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V23 and VnR4, two scorpion peptides that bl ock human

Tl ynphocyt e potassi um channels (sub-type Kvli. 3) with
whe@h/13ekectivity and decrease the in vivo PCT/IB2007/001544

DTH-responses in rats FIELOD OF THE | NVENTI ON The

present invention relates generally to the fields of

bi ochem stry, nol ecul ar bi ol ogy, i nmmunol ogy and

ohar WARLU T kla"*/"ni’%w?@q? SrORRioncpap REEACHET piekt hismande
S EABLEE R 0L i
and corr cdity d?@?%%ﬁ%éﬁl ot o DA oGs i

corresponding to two protein conponents isolated from
the venom of the Mexican scorpion Vaejovis nmexicanus

FF@LB%FM?N@W’PE@W ed thereafter: V. nexicanus),

which constitute a new sub-fam |y of potassium channel

specThé grdsetaintisntiotaRRbdseye@bralll a6 khd Gelks tdf tld@Bmistry, molecular
affinity and specificity a sub-type of potassium

b l%arneu@nmmlﬂbys)a@ho\mqr@phyélqlm i disegsadn are peptldes their

ar]qgg c e f .

an {;%J%%Ll quesIgld L?gtg) T%}da él%rcﬁc OérEﬁ%ilgl%é c%QS'[%lunc onalpOtaSSlum

c}mhaele,cfc&r theatreaimentr of diatiolso sathunalgionl bomﬁtldﬂsealiicbif(bﬂ tiRignostic
in Vvivo, ex erl S on the DTH response o

xliseanty gaf rihe cheipical st ed, comﬁ?tstfoafabg pegedures for
G(Y'E[@ff)corr%p%nﬁ g%oa%l r 883 cARford AR {sofawacgfog{;t le_venom of the

equi val ent analogs are | ead cohpounds, can
Mekat r e@;tt]’.mnt Vobjoviar inew&anmrusmativgilead  abndiisgtednthesatier: V.

di.agn p tions GROUND OF .THE .| NVENTI .
mRaaT WA PRI b B B R ot R o re s figands,
cdpable sTHISEeS dithCigle Qﬂﬁﬁt&@nﬂ%p&&lﬁcﬁy Ris@Bky RS off fiRassium channels

i nvention reported here, anong whi are the inportant

(Wil owm te e fmpligntechfin blmwmgcalydlsmwe coflagraft rejections.

I o] a Si re
P8 S, GEHORLOBEEER GLESHERRN SR AR atE] 2h6tRanion
dlscﬂt)@[ ad well ai &ieﬁSsu(IJﬂ‘s obirphiog egakinteRmaihe DTHeFEBense of sensitized
"i on-channel s" \{19#3 a fundanental role in cellular
S

Tafso PR teater owith iF SRR YBRA pdtsnbpmalogens V23 and their
RGP e gﬂﬁ%ﬂ?tagﬁffoge%fre tb eve@ga@& sV 0L AR P rf&a?he freatment of

functio rent expression o
vaztvas mehsimologrel ¢andafons hed diaguoséic syplicatipnsrai nl yi n

T-1ymphocytes, shown to play a clear role in events

related to the onset of autoi mmune di seases; 3)- the

BRERGRAFRAf unk MY ERSer s, 't ough < he addi ¢ on
of various chemcals, natural |igands and

Genenthetisidatdtipnpr epar ed

Several aspects should be taken into consideration concerning the subject of the
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

general homeostasis of tissues and various organ functions;

2)- different levels of expression of these channels in cells of the immune system, mainly
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subst ances, either reproducing the ligand as found in
nature or preparing simlar derivatives

W@ ppt3ndéin metics). A nmultitude of potassi um (RT/IB2007/001544
channel s have been di scovered and reported to exist in
the last fifteen years permtting their isolation,
i ndi vi dual expression and functional analysis. They

. | tinmerjic proteins.inplicated,.i .

lnglé-fyg?r%o%t@?,gho‘gﬁ Q gﬁpf aﬁé‘??g?‘gﬁ n %Vgpgﬁﬂagepﬁo {Ihee(}ng% of autoimmune

dis@Rtg ol i ng snooth nuscle tone, synaptic excitability,
neurotransmitter rel ease, and other processes. In this

3)L e E&e%sﬂﬂ‘e WAyt thg _cﬁéfﬁﬁﬁ?ﬂn%ﬁoﬂ nbd PO ¢RaRMen o disorders,

chan speci es, sub-type Kvl. 3, and'its role in
thkgugph dloy héditiow lof fvariats olmensinals,i metedak liganisrapd symthetically prepared

s Gafirar Sror SHOTE NI PR Ut U CHaRAGFS Or preparing simile
devadesd (paptdomigxpEgssed in T I ynphocytes [Gissmer et

al ., 198%1;5t Lewi s and Cahal an, 1995], different from

the ﬁ%ﬁi}g/ﬂ%%g @ﬂgssﬁ&m (&Y bhetin¥ls B84 b&enShisdoReted dnd ﬁapogts&l to exist

brain or eart “tissue, to nention just af

inothe tlim fHftdon tygpisspeniitidng ltizinsbtiomhimdivediad eksnessidny and functional
v@i ch nodul ation of Kv 1.3 channels activity affects
ocyte proliferation are being investigated in

severidy hRhatdhiicqfornE WpliSatbden @k @kérndhatteRNYf cell membrane
recent "publications (reviewed in [Beeton and_ Chandy,

poionE, therghe cemeplBey einoothauwsclepans; sypaptig| expltaj@]@tg] neurotransmitter
i ' t.5: (; .

5L 0 By o, B A o o

KAthaahdinspoded]issbagrsKat 8, kimbws réle rin_tlimﬁp]uocgfta’lpliofﬁ&‘ralﬂxlreand in the

cQiih et EYOIFRRIIE (iseiieh Ul T ah S BIDS L gherpl-cli & 4 delayed-

re%ﬁh%r Mel&‘y%gnﬁﬁlﬁﬂ Qs tlﬂg?}%ho@yfégr[@ﬁs%ner et al., 1990;

syndar one, connéctrve tissue eaSe, systemc .
Léwisand €faptlhenios3 utiffeshEfrpmnpastrepea Kyl dy K1 .2t widely distributed

inaeIor Kot SRt 1n ouicnd TR R B B e channel.

aut oTRITUREHRRRARN B OMMRh Hodulbfidd) of Kivlizs HemRIRlaclvity affects
-accepted that these autoi mmune di seases result from

lyniphorye punkrasiont #re haimg ievesigatednin sstardylahgratysiss  andcwere the
£ i th - 3. di Lt t o @05
ooyl el Gitls@les Tl Bty 5P BT A%, e and

BeverCHO06) Bhigyiict ab, 20081, d6¢1eding ko@e arhtsr(e.gofUS 5,397,702 by Cahalan
autoreactive T cells ther ebgzsr ovi di ng an excel |l ent
t

kP ane UB 877 6¥LbyBamt ot eh 20BN of t hei r |
pr ol Ml e Chyeapéso%%\ﬂf 88V nbir3consilefaBES GolliRER Hlforbidity.

BiAha ek
research and experinmentation, several substances were
Ademgthdse diseabes wen typat ledibbades elbitusy(oisukix depehderity nuléple sclerosis

tqxin ShK from.the sea anenone Stichaodactyla .. . .
OWSHi SRR TS e rHPERBST TS BHRGG copnegliygqlisye discase,
fndc s QEERIhMBsB(BEES, nd@aihBiih SANE idtineatb® jud3tig: of them. A
S}g’i segseﬂs%.( vﬁgr. USS 6( 0727,_680 by }égm et al. ZOJQO). ° ) o
refgvoRgexmehiaenivh gdgl fon ueimuneadisepses isdpalskpergpental autoimmune

e&fe£ﬁéi8&19&it}sr@&]ﬂnﬁtig %@ne%ll}if 9&%&%& I’\l,l'*:f‘eltsthese autoimmune diseases result
from the response of the immune system destroying specific tissues, either by a direct
attack to the cells, or by producing auto-antibodies. The over-expression of Kv1.3
channels is a characteristic feature of autoreactive T cells thereby providing an excellent
opportunity for the modification of their proliferation by blockers of Kv1.3. A

In these lines of research and experimentation, several substances were described
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are toxic peptides isolated from scorpion venons. K

channel specific peptides isolated fromthese venons
W@e@s4abmaui - chai n peptides containing 22 to 42 BEA/IR2007/001544

aci ds conpacted by either three or four disulfide

bri dges. They are bl ockers of many different sub-types

of channels, with a huge variability in selectivity

nd affinit Vi j ; ' , ,
enfho iR adhll. [GRVAIIE Exple IO ABRDSEE fom 7ML ancmone
Stﬁhﬁd@fbg@gﬁh‘okﬁhdssand segérielrﬂerig’b@wdsej_f iptlaitutd tolhE}VK\al protgctive effect
and 1. aker type del ayed rectijfi channe
againgtcﬁew@bwom?getp%f@sqé(()é&f ‘éﬁgﬁ)ﬁ @635 PP&E@E} e‘eai-_ &%)
Zooohn@{‘%gélﬁéroﬁdtﬁ}a} ﬁg%{cﬁecﬁats&g riable Ve R tRRPhed@nction of ion-

| acks channe ocking activity, but maintains a |
chhingdls adef torict peptilascikolafed Kionl s@rplearveabms. K chaened spreifiopeptides

et al,, 1993]. Agitoxi noxi ust pxi n, kal.i otpxjn,are. .
isqlatafifFise ThesCiegP s GRe BHEe it s tonfathipg (227 g4 fhino acids
BRd Yy diherdnaedSfont Eiduighids bridgés. Thty Bietbleckeanel many different
selectivities, but usually nodify nore than_one

subttppesypleshaphelshwithel buge sariability i selestivity) apdaiiityetreviewed in
[.,. 2006]). tg their relative il g
(isiacicr ot D4s RolHEl | VEHF b Fbbaft, 20047), For example,
chidiybabioxgeisty pslaalodensf Bl 1 NEse.2sadr pB Shofeepypedédayed rectifier
ave been used as "nol ecul ar_ cal i pers" for I(Hﬂ% .
cheneela bk 8lsh dtlope inpcichiph hél-2a phanaela diRgusted HueD0p, Mprgatoxin,
r.Vesti . ) .. e
B 5V R, LSRR SRR sl B
high affiaiity ek ¢ff [ovil .3 okdrmslssjigreifiCalvoet ak, EMBANAEIKOAmSIOXIUStOXIN,
resol ved by nucl ear magnetic res n and/ or Xsta .
KaORPY B 61 SHTTRACHS JEOPHRORIS o G TRl RE RekRhggass it
di%r%f&f?ﬁgiegfanﬁoﬁecﬁvﬁfé@,n Bt %sﬁ?lzremléﬂﬂ’yirﬁ&@ tHag édeusub-Bpes of

Interaction between the receptor ) .
channels creaemeteyieaed inHPanyigdred., 266 pPue te dhginyelatively rigid three-

Site-directed nutagenesis of, amn ' si duese :
digspfopgles ’f%ﬁgﬁatfﬁ@l Smgw&al?e%ieby i@bsgﬁid% Cl%]rgdge%r%)\%é dé%lhl%se scorpion
pdptiies WBYd BBerd Qfedt A “ndRRtiliaf icalbdron faaf medvaripg tdidtances between K

I'nteraction surface anong this pair _of receptor-|igan )
chsnpeleamigo [aRistieRigues ingde |oateyagatitave gf the chgpag's DRl et AL, 1095;

L nf.or.mat i i ' ' .
ClBLCE R, S, Tl HAGATERbSbo Bl 13 byl o
KappdnineRt ivagscesolhal byl yugeabhmapndtic tsomact hasléor X-ray diffraction
natural ly occurrjng peptides as potential drugs js the .
mpg)@;js,@pdélbégtymlcaopymg}h eécppyvﬁisfrygtuﬁo &Pg’géﬂfﬁ%}nﬁ%ﬁ’@"e provided
th3f augfl%%%ﬂ!?defl aft lihecRbn %%&h%et&&gg? (i620R4rinei)Nehd the ligand

ver 5 structurally related pepti, _classified by i
(sbowpion segu)erfite-diariddamutigenesindf podee ticid fagitiies dghgoth the ion-

cljiggﬁtglgraﬁ%d %é% glgilﬂ%%g ?p'a?vgﬁéjc{)iélgﬁyrgl}zaggg }Eﬁl_)/]ia?h\éggé"}ltﬁﬂgﬁon of the putative
intéthétiint Qi fabe sdng s PR obfrecapionilignmth protiisciriBigher ddisVega et
section the inventors present the sta

t f. th .
allerdAB L ddés Bformedon shiungpmentalstoy Mﬁlpi}?ﬁﬁ%&% a? e%rsfble drugs with
pgﬂeﬁt?aqs gﬁagg%%%ig %gél)e a@@?ggﬁ? Io?{kb fBBl ‘ :pﬁﬁ'fl‘é}ﬁ P ﬁlmg% dSseOhaturally

or gani 0 ng wth h _
oafuliimg pyptides abipgtentiplediugs @i thg ladke oKspkecHidityrodaatfinits Aff present,
the?ef fal%c%) sub-Tamilibs -g_fcsgcl)rlpic"on ’50-)I-<1En'\s/2 cgélpllrig/in r(])(\)fgly tlfSS structurally related

peptides, classified by their sequence similarities and possible functions [Tytgat et al.,
1999; Rodriguez de la Vega and Possani, 2004].
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It has been shown earlier that the nechani sm by which
Kvl.3 inhibitors interfere with the activation
wewsasres of | ynphocytes evoked by physi ol ogi BEl/IB2007/001544
antigen stimulation or mtogens is the depol ari zation
of the nmenbrane and the consequent inhibition of the
Ca2+ signal required for normal progression of the
cel |, cycl.e 10l i 3} | 1 Lde
e L SR R R e R R At
(1 e\ih e Gedtior] tGahmteatorepreadnt tROGAte dPalnyart &howledge BOGE control
Panyi et al., 2006]). There are two.t s of . .
Of(,sﬁ‘é%ﬂeill@nﬁ& ?ﬁjc%lé’é%?)é?%ihﬂ %mp@rapﬁ’;}m%yﬁie‘}%nﬂs (peptides or organie
b BIR RN A1E Bbh R R RRd PRI §ccHcity-tROKv1.3 ion-
CO-?@(S’B%@%F%%%E%E&? etg a1 . gh1995 gf ngéel Iggs thg
chambdlsagf efizttod menwry &pellst (Tead pOlymphoeyies ed channel

denat ed Kyl. 3 [De t al.. 1984: :
e s G BE B S, A0 O g v
witht Sk MRgiwien C QRIEGEANEE [(RpRéBlesaevblddalby( ghykoRgichl antigen

according to a recent nonenclature) [Gissner et al.,
stitgd@jon Thenitageny iis yiheideppladzationapin dies MembyIKeand fe consequent
. nt er angi2ng. i.five char ef f [ f
e e
plﬁlifeirafﬁﬂ)nlt h&l ippddudo®fof gsh2+T-icéil (r:\,ldiﬂe:e speciéik| i;szr tah cbal?hgilngeantigen

Ca2+ rel ease activated Ca2+ chappe Fes t .
(o008 nelCapalan 6t ala 003508} ot AFndD o bRy AL oA 0G0 {heare two

A e o 1 | 1 . d

pAP LR SENEIEKR e HRABERDIRIC, BOHRMAS) il
mémbsihe pgtental @51,i-681ed) [\amlcughe et alf, R85} ohbicelis e yaltage-gated

B 5 ) G 0 SRR T o
al{dV\gjeﬁfshe t1984]; - andOR] CaTWR1iVMBESK Ofhainél€bf Sntednitdlifi@i cofductance
an

central nenory T cells (TCM), require stron& )
denotadgen IECamipaiicoh 1 asetording o rfulesentoromenciadwiep Siggmer et al.,
copdary). ly oi d ,or gans CL ks
PSR KRS RLAR S B0 AR e pOSINE chare
cffIRk r@fiircl Far thEeRTMERHRRAfa hegaciive amalbramy gotential during the influx of

expression. Central nmempry T cel|s (TCM 7+ 5RA~) , i
Citsh toe 1081l ehdhe Cant INRas HIRIFY (Gt TGS BE e eVal. 2006;
t ed_.at »hd eriredi ) t ' h
e e I
mefSdtdne sioterinl af T, ce?l§ (pendshmsthe cetivationasiagus of tHeecedls (resting vs.

ef fector function, but. readil rolifer and
aGiveiea) i (o gt delech e PHEtin St gespisd by the degree of
te@ﬂldaggi@f&erﬁitaﬁw bedhk greelEr Rladehieg bBFéKKD[VBWulifﬁet GpyEN03Rd
y e I

ector nenory TEM cells (CCR7~CD45RA+A ). TEM |
cel | Twoi typisanf T bellsadrearaiet dnd csatral wemeriehsRilhel cvm), require strong

recept.ors and adhesi on _mol ec ' i
o R B R La L SRt B BB s v
a@fvheat amef wiioé IO Relld RhaehdeahotaeicoumBiedepevR@siyean antigen bear

including pultiple sclerosis (M;) (Wilff et al.,

CEdg 3¢ D4 hAuminstignalr tpatke; §Xalf?aswpgqur f apepey T cells (Tow
i e e I t.0j n A%

R CPASSEE L Rutol regB0 o0 T2 PSRN St

im@hiedlan stapsrdobh cem@iad Siff@tntaiopenitedant affedios emseory cells (Tem)

hr oni cal | tivated TEM cel | i b :
[é:ql];lgtgggta al.,y 28(():4]{ “Phese. cells have little or no ettector #ur?ctgo%,r but readily

proliferate and differentiate to effector cells in response to antigenic stimulation.

