ast two
cystine hal f-pair sTheFFQlOC SEpup 'IWﬁSs rerrfqvaigHﬁnﬁremnfduw@cﬂpy%ammeyé@@l inThe CID
ions series fgomy ?ﬁ%néhﬂ@ﬂbM@% foT08 n[lMcg%wgé-gfwaél%%M% Fﬁ@é"ﬁanﬁfﬂpacﬁd%”

val ues that satis he condition for the conplete determ nation of
0.5 mmol) were coupled as active esters preformed in DMF with HBTU (2-(1-H-

benzotriazol-1-yl)-1,1,3,3-tetramethyl-uronium hexafluorophosphate)/DIEA
30 (diisopropylethylamine) (0.45mmol/0.75mmol, 2 min activation) as activating agents.
Coupling times were 30 min. Unreacted or deblocked free amines were monitored
through the ninhydrin test, (Sarin et al 1981) in every cycle of the peptide synthesis.

During the entire synthesis, before coupling the next amino acid, the undesirable residual



the last two cystine pairs. The b ion at 1507.4 and the y-ion at 691.3 that
are products fromthe sane am de cl eavage bond between the glutamc acid
(EI'l) and Cysteine (Cl2) clearly assign the Cl1-05 and C2-C7 hal f-pairs.
Furthernore, the in tandemfragrrentatlon values fromthe b-ion 1710.5 to
b-ion 1137.3 characterize the internal Pag (GSPEC- C) 15w th unequi vocal
mass val ues confirmng the d| sul fide bridge arrangenent schemati cally

represented in the Fig.5B). Exanple 5: Chem cal ;synthesis of I n this
exanpl e and bé&poseingiert? p plieg by Iaestsdation: & fhesprretinss “@fed%ef forpped ri’atnu? nog

I nportant to 9%%% R8e:RaRh Cve%gln@ﬁ]?tas’réfﬂnllﬂﬂ&i §d~1'@zl/ %ﬁ ]&?ﬁdd 1@6in GREM Stry
and the rationale r the production of |igands em cal synthesis,
rather than b?gﬂﬁ@dlbv &¢nﬂé>@tvleﬁt9tﬂldéﬂﬂ&)tfle Nﬁ@elﬁﬂ‘i@%ttoinﬁﬁg puBREst Many
{oxi ¢ pol ypept | despdiglfig BNk fdrast Finamyanem %ﬂ&&%ma@d @8 veRown t o

be valuable tools to study cellular comunication, because tq'lig%/ affect the
ion 25 didSst r Pleared énmdbe sig apﬁémlyit@e@‘éﬂyc%ﬂpmﬁgé??ﬁruélﬁ% rg3genh FnidgPeR Y Ecept or s

(mostly ion- Ctﬂa@@ﬂl or IVW hc;ut"s,eatcl"@o?ﬁteQTpeﬁﬁl%’ Fb%lﬁ@&beﬂﬁﬁe anRdridegy¥piRuss cel |
depol ari zati on or ‘nodul ati on of the electrical gtentl al s cr oss the

menbr anes, i nPieApiatedapd sested vithilspoldrhub gher thie whed ffb%'o SRS AEtiC o s |

finding speci fdig¢ The¥ioaud @Rt iydesiidd ahd Eeptdedicsfdd am-TeriCamdi kd. nCt types or
subt ypes of ion-channels are valuable {herapeutic le dSBJ e trgqt ment of

a range of 30 phyRleotvshraEan rertiabhibrtd Meorfifesrophias gisu et?ri Aentaf

Eni mal s, l@ng @1\6%@&1&'@%}1& YarkiQf OLFZ :'uf-‘]?ﬁ l'l‘l!an%a@f% B Bdﬂu&atgmmtﬁlgﬂeeﬁ 5 dbisdxidifedt he
nown peptides are short, we ol ded and pa tures. pre ing a
series of advEiEdHEs HaM Bllaﬂ?ro“oﬂﬁ%\ﬁ@ba%ﬁ% @n‘% un%‘g% I"Fylé etﬁpgﬂiﬁnﬁ Bncy,
I91:00dht ar get Sﬁ@@é t;ymzéd/,prdah@hwi&slobumehlmytmnsie;fsa@»l HPOOS he dfrstagtd anCis 4|9f ;
urthermore they are ofte ns, cross-lin e sul fide
bri dges. Thesélegf’tr?tﬂ’étcﬂl“&}n @3&3’&8%& P’é"‘tc c@ﬂt% 1R:id gtt#eflﬁggg(ﬂbtéoﬁt‘&géég% hi gh
degree of stabprhiit Watedhté ROuPA B (08196 OFAGE ﬁcefo@itﬁleh@m@b t@ 669y B e intial The

pr epar ed erl v es sone addition for. praoper t
Fovever . he Bl dontonaoap oyt deuk it Degnan; forRofitr thiae,
usual ly ar e qnmh&rsrmltﬁe ﬁg‘&ﬁet@&ifals)ﬁnalw mﬁed hmyg a10gy analﬁmelcaoﬂmm @M8ITRSAS i ci ent

does not nevd T EPEaULd g e R A BBkl P SRR PR
effective I’T’B.nﬁtﬁfctureealnﬂIﬂl&i’puf‘l@fofm&[ﬁybﬂ’lbm:go}tlﬂwefe cpnﬁa';md by amhe}fteaid{mg: thewsel ves
| S0l ateq 11 onthiFILBET BRLTGS R Ty Er e BROT o oHG it B TRy
gener al mechamitsmaoBechaibm cnjﬁismmdPrbaueS@;hérmeecFullermnt Ra) paad; imasg fpectommtiict | on
Fesonance t echiiatods Hufiai § TiihisdetoPeblastBr P Sul . iE 680, RETE o
or their deriwatettves of yirtadnetd il d;eymendep'emthrxﬁgd bn dtrdme Edwap degrdrtsaree oy t he
| presti o on.gt,oLnkes) ARRLGEkHRy A0eTeSUMAALOR, et i oc

the surface ifiptivdateetie imtivehpentide @lyﬂﬁStﬁmem thof sam‘mecqlmm élentidal egnditions.
(10n-change Spydffeslol aﬁaem@ﬁ BuchPlbdifR BRPAAY. AolfRAL TR MEGRWARS AT the

initial nodel esis o eptl om net
describe the @daerrheéa¢re @gtﬂﬁégnctaroifqum@at mikjustod pitivglapdsypretc Weag4 (Fdefei fi ed

earlier than Y wirar i £ t of
this 20i nvent| gﬁﬁj ﬁ(% neﬁ ggllgﬂg)%gglrg?@gsé%ﬁtgir%ﬁ?%ﬁ ?h%%gggg&gw @gng%fmand

t hen was confP#- Sh@‘dmgdhfﬁét eqrEFePanet exseilh tpthet plges expected spquepgee Hris ér‘f?a‘lhog of
V24 was Syntﬁt%%ztﬁé% Ry ré:sﬁl hé&dﬁ@%ﬁgﬂ@tﬂap%@ ﬁgb{uc(ﬁgn R nkc AR LMi@RA resin,
(Cal bi ochem Novabi ochem Corp). Fnoc-am no aci ds (Cal bi ochem Novabi ochem
Corp) wepPr@ usksgtide. FWCElh@1¥6ﬁhweﬁ@f¥m% chain protection

From about 1.7 grams of resin containing the synthetically prepared peptide with

the expected primary sequence of Vm24, about 300 milligrams of corrected folded

peptide was obtained, representing a yield of 30% of theoretical expected value (from the



25Arg(Pbt), Asn(Trt), Cys(Trt), An(Trt), GQu(QdBu), Lys(Boc), Ser(tBu),
and Tyr (tBu). The Fnoc group was renoved by treatnent with 20 %

pi peridine in dinethyfoimam de (DVWF) for 20 mn foll owed by wash with DW.
Frnoe- anmino acids (0.5 mmol) were coupled as active esters preformed in DVF
with HBTU (2-(1-Hbenzotriazol -1-y1)-1, £/ 3, 3-tetranet hyl - uroni um

hexaf | uor ophosphate)/ DI EA 30 (dii sopropyl et hyl am ne) (0.45mo1/0 75mmmol, 2
nm activation) as activating agents. Coupling tines were 30 mn.. Unreacted
or debl ocked ftating wsithes were nonitored through the ninhydrin test, (Sarin
et al 1981) in every cycle of the peptide synthesis. During the entire
synthesis, before coupling the next am no acid, the undesirable residual

50 free am neExmpleﬁbAm@MlddquePW“mﬁré?P Al the operations were

performed manual | Yo fierfs 0 S RSS 1 LRASHD N@ ¥ eRvedon rbRmdlad&@f wighothdrned
screw cap. The peptide-resin was agitated by gentle inversion durlng t he

Net - depr otSect tort chrid scoriph fonigs slsiiied wibinl thowHelxfpmby [hvesrbdial- bPok fe
Fmoc- group, the s&&% ?%étﬂg A8 idn {nlbagm%nmldvi@s?due?aﬂ s‘%ﬁﬂﬁ@ it&%éttbl% Agsin and

si mul t aneousl y usi ng reagent opoul ou et al 1995] for two
hours at r oommenfpebe&tmff@lls faoiily o ﬁfglcmrféb(vrﬁ E‘*‘d &tﬂﬁéﬁeéf@ﬁ‘démﬁ@bﬁimﬂ%o%

precipi tated 9551 > é{\‘btl& érg'eno(ﬁgﬂhgests bt vlspBl Refiabld Ba&:tidiny $&! deasln n 20%

aqueous aceti aC| e pro 'yophi | |1 zed and_kept desiccate g -20
Cunti| used. tyPtreansyebiveest ¢fd?1>t43@a@tqhéfﬁle]tstﬁﬁlé’éle% Ae 1%8?%%}}510%?% WW%ul fide

bridges qfy th | I il GREdOH thé Eht&nakiobAl Nael of 2 raduced
gl ut at hi glr(l)e garg}gtﬂg%@@zga&%?ﬁa%tfm%%ewt mt/INalgHPg of e

APHLT-8) ang 30 uM
of unfol ded sywpéred ithe SppificatipRevasr thefer giyen Fup&amilyr enytsebe igsatitisg l?yf?g@ in two

steps by HPL RESRM 2 VBwGAnd ﬁ@ﬁﬁﬁ?ér@aﬁothétdm)
with ali nea?perzr!-%%géh{§Ig)ul£&§gqﬁlt@?(§ﬁﬁi\ (0.12% 'I?FA in méﬁ 0. sol.ution B

(0.1% TFA in hestiT vt et #luho Letr.govpssemppsgaterhat SURGIOR MPFPPE of the
chromat ogr am Qg Rl t‘ﬁe §Mbold§1c5] Pe mTﬁﬂldﬁﬁduBfaﬁﬂI@g&ﬁiﬂ@uﬁ(ﬂdahkeV@i nunber
1inthe figure 6, was final ez\(éfurlfled using a 1?18 an%%/i? % ?

(218TP54 Nydaet)als gP03iZn ef #lnZAP41gHapreetakent ipgrroagfirdiop ¢ tiy %rﬁr 60 min.
(i nset of Fi gy&japiliRe o teUibly e—aumdiot ke radtideli tsizeof, it Hselrﬁ}}blﬁbllitetbllderm@;xm& wer e
confirmed by anal ytical HPLC ami no acid sequence an a%ﬂgl 3 gl try

det er ni nat i onMOKRTIFAE cSiycturah charckrisiics that PR 2 BTy SLF3000
Protein SequeR@grof( FlysRr fsOfsualGA eﬂ(ﬁlﬁleﬁfﬂfys s@lnacebr@mﬁgonamﬂ pmlegem& done
in a FinniganLCQD s ctromete ﬁ})" Jose,. 03 The co ness of the
am no aci d seltmoe 1hesidtrerideiyng Hipscpumafisoey ﬁﬂ?‘?’s é‘g@%&WB Onu altt Yesi due
number 3Gy Th@oeliﬂatbb@ﬂgxhg {¥Bhd sraﬁmﬁlka@e kiRu@ Bé@élutﬁ@byamentsloﬁaﬂmemmdbnwedn th the
time where the native p% fie el ut from tF@Fsarre 313 ndenst M:eal
condi tions. Z5COBRARHR ‘P“E‘WB“@P ’IV‘E‘fﬁenﬁ%lf’ AIEEY |=ﬁ‘é v\ﬁn%ﬁﬂ HETPVE Wrn24
(Fig.7A), synin e&doﬁstMmi’cﬂl cﬁSheﬁieeSJGIutlb@eb hisos k(yﬁh@nfoﬁﬁancandyam agOhslping @r
m xture of native and ic Vi e _sho in fi The
mol ecul ar masSPYEh f’rs% kb]i?&%ﬁ%e Vr‘%ﬁ%(cat %’Igerl}e%e uie wad a&%@ﬂ“’ for argig@mgsﬁé that it
corresponds ex@uwt Oyengwartdiabrmodn, 200s].expect ed sequence is worth noting
that the yresin used.is desi f ro | m dat ed
30pept i deZS exact | y énsg l?r?gramgﬁiﬁp € éns‘néﬁl Pvng%ﬁés \Qﬂmﬁ)fgcﬁ aﬁé%ﬁént@ (%‘ié gr ans of
resin cont ai n[mg;chdhetajyrh990¢bn<tﬁASl]Aﬁr[Eme@@émnadelﬂ&BD Hort theeidentifisationd
primary Sequenfc see 1%];106\/sr1r21 armeg) gfj\tf m?ép %d”@'xg%; /@J tl%s Wwepd fd ﬁfeﬁl \Jltﬂlq gedloQJept I de
was obt ai ned, resenting a d"of eoreti ca expect'ed val ue
(fromthe 51e>§pbamtcia n@luee:{Ew)ﬂuE%éﬁﬂD eClpser Anipadicacigdinsteejli share chadmpaitisson
reported to date suggests that Vm24 and V23 are possibly novel members of a-KTx
30 subfamily 6 (following the proposal of [Tytgat et al., 1999]). Pairwise comparison,
however, reveals low identity with other members of the subfamily (Figure 8). The
extensive sequence diversification of the o-KTx family makes very difficult to resolve

whether or not Vm24 and Vm23 belong to any of the 20 previously characterized a-KTx



The sequences of SEQ NO 1 and SEQ NO 2 show sone resenbl ance with ot her

5 short chain scorpion toxins classified within the a-KTx famly [Tytgat et
al ., 1999], such as short peptide chain, rich in basic am no acid residues
and simlar cysteine pattern. Al the nenbers of this famly are
structurally related and perform sim|l af functions as pot assi um channel

bl ockers; nonethel ess, they display variable selectivity for certain types
and subtypes of potassium channels [Rodriguez de |la V gg}a and Possani, 2004;
10 Panyi et sibfamiBB0EA ordheoraarifpribd eelationshimedbpiiet ¢ IxnfastliaBAGTEP panel
of experts whi R deesiptdabvisusy MaBasyRf ani |y
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and a | ow i dePd0st ywith t NirBeebe3.84bof [Hoelbeabeck ulphdinRerigaist, | 3 gakongpishland 19997 |
Later, it was r 1eQk hd%% AhenfTh @ ncdk Gel5fy ©xt ent
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Heparini zed human peri pheral venous bl 0dd was obtai ned from heal t hy

vol unt eers. ©Mononucl ear cells were separated by Ficoll- Hypaque density
gradient centrifugation. Collected cells were washed tw ce \Qgt é 5 and
My2+ free Hanke05].sdhat ibgef cdsmuifion ngl 2be niviorgdbies 1901 pRepipBH L7 Alls 881 s

vere cul turedeifognyifdeidl EQRHRBLOs & folldwis HidparkfizedBhumag Yeki e@alﬁileﬁ’dlﬁs in
RPM - 1640 suppl enented w th 10% FCS/ Hycl one, Laqg an Utah USQ nﬁ’]\.}(f)q

m crogrant m  peed wis qbfained fiom hepldwogha rmMorsOPP‘é?ﬂB SieFF sqprated hyffipoll-

L-gl utam ne afy % qie Helég}ﬁ{gfﬁﬁlegte&ﬁﬂr%aﬁ&f C%l‘léctéaadéﬁs waéewzCsHécI wwi& wdicuth al so

contai ned 6 or cro

phyt ohe |n A
Si gma- Al dii chandf Mg ﬁm&é@% splytiomeqngiring 1 B‘%ﬁ%gﬁg Pre@s) é@k‘?ﬁgﬁ‘f‘@r& h et
al ., 1986]. cdw(&gahﬁcyts%s cwnﬁcuﬁablegtt ed°f qn ﬂ%él?ﬁﬁluﬁ@@ﬁfdéllﬂg{mm igaoubat i on

Wi th nouse anti - human t on- Di cki nson, JO[?SEAR 2, a‘e} I owed by
sel ective adh@wplsmented F’@E}hlocﬁ‘ eyt E‘%‘é‘?ed‘oﬁimtvh §BatUNht i OrQD g

anti bodi es ( Bh@s@uh.C 60 Qﬁd?@gﬁéﬁ@l an@2 ﬂ&ﬁuglﬁ@nﬁmbyatl‘vbﬂ Ecemﬁﬁmland
Deut sch 15(Matteson et al