Protective memory is governed by effector memory Tgm cells (CCR7_CD45RA+/ - Tem

cells display characteristic sets of chemokine receptors and adhesion molecules that are
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damage, thus selective inhibition of the proliferation
and functional activity of these cells is of utnost

W0 ppensemte in the managenent of these di seaseBRCT/IB2007/001544
(reviewed in [Chandy et al.5 2004; Beeton and Chandy,
2005; Panyi et al., 2006]. Resting human naive, TCM nd
TEMof either CD4+ (hel per) or CDS+ (cytotoxic)

B B AR 38 Pl R B AR pfbPuncion I
se@éral adiOfdihund daRades) Mehidiny afultidy ack&r’(ﬂ;lsT@WB): EWudffted al., 2003),
proliferating blast cells by s eC| ant |

rhgwmmdaﬂrtbmtls @%d&%{) é]#ib@PfS Lipelityso Heesto o4 2.5 200l putoimmune
ps V\ﬂ%l? a %ﬂ n%‘lg H'Vé c%hﬁ?agﬂﬁbeﬁhﬁfcr opBfalmia and bone

er eas 't channe S I hCrease
resrptiod pe:mbdoyltall amaaxeh a]maicauya htt)vamddrmm odlls arhegspapyblerfer tissue

oo LDk S DR B SRR skl et

is %@%ﬂﬁ&é{ﬁﬁ bifarcB &n BRI gérﬁ&nttdfﬂ%s@alseﬁseaeewma@ e CHawdy et al.,
dramat | c increase in the number of Kvl.3 channels to

200ﬂsBe¢toeand®hmbfut20%>Paumﬂﬁgb, 30961.he | KCal |evel

| Koo, 8&/&\%&@%}%3’1 R R o iR e el d Tl W'{thotoxw)

pheEMyPB expressdimiTinguralbes S:z@nes @o)mﬂ@umsam'waﬁ theln BY TKBel channels
fol 'ow ng_ dat a_obt ai ned i n human di seases

paryeelliN B¢ al. 12003 ] cipnsfomagion;oh aaiye ang el o piplirating blast
A q@as{?eaﬁ'ésapﬁ%&l éﬁﬂée lésﬂ %hacL géirflecﬁay leodegto(gg]Sv-fo"}’a) increase in

reac romthne perlp er al
thh ealntbey of vl 3adhanadle péwdell3 whemwas thensingtee of IkCah channels increase

g i CR0 PR e i e &Gz IRCERI RVE3™ o chanmel

pl%@%}’pgeln QM?HT&P MdRivaiook Tz &Oﬁfl efhdro0B4" Bk tOPEN Ehéiio@pe in the
not 't nduce the generation of TEMw th Kvl.3 highl KCal

périph/em atmsects pshmqgaexed@y K dragadticgincresss éwlthe Twatber of Kv1.3

g o EORPE AT o S PR 8] UG channc

pl%noﬁlge of 3032ked By Jecorleh H(Céﬁqw&v& @"et om t he synovi al

of human patients %4fen fromFmemmtm
Ar t hiThe papsplRmk ketyeaskvi ar él‘ s ptoigmuRe disqrdess is substantiated

ﬁ{E%ﬁ&gl goda?;‘(ﬁﬁ%b %fh"{FEd% donor but i sol at ed

romperl hera .3 hlgh T cells were
1 oaRelin-Reictiad Treglls fratd Me)peapleeréﬂml/b@cbbf MY BeensareKval3 e [Wulff
2006& 6) Short termantigen specific CD4+ T cel
e13lpné 03(]TCLS) generated from peri pheral bl ood

hocytes of Type 1 Diab Il DM h
2b Hg’%hg'géacgzﬁ QTS ﬁ%é‘pferp@ tﬁ]é %ei?ii)lem?yp]gg]gelé f%ﬁj@é{{%%@%m @%ngvl 3 low’
h h i sti
R e M
3%%@%}8? Q)q Mglpaﬁ’éﬁf @\ e?ll's] e Iirrﬁ@%‘etaxﬁgen[s %@ﬁ Q9 ifidulin peptide,

ovalbumin or with conventional mitogens did not induce the generation of Trv with

Kv1.3M8K Ca1'" channel phenotype;

4) Kv1.3"8" Ty cells were shown in postmortem MS brain inflammatory infiltrates and

in the parenchyma of demyelinated MS lesions [Rus et al., 2005];

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
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As the nenbrane potential control of TEMcells is

excl usively governed by the activity of Kvl. 3
webasngd2¢3 the proliferation of these cells, tPE&i/IB2007/001544

functional activity, and thus the synptons of the

aut oi nmune di sease, should be aneliorated by the use

of Kv1. 3 inhibitors. The following in vitro and in

th%:/shgr\% o %llég?échﬁlét'aieﬁ(% re support this scenario: 1)

eration of’ chronically activated human

6)1—811'%%[': tlegrlll n@gﬁnbsg)ﬁélﬁg g:‘é%ﬁ Set]?gﬁecst L%ﬁ] gein {eﬁéd fr %ﬁﬁ%ﬁgral blood

lyﬁlﬁy dytes 8008be o1 Dibbdise Meilitus C('I‘@DMJ) hﬁlﬁaih tﬂaﬁeﬁy rumzll secific for
RApatients is conpletely and per manent|
T&Mpwe@@téd @ytommgeng ingylinjapd @%Dég KRisplay jBo) Ph?&éc’[%ﬁflﬁ fgatures of

R T e

[%@@ﬁ]ataﬁ,)zdoe].w VO experiments wth I\/ar gat oxi n, anot her
high affinity Kvl.3 bl ocker peptide, showed that bl ock

of Kxk {i® heafbsardeOpdtértial l@bﬁtﬂiltdfol’\gwpéellieds Eb)(eldsﬁvy]gegovemed by the
hypersensitivity reactions in niniswne; this reactig

aqtigity of dod - hrekanuels, B nrakfegasiop\atithessfcels. fheit fmncHand) @tﬁrﬁy, and
Koo t
L
in¥iibitoes. The falletihg i WirbnWBPvips dmtsallm trediteraturbuppe)t thik scepario:
(P58l PR o snpl LeaL o, e BeHLLSeS ) P BAS bearing e
}%E&Y&%@Q of 'TSM i‘é@ﬁﬁﬁ VRvi. BW)S&%{ _rﬁ&‘,lfi(:ixﬁ@ hyBBEAtaRkigen [Wulff et al.,

ut ol nmune nceph orry elti’s - into Lew s rats
20B¢ atrdFaetelll isplapdoiom tEAEWWIalaﬂmd[ﬂeﬁANmeaﬁSdS conpletely and

* peeBbLl MePERETLEY by ce P iy Ppidioeh a8 Gl et .

2008 rgh@(@us? 8t bpieanMLmhblcese 1@1@ Blogked Pa@aB pamwag 2006]
ce popul ation is the nyelin-specific TEM havi ng

2%?7! P(\E/Lf f‘éé(%an%@?@ NGith Mﬁg&’&)ﬂﬁe andth& EigARIREEy KRA!I BREkR peptide,

cha | ockers "al so aneli orated
shoveedsthapbtork of KEAB Waém tadhd nilgbision doff d¢law1rtmge ihygersensitivity

et .[ Beet 001 Prist -i nd
reBPigs i FURSSEYS B treioR reoar paeres of fqf e Rgifpr memory
TQ@ng[Mtaq [®7; is a rat nodel for the human di sease
Rheunatoid Arthiitis. Si ngl e daily injections of

#gact e fQMBfP' éi)@a?ilcyraf €U e ditthShIQ WK -Dhpd* Glubthg thelr in vitro

y the disease during thetrial period (up
st.'ﬁnuldayls )w1[tlBe1‘éBBn(sensmzatlon2pi%§=) alpng Twih elfepwqbwpblﬂcaaon of the

P o PrAp Bept foise kg TR Aot fHE e adoptive

trahsfel efl Ex@eMﬂ@ﬁ@l a\‘iﬁoﬁﬂmﬁr%SEﬁd:éﬂl@ldnﬁ?RﬂBB/(M rBAB) into Lewis rats
[1%@‘[ eeton et al. was shown that rep

ary T2 i AT O LEPPLR, ol o, I Feipe Ry characterized
nﬁ)ﬁéﬁ?{r Iy ﬁ&n%&éas%@ Ehﬁrgct%&ghﬁr&ﬁﬁaf%{chgﬁén%%% h‘r‘g?%urologlcal

action of rats show n
abimOAtalitass ayddthat didche atayssng)ff agib)popslahmﬁarthaj myelin-specific Ty

caontrol apimal s ated with ve
OB P T SO0 R S G ko] BSCUES and
channel blockers also ameliorated the symptoms of EAE when administered following its

onset [Beeton et al., 2001];

4) Pristane-induced MHC class Il-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
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T cell and macrophage infiltration and reduced b cel
destruction in the PAP-1 -treated group as conpared
wWawaok/18%es cl e-treated control (assayed bet weenPGBIB2007/001544
days of age) [Beeton et al,72006]. The inhibition of T
cell proliferation by Kvl.3-specific inhibitors is
specific to TEM cells, which nakes these conpounds

RS 2 Sl QSR AL, SLﬁV?EBLSQd"f

0 erati.o f,r ng naive and. T C
5 eetiey obaorls) PETT i PR s S ety cispps (BAD.
a faf BIGIEN foPtril DAR b HBMERY Wadtstudiedah MK CadlagsTarneiced DP-BB/W rats
overconmes this in pre-activated T cells and ren

d
[Bettenst @l.i i 264+ Itovpsshowndbat repgates dedlydnygisriion e PAP-1, a high
b| t.
501 O St L, o LY BLARED s, o of
shKWE)ng ﬁleéb@ﬂlgtdflﬁ;@bf EAE) by +-60% (sayed ]fca’eﬁ ]ﬁhﬂaﬁlé afedde) as compared to
t t t l.ect t
cogig) vumalrgieatsdivath Bamedy PRYS B res PRRSParied B dshregded Intraile
' f 5, f
R LR N LR
iag§ Qﬂnﬁ)ﬁte@%ﬁhh@hldﬁ-maﬁd oonttdigasayeds hetiween GB-70 days of age)
ells 2&5 ﬁat hogens and vacci ne antigens during
[Bﬁé'ioﬁﬁlta r tive memory inmmune reactions [Beeton et
al ., 2006]. Thus, the application of high affinity
hi ghTheinbéition ©of Tkeall polifvintion byl eracitie mﬁ%bg@t%lsmwﬁc to
cel |
R L
oﬁewﬁdlﬁmmmalh%ai@dAlthdsu@dﬁmgemmducedmnhfmréhoamf r@tmg naive and Tcm

colfb U PaTAY Semntivaria Y sbediatsd i it (e e Begttiozal up-regulation
%C/ag a@e?st @\;Brcdﬂléi;r’cﬁ 'm feVReivarsh gl c%ll@ hnd k5868 the ﬂﬁﬁfera’uon of

of ~Kvl els inthe cells may give
theses&lksdnéedemameetosﬁli@letmh@@b§ buboetesKy &.3i inhipitersd Ghagshani et

d ch [ est
algéﬁb@, ?}3 rgsfhrégtfg% (é%th}nq ?f]c}zrl‘%S% ?&ctgglz?%gé 6tﬁrsgcfn d;iff%feng"g 6%11 subsets
uﬁ%ﬁié&ﬁh@lm@ﬂanc@ 8P e sfefe@ﬂi/ift}th @gweh @haawdwe:kﬁmsvm oug IKCal. Tt
and for PA Schmtz et al 005; Beeton et al

waoalsp shcpwqcnet ythst ﬁleourmgmm ofrbine Bighi&erplios ke Ky 1 - rinkibgors can
bn?i tgﬁ%gﬁ?rsga gsEy ecri(st%ulgﬁd)rp @ﬁﬁc@}g’f&% %@ﬁve[tﬁ'h of Tem cells by

car |ac S

pzhh&gdﬁ@ainﬁo‘i'a@lineadnmgbﬁeﬂ gasng motrhalSpretectihe medvdry idnrhane reactions
expressed. Thus, the beneficial_ trea nt - ef f.ect

[Biepion & 81, GOREF S HuF o e FPRREON RS e AN Fpdnki ﬁﬁﬁﬁe%‘fﬂy Kvl3
il o&“?g%el ﬁf’ etax%@’éef‘,ﬁf cBils $difd8tefiyf E&fvﬁteﬁodhﬁfngt anefdsudedh factions

app e ty o ective Kvl. bl ockersin the
wirereagepenotherf pratet:nvmfmn@ord;l (}f dmmnunﬂ”sysﬂammlaileredat a

abov est a cri K _channe

fhe T ARl Brod Lirhdim hModiied Kt d B BRITRAE ol dhgressed in
sdRlalord s tah@ tRBRS I (ERNIdinG heQdenftall REVAREY e, kidney, liver, skeletal

intervention in autoi nmune di sease by the inhjbitiogn

masclR)y |and 3he: Rlpek eif Kv st ohpmeelsaon thecel\prNTZivN PR €onsiderable side
eﬂ%cet‘ss eﬁ;( ehéwee %' \99’008&9 QLR A chlR b 1A% QBeABEcaiSRsts were

performed prev1ously for ShK(L5) [Beeton et al., 2005; Beeton et al., 2006] from the
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
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isolated fromthe venom of the Mexican scorpion V.

mexi canus: VnR3, VnR4 and their functional equival ent
w@e@Bosr43 whi ch are capabl e of inhibiting the PCRTR20GM001544

of hKvl.3 channels from human | ynphocytes w th high

affinity and specificity, by blocking a specific ion

conductance. In other enbodi nents of the present

inyention i i :
KYGH e Eshbe BRiRi AR GRS RAA OPRELS Hidticers listed above
cobibigdd Qi nﬁ’ﬁiﬁial/ ajremt cnllegSabsamiehofisidk ogffdchepointigewards the
to bl ock Kvl. ot assi um channels, to treat. vari

apmhmmléﬂy@éﬁ@am@ th 1 PEkera i he gnage BTG of autoimmune diseases.
apply.c rat t h
and IIcrzlog“rec?‘%’f 0 gi QFM%T%%%& e C?ll éelsqu\/\gggql@g%???eaﬁ%és in the

exeedtits of acphy/smdbgmaiaimﬂnugdn rp&pphm resud cpoiht dwuthe apphcab111ty of a

chronat.o raph and have ha r. pri
theigBEK B NP HP R ThRHO e@f%éﬁ“ﬁfﬁ@ﬁ%é (hafnels.
spectronetry, show ng the pr| mary structure shown in
SEQ ID NO 1 and SEQ I D NO 2. VnR4 contains 36 am no
Sﬁﬂﬂilﬂ’tﬁ‘f OoENGTONeI ght of 3863.5 Daltons. It is

a conpact  nol'ecule maintai ned by four disulfide
bri dggs pestAbldvehesh R¥ndBasS tieP &ichtifd@iohY atd ube obeﬁdmele Peptides
pairs ofp cysteines at positions C6 and C26, C_ 2 and
1sojav;d fem eheavrnogsef thadexian %@ﬁm@%’ mekiepreist Nend3eMoed4 qud their
and for theabre [ d
F]téo ﬁglé?zgleg 2 v}é@c%h Qx{é ?ﬁ%éetfel @@gf o@g;{ﬁﬁam of hKvl1.3
cHafhéls tfen ainid @@ﬂlpﬂloﬁﬁaau evithe highhsffiaity nmdaspedlﬁattyt hp blocking a
carboxylic_end of_the lt% (ﬁe | s dat ed. The f
IC}%I@M gg C\Qﬁ@u%%ﬁv, I{Jaq)l]h9r gr}} P g}gptf %IpFFéelil H@V%Opdthe inventors
di?ﬂée‘sc'ee pl J&qutﬂ:gl %ﬁl b&ﬁ@ﬂsd Oﬂﬁgﬁlﬁ AZi AR eﬂn2f4°£1§11 @l&blptfunctlonal

synt h etl and ‘confir ned
edubtdient rmaioga,l mamddsf tﬁcrrcﬂhem nat tarbddoksKs!. S\pmzssmm nhﬁtnnels to treat

t t t |
ngg)[)fl% gngglg]p Q§iF gggcgl y e%&gie 104 19@1%)63#‘? @bﬁlgcfa %%4 nﬁg{?gg for their

ciinidll GamRisbady c\ﬁﬁb&hfoldlhgatfhés% %}d@@%me isolated by means of
mcrograrrikllogramm)use wei g en applied to

cdnyeatioray highqeyiogsaras liguid drromatogmm aachh@\s@t hadrtheiy PHmgHy amino

f.or hKvl ann % t
sotihebls, lerditt ] £IRRY SpadBRRER Bty BRanomets grovi the
piAfaB] dRsture CREVE B sEQeIDerae and SEQMIN Y2 KimP24| coatains 36 amino
the | ower piconolar ran Iessthan3p|c

s Prmefbegaue e, 193 S 50 db & A AHERACE BRISSUsrmgigined by
I
fOélg (c]i ﬁ%%q%rka%%ne%’[?ﬂ lacfb% éﬁ% %}:I)’e%tro}n' {%/ t(ta ﬁg bEH¥een %alr? chystelnes

ents
atvlsitope (Fadtndd"2g IR and NEd, ChannéIC33haahCR1 Et)d GAerwhere the letter

ass concentration of 10 nan | ar
TREhIpr Bt HRAEAEH O tom oA RED ML HEr S UsFe pejpespond to their
re%ﬁﬁiré s8ioBd K@ the Hﬁiﬁb deiPRQuértte] TRe hdirdPai Pt haleaibyx@dR end of
50% as opposed to 100% bl ockage for hKvl .

3
tl@hmméb gs amidatedxThe Bilbpretidsveas sommiselly senthesigedausing the solid
ur ren t
e G e R

aﬁd‘I@dhﬁﬁtﬂl&éd bey bbt‘}ﬁchbhhﬁﬂ aad &neebsal anslayiedVmRéihadtitdxic to mice when

tests conducte th Vn24 caused no aobservabl e
(.}pﬁ?g Hrglagyely h?gh concentration (assayed up to 20% micrograms per mouse of 20

grams body weight, that is: 10,000 microgram/kilogram mouse weight). When applied to
human lymphocytes in vitro, it shows an extremely high affinity for hKv1.3 channels
assayed by the patch-clamp technique. It binds to these channels in an almost irreversible

manner, showing a Kd value in the lower picomolar range (less than 3 picomolar - 3
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i ntoxi cation using concentrations up to 200
m crogram 20 gram nouse wei ght. VnR4 applied to the

wo adosireted f or del ayed-type hypersensitivity (BIFiB2007/001544
protected the experinental %@nimals. Skin sensitization
of experinmental rats with dinitrofluorobenzene ( DNFB)
causes a consi derabl e innunological response (redness

[ 0SS i nf
ol SoRe Bt BOURLTR s, Bl o RoRing Bh Xhangel: b1 4
hRAR4, @ 20ihBH Xn@hERG-Sliaahél] gl theecurfepat (EfEthE veltaye-gated cardiac
consi der abi e attenuation of the i nmune | esponse,;

Np nehaanelathNen! .9} whie asseyed ai eeficeniralion; Qfnt & nangmalyr (1 (h 0'nM). The
RS ﬁ%?lgﬁ?n {1 lnﬁ%{)na@ﬂtﬁﬁcﬁ? r cﬂ’r; Eﬂ{@i) nfOMPRLAEE hKv1.2 is

0 con recei ve ent " treat nent.
apprédmatedyl 2@) epﬁﬂ)%eamammdedmmO%vhk)chdtMor 8KvaBedafimedsmThe toxin

t he sane etely sequence
oty 757U AR SR T A e e
Sxitatel 560-8d $ndrs %!fféé'@s?e oP A& 8RhnA¥] @k anflioF4hd ber channels
ridges,” and shows a nol ecul ar wei ght of 3665 Daltons.

asva®d. di spl ays equi val ent functl on as Vn24: high

af fipity.an ecificit iory hann .
o1 ockebi sRE Eiduebidl YOV ahE, oot AU BbS v sypptoms  of
1Méat1bn%ﬁ1ghé%ﬂce&rzaion§ ngntM mm@ledtbgraﬁwm ghin YiRse weight. Vm24

roximately 95% 1% 3% and 90/?Wrespect ive

amw otfertbe i Tt anads}sfy demrutbed nerﬁeﬂaflnl%e@mwrotected the

g%tg rag]tnﬁahf‘ rSl&% g%@jt%\é%g glf’ gﬁbélgﬁg PJKQQtﬁ Rin efiﬁi@c?oﬂuorobenzene

(BNEBE@hdsbﬁﬁ cofi®Beratiel invindoldgicalatspombké (mdltelss andgrosoinflammation

he 20 sub-fanilies of alr.e dy .descri SCor pi on
of GRDOTAU Of qfﬁ%@toaﬁ Sh bR o m B Sanegr gm2g on day

sikAffer EtE\:H %ﬁ@'tre%nf B ¥ .coR8iBa e QRARRHA Of BR MAAMME response;
a- KTx n24 and VnR23 thus shoul d be named a- KTx

thzlinﬂammhtJ@an'f( tix] ti2ated espeds |smlif§acanﬂymiegrqamdc(a|t tleast £0% less

gt FoppedRmusLbeuRtiiy F8 VARt ona

panely Rfiatsés ipgptideSheméd Mm@ﬁﬁtwéshﬂs&iﬁﬂﬁ%tftdfn the same venom and
nonencl ature now i n use (see ﬁ{mat et al

ceinpletelie sepstcado @s tshewpr innBEQ LulBist penide dp f8r31’ ¢ édpntical to
at S % a
V%ﬁr?é} hg e_% %m?n% gnltez%gg(gs{’ rbgglg/% se guﬁgﬁlgglsgmrél% I aﬁg%% Qf?d Shows 2
ntoﬂ'fﬁum fv%iglkl‘tﬂ\%%oﬂaltIﬁm Baﬂéddlspiaymequdér& fuﬁctamt as Vm24 high
know edge of. the field hes ke VnR3,
A SHAPPEHBFY ForrRY bAgh WG kP diRckase P Cuftens for channels

%¢8! I RICa¢ 2NAkYR1 ©3nd ORK{ TTIURE 19URR e&ﬁbé}ﬁraﬁﬁﬁ’ bhevm23 were
i aghosi s and treatnment of inmunol ogi cal diseases.

aBRbEMaBESOR P TVORVCIATNE, IPRRMINGS The dr awi ngs

i ncl dlnthls di scl rm.part fthe res

s pec R DerTth MRty S RnREE i R Febtis fstfe, o Bt 125 other
kAGI® @&irFﬂh%dbﬁﬁéﬁ[Ehg@é}ﬁbe@t 51.,0f0065 N\ espp¢ifis €bt IQ Ellv&ﬂélls Oshowed that
The full invention be better understoqd

Varpreheieihdo gt fall vm}}l@ agy qfiibs @Odﬁwaﬁgges 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 a-KTx
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,
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with the detail ed description of specific enbodi nents

presented herein, especially in the section of the
wez@spsess bel ow. Fig.l : HPLC separation of 1 PQI/E2001®1544

sol ubl e venom from the sconpi on V. nexicanus. Mre

than 80 different conponents were separately obtained

by application of the soluble venominto a C 8

bq}ﬁ@@ﬁ? ﬁF’Ea‘Z’P‘F% oslh&}x) leé q ! Iaﬁl %n%g? gg‘x}\?mgeioﬁ&ééqgglﬁu afi%IAT\Vith the other

kitoARt ®kirdsh 0. 10% TFA), using a gradient from0%to 60%
solution B T(rlgcetonltrlle in O. 12%Tlfﬂaatﬁ er 60 m n.
NurbBpsediorathg statgof et knfyledeet pinihs 1 gsepRropgriies make Vma23,

Vh&qt' %ﬁ{i eﬁlefrh ?un%kiUﬁ%OE ROALA ARa185s, VEkAuaRd cMYiddles for immune
respectively. addi g1 ona sepa AatTon o ac one
suppeseiohwad dterdia@tosig raag eatnfentcf mmmmlmcai disdases.ed | n

the sane system but using a linear gradient from

solution Ato 40% solution B, during 60 min for both

ﬁ)ﬁ tides. The results are shown as inset of the

ERESCRIPELON QK JHE DPRAWIN(Rt s i ndi cate positi 6n

gf:i gll‘gt \doay ogs g#c%,\d?égg%w ciﬁ:{%clﬁgjgs% If?hﬁﬁgresent specification

aﬁ?ﬁi‘é‘?ﬁ‘&ﬁ@edq{erevﬂﬁi%ﬂﬁ&dde\ﬁ@ﬂtr% rertfiRtagpdecb e Prek@ftinvention. The
Edman degradati on of native peptides and reduced and

fidl iy eriomcnaabepbestsr undﬁrsiocpd)byw eerhplamanting eresdy more of these drawings

Wétﬁ?@ c?tlng <£ eesglggl ffs spg lﬁ‘egee%éb&(%rgenqgﬁ%%&ggdeg%?m especially in the

s&ﬁéﬁ@iﬁﬁme(e&ﬁﬂh@l@&%&l@&ﬁe Arg-C and Lys-C), as indicated
bel ow t he correspondi ng sequences. The am no acid

Figolj APk Eseparating opd seg pkthe soluple vegonx frem the soarpioncl. mexicanus.

p
VOB 30808, L SRS LA o4 ETb Ol TS sl
véroag it b al [8arvdrye phase tolomapcaylog mombart 2 HH)P54 Wroche Nyda:c; Alisperia,

e prad Hy rutgnATast fop fouct e nER et gm0 to 60%
sCHIRBB {82tadald i810. 128 IF%) 8¢ dodamONahBers heanﬁrzaeﬁrf@teﬁtﬁ)n times 23

purified after enzymatic’ digestion. MS al one neans
amd:l%mmllmh@atesnhb gliidn msm@l ef:Mm@B ame I, respectivielys iAmgadditional

no acgi d The quence
SR aPn2F St ot AR R BT MRl B g in the same
syéed.. buT'ih@m@ aSlidebO g dieAlRbAGoRSion A toC40%h Golution BL dudiy 60 min for
amno acid providing it does not disrupt the three

befihrpaptides dihefresulis ige showm@s gpsst &f Ahe figasge dhe estedpkskingthe insets

does not di srupt
oo i3t oF Flth BCAPhIP R s, CO0° et ' or even
Flyel:tAeminlo axid $eguetice of Mn%mfmzzhaindi cqrsensudi Tigs sjequeiaoesof Vm?23 and
VBRhi Bt SBob ot B o S SB, R rcuse and
aﬂ{&l&‘t’édds'aﬂﬁlés indQRHidAAbn WithrHRk sfaé%?roh@fr? ﬁnﬂyﬂi@%‘tsﬁe%ﬁéés obtained by

I ding O the protein or even better” S or
emmw@c atﬂawagsmépw@umgtldet witlospscifigtengiinessugndoprateast Aee C and Lys-C),

a?—'im a%doong)l, cg)hQ%rc])gcfhnt rs]eceﬂ elrlé)etse’i&ﬁ]nagmin Vglﬁ sg(?&etrl{e:és o|§ i) peptides

provi oe

potiiéd) pifiet fbﬁzﬁrﬁlﬁtﬁe helilraBRs andl HPC dsepgraﬁbntha’epfdéh@fﬁdﬁl by mass
or even better Y or none at all. Fig.