]}t? svverevvase(ggn% tlrres
with 1 m of AdFBaforekt drae T |%Hlmf?afﬂﬁ THE AP PR ' 0 %mﬁ per
pat ch-cl ajp ey 'eﬂii'@di’gl@}mn A (PHAAPOB@nﬁeMndhum SHLScan e inRase I’Kedhanﬁel

| t | T cel] h 200A
anpl sge. 1 ammed Ll R bef o BB SR oh b b AR 19807 or

Di gi data 1322&@@{@ 3G insdel ﬁlﬂl m@lmar)e . (BSabi-Bicking®i, sSaanise, A, USA)
conpensati on

5% ywas used to m VO ta rrors _and ac ve good
vol t age- cl arrp%JO BW?ﬂ £ oFFECH e 531‘”& t8c ngﬁe%r‘fo%lﬁ(g it O aél% 1e°% gﬁ%rrpS or
pCl anp9 soft V\aftiaocpagckmg@ul(cb/btaﬁa:ﬂarc&ewsgpas|d@@mbecswrmmlsm arﬁAl))am used.

Prior to anal ysis whol r ent I ect.el ohm g | eak
and di gi tlgl I y@‘i‘t‘efoé’r%t i 28%{81 ﬁfsg’??o‘ﬁf%‘ﬁ agﬁ?ﬁo%e\ﬁﬁ%g‘)"e ST r né%q."ér?"o qt he
peak current Seﬁ@cémhgzhbaﬂegxbaemqiee(balbwﬁmtthlelpam]kcms extgniment®5 by fitting a

rising fourth po enti.a uncti o t he t Hux| ey
nodel ] with ti nemq)glﬁ‘g? gﬁp%‘fﬁ@?%vam l%ea?ﬁeed}(%r‘{g% egst am%%@%gé@%%%g Wg%gﬁce of
the toxin to 2®al at Mmﬁmamﬁooa uahelifidrs thrmected it gersanrb oorepiiters tlsl_ng Miopet t es
stages and 11 PEUgE teec DA rig2eh GbotiSileluBiRuia oyl T Ve
resi stance i ncmnsaﬂﬁh inatomsvma dsaiﬂmmoilrmza *@ﬂta@mn@lsytnédcloéve(gbvd ydlage-145

a,
23 ppl eﬁemclad %1\:1 C(Hld:rluons SFr?irc%qow UESH?OQ?&UHC&g%gSB s p?? §)§ %H)'q%nep%sn%ggﬁlf ed

osnol arity of packaze eMtoémuiad Deviresifrico Summysalh dtAjeens uszmrdo 80@ysiziwholeesHol s

nOsm . The s t C t f
E54 12) KF, 2%@’%& gf’“’fL ég&éi Oﬁ&hl‘ik&g@g‘wg%@ﬁ LH’% fgt% ed @E@nrﬁrelgagﬁ%ed( ™:
osnol arity of staceghiigt Reteratination off the pesk wersenéssb h@kldﬁa‘?@fycuz% bipck tvias Baeh

er f usi on:ar Il
Behi ved o1 g bl B8 HGE prpbleblil el by WP acs O PHIARATIARS peso
pol yet hyl ene modell with pue coispnis ﬁmdm thapaek dgamingd én the ab@a@:ﬁ:@f thyeoxin to

Sturbul ence of tb@,.f yytudggptﬁgﬁsgléwn%c,}{@@ removed continuously. The
st andard vol tage protocol to evoke vol tage K+ currents in T cells consisted

of a series of 14 irsttPovieye adjsdifom Clarki Gnsse 13 BorosHicats g samibigy wgive

potential of ﬁég%@aﬂ@/ﬁreyaﬁsﬂe& RRulfgs ﬂ?@&trﬁ@st}@ﬁﬁg Q@l ﬁ@g?a @@ﬁs RQbtarded id thes 1N
order to avoid cumul ative inactivation of | s, Repl’ esentative

current £Pacekth dhe bathaeluting qengged et (Grmh: e14§m?ﬂ1 & IﬁCl lé‘&ﬂ%z S¢AGednt rol ).

Under the expghdose nlthHEPE)@%ItI'?Ofﬁ stMnhe@fdd (Wite 01 3e k0 ootaaé Sedud 41B@nin
pipette-fillihg solution and the nature of the voltage protocoal) the

whol e-cel | cuStER-sTirepeasiigh gemelaty o dheugsisraal oo g9y beweiaiRetnd I0Pet er et

al ., 2001]. FhOlos?bisAtRhAYBheBRSHOFHRMR Blutidn GHEMENSoRutoRy AgiRed K dn):
channel s recorded sequentially in the same cell, before (control traces)

and followng the addition of 1 nMVnR4 to the external solution



15by perfusion. The Kvl1.3 current conpletely disappeared by the 12th pul se
(corresponding to 3 mn) in the presence of 1 nM VnR4. The kinetics of
t he devel opment of the block at nM (filled circles) and 0.3 nM (enpty
circles) VnR4 concentrations are shomn in Fig. 9B. Follow ng the 4th pul se
in control solution the extracellul ar perfu5|on was switched to a

t oxi n-contai ning solution 20 and the depol ari zing pul ses conti nued every

15 s. Peak currents were detern ned _an i i o the a in
control sol ut ;%WE@J@,&%%@g@gﬁﬁ-ﬁ%&kﬂ%ﬁg fh'f’h‘eeaﬂr%ﬁ? Eah‘{i' that
at hi gher toxiyR i88RaeMtidkaRapfih@mktneds ﬁ@sxﬁfBitHﬂ@erﬁt@MﬁbmmiEEﬂhé medsuteie bl ock
is faster as ex ected from a_pseudo- fhrst order reaction_.between tE toxin

and the channedlswithg{ergutest %Ptlut’d’Bf Hat SR PIAISHE & SV R IOW LIS SFUR ERR of t he

whol e-cel I Kvihpat 119 aﬁ&l'PE@O"boly&hﬁéhfélt@déed}tp@&bawﬂloﬂanéed’lhﬂeﬂmﬁllo catcetter at i on
are fromthe experr ment shown in_Fi g\@gA Perfusi ng .the recordi ng chanber

with toxin-frBEbWese plghe Aoy Spesh fpid Ksp feayvedo n’t}’@gi}ysnal | relief of the
bl ock wi thin the fTHe%tan@arm&tdg@ﬁro(oﬂﬁltto stmmaltagmr burgns id 0.cBlis dohgitiédenfper i od

of the application of th at .3 entra ) Ioss of
the current sB&WES f’g L4 rﬁt‘épfgfma%’%%bt g%’é‘éﬁﬁ’?lg‘g‘(%&’ag%lal 89 %?.t“t
sol ution. Thi $he @&Qe B@Wbéhdrolt@g& plRtd wasget Y5 Qin3Ddariausbiel omlrmouﬁmmrvatmm (arrow

i ndi cates the t he perfusj.on W|t toxin-fr 0 ion urlng whi ch
one third of Pile‘g‘ﬂl o&?@%ﬂ%}}ﬁ%ﬁ‘m{‘ Wg?t A% nﬁﬁnaz%?t?’ ?r@mn ar% W 'Ki feti cs
(estimated ti AR QQr(stxmt) Uﬁdtervmes h:cpumnelﬁal -B8A00os appluerde(ﬁmohad« afgCazb imtheof f
rate of -2.6x1 nmecha h r pi on

t oxi ns bl ock Rpetraﬁtﬁ%% §°1\1t§°ntar?8 the H%ﬂjrl n%%g "ﬂ? %)hocgg%%]u\g ?ltc)ﬁelf ﬁ&/{agy upon
t hei r bi ndi ngwte obh@cextemmtelwbph]t{wle?@tﬁabnﬂlse[Refer tthad., 20mNelig. [%oﬂldpiaser n and