SpreEemssE gnalsin %MSdn@aQSemﬁﬁsmcmmm %awamﬁdqy(:@actro spray
1&312%?1819)'. AddepP A @quence are the indications of the segments identified by the

various methods used. Direct means Edman degradation, Arg-C and Lys-C are the

fragments purified after enzymatic digestion. MS alone means identification based on

molecular mass of the missing amino acid. The consensus sequence has 30 amino acid
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of the CGtermnal [MtH + ion at mz 909.4 a. mu.
(nonoi sotopi ¢ nol ecul ar wei ght) shows 1.0 unit |ess
W@ b@s/131243 expect ed t heoretical val ue of [ MtH| +POIB2607/001544
a.mu. The y ion series {ittalic) corresponding to an
am dated C-termnal sequence is shown in the insert
| abel ed 1) Theoretical y ion series values for

reg@ﬁe%svgl?l gr)%ccllefnﬁgép tp g\}os §f{1g{§§ &g?{{ler & nngi{i%ﬁﬁH}@ “g(” could
be@ XD edrymiihalac prévidmgrit eesvidt dizsupt EXP tl)readﬁn@ﬂrmalrféﬂimg of the
inthé table inserted (insert |labeled 2), Fig

prisitepoevamebeiter Ky orgPisXil ARY amEgsach ReYLd ngrﬁed% ﬁlﬁte é@mmt the three
dlg‘{égmg 1 10} ho% tﬁp &jﬁ&?er T W V&L B La{)c}thSPh E{l?tafnﬁlo acid providing it

ructures diers produ
desls ot cﬁ1élﬁlt§0ﬂhﬁ We@tdembl)&mnal fdldiag/ afjthe piotiind4 evei hrqyter K or R; x*, any

t d t t
arpinp SPP VAT 1 Qo PoaUBRGGE §es e aing, b protein or
e\teﬁ%eﬁ@lt €LPRE 7 ran% Qﬂﬁrﬂi AL Erotvﬂﬁn%i‘x' abésn&)t tE!li’ship‘t AR fhred disfnsional

mber 1) and M-H| + 1 on a 0.4’a.mu. to
foﬂdmg of thei pueteinadtfevea bttte@’& O7R( andrsa ran}Z)amlqu agid 5rowdm41t does not

hal, .f t
N e s g
Figy $1 Vﬁmgﬁséesmlah&mmte@c Aétehifat C@lliM(ﬁqbl—lﬁlﬂﬁ&HﬂBﬁsobfaﬁon (CID)
at nlz 1099 a.mu. This was fragnented to produce

oﬁ the Ovisrmvidak PEHT Uam shavii99% fngr(Eongisotypig RO F%ar weight) shows
D5l Y i SRss tﬁ!ﬂ?ﬁ% {xﬁg&!‘{%éé%&eh a1 136 cﬁ LeH] WREFU QL %1?3}1 ion series

repr esen con i'rmng ass| gnrent
(ikdiie) c’cdiﬁbtspdﬂdﬁlg(:ty&h iangddial €-tg@aiind seqenceShohmvi methé irsert labeled 1).

disul fjde brid t of \hea . .
b‘l&psu | we%%l?%@%q%&g%&%ﬂeﬁﬁ%yg‘é%%B@B&fel-&s} &rprakﬂggleoretlcal ¥

io%} n&iesf gﬂﬁsﬁfg{ Iﬁfél Fb;i %'Etlérgﬁg?% éTif/'nIggi)' 4 &Eer’ﬁ?ﬁ%ﬁtﬁal%y {of series values

(BXR) ederpmpared sethe tadleidsdrted 4inSirt Ebfrlai/é} se phase

repar ativ Jumm.,. N 1 indicates, the el utj
Pl A HsFerdgmpta ot it phBinnter I BnBrgal B 2 show he
mORHBANeZhA hdSchdiphtiead@ctuRts %&""c&cﬁdtéfoﬁlﬁie@keﬂo@tﬁced by simultaneous
truncat ed sequences. An additional separation of this

pl@mommcéﬂgmgﬂﬂf&fm% usingtrypsin SerbyRpEHPSihatihbo Sakke [M+H] ion at
o ST} SRR IRl RELL TN G g

cybtihé h@lf-@@lr IG4AC8 Tentiee Yl biics tharRHSHO YN @anizrisei 4 ot hethe cystine

figure.  Fig.7: HPLC conparison of synthetic and
hﬂ&?%lfgf’ G érp})t de. A) Application of 10 m crograns

24 ¥g§§: h?ﬁ}gﬁn@n ?Wsﬁ’@ &abimQor h}ﬂgﬁo (th@tiRlcBBe of the

n
ursrber 215?' per| a, Inthe system
cauﬁplbi?lc(ﬁrect@&tanmhgboﬂlmyﬁnr@ lhalfspmmsCﬂ-lﬁhlt artdh©2-§1§r‘er1ﬂp éMter_Hb ion at

gy SO B o ot dreaencd & HovRora oM Espallifragoup in fewe

481 The BlonGRfigyvaliRe fidm Pf37%6 150480, msq@%cgwfelpﬁdserﬁ@hd g GSPE
prepared and folded VnR4 in the same systema

nd
coiing thasssigymes-af the s twp eistine half-pairsetRr §h@ws the full disulfide

bﬁ%%:w N g%n‘?e{ﬁg Ewﬁlas YBE %c?%aglma%s E%&'Er&%'éwalysm described in

ey co-elu
part A of this figure.
Fig.6: HPLC purification of synthetic Vm24. Synthetically 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
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retention time. It is worth nentioning that the X-axis

of the graph is shifted to the right for letters B and
w@008n30udler that the three graphs coul d be obREr1B2007/001544

conparatively, but separataty, otherwi se the elution

times of the three independent HPLC runs woul d fal

into the sanme peak, and becone undi stingui shable. Fig.

frzi? nﬁi%gﬁ%h%ﬁﬁéaﬂf ﬁ@%&ﬁg 'taetlﬁ %Pmr%nt 2 1ca\tfr5g}’%mﬁ*{‘&veloged with a

e sequ ce ‘a V4 and VnR
hrwmt grambﬁu fromeslution asel49%s smlh&toad?» ,alukiig 60 mih.eltwl regpitywret shown as
. %grfor med with CLUSTAL X [ Thonpson et al., 1997]
mé"éf) fgUnd t he sequence identity with V24 (9%, |ast

F1g H?gLC ‘é@ﬁl ok Eﬁkﬁ%‘a gqiatturalﬁ)Vnﬁlﬁpéﬂtfd.eeA) Application of 10

enetl tree C cul ate ayes
mickoprdrae nbeative AR 4Rmboan atalytig 0118 dRbumyw (eatalegyeimber 218TP54 from

el senbec VR nR4 I
Vi RRRE an 3 B o UBE RN, ATBEa Sh e e v
elﬁt@patf%’ﬁ Mir2 WhEX dveldped wih a 1RRhLEhiNE: A8 ekluBdn A to 40% solution
hocyte ion channels by Vnk4. A) Whol e-cel |

demragsﬁ miouB) é}hrgmmgtmg ief Hviniczogrpmp | synthetiealbyypieagyed and

AR B b SAE SO PR DY S o
syhfitic Qud menka Vin24 b@taa Bsmﬁﬁigr@ﬁs)\/ﬂﬁﬁnr(gcmat thel; co- elute at the same

i ndi cated_by arrow) .are al nost_ conpl etely b] ocke
rotenan U Altia warh RIS oBRE el ther¥raxisof fhe,griph ﬁéﬁl}%‘eg 1 e Hight for
fals].Qn~0 r
i G i, oter ) REGlc, BaptEP o BIEGNE RAPRERIy, but
se@aram}f oterwise ﬂwelumomtlraeseofsh@ﬂuee‘ niéenileny HM& runs would fall into

ion of 1 fill circles) or 0.3 nM (enpty
@ g ﬁ%?l%at es the start of the

F@PI%' I@@fdeﬁ&a %fndt Bﬁ%ﬁ)géﬁalc Malyi8 sOVIRI3 28d Va4, A) Multiple

currents of a |ynphocyte as a function of tine are
segjnenveg a&lgnﬁlept\/bf/mzﬂ4 snd P2 ewithathein enase Iclosakydretaiecho-KTxs. The

SIERL g TR 01U AL R kTR peth Frode 3T ey and the

seﬁh%eﬁﬁéﬁtit?lwﬂﬁw Wof NAMBAGS dtlchihtd MtHQBl@EﬂfetBﬁ81mpllﬁed
- Pul ses were delivereéd everi/ 30s. D)
S6

PM?W‘&@ gmqs@lml@ted ovighiMyBages §0b4 ks me&krﬁnﬂl Bynqulst 2001;
£t
a8l AR LSRR A SUeE oo YAk 0 LB hgbam v

ssRntiNg RERKLE HehRESOMBBSAhRd ol ITk Be presence and
absence of the toxin, respectively, and fitti ng t he

FigaPaSe¢lestinedlogk of lyng)lmgyj@tlp@ gha by Nm24. &g "Whole- cell potassium

ol TR A RS 3oEE M L, BARSET: L o

dépottiradepkayl t6 A58 BV &om 'El‘}@ld‘iﬁ)@ petreﬁﬁai(m’ SE2(F iCevedy 15s. Currents
constructed this way vyields pM and a Hil

I
in- thef ghsenpcenef Mm24 @Pn@l é@l?a‘}g{ QH q(ro(\}ﬁaqqﬁ @lmogjscompletely blocked
whiRhagy ka4 | %ﬁm Hetoeﬁﬁg r&HSed e &%Sl%nc@fi J[h% @;@ﬁcellular

currents were elicite y vol tage ranps rom-1
meBRnmAfrowrmdicites thenly' paseint Vai24oB) Tllzmowalemérlgﬁal.t@srrents as a

RSO OF tblec e RO opfStinR s pt et Po) 48T bR Slgdslfr 03
(dnfbty BRcIRE)ESTENGR4 hrrd R indvbePde bRkt of the Afphica@itof the toxin. C) The

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
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foll ow ng wash-out (wash) of the toxin for 2.5 mn.

are shown. F) Renmaining fraction of the hlKCal current
wo pooshao2ps esence of 1 nM and 10 nM Vn24 was caPCUIBDEd01544

S/SQ where s and s o0 are the slopes of the |-V

rel ati onshi ps evoked by voltage ranps in the presence

and absence of VnR4, respectively. Error bars indicate

SEM = .~ Fi Q. ; 4 . S. '
b e o D R hE R B i tchon R
I fcofuiiegodef vk doheerdripbh, C‘&h¢r6ﬂ' a@fl I} ire thopdalk currents measured in
(control), follow ng@t he equil i bratiaon, of

the)progpmee andcabserice o thy taxdm eeneeti sty Bfng ﬁée 5%%%“5% gith the
fugch[ iy ur ] en{ie(h/ v&e Q—L@QEZ d e‘P@Lﬁfﬁfi&Eﬁésc‘ﬁ‘l@ tQ}Ylnlcgg&n%ﬁ&'? and K4

tage steps to +5
is fthedigobiatich rRonpaite ﬁlrnoalbam‘ indi@de REMV@ery 30). sThe dose—response

Fupehon GRIAIE 67 s S B s h 2 gyt BT stiBienP el o) ca
acﬁﬁ%@slé ‘;‘cﬂallﬁﬂ)élsCQP Tﬁg&ﬁihb@?@@ PhIRUTA§ Rbcde \éﬁfn%sé%ﬂoihego@Y cells and

tage steps to +50 rom a hol di ng potenti al
cuttRAB ware ehatejl B0valtagEcpmps ﬂwmulﬁﬂatootﬂo 3| mpd@ldmg potential of

J% rq.&g%rgr% t | on R%éqsérecég{é\atig%fg tgg &%lgcﬁg ?)f ﬁ-tgmoﬁn (control),

foH@Mr@lhﬁ’&aé uﬁib@zﬁﬂ)n' ¥RBEE Y afe Gosknee bfqotrﬂwweme4 emokedmm and
olt steps to +50 mV_from a hol di ng potentj al

follsmmgrm?] ;(ww)@f thefigicin foF RuninB)- geashawiie bB@IaaWPgsf?@tlon of
o)t S L BBl 19 SIS YRty whore s

arfelhsg Afecths Elbgéﬁoﬂi‘h@ ll-ésﬁehaﬂhohshlﬁbafoke@ by vsltaedamps nethe presence and
wer e evoke y Vo e steps froma holdin

absercerpti Vngébgesngeﬁw%gpgﬁ@t@g@cilgate %8} ?I ons of I\/rrg4

Fl%pgé '\‘flﬂﬁh Nsefldtive B6 %fﬁ@f3%ﬂim&ﬁ‘fliékgr ﬂﬁl‘il?y &KV.8) claidels. Current

respective 5 chann€el s were
tracep mmm forwEhe aplbliaatlam df ther tosint @onieely f@ﬂgwmg tﬂjy equilibration

ol t +50 from a hol djn nt
of oy 8885 Vi Lan RlouipEr g Ch DS Hholofln B o )
miRd. 1t H?anﬂ@l%hﬂvé}b'texﬁﬁﬁée@db%!)% @eld Bnd afiglends Svei@ Bvoked by voltage
respectively. Fig. VR4 does not bl ock or inhibit

stesr foet 30 otV iiost @ghoé@ng poterpal elant2( BY evan® s, Equﬂlbrlu?n block
t
O TP TR R byl et
wtbbé é;@)rés%d/B%@oaﬂﬁ z\élh;l zt(r@gﬂ:ufgenﬁﬁwhrelomokém?hx)ohage steps to +50 mV
oxin are shown r
Frgmes hoiding oMl T TGN B Vet G0k BAVGPTvG DG Erdpied in 5.5
mtirP fFE Qiugg{loL of MePw l—(@lﬂ%@n@&’%gtﬂrﬁh el th‘lz@ c%%‘i’se‘&é‘re%gpressed

rations o application and the wash-out
erﬂbgemﬂlsllyebﬁ péripheral blodd dymphocyteseaplecuriangd ywerBpvekerdy voltage

SER2RTAG G i RS S RAGE S BB i o

dév%lcsp@@ V3 BUmiN thhidaftioh Cod GRK wath-6@thperid m%srmm D) Fast
he "hol di ng potential was -80 mV, pulses wer

m@euwamené@nev@r YK D4s(KviHEAN ehannels svese Wased by Cos-7 cells and
I%Pe%ltém&%e' QRKENy HBRa 3540 - BGR Y AR o1 BnT pBtenBAr —120 mV

every 30 s. The durations of Vm24 application and the wash-out period were 5 min. and
4.5 min., respectively. E) hKv1.5 channels were expressed by MEL cells and currents
were evoked by voltage steps to +50 mV from a holding potential of —120 mV every 15
s. The durations of Vm24 application and the wash-out period were 6 min. and 3.5 min.,

respectively.
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respectively. C hBK (Kcal -1) channels were expressed
by tsA-201 cells and currents were evoked by a vol tage
W@ @p/180243+50 nmV preceded by a 10-ns hyper pol arPCEIB2007/001544 .
to -120 nV froma holding petential of O nV. Pul ses
were delivered every 5 s. The durations of VnR24
application and the wash-out period were 4 mn. and 1

.mn, ti . .
i, e HPETHL ey, R0 i St o
chahfgs. digrréht ﬁ¥ﬁé§ %mﬁedlbéfdtm@e ppplévatibabf tfe todid@cmirol), following
th;,\égq;ﬁbwlog@ﬂbggplq,\%; 20 Vb ﬁ%@%ﬁﬁ% Fs-ot (Vash) offihe toxin
ar%gﬁcps%% LAV 1 ?l% el%%vere‘s@}!i Edsby bl XooRIOddlls %n@fcul\{%él were evoked

ars i'n |cate current fractions at
bye qolitdge bstepsntco 60 lm\zif frd)rhea hnhﬂur@peldnhﬁamﬁwel@ mV nes 30 s. The

applied_i nM or 0 nMc ncentratjon . .Dat a .
aitiosp cebted 480 PSS RYBHLEn i o 3 min,

re ﬁ(fél?eﬁ ﬁERﬁCUhaf]ﬁlﬂﬂs QAR SPedsl 1Y BIERNTe R chfents were evoked
| culati'on of RCF and othér conditions see details in

byhe gelm step tsﬁlge ng@ fotlowed oy a step tQ—Ir"@rfﬂé(f duringtwhieh thepeal current
K .
W%%ﬁ%?%‘fe@m%gg ?‘P@fﬂ%p @%E%Egﬁs ﬁ%y “@an ne ésge\}\}g'rg%d QYeRey s The

ddrh@isdoN WiwRat Apsidation And eﬁemﬁ-dw péﬁb@lxﬁérbzﬁi m@mp dhé €5 min.,
to +50 mV from a hol di ng eiqgtentlal -120

regpectively ehd $BKe EBeded Ghann Wat?sefmessei WH@A@M g‘é %ind Gurrents

A v AR LTI MBSO Rt

mdd ifiofti & heldth pateritind of @ InkV VPuses Iveerp delﬁ\(md)ﬂfveojf 5 shihe durations of
row i .ndi caies t he

extracllula di um :
B?tl%ﬂ@ﬁe'zgfashpe&kpemﬂr\@ﬂf@s Saing a5, Joibprpectilely. D)
NE‘(}IT? L(fﬁgnﬁ”leﬂq% ﬁr&é@% BY ¢die7 BN heAbin@Eht® fvetd Bveldd iy voltage

Arrow | ndicat es he start of the application of
stepxetot(bm%fromoa bolgitigf patential pEcbAemy e‘remyn15ISOEhe dgrations of Vm24

d t.h fu h
T MU Ly S R
%erlQOS):lectQmBﬂi‘&ﬁl'eﬁﬁl Vvialka. BRR iheitaicnthe Gelﬁalﬂh[r%n&urrent fractlons at
actions at e%fl i brium bl ock of hKvl sVnk4 and

equidarivap plockdehtbecindisared shewely by i\on24 eamlae@ i@ hndk i ey 10 aM |
r. n P t
BRI T, e PO 3P SRR SIME i R hepehltns cRferiments.
F@Iothd eipmsﬁorsgeteﬂei anidlthe ediculatipanafREB afd gther GonlitionSisge details in
4: VmR23 is selective for hKvl.3. Current traces
leg%‘é%ﬁ%igégsb%f dre the application of the toxin
F%‘i é% 2 df.g':,} BRIt mvfgtuhhhhaetuyogyn@ﬁetm Vel 40 ) W hole-cell

 ow ng wash-out (wash) he toxin are
ptsthmum dugrentshtomereghs hKv §A| ¢ha®a¢18 | werp| ey@kedj fbyn\mbmnan T cell in

ncentr.ati o ted har | ogi:gal
rSSPORF I RGP e SR i = han Pl FERLORES B2 ugf mV every
36RICHABAY FEordd REfhe RBSIRE ob‘lt@@geﬂtmnhmydlemdajacbd by arrow) are
currents were evoked by voltage steps to nv. f

substaatisly plockast FR0gwhep @0 AM eyethgtic K24 (E‘&m2|4? isadgpipstered to
th%I & KyidgNe é&@&goﬂ Bf ?f% exTiaBelluld e fit2 Ry Bdiddi& the 1% pulse in

out
st24 B) Normahzed peak currents as a function of time are shown following the

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
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mn. B) Ca2+ activated K channels of T |ynphocytes

(hl1 KCal) were expressed in Cos-7 cells and currents
wowers/182uxit ed by voltage ranps from-120 to +HBOI/IBZ007/001544

froma holding potential ofi5-120 nV every 15 s. The

durations of VnR3 application and the wash-out peri od

were 3.5 mn. and 2 mn., respectively. C nKvl.