MIller, 1993]. The sl 0 reversibilli : tion of
the currents }ﬁﬁ“t’t%mﬁ%\gg%fﬁ%%s tg?O ejn BaLses rec%ﬁd‘ea%«%ﬁu?x%g?l%&té@%ﬂ%g%@ 5
speci fic ef f ebéfodf(cdnbrel tpeeﬁ) aﬂbfoduwmgﬂtenﬂdﬂmau%l n¥t\hed4 tohlanexisied kolgionhKv 1. 3.
W argue agai hi s i 0 t,8th | oprent
of the current’ P%Es“glo’(l hlvgr? K g%?t rclo%%lﬁtgfgﬁdfsaé@efi%gg ¥hgelgeh'§éed& %ﬁesgﬁl\g&g
concentrati ontocﬂ‘mMDrﬁﬂhejnesen@ dfdsteVmad. hi gher toxin concent rations (Fig.
9B); 2) the |eak i in
indicating the |ac wkf %l'hs "’fq‘én‘(‘e)eﬁvsl %?é?%e bP) %E‘gl ﬁ@ﬁ%ﬁ%@f E{)atx%%f[ Vrr24
did 10 not i ehipbi ¢ircksy¥mak cortdemranb(ns:fue Blmttnsmdjng i9Bhi Brillowihetthe qltl.lﬁftllnl y and
oo ot omgt s B Plflioh tnd D ARRE hlHLIK AL Akl 6 o LG EQRIifINe W 2 g€
of the pl28s rraalrdetﬁrbrdaméaramgavutse& mmlnmdluweﬂ 1508 Pealf currpatsf wiere tdptomniadd andnbr ane
proteins in g r T wn pore
bl ocker of Kvx?&g‘,a ﬂed @n%ﬁﬁwh gté)nrtr%gtp(%h%t:&gtﬁhﬁglo\?\/éede%h ?&ga?\?\n%tdg;ﬁg for

15t he sane bi ﬁgurhghQWSttéattahatbhvvatQXle\PPnt@ma‘f@ndh@ {inetios|ofihends velprogere 41 Bleocki ng
kinetics wit hblt) irs rrﬁg e)g&a%? Al Ibsgm ﬁ:}gt O%T)fea(:gﬁ{[ 1Rtheh t@t@%)and the The

very slow on an r at the toxin Inposed |imtations on
gener ation of cttah@lqgélg‘ere\reésqsdﬁﬂretor@l eonFeaiatfing aghb b&frclés(érf’tl%é}/hplﬁ'cﬁlbrlfé’ﬂ 3D of

Fig. 9. 18 genglfefis afiidve@dphi b 1 N RhRCkn ekl £NBGN theSexBlrihin g&%nt
pepti de concentrations the renainin 20 current fraction

RCF
cal cul at ed asiy/Hig BAwPrefuging theerordingagtamperevifeakindise peiol S‘tl'étt?ﬁrfﬁéﬂedi if 2t he

presence and @abseREE rder Bh@letﬂ?éfdknmtﬁlﬁ%eﬁrsﬂ ¥ @lidutes 6t §H®w‘hp®dfﬁ§)é &.aw on
rate at | ow peptide concentratlons he detern nati on of probl ematic

since the dr oelqutr Rerad plelik 2eplicetiniof f}redﬂ’%fﬁ %Méown‘éﬁtogéﬁe %@éh%tesss%r |

that an appar@pteused: Ubdhd RNsal@sie @PSTIW @ Ul Gecditfed IﬂQbﬂtﬁﬂ}tsleﬂ'bn ghtshough
the bl ock m ght, not have reached its equil lg)Hm val ye %g E use of
tt st%a

| onger toRi n Biigfivesdeimedfys? PP minygy “B§}1°Ph%el ABFY ﬂ%ﬁi“iﬁ‘tes urrents

in a whol e- cepdrfubiah Gith edxaiMRed BRABA). dufthid whiek BRY tBird s{RCIBIVke@ burfnerepRaiss coul d
not be determ ned i ndependently due tq th‘?gextrerrelty | ong, wash- o% time of

the peptide. ‘Hugn @aeRely, QB dingey Fsimgied g ey i Q435 7PY S or
1110 val ues adordidoh&hetanto®hid oEONEEMtYAi ons, therefore the Kd esti mated
fromthe dose-response relationship is also an 30 overestimte of the real
Kd. The dose-response relationship in Fig 9D was fit with the RCF = Kdn
(Kdn [Tx]) function, where [Tx] indicates the toxin concentration, Kd is

t he di ssociation constant, and n is the H Il coefficient. The superinposed
solid line shows the best fit with paraneters Kd= 2.9 pMand a Hi Il
coefficient -1. Error bars indicate 56



SEM (n ---- 3-6). The n-1 value for the H Il coefficient indicates that a
single toxin nolecule interacts with the channel (1:1 stoichionetry). To
the best of our know edge VnR24 has the highest affinity as a bl ocker of
hKvl. 3 in el ectrophysiol ogi cal assays. YnR4 is a low affinity blocker of
hl KCal channel's 5As outlined in the intfoduction to exanple 7 one of the
nost inportant requirenents for a peptide to be a selectlve

i mrunosuppressant is its sel ect|V|ty for Kvl, 3 over lgfa% h Cg cpannel s
are al so expr essedhengBgan B ISTNdIT e seormgry X8 | channggoig) the 1) o

current carri gdohe Jie@ibn CHRIMBRInSpatikiy RfonMais bihgidg usthe exitacgliupetvtstibiie| | i ng
sol ution havin g[three Ca2+ concentratio i S sufflCLenhtofuIIy

activate 10 @ %@aﬁll*?éfﬁfé‘ﬂséen]f g Millgp 1% %‘Fsgwlavég@]wm%m?/"éfsmﬂftﬁg
si mul taneous pASENGH (Y clfithi3nCRaBRBLS: o Vi, Soeres ohight aicas of b

phar macol ogi cal characterization of |IK [ restricts
the studyto fRepie sHect 9bthermeptifeson jhe s ’{?Te ?al?ﬁgk}?ﬂéﬂij%’ ifgkﬁiﬁs Etafg}lﬁt ed
[Gissmer et glainst hid9%3enaBaas@mpwet 1)ahe rate?@0 He. deTdlbnaan df lhh emmit adsk val y
smal | nunber of |KCal channels enﬁn in stinulated &ngﬁ being aster ﬁéleg us to

study |KCal 1BBhgrireenteaEsonsidierrretarhs searet el
EG-P-t agged hté;{ﬁqrbgﬁdégﬁéuog@(]@g @Aﬁ@saﬁaaa)( ovaént ldfdatos fn@fehs&dn th&tp@eséﬁizs oftheel | s

usi ng Li.pofect am ne. 2000 r accordin t he a re tocol
(1 nvitrogen, @E‘ﬁﬁmg@? la le W@rag%‘—’}ﬁg? 8%8%5’6?? {) gfng hg zépd
previously t Ondlﬁh’ﬂﬁmﬂ gedahliogak Kb bﬁl’fﬂ’ws':‘dr mibnamdzemh;afcmcanH Ctg'eleﬁ)ly (pa’ed@letrlhl es to

the native in T.ce hus as be S

phar nmacol ogi cg*F gf‘iﬁ’d?%é’“[f\ﬁuf’# fhe, thﬁ WE” géfﬂfs Veé%gteoflggye?qalsnsm%rn 81¥Sr1‘9§f;1rf11€ ai ned
in standard cakibn 6fthé tokinng tmdcmremme[paagdammbmne ad o to26@ducedTors PELIES wer e
recorded 2-3 s after .transfect. tlvetr sfe S e
identified i ng‘é}gan?gﬁ“%’é%ﬁ@[?t?ﬁf&g&eég:@eﬁﬁﬁgp%%%a é“’%“’é‘ O%tscgg)t{ £ o‘)rogi(’:ur r ent
recor di ngs Thewagobreblodut af&oe 3] atldav mBodhovedevnipstiti dnébeaame tha s$walesios fdsed

above. 25 conpas tlo f the f|||| L 150
K- as part g‘ ﬁiﬁ% b éﬁaﬁwaé e‘?lgiﬁ%f)?%hefl% gﬁc’% H%jfggyé,\@ﬁiﬁfcg Q,Smtl on
cont ai ned 1 |m¢ﬂk’/hsﬁrrge;ﬁn@a@alﬁon90ﬁ§ﬂbir(d§ﬁam1 shaovrful | y activate the hlKCal
current. All other recordin r etc.)
were identical to eeréfessoé’vfr‘ig11 af"’(aor})%tra g\@/gfséthégﬁ&am?&ggﬁl g%{h Dne%f% étg red

m | |isecond-| ahige \dodetra@enseaﬂkasorfshnpmre pReentel ih pandb D o¥/Figr Om la gewalhﬁirdi ng
potential of e d,t I'ls
(ranp speed Oe%lé%l l\oqeck Q/If"ﬁ% chagne?g la hl‘ffexjghtK% id& %Eﬂc@ﬂ%%oﬁ?ﬂ%m%afé ent
trace red0r dechrient ﬁd@ﬁomﬁt&éﬁ @mabn‘ula‘wm lcorere baod I are Iﬂllfgmﬁa]e cyrntshesnsdethat
pure, non-vol e I oltage
pr ot ocol . The{h?g‘3 é%gg 1[1 ﬁé%t?clegf&o? (SJ}L)%SB% eé}ﬁ\rﬁrﬁgﬁfthlpger? %W%g%té tho\%

char act eri st i peptide @nKentr@f@nmd tetdateominbiioned / oas ploblemeiid %n@dlm)@SP i fbfhpwk t he
recording sol ytJ.0Ns,m & Eo 0.10? 1s&i‘érv[ra§"§5§ Elbﬁla@!irp%m(eﬁt) safkratiol Qv D&M ed
current-vol tage rel ati ip can uselg haracterize the current bl ock
[Gissner et &iring di@%ljlecmméﬂtmghéh%bb@( m@h"rléﬂé}%‘@deatcéed 552°/6“8fbﬂtﬂﬁe"a_b{§ ntrol
in the pngsence '%Ie u@ofﬁMg%%ﬁhn a?pl@déﬂérﬂgwg hﬁm@d{g}eﬁb @ﬁﬁ‘hﬁ/ of EI’}Qall Qrfeh@. 9E,

the equilibri'um is reached in epi sodes) he current
bl ock fully rlé\ﬂeWb‘éél'Cﬁth%deﬁinﬁ reosth Fgwﬁtr@mengméﬁ‘én ﬁéiﬂfﬁm’@ncw@ RB¥EN-free

extracel | ul ar 3Qhihbd Miepdalihtt? die 10/BS %emmqoﬁ WRLYEMS bf 1h8 pépilis. aghi,ons at
1 nM and 10 nM Vn24 concentrations were calcul ated as siso where s and so

are the sl opeditoprepgied) in/Fige OBt TepERSEHt pwrey BREY 195y poralusg et rdiligsent i txiphe

presence and RsRBEEOfthi/EBA, thekqegtﬁﬁd@&lcgdnmiemoseae@o@geea@tﬁﬁngdp 1sra1§aag 9F.
Error bars indicate SEM for n=3_|jndependent expering

concent r aPi onPvorrpngE At theael |Kp- @B‘ég"sﬁ BEPHIHE §1°H‘1’h|@n121§ F?Qn?{%gl @t \)(1,&} ge oF)

wher Ieas ?t EE@CF angr ¢g$0ﬁ qu d]a)t ?ﬁd\it/%q?lﬁh&@Pfﬁ]%%iéél»hke@%tgﬁllﬂ%n&n@iﬂﬁg rIfeJ <)
conp ete Yy | . e 0 can npe es e roma
nodel where 1 ?éli’ioﬁla%} ©aF %nﬁtﬂé%%ﬂél?wef fpiept. Jﬁaﬁwlmwe% Qrﬁgth&e RPvst - 14

nM  Consi der i tag bésh€it Keth IachateidTikped.of i aftKy HiB chettifeML. Eher 5@ Rafchii ty of
V24 for hKvl.3 over hlKCal is at |east - 4500-fold. Exanple 8: Selectivity

profile of VnR4



20Al'l channel constructs used in this study are routinely used in

phar macol ogi cal and bi ophysi cal assays and their applicability is confirmnmed
inthe listed references. Transient transfections: Cos-7 cells were used to
express rat Kv2.1 (rKv2.1, kind glft frngr S. Korn, U of Connecticut)
[ mke et al., 1999]; human Kvl.2 (hKvZI.2, pcDNA3/Hygro vector containing
the full coding sequence for Kvl.2, kind glft fromDr. 25 S. Gissner, U
of Um Gernman Visan et al ., 2004] hunman

i nactivation Béi’ll gnd@ﬁe@l orheniirtl ayuegfor fpatiial co, z%I?ief’ltdmé’ic?tf’s fhragfhsﬁggli%ﬁlflda

Uni versity of ,Brliik $RefQ! %m?'t}ﬁ: chY@RE guy@tbmm@@aaﬂai‘o EHéLHea:t(ﬁ" @it kadwledgd004] ;
and human Navl.5 (a kind gift fromR rson Uni ver3|ty

Phi | adel phi a, VPR&4 e{n@%b%ﬁ%“yeats a&i“ker?@@%"l %ﬁgﬁﬁtr@ygﬁogmﬁ@ ¥ channel s.
tsA-201 cells were used to express hBK channels 30 (hSlol gene (U11058),
in pCl -neo pl &sd ta Igivirffintty boekPostilker]i chigshi , Uni versity of Pennsyl vani a,

Phi | adel phia, PA) [ Avde ?\l-:c{] n?tth lmtrodﬁ(ggﬁ]to é!a}npkhgs&ecbia'ﬂ{&elnoﬁl hRsamer e

transientl’y co-transfected wt asm d encodi ng the green fl uorescence
protei n ( GFP) regtirqmpingsr for at pepdeofo lg_e & selaitivg IRMyRTsERRGPATheS BD adectiving &

according to (es IRAYKAGE WAL Sunf o HQBkssbd Sbidh0GR/n 1AM chanerCA

USA), and cultiure er standard conditions. Currents vvere recorded 2-3

days after tranaéd893lohhe ampninessiadi RyelGad rhansels sat & FerRrsd e PRSI n a

Ni kon TE2000Ugfi WQrIG6ERGHe T 0 936 CFE caltenthasd viflﬁlih iCWfRaat ¢ aueheivags (>70%
success rate for co-transféction 5Stabl e cell 1lines: L929 cel Ifz( Eéabl

expr essi N niiiesechaneplgEirisenir| & abt KBY Howpsves e iRPS0US PESSITHE ve been

descri bed ear | gfe %'tﬁ§ @Erﬁe %Ell@-lmakeslgﬁ%haﬁﬁéiolb@fcﬁ &ia%iteﬁkeftfoﬁ &ff Idxal Hei ke
Wil ff (UC Davis, CA, USA). hERG channel s were exp reE%§ &@ 5@13 chbl e. manner

in a HEK-293 glnpels ﬁlﬁfécult\mé Iff‘é‘frlfésl the siét OripEmRRRACOF grebed in
example 7. 1 n,Rldy AS8RI [é@ssﬁ&aétd@r tomx BBy bkl Anom@NATHE pel the rélatveiyng

sol utions were used (see_exanpl e 7 excegﬁ fod{) r%ordlﬂ hBtK tcgy[{%?tls wher e
t he corrp03|t|é‘ﬁablfunﬁl??éoﬁ%ﬂf]éa“fl‘?ﬁ‘feﬁg“%t Yatsdoh oslls EOEY Gy 1O 1

EGTA, 9. 65 Ca%aéldgglﬁﬁﬁgfephnﬁn&chaﬁ&sfree Ca2+ concentration of this

| atter soI ution is_ [

i 11t ropol ar e i ng of
BK currents at- nodg?eag%%%?ﬁ%ﬂda]?‘i@?r{gcﬁgt‘i \6@0{5&/8’%? getcgglmto %%5331 Al l
ot her exper i medisahsind ¢ YPdtictalhdies 20@1)atr@gaﬁqa¢b@ufmgaﬁ thpr magifehes’ soprotral ysi s,

perfusion) were the sarre as desc d le .7 rrent traces obtalned
for menbers ofloyifeesRy| Carlshady y('se m&%ﬁ?\? Tjhﬁ @Wgﬁé\/ EIK?&{I {‘}R?/l V) eh
st andard ext r@&ellohw ad h@@l déntionl HiGREicalahd phemadudvgival properges HORe Ulhﬂl@ugh

r1 ggea{ gdﬁpipl deﬁ‘o‘f Ap é’a drtg ﬁ%ﬂf‘&“@? Wdf‘l'g'yli"lghagﬁ?clp [%glt %{Pﬁes?{g |o’n of

t he depol ari zpo@ 1.pabs® sellsiweel aih@thed Rsdandire loyll cuituanvg:d:unpmnm [Bagdaﬁygt al,10) was

set to all ow ctivation of e current i ion. In
al | cases suf {Zwéilj'e ‘E“et“fsr?@erﬁ/é%cogeﬁg\i\%e ayﬁe%\ﬁfegrﬁnspec lé‘ne? #zg f (i%ﬁ %%%‘%lé{c?latéﬁs
potential (- 126remd}ntffied it heNkonpIE20@0W émommeyceomlctdsmmrmldn@bé fdrr omeainy
residual i nact] V L) Onfl I nt er U| Sa%eﬁurlla'l[res%u R il %Ipeggaqnef 5%"3%%4 ab%ge S’ﬂfeonds)