TR T () E T —

eﬂ%‘ri%%‘tsahr“opfhe ckBRsEMn 8YRé, the cBlculhiién SORTH Aldsothdr c\dﬁﬂﬁions see
application and the wash-out period were 3.5 mn. and

dqtaﬂsmlegeméstﬁe&gis\ﬁbﬂy D) hKvl.2 channels were

TSI i P G VR0 ket it
the]tanlT(MoﬁtY(ﬁ) Viollowihg the eiyhilibratiomot lbiock biell(bhlvbmhﬂ’a’mrﬂ following

“ﬁﬁlgou’il@*’a%@eq)é@kt? QTR Fr ST Dororhaprels Sigrfeaar bocked'by vima4 in
b%%ﬂ%r ntrat %IF Wgﬁé ggfl&‘g?]cpﬂfr r@ﬂﬁni&ﬁfgﬁda@ ??ofﬁfng of Vm23 A) hKv1.3

equi I cat ed channel s
chppklisedererexbbessdd endogendusht by lperlmai bleog rlmphdzca«tbsamd currents

an SEM for n>3 inde msnt For t
@@%ﬁ SRR TRV ATRISIBE PORHESt s IdD mV every 15
OE&ﬁllbﬁ&ﬁddléélpﬂéveﬁﬁﬁd 48 t33d hn.l EheI QRS of ﬂw’:\lv%-mﬁ pefed was 2
g Del d-type hypersensitivity (DT

aye H)
rmesbbﬁse achvataql K chipoelg) o6 Jd§m®h0<3't@sa(ﬂ1§<6a e reapressed in Cos-7

éﬁ %\‘5{ ?Ué‘gegl S\e;\&grec altlﬁﬁf gge%gb O]%Pr%éé‘f‘ a,ﬁtl el ﬁ)c o%\lglg{ iRea holding

poteRhgl ofl)120nd vt é\%ryoﬂﬁfsf The dﬁﬂa’t:i@ﬁh af $in2gl plicytat arﬂr’the)fwash-out
10 mcr ogr anms VnR4 (group 2). The ear measurepents
PeKkipd Werk &4 TRIN. 1§84 sMAT-¢ @ﬁPQCHV%IYt Cavent chamelscusregpressed by

L'@%? c%@%‘,%df 0 e%nﬁie%?ee%% 0 {‘evo?ta%es sBht 86 LIRENIR% holding

contro S, ereas the bar
potntigisgfort2MenY evérd Sty. dat mierdtiogs ofl V{2 aupbic@jonshmivibe wash-out

the thickness of the . ears of.t t wey e

e MR vt RIrRd | e WP?%&VS]{}y i3 PR rrecgraressed by
CoRf7 REBLALRuMBSs APSETHBled Byt Wtabdlsfeps ety HOV Mig#. a holding
whenconpared to the control rats DETAI LED DESCRI PTI ON

p@t»‘enﬂiaJE)ﬂ NUENTVOSYeDe fl 5 151 Efyaitibriwn| tdeck deetlopediino3.haniw, ke duration
0? e hn| cal. (ﬂnd zm .entific terns used herein have
U REHONY %S ®lmmonl y under st ood by t hose of

"F‘i)g Q'Sn BElctiity brdfﬂe b3l ThobaWiiedicdidite reMuid Qfirent fractions at
bel ongs. As used herein, the follow ng terns have the

eqméthrlnglsblagl@ of Beedindisatedethappale by \opat appliad Wt Hhpl eencentration.
DAéltzi EE VE{EEQPQ§ lggg?['ﬁ%fﬁg@#ezldgﬁtnr% )P@{)mgﬁts For the expression

eqU| ose used
sphanpmtheamlanMatioa&tflR@ add dther gmdtmmt seedetmls mrifsgdnkle to Figs. 9
ﬁferred nmet hods and naterials are described. For
6oses of the present invention, the follow ng terns

F‘?é.el@ﬁéliﬁq 9Bk BYpersensitivity (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
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
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In the present invention the terns "peptide",

"pol ypeptide" and "protein" are used indistinctly to
wo edoen3®ine pepti de nol ecul es of the present i NRENTB2067/001544

The term "Kvl. 3 potassi umi¢hannel bl ocking activity"

generally refers to the actual estimation of the

degree of inhibition of the flow of potassiumions

th i v1l.3 channel s, caused by the
c%%%%%ﬁ@éhggn§&%3¥§3 pot assi um channel inhibitor. The

term"Kvl. 3 potassium channel bl ocker" generally

nmeans _a substance that inhi%h%& &h&*@gf pot assi um i ons
DEFAJLED DESCREIHON O THE MY EEN nbr ane t hat

contai ns said channel, by directly occluding the ion
Defidorest i on pat hway. The term "anal og" general |y neans

o Rl B BR8] S Sl i e e
sa?%ééﬁ‘n%%‘_t@fé% a@fomahly Bl tbod BFehd L NG din@H Ak PER thPal¥ed Which this

over 36 positions). It could include, but is,
invetionelselongst d¢ usoqd herein,ahe ifallaning demmes bavehhn gasaningga@scribed to

or noye non-.patural amn cid residues, chen cal. .
gy s DRPARY R, PR R p it SAEThEBHgs similar or
edivBéd11td MosdAeéRibeLhereBT M Bt uSed RNKE r3tied biREtinYyof the present

ot her am no acid residues or other or%gnl C noieties,

invhetione the prfertedinssshadds gud messeriadetreidescribed deaspigroses of the present
. ra i Ci bet ween ami no aci d
Hﬁ@%fﬁbgk%%ggﬁﬁgéégﬁﬁgg8%%5§l%EéMsane amno acid in two
al i gneie pesumiaentionelic @iths mptite’yfigolypranidehend Yprotein™ are used
. protein sequences _ar e ali %geg The term "functi onal
¢ JPOrREHIYS ©

indistingthy orfeter fisRaps e BBV 1 uct ur e

whi chy dicspl ags si g f4ini b

fouards Rt 5 55 BeroffiphlE N@Ie S G g © e
aginad \éstiinatjon of theadessed bpinhihitiors bf thet lowlof dwtassiminniang shrough the

0 finity . and/or..specificity.t confers the hi.gh,.

s KPS Sen @R S URE repinh P 6 R0 P OSindh ffachfivior
t hesehs @GHEIREBE3 Potassil Ehddfeleblbbies” gene&ﬂl@}!' @f¥afy a substance that
pepti dom netic. The term"structural determ nants of

inhitfitsnfley efnpotessiwpdens fhepugh adevled ahpgnoledribe gell ppabrane that

functio r . | % r ' | O

{40 HaRChRLEHE AN L0 B 55, ApPBOR ARy,
SEQ 11"fﬁ13 ﬁ@rrﬂ-“@[dl’oggg@dﬁfélllNQéﬁan# ady Fd)lgﬁepgfdfai dhiainy than dharcles at least -
specificity towards, hKvl.3 chapnels. These ruct ura

8 Hfetnarviisratoayense 1enitnPYSF thndo aperadiRasitiops o53ERID KA1, seQ

Ng?% ahadkiEQ NG 9 R&{ch! &\Je!rmo,r\{&mﬁp' 7%ofld include, but is not

I fferent "am no ac residues. The term "functi onal

reghrivtgel togem 6r sik lapnineacid changiey, eme oh erire abn-mafue] ymine hdid residues,
SEQ I'ID NO. 1, .SEQ.ID NO 2 or. SEQ |.D NO either in t .

R FAL S HPa G BRI AT Rl NG gy - Termina

eR&BhdichsaGthelr bestheitiafino WBidGEsi RS ofRe6idahic Mgt r ong
contacts wi th hKvl.3 channel s, hence determ ning the .
af f i hhe jeran Pagwisssewney identitsHRr¢antage; genegpty mesngthecoefficient

bRABRS %ﬁli&k(\ékid' I%Sﬁiﬂ@%@ilti%ns that have the same amino acid in two aligned

sequences over all positions when the two protein sequences are aligned.

The term “functional equivalent” generally means any molecular structure which
displays similar affinity and selectivity towards Kv1.3 as set forth SEQ ID NO:1 or SEQ
ID NO:2, providing it shares the same structural determinants of affinity and/or
specificity that confers the high affinity and selectivity towards Kv1.3 channels to these

sequences. It could be either an analog or peptidomimetic.
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The term "functional equival ent anal og" generally

nmeans any pol ypeptide chain that shares at |east 83%
WQ2i08ia8L43 sequence identity over the 36 ali gneBCT/IB2007/001544

positions of SEQ ID NO 1, $EQ ID NGO 2 and SEQ I D NO 3

(30 matches over 36 positions). It could include, but

is not restricted to, one or nore non-natural am no

aci d-re u [ s
o P STy b A A Qb Ry
alli‘)ﬂ?]ee fghcPidaaleptolps 4y thefrethranditgeraiingl Ipessltldnfe&nothe polypeptide
ot her or.gani c _noieties, which di | ar fini
stewelire oviiel jopnfeys (SRS N@@n and3 Sigl %t Wtw’f@@ @f% flity and
sp'\Qﬁéltg ’t|o§§§asI PcM32ch B’ Bt PrHef@ﬁﬁ&nts of affinity and
I Ty means any c m ca conmpound that displays
spkhﬁcﬂﬁrmnfhen cdlatedhab the cams, partigilyridverappimger different amino acid
di mensi onal positions as that of SEQID NO1, SEQID
TR or SEQ ID NO. 3, therefore nimicking the specific
contpgd ferl “aR&idral Mdub> g%ﬁ@all? ¥ang avyiven tkEinicaB moiety within

channels. The term Pegtl des of the present invention'

SERABRMNO! ly SERMENE:D or §EQ IRNO iy eahe;r,eagtheanmpglymmd@ Gpain or in

terti ructure f
b st B B S b BB B R e Sang coptacts wih
hiaV1.PeuhtnetNBefdd duhdnfifg tKel Affanty a@llseleﬁhviﬁy anN8EQEM) NO:1, SEQ
and C21 and C36. where the letter C stands for the

I N6k e tavsariiohKet.3 chasisne resi dues and t he nunbers
COrreRp Aeinddbl ec[‘.%(agéﬂt \4fia1BES ?Ex#e‘i’ﬁl?y aﬁy&yaféél‘}ﬁl’jﬂde chain

am no acid sequence. nplary~preferre peptl
thhhsiﬁmsrm%aﬂwiﬂ%)spaqwmqﬁﬁ@ [dOnND: dvef U2 a@ﬂdm@ﬁbﬁ}s of SEQ

4 d bl f bl
N NN e A S S
inchaB ekt iKnbt re%tnc'té@icﬂou @ﬁéd oﬁfn%ré HeEhhtaRdlanfa! héié'r@ﬂ&ues chemical
anal ogs of SEQ ID NO'1, SEQ ID NO 2 or SEQ I D NO. 3

dérivetizatieat Oﬁ rmnﬁeommdreasft the 3nasislaibs, vinsle Nsteminat eand/or 'C- terminal
identit

xégélqnﬁ g%ﬁ I%gé%?rt?a geesddé,%(gs' { n%r%a\:gnecf'l%gbeltlgs N@ng'h display
siR@iat bffﬁﬁfy) and M%tﬁﬁpaswmstm@m ad lsétrﬁ()rtht SEEtIOr ’0:1 or SEQ ID
mai nt ai ned by the four disulfide bridges and they

Zplay sinmilar affinity and selectivity towards

i B HeE Dy R o

t erm " phar mace car enconpas es
diapiyyothetshiee Stradtidasldzrpiyzs atame la rtluraé dmagnisiopaksposkiicis es that of SEQ

nfaiait; SHE TENEK2 oA SHERRR BT i e e sl contacts of

SPO 1AV, @E NG Ak NS Mﬁﬁmags types of wetting
agents an /or adj uvants. Suitable phar maceut i cal

car r The teranPeptidés off ihe mu¢sant inmentiong ggaeraly iredns peptides having a

SEE IR AL AR BB S Gvres

toClBd hét@lesn gmeﬂcymmest étq)osim"bﬁsﬂdbchnﬁc@% @12 and C31, C16 and C33,
adm nistration of the active agent. Typical podes of

a%ﬁ?h,agql £a6i Wherglﬂée lels-Eiskads f)cmtbwbbrewatmn of cysteme residues and

the numbers correspond to their relative positions in the aligned amino acid sequence.
Exemplary preferred peptides are those having a sequence SEQ ID NO:1 (Vm23) and
SEQ ID NO:2 (Vm24). Said peptides are capable of blocking with high affinity and
specificity the potassium channel Kv1.3. Included are functional equivalent analogs of
SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:3, i.e. that share at least 83% pairwise
sequence identity over the 36 aligned positions of SEQ ID NO:1, SEQ ID NO:2 and SEQ
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The term "pharmaceutically acceptable salt” refers to
non-toxic acid addition salts, including salts forned

WORER/1392¢3 gani ¢ aci ds, such as hydrochl ori ¢ acPy/1B2007/001544
hydr obrom ¢ aci d, phosphoriig acid, sulfuric acid and
perchloric acid, and salts forned with organic acids,
such as acetic acid, oxalic acid, maleic acid, malic

o corl g oier ! o

IS AR o o nRllhi 48] Sy bty mainainea

by Bl fRe diRORAABIGzeRi dntiathey dsspldyaditilaneffinityeandgdlatioity towards
f or mat e, | act at e, tartrate succl nate, clitrate,

hEvoh aeses Sontlt SRQUID, NQron $2Q PO 2 nel udi ng, but not

limied to,, ' . ' | kal i

oo b oSBT S A RSB ) 1R st
pit@hatduficalnegries] buffersd ahdexkiplets, aiscinding plsospbateboifered saline

anmoni um quat ernary argHDni um,. and anmi ne catio

sol gy dvateg; anstigmwsiond (Fheh &g ap Qi SARL R RS0l emuli]s;sién), and various
tyhe} bRVRLI ATHRYelor AR KR AP WHdfthaddBtiénl| IS and their