The fast (N eﬁ%‘ i AEC |va|on foved Version o0 4 Was used in
this stud¥ (hksdpoditibh of e pliiaetterﬁﬂhmgesblumwwasmmml\ébliﬂsKasr@rtde,l EHEHYS, 10n t he

e noe aott Mol R P V2 Rl Gofleh 81 THRE Lhfor Lol §7 LR CAPK 19

easi er and nore accur currents 1n this clone are not
i nfl uenced bycdnkentragiory tor fapy dctivagahbs M&Qab rpumend el sthern jeprsdipg aeiddions (dpB- 20 ns,

[Kurata et al a%%(?%ﬁ]rﬁgﬁu%lgh LOPw bl PR GORRARNOAHR L Rr ke CRIRAL! L1 On

bet ween ti ne- cur ent activation a I nactivation the peak
currents are underTasQ hyralteddnififseesind dengplof tegst ramps fiem a2l R¥ite +6¢ H%ﬁ?’érﬁt

bl ock. 30 holding potential of -120 mV were used to elicit hIKCal currents in Cos-7 cells (ramp
speed 0.85 mV/ms). Voltage ramps were run every 10 s. The current trace recorded in the
absence of Vm24 (control) in Figure 9E shows that pure, non-voltage-gated hIKCal

currents were evoked by the applied voltage protocol. The reversal potential of the
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Figure 10 shows current traces recorded before the application of the toxin
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I n vivo i munol ogi cal effects of VnR4
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(DNFB) as an agent capable of 5eliciting an inportant DTH-response.

In order to performthis kind of experinent we set up a protocol to study
DTH response in rats. The systemused is basically that described by
Phanuphak et al., 1974. In brief, two groups of rats (3 or 5 animals each)
Were sensitized by applications of 40 mcroliters of 0.7% DNFB in 4:1
proportion of acetone: olive oil solution, in tw 10 consecutives days
(days one and two), after gentle shaving of the dorsal-back region of the
animals. After 7 days of the second application of the sensitizing
solution, the animals were challenged by a single application of 20
mcroliter of 0.4% DNFB di ssolved in the acetone: olive oil solution
descri bed above. This solution was spread over the dorsal surface of the
right-side ears and allowed to dry, whereas the |eft-side



15 ears were spread wth only the vehicle solution (acetone:olive oil). On
day eight of the protocol, a subcutaneous injection of 100 mcroliter of
phosphat e saline buffer pH 7.8 (PBS) was applied to each one of the aninmals
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m crograns pure Vn24 in 100 mcroliter$!PBS was subcut aneously applied. The
thifkness of ?oth ears of all animals was neasured 2024 hours after of the
application of VnR4. The results of the experi are, shown .in Fi
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(Figure 13A). The hKv1.3 current measured in the absence of sVm24 (control) gradually,

20 and almost completely disappeared upon the administration of 100 pM sVm24 via the
perfusion apparatus. After the 16" pulse the recording chamber was perfused with toxin-
free extracellular solution. The removal of the toxin from the perfusion solution did not
result in a significant relief of hKv1.3 block within 5 minutes. This is demonstrated more
clearly in Figure 13B where the peak currents, normalized to the ones recorded in

25 control solution before sVm24 application (normalized peak), are shown as a function of
time. Arrows indicate the start of the perfusion with sVm24 (100 pM sVm24) and the
switching of the perfusion to toxin-free solution (wash-out). The remaining current
fractions (RCF) measured after equilibration of the block with 100 pM of sVm24 or
Vm24 are compared in Figure 13B (n=6 and n=4, respectively, bars indicate SEM). The

30 statistical comparison (/-test) indicated that the RCFs are statistically not different
between the two groups (p=0.57). Our conclusion is that sVm24 is as potent as the

natural toxin in blocking hKv1.3 channels.
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20 The ion channel blocking potency of Vm23 was assayed for Kv1.3 channels of
human T cells, and for mKv1.1, hKv1.2 and hIKCal channels. These channels were
included in the study based on the low affinity (mKv1.1, hKv1.2 and hIKCal) or high
affinity block (hKv1.3) of these channels By the related peptide, Vm24, which shares
83% sequence identity with Vm23. The experimental conditions were exactly the same

25 as described for the corresponding channels in Example 7 and Example 8.

A whole-cell patch clamped T lymphocyte was depolarized repeatedly to +50 mV
from a holding potential of ~120 mV every 15 s in the presence of different solutions
(Figure  14A). The hKv1.3 current measured in the absence of Vm23 (control) almost
completely disappeared within 3.5 min upon the administration of 10 nM Vm23 via the

30 perfusion apparatus. The trace indicated as “10 nM Vm23” was recorded after the
equilibration of the block. After the 19" pulse the recording chamber was perfused with
toxin-free extracellular solution (wash-out). The removal of the toxin from the perfusion

solution did not result in a significant relief of hKv1.3 block within 2 minutes. The
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synt hesi s, st T4 teol ighle aarRCH uaﬂa& om\alio 02 (n=3, SEM, Fig. 15), and the block was not
readily reversible within 2 min. The same concentration of Vm24 blocked ~46% of the
channels (see Example 8). ‘
Comparison of the remaining current fractions for hKv1.3, hIKCal, mKv1.1 and
20 hKv1.2 in the presence of 10 nM Vm23 (Fig. 15) with the data obtained for Vm?24 (Fig.
12 A and'B) indicate that the selectivity profile of Vm 23 for hKv1.3 is slightly better for
the tested channels. It can also be concluded from the comparison that despite the
differences in the primary structure of Vm23 and Vm24, the high affinity block of
hKv1.3 with remarkable selectivity is maintained.
25
Example 11: In vivo immunological effects of Vm24
Millions of people worldwide are affected by autoimmune diseases, such as but
not limited to multiple sclerosis, theumatoid arthritis, type I diabetes, autoimmune
psoriasis, lupus erythematosus, ulcerative colitis, sympathetic ophtalmia, bone resorption
30 periodontal ~ disease, immune thrombocytopaenic —purpura and autoimmune
lymphoproliferative syndrome, among others. It is currently thought that the onset of
these diseases involves the activation of dormant disease specific autoreactive T cells,

which are transformed into effector memory T cells (Tgm). The autoreactive T cells
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Mol ecul ar "basi's speci CI ty stein SA,
Mller C (199F)m afd&nh&degrmnnitlmrm&oblmkﬁm and@m(dlmﬁae@nmemaqé-t@éﬁvéé K+

channel . Bi Opg%a(aﬂe §}5 uﬂ'-(?e]gﬁfagl@él'gle calcium-activated K channel K¢, 3.1 [Wulff et al., 2003;
Chandy et al., 2004]. During the process of differentiation B cells and T cells change
their potassium channel dependence from K¢y 3.1 to Kv1.3 [Wullf et al., 2004]. Due to

20  this fact Kv1.3 channel blockers inhibit the proliferation of these cells, without affecting

najve and CD27'IgD" memory cells. Thus the use of blockers specific for Kv1.3

channels would affect preferentially Tem and class-switched memory B cells, without

compromising the bulk of the immune response, but improving the health conditions

developed as a consequence of the autoimmune diseases. Blockade of Kv1.3 channels

25 ameliorates experimental autoimmune encephalomyelitis (EAE), bone resorption in

periodontal diseases, and DTH response in animal models without causing obvious side

effects [Koo et al., 1997; Beeton et al., 2001; Valverde et al., 2004]. Since blockage of

Kv1.3 channels by peptides is promptly reversible it allows controlling the course of the

treatment, which is not the case when chemotherapeutic agents or monoclonal antibodies

30 are used, which takes months to subside. Obviously a major problem is to find highly
- selective peptides for this therapeutic treatment [Chandy et al., 2004].