I met hy , trimethylamne, triet am ne,
foptbiations e describére thi REMINGE QNKmPEHARMAGEITIGN. SCIENCES

O Patshe o Bt | G L0 PR Prdtiti (eGP pgprers depend
oDl Bt A e, T o o
achninwtativleamgbmrib&d@e “phar maceuti cal Iy acceptabl e

o B Tl oL AIE 5005 5p0Rse i
sdi@y i ingludinkV sdlits3 foahed swithn olvaguméd  dlidscksuwel act hydroghloric  acid,

sufficient, to produce a desired.result, for instance
hydiphroase prg- BROSPReIHacl e§l6§ﬁ§e%q141 ayc Biire 0 sglts formed
with o?gafn?é M%g%ieﬁe&%ﬁc b2t el nlakid 888, hAsE £Q4, tartaric acid,

Suppr essi ng activation processes in the inmune
cisrjsaaidn sutcinicraaiinel malahic enida Otthey pbainwiceuticslly aedeptagle salts include

. pat hways in Tl ynphocyte., The desir result ma .
ieBEHARHG Gaale, SO e AP SRy BEPR o [T UL SR girate, -
totidle&fifonkic Ghd BNk Shd1SdinW ik Mot 8RN @8, dafiens based on the alkali

dosage. The term "subject” Ts intended to nean a nmanmal,
angchilialine ¢ard mdialsg sechhasrepdivondithivarmetaseipmim calcBigbjragnesium and

t o.treat t include, f .exa heep [ :
o, 35D s R S B TG AP n e caions
ingRideHa Ibuy noe Hinsted tp2dhmbaing attransthlylhinatonilin vietradilyylammonium,

i mmune, cel |l s of an organi smthat affects the ) .
methrkaaings flisneshylaming. GigethyeminerjEcthylaming fthylaninge and the like.

di se (o] o8 y : : :

SurcHiE RRRDALAG Rl TRRORIARD HEtfe TPRBRRRY g bl o
phargmoégival sseaid grgohject) tincli@ivg celdamndelomfjethes @ human subject. A

I seases are included, but not. restr] ctt.ed to: ti gl e
papF odical CompsiPosretly remprises g, etV ad et agent
aﬁ&l&@hﬁﬁﬁ@&nﬁﬁw 5@%@&6@%, eryt hemat osus, ul cerative

colitis, synmpathetic ophtalma and bone resorption oo

per i dtomeral "affestves amownt” mresph ¢ dgsageofta paticlan activg agent, in this

cetxsre%%e%?lﬁé hQ\qgé Qilé\h% Egtags?urﬁ' cﬁéimeiaﬁltocmg ag@\ﬁ‘?y, R@fficient to produce

a desired result, for instance suppressing an immune response in a mammal, treating an

autoimmune disease in a subject in need thereof, suppressing T-cell activation processes
in the immune system of a mammal, attenuating calcium signaling pathways in a T-
Iymphocyte. The desired result may comprise a subjective or objective improvement in

the subject (including cells) which receives the dosage.
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exhi bit signs of a disease or exhibits only early

signs of a disease, wherein treatnent is adm ni stered
w0 ooostisie4pur pose of decreasing the risk of devedDB20¢r/@1544

pat hol ogi ¢ situation, partiigul arly an autoi mmune

di sease, nore specifically an autoi mune di sease

associ ated to |ynphocytes TEM A "therapeutic

tre [ t :

who ERn b StaRehd SHERR BT & bRt Aol HUEGhe 2 buman

Né&ﬂﬁhﬁhﬁtrﬁérﬁﬂlafsoﬁutﬁm to Uﬂt@@ﬁ@ltofnclﬂldm forsénangpl@rcows, sheep, pigs,

el imnating those pathol ogical signs, particularly an
h@%ﬂsoﬁl(?ﬁﬁ@ﬁécéﬁssease nore specifi cal |y an aut oi ntrune

Se, t " OFEaN Y

LS a5 A MARORE X, THERROLRIN o RGRH iven b
inkheheege]ls bf auh ﬁngaﬁﬂnﬁhai a,ffemshmhtanecstadmtdﬁ shidargaysn.em

i mmune system_ and the.like. The term"nol ecul ar.

pr obEhe &L ayioinruag, disease @F?é’ﬁiateéll t(b #Yfgn‘bcrcggﬁ ciFM means  any
alﬁ&igﬁﬁlﬁfécﬁséa@é‘w&?@thl@eceﬁstﬁﬁ a%tﬁ@l@é the @Rbdn¥soh & a lymphocyte Tgy cell.

Identification of target cells, cellular structures,

Ameug phese slisspsesraye inslusied) buttn@t wesitagied tre npultple selerosis, Hepumatoid
Eﬁe gyéagﬁt (?ig{)eltgq,; g)%)gg}uig %gér];llalesfsg l%/pus I:g&%létﬁétﬁéusa ulceratlve colitis,
a%éffc'o?hﬁlrhﬁ%n&%@n& Fsiptidn p&E&dnﬁl Ndedseor SEQ | D
a

3 th coul d be changed for any other anino acid

wi t huprenhiytactin tieaimept ciy @ﬁgqaﬁgerttwémamﬂmﬁdttg; agfubject who does not
e)élﬁtgl?] 'rs]fcg%xg 'of ﬁ/hd?ge?%egﬁ] 5)&1‘?5“# dn'P}g Qﬁa& %s LRI §seKV&1eI?éln treatment is

ngs ect o
adniivigidred forrthé ptupoboof derrensing| thp eipht Dﬂ éwe@dm@a @aﬂhologlc situation,
VnR4), their amno acid se uence:ﬁe IDI\IOl&r%d SE(g ated
OB AR 1 RTINS 4GRS B PRGN AT Sy Gfese sSociate

1oA0RAbE the|r potential use as specific

S m gc;y[tjppressant agents. Vn23 and VnR4 are highly

sel edt Ttheapdutic Keasmerft" poa dssinant |adm1m$talt¢débsa gfbject who exhibits
St BB St B BB A e B LRSS L Siistin or

elitftinbAREBIHeLY PpRBAN6SIES tsndelravesidiyPenhyReisansk! diktds¥, more
reactions in rats, hence these two pepti des and their

sifeaificaily maufeqamvm diseasg aesopigtedde bymrhgyesdpounds to be

used L e [

ol at g b SRR el 8P S/ SEHERLARLE e BLAEDRE, lung, kidney
btaEI, @.dteh;elf dﬁc&lak-@n@cfthélmsgténmmmmﬁmmpstemsmdthaglkat s and
their_effect on hKvl.3 channels it is inpor 0 . .
revi 38 sisR  BaeleculRh RIPRG g €eRFrallni meqnse EEY ‘%@ ait pLopiological
sifstaMBIRAN Qo WL Rkd Al 9511‘1@&11& ¢& |1c§en't1ﬁc£fﬁinn lo¥ target cells, cellular
mal nt ai ned %ly the pre ence I on- channel s perneabl e

strlcctlpeﬂs aseiptors opasy meilaepleytooetitle thekprobaeanebind with high afﬁmty and
th dual cells may express several distinct K
Slﬁeﬁ I€t.s, which can open or close in

The term “nonessential amino acid” generally means any amino acid within the
SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:3 that could be changed for any other
amino acid without substantially changing the affinity or specificity of the resulting

analog towards Kv1.3 channels.

Main findings
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
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response to changes in voltage, intracellular calcium
| evel s or specific |ligands, although voltage-gated
w@hb@sngd2e3 are t he nost comon [ Gutman et al ., PODB2007/001544
Anong the natural |igands that can nodul ate the
function of K channels are toxins fromvenons of bees,
scor pi ons, snakes and sea anenone [Castle et al.
LrQ 2 Ro g d e a
pobfRE, ARA8Y) Ehleny 28ROl U oot nnd speci

1nﬂ1%o§§ﬁpi>é@lsﬁhtfa@aﬁbﬂ7iﬂl23 @adpinM Gertighly aeldetventdrscliess of potassium
[ Car bone et al char yb glt oxin fromt

ok @b?lpiebrPfLSé‘bﬂmFsKéﬂlﬁnH%}'é‘?ﬂ a0 13(%@%6"65%1(“ 3), and were
Shgiﬁlgsll’l vz@pﬁ gg&?ﬁg&l}é E%M%oﬁﬁ %sgblﬁé 1O RCHAPNS hypersen31t1v1ty

ayodact any et a BgK™from t
remm i rBsnhkse hesy rtwnu;baphdcsaalidm@m fusctaimah quulvab%?rnalogs are

TS et s bell anihve LSSt Sl e

ab\ﬁ@ﬁhﬁt’ﬂ' @l r&béﬁs@é eB‘éfoer@ﬂ&n%nlﬁtosﬂ!@ de¥eie Sf PhesKtmmunosuppressant
channels, including Kvl. 3" with different affinities

agsid 2o Gt dfSict pebKY 1 S\hieneis b impoyintde reyise spowasic knowledge

channel has been inplicated in T | ynphocyte
mg@BIfﬁ fder ation and | ynphoki ne production, and bl ockers

of KRéguldicd 6f Merhtufd dtentisl pOtadinteld is mainly mamtalned by the
|mmnosuppressants [ Panyi et al._ 2006]. Several
presease of iarhaanels eapeabic (1o xpoiassHER dOfa SR called K- channels.

95 0 AL A IR, G Sl e i

rebponge t@lchmrgss mnedltage,rintracelleleo almivno lgykks ovfspecific ligands, although

| t h | s that t ai
valfogt e ORI 4B oA Sk IGHUSA o 5038051, Apngthe natural
11%51ds tl?a@QQﬂl R %@ﬁﬁ@ﬁé%f‘i@c&fﬁﬁéﬁh‘ Gl fhxist f‘oﬂoslré‘ﬂbﬁls of bees,

tants (toxins and channel s) by several groups
scoPods smkms end a¢a anchggu; [Casthngieal o 11989;. Jouiro@ 4t alaj 304f; Redriguez

1995; .g klnno 9 th
o€ b Pkl e EbRaRoBfY B BEned i ARG ERln trom whe
sCORSi6n ICRRI Jill@ 0o TRIFBINRG:t L gsesar]p lcEz[tybthbxiﬁ fisroMbe scorpion
to date, nore than 125 different Eeptldes wer

Lejwudi aeinanpesersmiMeleciey dequéfe SAKEF(@"Q’%%oﬁPEH the scorpion
ALuB%?[ogggﬁMgatgz?%su Eﬂ%dﬁl% e‘LP % %gb Bl')g(ﬁr)]ffl)glu @%ggnmP?% ISBundosoma

gi@akdrarpAmdizos@o al. 98] and 1S&Ki frompSrichedacnie dpalamz‘kus [Castaneda et
simlarity, position of the disulfide bri

alg J&OF } iTdieps, tagust e doeer shawgh 1o cl,sa aHEW %‘F ffﬁrgnt types and sub-
y{BEseStﬁ”nK“ BYARLIs Oinfedife PRRT Bd%ﬂ( \iiB&rean @fﬁ{'ﬁg@ afR' Specificities

solated, purified, sequenced and assayed
[revipoed @MtPale gi mlal?.iOﬁ@/] &ad ehgmmplehay beqnnﬁmlmtﬁd on T lymphocyte

t he, uni guen of t I ruct
pRRTHHE ard b Bugibr HFOSR TRy phh DRl OF Ryl Wi cfperest o
pét¥ntsd]l iRhRNORPBFesSintPaBYi ot BER2006t r uct ur al
characteristics, but needs exp erlnental evi dence of
funcbevsral eothess K \ghangsl amcuﬁﬁ tpxips haye hado{fsiraiigee-dimensional

stﬁ{c IR Ridde P FeiEN&N ﬁ\q?uh-[ah leF 05404 t"ﬂ‘iérﬁg t®¥hd Mution of the
eCtI on OT 'scor plons € Sp ecl e V. nexicanus I n
t}ﬁéaedlfneakldnairsd'utthfe abet coapld ccfnzodiﬁget—ﬂ@endem Kochanyels that contain six-
trgrlls%?etrr[blrgnael sggnllerrrllf” ?]Eéeo I’e]t al. hSO(?SC Oﬂgﬂgo re]ts al\ABESOS] and the experiments
conducted with double mutants (toxins and channels) by several groups [Goldstein et al.,
1994; Stampe et al., 1994; Aiyar et al., 1995; Hidalgo and Mackinnon, 1995] the contact

surface of several of these ligands with K channels were identified. Concerning the
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collected in the State of Mrelos, Mxico. The authors
have the official authorization for this purpose

w@ dmsasems nunber SGPA/ DGVS/ 02483 of March 18, PRDOERN07/001544
given by the Secretaria de2Medi o Anbiente y Recursos
Nat ural es of Mexi can Governnment). Usually 30 scorpions
were mlked after anesthesia with carbon dioxide (CQ2)

sc&@g{]nep?%@sgﬁn Ven?(t SX'\%Cmu n% H’t%r Uk gg&l?%ﬁe%g oe 'ﬁ'(] gi \%rgl Sde(?éd whose

anliad apiddSeRaeRRt [wers egital §Rodygudrlde. la Wegzapakdi P()seathl 2004] These
peptide, object of this invention Ee furth
peaﬁégw@rq Aroppedd infej Y dHfesent subriadliesq hased mai r on three criteria:

prﬁﬁ%?}sgglﬁn%gﬁrlﬁla%{] Eﬁloﬁ ﬂﬁ@&lkﬁlﬁgé gf/i&% s r%lﬁrégeﬁﬁc‘ﬁ%’ &efnction.

Lure det er m ne
Fatabe paipbbool tha(j)rémﬁtslnsmmhrmﬁepemidam V23 and Mie24) were isolated,

Do PN S8¢ P REERADUE OPrOpHEaR. Information
Aoﬂ%ﬁﬁéd defhel hig®lmld YeirSBhary! frubhfe URN 9B higﬂlyoﬁpﬂ:@iﬁct fanction,

further characterize their functionality
whighads hote‘tlgierrﬁbya@mplmobsnrvm(qm oﬁ t@mﬁn@ﬂgal characteristics, but needs

ex?é%gﬁ{egt%ﬁ I €1|9?.R0ﬁ E?%n glf)&l/'\,g@ gzyxﬁ & 2;11 91?' la% Sﬁg\(vﬁ 8&% Miﬁl%d in this

in$&iticsh: phase net hods includes the use of a solid- phase
resin such as but not |limted to polystyrene,
pol yhkis yroskpigeied b thegollestiomeaf scorpiops ﬁgF esSPE‘BPSeV mexicanus in the

ﬁ%ﬁl %ﬁetgucegxgéﬁc%{'ﬁgf ﬁgef‘f! thhDFH bk %lzag %Elﬁrﬂ\zagﬁ‘mf §Hk NcSPibns were

ccﬂl&b’@ﬂ @i thet SthteadfIMoretbe, M2xichl maamh¢1y hawdhthe oifileal authorization for

th@ygxir%ﬁsy octpal o A £y Bs Bad5 Be M 8 ahs, Ben by e

é’rﬁﬁa Qe MESD %MEI’ZI@ tySRébghjok Wur@zk’bs\ﬁf M@ﬁ(l&ﬁﬁGEV&hﬁEﬁt‘) Usually

as but not to a 4-
3@smmmmnxy@hekaaFmMKamwmmmavmwkmﬂnheh@&§ﬁ€$ﬁwlThecndevmmml

Ch | | | th
it BB P g Supedeel ShRet okl 22 B Bede g
pr ot €gd kHlablgvRuBml ﬁaﬁsdﬂa&fuehﬂp sépak sy Bﬂ HRY.| THeBOEfied peptide,

9-fl uorenyl met hyl oxycar bonyl (fnoc). e reactive, side
okt efhist invendiopa mest BirleT AazRd Hisvinie ginggnice s ieds] gnimals for

|
i
Edmbhdegdraddtion, and enasy Ispeﬁmbhyetrbeanzlykls Tloesddtails of these experiments are

benzy] oxynet hy| - but yl oxycar bonyl, 2-chl orobenzyl,
%CBPW%F\I?}?P H’E{‘)ﬁ‘bxybenzyl formyl, acetoni donet hyl,

pent AR FREQRRIhS Hnb@R W these peptides is relatively small in the venom,
pent anet hyl di hydr obenzof uran-suffonyl, nitro for side

mcbualuen taafiirthes chanactetiaé e, ﬁph‘emmﬂ@ and epteoficity eftadion on hKv1.3
I‘ ot eat I ng

PaEIRe e Bin e ProloL A B F Rk Shermh Pl ame. goa

of elimnatin ﬂ? undesi rabl e side reactions during
Chenigak synéhesis é’mﬁén‘oly Synt hesi s of the anide bond

duri g?ntﬁgs% Bf 8 %eﬁtlden\?\c{ %Eh(ﬁﬁh&% 11611&119&53 1?181&1& %(Wopg solid-phase

resin such as but not limited to polystyrene, polyacrylamide, certain fibers or other stable
polymers. Derivatization of the solid-phase resin can be produced with a suitable handle
such as chlorotrityl chloride, 2-chlorotrityl chloride, hydroxymethylphenil, Sasrin as a
mean to produce the C-terminal acid functionally or may be prepared by means of
proteolytic stabilization via a ‘resin linker such as but not limited to a 4-(2° 4°-

dimethoxyphenyl-Fmoc-aminomethyl)-phenoxymethyl group.
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pepti de may be acconplished by using any of the acid
activation nethods including but not limted to

waeimasniral anhydri des (carbodiimde), HOBT eBCEIB2007/001544
acyl fluorides, uranium act2vators such as but not
limted to TBTU, HATU or HBTU, phosphonium activators
such as but not limted to BP, PyBOP, PyBrOP. These

o BRI F AL P oF b IRRCFRITELN HAEHES where the

andigyl| Qc@epﬁimﬁz’lge@rdt@ meﬁheﬁyﬂqblhﬁsxﬁcaﬂﬁomh a(Bag) or 9-fluorenyl-
structures which_ include, substi tutl %n of unnat ur al
methylesyersbany] (mas)+ Hee agfirermideschams 9 1W10115(am+§%?°1ds used for
TR 0 HE s s o0 QR Wi o
inclnbadi mbotys obertzlyb, i mitght i mathymnefl,us@emlmlwsébggmh tosyl,

nmet hods e fra nt of .th tide are a
by Ia TR o %é?’@ﬁ% &r?hlwﬁep%ﬁoﬁgﬂnqbsw tBio%§oenzy,
foMAPA or thelaget@ﬁed&gah}qs al so kpawanéndlichrmade used bytulfonyl,
experts in the field. The nethods for the cl eavage of

pmtm@lyyidrhednobexy@ﬁuam-@uléwl,ofmtrﬁef@o|s1<i¢ slhpivoramiges, t Beanidines,

t het i

oot oG B b g BBl bt BRRIbAEHERkE Rl Bl douia be
inhAtbd eHadl actoiplish € smbag@g $)f aﬁmuadnﬁg ukdesivabiersidecactioms during

reproduced by experts on the state of the art of the
prgg@]yé:@aln assen#ly.cl eavage and deprotection and fol di ng

of t

TFA pen #&H%%m?ﬁe e]%srl{dlrdal:]tglirgé32/1 Hg@trrl%ﬁoyhev? glrrﬁ ‘g@ %ylﬁseg)lrthe growing

pdptide nfayce deoompfidredetyi wing syl eftths acidyactvativagoethbds including but

nGioBates tposriTgHeal o taREdeT (GBI HARE Shefy! fuorides
uﬁ)ﬁﬁﬁﬂ a&@va%@ sul3s E3dnofAtRitcB %o TR, GATO36:r HBWAIShosphonium

. However the disulfide bridge fornmation can
a(allvaiordasJObb‘ctSablﬂt@d)tH}mﬁ@d’ t@BPd DyBOW, Ry r@ﬂ?uﬂhwm@re all methods of

reactio as |sted resen re
sy, Sty BB R e whi R RsE S fEpE od BRAFSRRR Syihgis woud
bgéﬁp%c@a&;pndwt hodol ogy various naturally-occurring

toxins from snake, scorpion_and sea anenpne were

pr odbpubesisy af eelpg aﬂtmlytur%aafh&haweluel sNostHution 9f yppatyral amino

o2 TRLBE U0 180 TG BEEOTR ROLESE Mo S D O

(Wb@&ﬁddl Mnsddi c@tsemdus ,seifea8e) Iﬁ’my alsa betusefu] f@0&ttairKembodiments of
Pat e% US6, 77, 680 of ht hese.t oxi ns g E% 4

tl@éplé‘??ct’io@e & rUSp At GoRYPg ntr@&ﬂlaﬂw eteby- frogranty Rh Jbgs peptide are
as%@mﬁlled in l%%@mor%héﬁ%gy ﬁ{e tﬂhmatelﬁg@uct ¢ Opd23endl4 or th8P dnalogs is

Garci a-Cal vo et . Garcia et al, 1994, Kem et
alad knomaedwarUsswd%yG@@]arts At dicld @heuetheds: fon th@s@@avage of the

exa re de rotpxin fromthe m of the sna
BRI Sort e Solt ek O, O Fad 37 et fipfatee and the
chrfRt ﬁn@lﬂgr@eﬂfwmﬁﬁa@ BELd Gésab Whtdig i efiiceOSEOIN®@I 1. and 2 or their
1993; Al essandri Haber et al., 1999] and ShK fromt he
angiREvIR alsp ienvaandyag Ieelepdperdsd 3[ expsrts fdhe statgpt the art of the
Lfoge%? Fihd Q/gééjgncf'& bteetioh %r%] 3?‘&1%“[948 Bl B8 not limited
X1'ns su Noxi tOXIn trurol oXi Us
to either HF or TFA depending on the strategy employed for synthesis. Disulfide bond

formation includes any orthogonal approach where differential Cys protection could be
used to position the disulfide bonds in the correct form: C6-C26, C12-C31, C16-C33, and
C21-C36 linkage for Vm24. However the disulfide bridge formation can also be obtained

by air oxidation, or shuffling reactions assisted by the presence of reduced and oxidized
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[ Drakopoul ou et al., 1995] and charybdotoxin from
Lei urus qui nquestratus [Sugg et al., 1990], to nention
WO o®B/1392i2w. Some of these toxins, such as ShKP@I/B2KE/001544
Kvl .3 type K channels in 28irkat T | ynphocytes at very
| ow concentrations (< 1 nM. However, many of them
suffer fromthe | ack of specificity. That is, at
cent.ra order of 10 to 100 nMthey are
3n§6Pe5b&&HFg@%ﬁgﬁper sub-types of channels. Since,
as lFoledlh%ﬂﬁ‘s Badomsthodblegdy ivaridusenatucalipeaurting bexins from snake,
descri bed bel ow, V23 and VpR4 are exqui.sjt el vt <125
scafpiRy) fick STROIMCHIRDP Vi5TE REASHETCS YRS Tadiglabeled it 12° and used
as%bl@@ﬁ%i ﬁﬁobfﬁs‘: fot rlﬁvécs{lgéﬂn&%gﬁ)é%tsfﬁg{ tt:l' dRRule §ﬁd “frlﬁféﬂo§ PStrong,

teratur ecli prepare
19950[1Mmtzydiawmyr etﬁlhe 19298; (barcin bl lﬁﬂDﬂrr Kewf et\ﬁthEama’sU% 077,680].

obt ai.ned b hesi.s ac rdin the
Vs ok Tegre Fibrne BTG IURE dPLBTRRPRS K Eireh yBes, ERigySte et al.
19900 Ga R eparaqw@ Cré&t el 199D; G@;@ﬁtwe@ebar Q993 ;AkQA et al, 1994,
[ Df akopoul ol et al ., 1995] The possi bi | i ty of

Kemlss al.: PateusriUS6,0E66%0]oAmoig tharinest @ftﬂnd@eéfexmnelep arerdgngrotoxin

R By S R s R0 PR BB e o

arféfhoﬁe @z@zgd&%@ﬁial Senifein pAlvigbet ahal 9f93t Nl@sanﬁlri\/Hubar et al., 1999]
t hus reduci ng protease susceptibilit he n

alpie‘ihli from the Wmﬁlil%Sftqf?é'dgﬁdﬁé?ermf{?tﬁfe[ etiaky iéﬁp, Pgnnington
etTep I %gggy% nﬁ%'\'é'l%? S%)E]Eéls WI@;E[EQ tsuc‘ﬂr ssﬁtﬁ?ﬁs‘t&ﬁﬁ Ifl%ﬂl @fentrurozdes noxius

nohe resi / conservative isosteric
[Drebémativesttad., 192f] aad abpitybdotoymi fnem fleiurgh guiaguave ats [Sugg et al.,

G0 vt Rt hiohy S oF sy dvduBs SRE Hoss K1 3 type K
clﬁtﬁflélé“lﬂ‘ JRRS T 'lﬁﬁﬁh ?te% QdV&s IW%ﬁQérﬁ(ﬁahGnéj@QI anat HRReQér, many

he bi ol ogi cal eptides. Al'so truncation of
oﬁthanpuffmafrymstbq taeh @é spesjficieyl Ehatds abtommsnirations aniherder of 10 to
ci nonessent i qr t.he fun r,.additien, of .
BERPRRSFRD e hroraineh SR o SRbls, SOy o il e
démh@iahtedtialhd etamples W ¥O desoaiBed BEIOSS Mh2Ahnd wsm:drum Rhuisitely
t he peptides of the present i nvention identified by

spepidicafarghiveh? drnsis) ang kel ah%tmstz@rlrrtarmﬂ?ctiuﬁ%lfm the other
P80l 4550 LS, HUORBLER f0GRs b PSS

ang SEQ:(?\ISHESS?M&:&&S In\g?i@gwst@thﬁ)feslﬁ}&hteﬁg? $yntiGis2according to
RN gy BET oM BE VLT ALs dRoSF usiibokdamino acids, a

edPi 0GR R rdip [mewpsatou%mt hessp of a
retro-iInverse analog ere al resi dues are D-am no

aci d§hep@tsstbrnletyavﬁ1suhstlamo@ fsque mﬁ thei asmne weids efithe haimsey ptructure

of SR AT 3SRy Byt Sk PR L}y DB moptifgunino acids in

ofdeP tUSHtain AMOdaRYg p’@]tl@é vAthod BRGer half Ilf&lndﬁ\/@ thpsresduci@f protease
| ow nol ecul ar wei ght  conpounds based on the structura

suseensibitty of the r@fwapﬂ?tmeﬁ ¥ \awanélpeﬁom ef thy pegserdgpyqnton. This may
1n%d%’rg§§&g&éﬁt ?Psgbs‘t’i t%Q)f{ 19) et 1é1r}eﬁﬁ rwftfi’ Sﬁ%?\';a%@ isosteric
ept i dom net ese stud es,
reptacerpems; i exanpltf ybids far gumﬁﬂn@mezmbeMdyslgm h asieumd,amino acid
i ch_ contai keg . . e s . "
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
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functional groups fromthe potassi um channel binding
surface of the parent polypeptide. There are many
we@2@spsess where naturally occurring | ow nol ecuP@r/1B2007/001544

wei ght, non-peptidi c conpoumds, have been shown to

mmc or to antagoni ze the effect of a polypeptide or
protein |i gand Pepti dom neti c conpounds have been
?ﬁ%%eg%igu : Caﬁsg ?yﬁf\)/ goffgﬁet }?r &H’E’Jﬁﬁzre? 4n 1derr1tét%eednby the alignment
of BEQC]]MN@:G emticSEQvﬂiDdﬁOtﬁ mdhldt: butaié Igpllréﬂrlpted)ttml ﬂflomsmues n

eGS0 S & Hawi 45 B8 2 S GUEGL BRSO S ergER D NO2 or

mcronol ar
a@%ﬂr%gesr% g?ll\todr:g Ibqg%@fzg{dano kh]-'g\;t‘q%’am'pl e of a

m met Bngfionah @q@valemmnabag peptidonambe pm;lupa;cbbxe e luginrcof selected
ﬁ' a potent bl cker nco

Limio i Egsay, ARb e SR e odh o A e DU e ae

Dﬂﬁﬁﬁfol déﬁﬁ’ antl HIgS SmoRcTBRYuMRESs RiveRE® PRfdeséh NS 1 9RNThvvadi et
ui val ent anal ogs of these two peptides VnR3 and Vn4

k 6b éfrhe%mgé@aawswem iperease tipsstalyliaitthoprodietor nal

functy I

B B o H AR Sy AR 0 I BAR T Compouns
basedain ths smdtﬁrhpﬂaemhﬁﬁﬁ of sffinith andrspdaiﬁh@rdmeQ I3 NO:1, SEQ ID

NS e ADENT 3 18 s eekaelira nem pegidin Rtiemimetic) . I these
sﬁ’lﬁms a |n'3'h§3p ?ﬁ&’ic baRErol &S af P tdeglgré&ﬁ rdn@d Qﬁ{tﬁésm‘éﬂs %ﬁ@h )contain key

transplant rejection anmo hers. order
fttr@m)netl rezowgfsffian drcyotassiypo skanpbkebindingi smfanmﬁxbp pe@stamlypepude

N N —

cORpsirak ehiedRer Ishewh So Phindc BPYE hntﬂgﬁ?ﬂ%ecéﬂwpélﬂg po%eptlde or
it is the case of the reaction known as del ayed t

preypiarligandi Penfidopnipetiticpappanisd)ave rber:md@mgm @hd ismt eSIZed for a

-850 S 8bBLIS PSSR oEBUERLAop BBl b 5 SR vicn
birlds td ETW et 20 @soteih wiredesigpsd abd smlwtcanm obﬁﬁ‘ﬁﬂl[cﬁéls esal., 1992]

of Vvnk4 s tested. to contro] the ji.nflanmator
a?%él%?%ﬁ atn GHete blackeseofearl 201 bipdipg tar m%la@@ceptor at low

nﬁ@t@ﬁio'idh lraﬁmgé 'T*Itl ekl Qﬁ&gﬁf%ﬁgf?éée Q:‘E ?1meﬂ9 ¥ the C-termmal

assay een w del'y ‘used an as a equa e
rappated! Rasrprbwen phichos e poteht blhekeap o€ spertgenio\Rastsigmaling [Lerner et al.,
1%)%limuphak et al, 1974]. | mmunosuppressant

nosuppressants such as cycl osporin and FK506

exhi Bistit SVRY Rdat&iefr&h RS Aoveldiesdtibld Whére tak€bhny ways of preparing
therapeutic use. Research conducted with these two

ﬁg@ql FEBIVAkest anslagstod thage e pyptides Vad} ansoWm24 thatieen be used as
S R RSP B, YR fERon o 1

ly@ygHoogteordre kmh&r a'ntcSuSM altoinhraund diseades qyadho rab‘llrhlulﬁple sclerosis,
whi ch .i s present y different tissues, whereas
rheRmgEpid LU LS, dype nIt )fhag’@?éu Sptoipmuge gléitoélaﬁlﬁpe lupus - erythematosus,

ufckrabiv® db R, Ry R &hBtic 8pRAIntiQ4Ad HoBe TERYptfdn' fe#{oBBhtal disease.), and
transplant rejection among others.