As shown in examples 7-10 described earlier, both peptides (Vm23 and Vm?24),

subject of this invention, are potent and very specific blockers of Kv1.3 channels in vifro.
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The results of the experiments are shown in Fig.16. It can be clearly seen that the
control animals, not receiving Vm24 injection, had a mean value of inflammation of the
ear in the order of 0.32 mm (labeled control) whereas those rats that were treated with
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25 thickness. These values correspond to real inflammation processes, since the thickness of
the unchallenged ears (left-side ears) were subtracted. This represents a net decrement
over 60% of the inflammation process. In conclusion, these results support the idea that
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30  immunological diseases dependent of the activation of T and B lymphocytes, where the

contribution of Kv1.3 channels is important for eliciting or maintaining the disease.
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76 CLAIMS WHAT IS CLAIMED IS: 1. An isolated and purified peptide having an
am no aci d sequence selected fromthe 5 group consisting of SEQ ID No: 1,
SEQ I D No: 2, SEQ ID No:3 and functional equival ent anal ogs thereof, said
functi onal equival ent anal ogs sharing | east 83% pai rwi se sequence
identity over the 36 aligned positions 0f SEQID NO 3, said peptide being
capabl e of blocking with high affinity and specificity a potassi um channel

Kvl.3. 102. A peptide as defined i laim1l. for use i tt enuating cal ci um
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response in said mammal . 8. The peptide of claim?7, wherein said immne
response is the result of heterol ogous organ rejection. 5 9. The peptide
of claim7, wherein said imune response is the result of an autoi nmne

di sease. 10. A conposition conpriging a peptide as defined in claiml
or a pharmaceutically 10acceptable salt thereof, for use in suppressing an
i mune response in mammals. 11. The conposition of claim 10, wherein said

i mune response ifmid\@udB8SMITH 9fhpRRY R HalREAN IO 161t i on. 1512, The
conposition of claim10, wherein said | mune response is the result of an

aut oi mune di s&&98 P, KolmpovarPaglenasi ki MillsnC b ilimagors qfdipit ¢heenchgrudiate ned i n
claim1 or a phapgRceWonfiid YuRE6EPtAR 8 R IndidGRE Unntack O URSHaBLNE

prophylactic or therapeutic treatnent of 20heterol ogous organ Tejection in
a subj ect in neeBCharigsf 33:44840. The conposition of claim 13, wherein said
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pur pura and autoi rmune | ynphoproliferative syndrone. 19. The conposition
of claim16, 17 or 18, further conprising at |east one additional

i mrunosuppressi ve agent to be adm nistered to said subject. 15 20. The
conposi tion of claim19, wherein the additional inmunosuppressive agent is
sel ected formthe group consisting of cyclosporine, rapamycin,
azat hi opri ne, prednisone, ShK toxin, ShK derivatives and deoxyspergualin,

their derivatiwgf HOlGamsAl GAt hesae Whhaﬁdméénm@g“%heﬁfaﬁpeﬁitﬂé on

conprising at |east one }are ptide as defined in claim1 or armaceutically
accept abl e salt eREiEele/ TRAM-34 phiedinga cibuiop chr | pleaesdiapn amdécte%aer ¢aggium-and

optionally at |eggiaRf ot?sgﬁhltdh%ﬁi TLAAUNBRVBRESS R Ba@gent . 22. The
pharmaceuti ca osition of claim?21l wherein the optional additional 25

|
| munosuppr essY ‘U@r{gé@?fﬂbreﬁ]sp Sedlie Reup & RennietogriduBectam. GhapdigKef (2003).

cycl osporisne, rapadVdiabe- g@z@m PR()RBannBIi8 ISR Momon I b1BXds hewBiHet for
derivatives and deox?éspergu n, their derivatives, or a salt thereof 79

topical ly, systeM%i 1’9/IHVP§§t1F]a1/7é)ﬁdésl y, intraperi t oneal | y, intranuscularly,

subcut aneous! wulif, Kag@sSAs! Nenan@ﬂwemﬁﬁd}J NG (2003). Ik cHafndP¥xdrdtibReg R
injection, intra ronchial insti | ation, gastrointestinal delivery, or

transmucosal del Pvestydifigsatiatian: implicafions, & hmpmungmeelation; 4 12utQipigRLy: Jr t her
conprises a | abetmrﬁgmmaeim 8625. The | abel ed peptide of claim?24, wherein

thelabel'ng ie I,s selected fromthe group consistin radi oactive
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| i gand such as bS@%ienc}ﬁdﬂﬁlc @raﬂﬁ@iﬁb-ﬁes‘c HQecasd Gs cf[ab@ctérﬁ@cﬁfb?cb 1@1@ rdei@nd@f ofcl ai m
25, wherein the {:@Qel%?q %ot ein an anti 2? %3 | uor escent
protein or a pro Hlofyr‘iﬁ’H“? {eﬁgvﬁﬁoégfﬁf 1“6‘6‘?’8%151 Oﬁii(])??b?’% Wth
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24, 25 0r1526; andmbc)dmbebbmm midsh@orh ahe vetbnp @p tihed foolRerd Cefindrbigeskiokid

pot assi um channehﬁrgr esg a| d P on of target cells by a detection
- ForwPIPHoR “Cnerei n oa
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25t o0 the Kvl.3 potassium channels present in said population of target
cells by a quantitative detection technique. 30. The nethod of claim 29,
wherein said cells are human | ynphocyte® 80 31. Use of a peptide as
defined in claim1 in the manufacture of a nedi canent for suppressing an

| mmune response in a subject in need thereof. 32. Use of a peptide as
defined in claiml in the manufacture of a nedi canent for the 5prophylactic
or therapqgiiiwﬁ%eatnent of heterol ogous organ rejection in a subject in
need t her kA 3. Use of a peptide as defined in claiml in the

manuf acture of a medi canent for the prophylactic or therapeutic treatnent
of an autoi nmune di sease associated to | ynphocyte 10TEmin a subject in

s T SRR T S S o OO i o
SALAS- CASTII. L&rgiso‘?é;%ictg %nc? %%nrlhgd %ethFe alv%ag E’r’f‘ -Iellrn%-lréa‘ aci sséalrlen\cfé: nglrétct%d from the
5 group consisting of SEQ ID No:1, SEQ ID No:2, SEQ ID No:3 and functional equivalent
analogs thereof, said functional equivalent analogs sharing at least 83% pairwise
sequence identity over the 36 aligned positions of SEQ ID NO: 3, said peptide being

capable of blocking with high affinity and specificity a potassium channel Kv1.3.

10 2. A peptide as defined in claim 1 for use in attenuating calcium signaling pathway in T-
lymphocyte cells of a mammal, wherein the use comprises contacting a population of

said T-lymphocyte cells with the peptide, preferably wherein said mammal is a human.

3. An in-vitro method of inhibiting Kv1.3 potassium channel activity in a mammalian
15 cell, comprising contacting said mammalian cell with an effective amount of a peptide as
defined in claim 1 or a pharmaceutically acceptable salt thereof, preferably wherein said

mammalian cell is a human lymphocyte cell.

4. An in-vitro method of attenuating calcium signaling pathway in a T-lymphocyte cell
20 comprising contacting said T-lymphocyte cell with an effective amount of a peptide as

defined in claim 1.

5. A peptide as defined in claim 1, or a pharmaceutical salt thereof, for use in suppressing
T-cell activation process in the immune system of a mammal, wherein the use comprises

25 contacting a population of said T-cells with an effective amount of the peptide.
6. The peptide of claim 5, wherein said mammal is a human.

7. The peptide of claim 5 or 6, wherein said T-cell activation is caused by an immune



VARGA, Zoltan S. PANYl, Gyorgy 10GASPAR, Rezso <120> Vn23 and Vn24, two
scor pi on peptides that bl ock humanTl ynphocyt e pot assi um channel s(sub-type
Kvl.3)with high selectivity and decreas& the in vivo DTHresponses in rats
<130> Vm 15<160> 3 <170> Patentln version 3.3 <210> 1 <211> 35 20<212> PET
<213> Vaejovis nmexicanus smthi <400> 1 Ala Ala Ala Ile Ser Cys Val @y Ser
Lys G u Cys Leu Pro Lys Cys 151015 25Lys Ala Gn Ay Cys Lys Ser Ay Lys

Cys Met Asmsgonse hydidemines 202530 Cys Tyr Cys 35

8. The peptide of claim 7, wherein said immune response is the result of heterologous

organ rejection.

9. The peptide of claim 7, wherein said immune response is the result of an autoimmune

disease.

10. A composition comprising a peptide as defined in claim 1 or a pharmaceutically

10 acceptable salt thereof, for use in suppressing an immune response in mammals.

11. The composition of claim 10, wherein said immune response is the result of

heterologous organ rejection.

15 12. The composition of claim 10, wherein said immune response is the result of an

autoimmune disease.

13. A composition comprising a peptide as defined in claim 1 or a pharmaceutically
acceptable salt thereof, for use in the prophylactic or therapeutic treatment of

20 heterologous organ rejection in a subject in need thereof.

14. The composition of claim 13, wherein said rejected organ is a heart, a lung, a liver, a

kidney or a pancreas.

25 15. The composition of claim 13 or 14, wherein the subject in need of said treatment is a

human.

16. A composition comprising a peptide as defined in claim 1 or a pharmaceutically



30 <210> 2 <211> 36 <212> PRT <213> Vaejovis nexi canus smthi 35<400> 2 Al a
Ala Ala lle Ser Cys Val Ay Ser Pro Au Cys Pro Pro Lys Cys 151015 2 Arg
Ala Gn Gy Cys Lys Asn Gy Lys Cys Met7®sn Arg Lys Cys Lys 202530 Cys Tyr
Tyr Cys 35 5 <210> 3 <211> 36 <212> PRT <213> Artificial

acceptable salt thereof, for use in the prophylactic or therapeutic treatment of an

autoimmune disease associated to lymphocyte Tgy in a subject in need thereof.

17. The composition of claim 16, wherein the subject in need of said treatment is a

5 human.

18. The composition of claim 16 or 17, wherein said autoimmune disease associated to
lymphocyte Tgwm is selected from the group consisting of multiple sclerosis, rheumatoid
arthritis, type 1 diabetes, autoimmune psoriasis, lupus erythematosus, ulcerative colitis,
10 sympathetic ophtalmia, bone resorption periodontal disease, immune thrombocytopaenic

purpura and autoimmune lymphoproliferative syndrome.

19. The composition of claim 16, 17 or 18, further comprising at least one additional

immunosuppressive agent to be administered to said subject.

15

20. The composition of claim 19, wherein the additional immunosuppressive agent is
selected form the group consisting of cyclosporine, rapamycin, azathioprine, prednisone,

ShK toxin, ShK derivatives and deoxyspergualin, their derivatives, or a salt thereof.

20 21. A pharmaceutical composition comprising at least one peptide as defined in claim 1
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,

and optionally at least one additional immunosuppressive agent.

22. The pharmaceutical composition of claim 21 wherein the optional additional
25 immunosuppressive agent is selected form the group consisting of cyclosporine,
rapamycin, azathioprine, prednisone, ShK toxin, ShK derivatives and deoxyspergualin,

their derivatives, or a salt thereof.

23. The composition of any one of claims 13 to 20, which is suitable to be administered



10<220> <223>CAN BE | SOLATED FORM Vaej ovi s nmexi canus smthi OR ARTI FI TI ALLY
SYNTHETI ZED <220> <221> M SC FEATURE 15<222>(10)..(10) <223> Xaa can be any
amino acid providing it does not disrupf9the three dimensional folding of
the protein or even better Lys or Pro <220> 20<221> M SC FEATURE
<222>(13)..(13) <223> Xaa can be any amno acid providing it does not

di srupt the three dinensional folding of the protein or even better Leu or

Pro 25<22 Otbpﬁaﬂﬂ,%ybfeﬁféaﬁ%ﬁ%ﬁﬁﬁ?ﬁhﬂr@eritéﬂe@lﬁ, intrarfdsb3RrXasutanbsusBny
amino acid providing it does not disrupt the three dinensional folding of
the prot ei Rtugpasalpirapedarmally.yosalkoer bargirademps! injpotion, inisbreehipURstillation,

<222>(23). ge(sagi)ntestinal delivery, or transmucosal delivery.
5 24. A peptide according to claim 1, which further comprises a labeling moiety.

25. The labeled peptide of claim 24, wherein the labeling moiety is selected from the
group consisting of a radioactive isotope, a fluorescent moiety, a chemiluminiscent

moiety, a chromophore, a ligand such as biotin and a protein.

10

26. The labeled peptide of claim 25, wherein the labeling protein is an antibody, the
green fluorescent protein or a protein derived from the green fluorescent protein with

distinct emission spectra.

15 27. An in-vitro method for identification of cells expressing Kv1.3 channels comprising
the steps of: a) contacting a population of the target cells with a labeled peptide as
defined in claim 24, 25 or 26; and b) detecting the labeled peptide bond to the Kv1.3

potassium channels present said population of target cells by a detection technique.

20 28. The method of claim 27, wherein said cells are human lymphocytes.

29. An in-vitro method for quantification of the number of Kv1.3 channels expressed in a
given cell, comprising the steps of: a) contacting said cell with a labeled peptide as
defined in claim 24, 25 or 26; and b) detecting and quantifying the labeled peptide bond
25 to the Kv1.3 potassium channels present in said population of target cells by a

quantitative detection technique.

30. The method of claim 29, wherein said cells are human lymphocytes.



<223> Xaa can be any amno acid providing it does not disrupt 35the three
di mensi onal folding of the protein or even better Ser or Asn <220> 3 <221>
M SC FEATURE <222>(29)..(29) <223> X8@& can be any amino acid providing
it does not disrupt the three dinensional folding of the protein or even
better Lys 5or Arg <220> <221> M SC FEATURE <222>(35)..(35) <223> Xaa
can be any amno acid providing it does not disrupt 10the three dinensional

fol di ng of 31.hgsdbDuepdptids a8\RAnKE eranﬂiyr ithd edauRtusd bf a4@edicanéhtafon a
Ala Ile Ser Cys Val y Ser Xaa Ju Cys Xaa Pro Lys Cys 15151015 Xaa Al a

An Ay Cy¥Ppiessingan aniupg respynse e syljert khpcadyBereyls Lys

32. Use of a peptide as defined in claim 1 in the manufacture of a medicament for the
5 prophylactic or therapeutic treatment of heterologous organ rejection in a subject in need

thereof.

33. Use of a peptide as defined in claim 1 in the manufacture of a medicament for the
prophylactic or therapeutic treatment of an autoimmune disease associated to lymphocyte

10 Tewm in a subject in need thereof.



202530 Cys Tyr Xaa Cys 35 20

SEQUENCE LISTING

<110> UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO
POSSANI POSTAY, Lourival Domingos
5 GURROLA-BRIONES, Georgina
SATLAS-CASTILLO, Saida Patricia
FERREIRA BATISTA, Cesar Vicente
VARGA, Zoltéan S.
PANYTI, Gyorgy
10 GASPAR, Rezsd
<120> Vvm23 and Vm24, two scorpion peptides that block humanT-
lymphocyte potassium channels (sub-type Kvl.3) with  high
selectivity and decrease the in vivo DTH-responses in rats
<130> Vm
15 <160> 3

<170> PatentIn version 3.3

<210> 1
<211> 35
20 <212> PRT
<213> Vaejovis mexicanus smithi
<400> 1
Ala Ala Ala Ile Ser Cys Val Gly Ser Lys Glu Cys Leu Pro Lys Cys
1 5 10 15
25 Lys Ala Gln Gly Cys Lys Ser Gly Lys Cys Met Asn Lys Lys Cys Lys
20 25 30
Cys Tyr Cys
35

30
<210> 2
<211> 36
<212> PRT
<213> Vaejovis mexicanus smithi
35 <400> 2
Ala Ala Ala Ile Ser Cys Val Gly Ser Pro Glu Cys Pro Pro Lys Cys
1 5 10 15
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15

20

25

30

35

2

Arg Ala Gln Gly Cys Lys Asn Gly Lys Cys Met Asn Arg Lys Cys Lys

20 25 30

Cys Tyr Tyr Cys

35
<210> 3
<211> 36
<212> PRT
<213> Artificial
<220>
<223> CAN BE ISOLATED FORM Vaejovis mexicanus smithi OR

ARTIFITIALLY SYNTHETIZED

<220>

<221> MISC FEATURE
<222>  (10)..(10)
<223> Xaa can be any
the three dimensional
or Pro

<220>

<221> MISC FEATURE
<222>  (13)..(13)
<223> Xaa can be any
the three dimensional
or Pro

<220>

<221> MISC FEATURE
<222>  (17)..(17)
<223> Xaa can be any
the three dimensional
or Arg

<220>

<221> MISC FEATURE
222> (23)..(23)

<223> Xaa can be any

amino acid providing it does not disrupt

folding of the protein or even better Lys

amino acid providing it does not disrupt

folding of the protein or even better Leu

amino acid providing it does not disrupt

folding of the protein or even better Lys

amino acid providing it does not disrupt

the three dimensional folding of the protein or even better Ser

or Asn

<220>



10

15

20

<221> MISC FEATURE
<222>  (29)..(29)
<223> Xaa can be any amino acid providing it does not disrupt

the three dimensional folding of the protein or even better Lys

or Arg

<220>

<221> MISC_FEATURE

222> (35)..(35H)

<223> Xaa can be any amino acid providing it does not disrupt

the three dimensional folding of the protein or even better Tyr

or none at all

<400> 3

Ala Ala Ala Tle Ser Cys Val Gly Ser Xaa Glu Cys Xaa Pro Lys Cys

1 5 10 15

Xaa Ala Gln Gly Cys Lys Xaa Gly Lys Cys Met Asn Xaa Lys Cys Lys

20 25 30
Cys Tyr Xaa Cys

35