In order to test the efficiency of possible new immunosuppressant drugs there are
many animal models, which provide adequate in vivo assays for testing the efficiency and
possible side-effects of a novel unknown compound, as it is the case of the reaction

known as delayed type hypersensitivity (DTH-response) in rats, which has been used in
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ti ssues. There has therefore been a major effort to

i dentify novel inmmunosuppressants w thout serious
wGer@eAsRircts. One of the main goals is to i deP€T/iB2007/001544

novel targets expressed pri2zfcipally in T-1ynphocytes,

such as the Kvl. 3 ion-channel. The Kvl. 3 potassium

channel s expressed in T-1ynphocytes are very i nportant

for certain. cellular | O j :
tnp GfesE v gtisportn 1 Sk PESRMACAR (ROLEREMIE 1 B protecive

effeBt bi/ihB PpepidR of the freeat indentitas spph dges of dshBbwhatstsd to control
pl atel ets and sone brain cells However, only. i

ther| ipfpmeejare steagtion, that QRN al_fle@zii??é He st ARV fensifzed with
diﬁﬂl%ﬂtﬂlg%b'eﬁz:éngl &Jﬁéﬂ%ﬁ ffﬁ%n%{s fﬂﬁg Hekil! %ﬁgﬂ?aﬁsed and is_accepted as

consequences. stinct mec sm of action
adefudty nodal fok dekersosandf thb erasedtanventiby [Plestiphaktetdl., 1974].
tissue distribution of Kv 1.3 channels, a specific and

' L5y blocker of Kvl. 3 is expected to display
I"P;é%stoé(fecas%/de- effects than cyclosporin and FK- 506,

hencknmimosupyregaants sual @ eiclbsporinrandt FHEFI6 ofhibitsevennside effects
j seases, as wel | as for_transpl antatjon. ther .
which e b eGrRenEr kS BT SRACSE RAUGe G ForpRpgpds wes
abil& g aitd@ffﬂif? £RNRLNEEmMS CEIT e OMolcRtilal REBhhiSR) BeSg desponsible for
potent effect as bl ocker of the Kv 1.3 channel and it

undssicahpalsids-affectsumonethsi adgninistationroh these sisegss £yickpspeyin interacts

i.mal del i) . .5 ver o

WG BF prefBi GoteBth s TR Bl R e Bhes ercas T506
cdfi¥és toRicitybuaghse it tdﬁ%éﬂ; fid BK-Hiadieg @yoteib nlse folnel memnny different
.and brain tissues al so express. Kvl., 2 g&annel s, its

tigpes Kdigee hasgHershars esa @ Bawr ediow ey e 1o glc ingmunosuppressants
SR RERUL 0 bl il S0 psaeNEIRE Sl e oreed
pliiStpAIF 7 it Gelymphbegtesal ssioh akf the tI&vbs hien-chainet. €bhe&kKlv1.3 potassium

channel s but. mo t han one hundred fol d.higher .

RS PRI & RO GFe o8 ot i Rt cefiplar functions,

aIRABE RNA! b8 I8t A8 proRANREhRO aﬂ'oﬁﬁé-Qﬁ)'cftHérdcéIES@-lymsphocytes,
sensSitive to its application, when conpared to Kvli.

mf‘gpgﬁai @?CV;@B%%H dsg;mclfkas,ts_, pblieé@s awd saohe braimeedal iawevar enly in T-
lyaa{p?jglgftgﬁ'tﬁ%f$ ﬁgfn@nalé?osr tglg 'tntfje?nébr reg }rgngt?ll’%téa? %iéﬁ h%% %’s }E@géée dignificant

fuiefiéna3 RERdetndnckO Dee| ths dis gt igd chaitibarof Soton YMES1.adockers and
VR4 bl ocks < 50% of _a _coupl e _of other K channels when

thepplatiuely aestected Hewadistbuionrirey k- hehanaelsoa sharEic #ddngh affinity
SRS 4785145, PR Bl D SRR By na

Sotgtigeinke,i in mdyepexanpefad fretreatmee afphtesnmuto dis8ses Bhiveell as for

inv?ntl.on | so conprises the production of Vn23, VnR4
trapsplanfalion tGIARY- | onal equi val ent anal ogs by t he

sol i deiRhRsae foRt MRtk IRRpHLRF BRUAR Vs BRoWR Fhak gﬁf}g&aﬁn (another

synthesis include a series of well known prot s to .
seoxjpion ttexinrpeptide)X has| @l potest ¢&eeti aseblogker Hifrthe evl.3 channel and it is

C%ﬁﬁﬁgéf fesiu&r%]rg?slfi%e)%ﬁemfrln%m%e r%lsp%%tsé Olﬁhélns 'agin%ﬁ' 1%%1161 (pig). However,

margatoxin is not specific for Kv1.3 channels, but also affects the Kv1.2 channel with

similar potency. Since the heart and brain tissues also express Kv1.2 channels, its
blockage might have serious deleterious effects. Another peptide isolated from sea-
anemone, ShK is a potent blocker of Kv1.3 (see Kem et al., 2000, patent US6,077,680),
that also affects other related Kv1l channels but more than one hundred fold higher

concentration is needed for a similar blockade. It means that the related channels are
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The devel opnment of an efficient inmune response
agai nst foreign or autoantigens requires the

wa@edosmzedn and proliferation of |ynphocytes SPEDIB20€7/001544

for a given antigen. This requires a well-coordi nated
interplay between different cellular conponents of the
I Mune system Theflrst step in this process is the
1 [ e
R8I0 2R LR ARACERICUABT LhRAR LI RO Vs

Vah24, obf¥of bf thi¥ ilhileﬂtldiﬂ) ers frbex tiffeferit dolpgieslesoirce, have a distinctly
[ T- |1 ynphocyt e _nedi

h I ' d
it té)'fﬁﬁ@%%ﬁ@%@re{ S i oaﬁ{j and, gie RYisePsefisifes ﬁﬁw channels
tl?a)ﬁ é}h@qkrﬁ2§ aRP iS4 Qoél&k 3% of gl cIoﬁ R uRe fl&lﬁiﬁﬂag &lhen applied

Kv 1.3. Thus we restrict t eabo ation o
a n\ﬁoh@ﬁatrehon ofor« theh a0 | tsmésnhigherphac ywhet mateedet ooblotlo the same

T | | houl .d ntio hat pr.ol, f er.at

Spe B P SD By S0 80 PR iR g ampes
bap,wQék&m ek 7y 18). 3 channel s [V\Ulff et al., 2004].

Reco%nltl on of the presented antigen by the anti

recephiy iayentior eplse qosamises ghe Harodeationaef ovim23, m24 and their

e f n 0 f
FBEPpIERN A0, A48T B L ' ol g o
chahhmas»_sslﬂtds1sgugelluéd ats)enambf gell knrpeagpiotdcols tonsipude irt th% field, as
act | on of, sever aI pro PEI n ki nases and consequently

dF‘i%l? ﬁ’n%% BesTipHen ef exagniess.c. . Generation of
I NOSI toI 1,4,5-trisphosphate (I P3) by PLC-g- nedi at ed
Ez’gcﬂfoph)xsmlagzale dhaencreeidariame phosphol i pid
phosairﬂatl dyl i nosi t ol ﬁf 5- bi.phosphat e (Pi P2) 1‘1195?\“ ates
the BiRpHSYSIePTees of ap gHinlent SgMURe BesPaRse A8RIMS L IREsign prpautoantigens

r&fudes f}ﬁra%ﬁ{/é&{bn' dhd br&®tetasioh B?Mho%%% eclff’csfog bfofWR8Rtigen. This

and binds to its receptors | endo
requites A uvellc@Rydingthd ahterldsyulheMeren dif&mn@l m}skar ofon@adents of the

TN S——
td [yamstoees fbb/%ﬁ‘ofeﬁsﬁ@%ﬂl%erf PilektinB Letl 1 ah@dv@;aéﬁaﬂ 1], Within

the ER I snot sufficient for the execution of
the spbiact ef thegwerent mﬁemaglclaal@e regulgtion af A elarr@hoczrte megmﬁd immune

rdsPofes Sef‘g a{ie)faye-cliq see?& 1%@ ﬁg ers F@é(;lfij@({%g[ﬁg] voltage-gated

extrac ar sp roug nne

Kpbhmrrd Keit3r dhas Werrestgbt thaletaburitiog |l of akeintolverehedf Kahinnels in
neI s (CRAC ch nnel s) [ Zwei fach and Lews, 1993].
WQ Wﬁha {ton: ﬁ% @p]%s ‘éW‘F‘f?FreWE ns(hpyld mention that proliferation of

c4plif 88RetsABPERERBEyted 2160 gﬂ%ﬁ? ol thé 1vit of ﬁﬁﬁ I3t A End1© TWulff et

the el ectrochém cal gradl or Ca2+
al.y%00dknced by the msnbrane potenti al of the ceI l's

Pan et .al 0 Ca2+ infl S
to bEeB T on @ttt EREC hEin< affish oerlet afah paiaieads to
tHeuctiVaion, brodiferend aideeReihentiffaden@itiohagakéd U&ls}{@&ll{ﬁﬁ) and, 2004].
thus, to provide a sufficient driving force

Trapsmgmprang 2 igapling Petavayer triggersd. by 2ewigen Swogeitipneinclude the

aétf\@k‘ihl‘?'b? g?_rx{éral é&eﬁl}? %Ieg :gﬁd (f)%stea%eﬁl Jtﬁﬁ}rpgﬁ%l apr:!ltse C-y (PLC-
y)M‘G@l’&rdtﬁ)naff’QMb(ﬂtoi 54 3 RispRéiphidfe r(fﬁﬁﬁ by m@sy-ﬁfedﬁtm&kﬁs of the

conduct outward K+ fluxes unde si ol ogi cal
meawane ahesnhelipise qthogghatidylimgisigol 4 5 b1phosphate (PiP2) initiates the

biphasic Ca** signal required for commitment to proliferation in T cells [Lewis, 2001].
IP3 diffuses and binds to its receptors in the endoplasmic reticulum (ER), which results
in the release of Ca>* into the cytosol and a significant rise in the cytosolic free calcium

concentration ([Ca**]i). The transient rise in [Ca*"]i following the release from the ER is
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dom nant vol tage-gated K channel in human T
| ynphocytes, Kvl. 3, opens upon nenbrane
waelemelianiexzati on with an activation threshol d cPOFB2@/001544
the resting potential of the cells [Matteson and
Deut sch, 1984]. The Ca2+-activated potassium channe
of human T cells, IKCal (or Kca3.1), is activated

w5 e o S TS R B o s
is 'RIEBsaRe RS etrbaized @ gfl @i estfeinflek @bm, extR93]ularTheace through Ca’
contribution of Kvl. and | KCal channels to, the

chaandls dnetbpoblasns anerelrmng dlropeh FalEmmelgasserriyatsd PRe channels
%@Vﬁ &? E%}@%&f&h%di@%l§?béﬁ (resting vs. activated)

ctional role t'he i mmune system
det eAhhdngh& ORAChchateds e m]ﬁerm&tywoi‘alge-dmdebemhnt it Cah) current is
of, the T cells [WiIff e scCri
TR 8 e S Fnts‘éz&é iPHoR IEHERe hlegpembrane
pcﬁﬁ[ﬁ&%hﬂw%ll@?&? i Lher Q@@gt The a{rfzﬂ@ 2 ynfalx K94 td b3 counter-
ockers in auto d

muneé eases |t is 1nmportant to
beéatm:hdishyztdae tahtivatiosl czfdﬁlohamlgcla‘ tor climp . thg neshzhans gotential at negative

Valég%%!nd E(Se%y{ Cl-?n \inggp ?Orflté?f C%%Ith k)f eglttrgta[ganger et al.,

2(501 S ksele@ﬁtveag@gume@m effid #si b & FII6d ©6OS idSterrhidabisRif hedmembrane
hritis, type | diabetes, autoimmine psoriasis,

pcbtemwé of rlymaen“éﬂmnl@cytﬂswhwhu i @romid t10sto gty hbwp dypes of K

taI m nd, bone,.r gsor pt odont al
BB B0 BRI RARERL bR i e cet. The
d&ﬁin'aﬂtatvbﬁélge-?dwﬂ 10 Ushanhd] €inMBiiaaNE B@ﬁ;ﬂf@bytaé EQMI3; Apens upon
of these cells is governed sol el Kvl . 3 channel s
MEBEANG rdemalaazatmnmgzsqm a@dﬁg@qtm%plﬁ clesgeo ﬁwoqeﬁmm&twgwl of the

o8 APBRSEAY By, IOpFL BRSPSk Bt o human

cdls, IKCAD3or K@{BI’IE)L( dMpctdtatedl so.lel?Q@'4the Bmt «ifnthetcyaisohc free calcium

2005].. On the_contrary na centr
CC(“F@RHat’é’é]dafﬁé 2P, ihdopeaieqis s eBRrmR BRI iGsmer et al,

1@'39I iferation [Wil ff et al., 2003] by transcriptional
up-reqgul ati on of IKCal [Ghanshani et al., 2000]. The
pr ol Therattiibuticof oftKrels 2 apd B Gk cheaneld tcc‘éielrsem‘ef@mm@entlal control

ﬁsﬁ %Ld\éggt}dg I %glagju)@%on sga(% 8@ gﬁt% of,(ge%@ng H%t ac%vated) and their

AP S 8518 hh ahacCimvahé Ofysin TdMERhdd By tthoullegree of terminal
si gni fi cant %l rment of the proliferation of naiv

diffeetiative of the reejlstl Wekticet @b 62003 1y dredengsrhsg andglieilpin the section of
BRBLIRBE tﬁéoﬁﬁgeﬁlgg Rich jt@%p%ﬁlgg%@g{se%tp%mf@ Aol GRARE ot Kv1.3
blmsekérs i mtbiﬂ@hn@tik@a@t itaib imp@dd? to Baphadizecthatibelectivity for Kv1.3
T B PRIt T —
iRy | TRRR! (BEH! QHAR ahedlhiesSRie [ ¥AhYR @€ & Alultiple sclerosis,

20041 and con |ons associated to organ rejéction,
rteuoitcad wthrisisi dyger df wisbefesc itpimmude gpstiasise luvs - prydematosus,

R PSR AR BBl e
sA&@ALly MireRask KO/ 1SetIRmbelY updn activation, and thus, the membrane potential

control of these cells is governed solely by Kv1.3 channels [Beeton et al., 2006].

Consequently, the proliferation of these cells can be suppressed effectively and
persistently by selective Kv1.3 inhibitors [Wulff et al., 2003; Vennekamp et al., 2004;

Beeton et al., 2005]. On the contrary naive and central memory T cells (Tcym) escape from
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Several high affinity peptide blockers of Kvl.3 are

sel ective for Kvl.3 over IKCal, simlarly to Vnk4.
wWab@sa3izat| ude scorpion toxins, e.g. M gatoxi nPCIVIBRR()7/001544

Noxi ustoxin (Ntx), Kalioto2sn, Anuroctoxin and ShK

toxin isolated fromsea anenone. However, ion channels

i nportant in neuronal and nuscle excitability are al so

Kgf? ?(?c{k Iggcl? Xteh riﬁl’? %t{o?l% ﬁ\fg z% Fﬁwﬁn@n&ret pgp@ﬁoﬂ)fggﬁlscripﬁonal
upRfegulsebnh of IKCE]I [@iarslsam et at 2800]. The Pédliferation efitheley pre-dtivated
celéltss bgqlzo%:eléi%gg; Vg 55]? g&tg‘;@irqi lbp%g(@tdg% lei{\ltrgqﬂglt%%g@-’us a Kv1.3-
ba-gg'c? tﬂega‘bsr tflgt s%?ﬁl%bge's Ghd Xctﬁffau% X 'ch?s Wﬁﬂ&ﬁ%‘f’grﬁf‘&m impairment

Si gni |cant o Ical effects:
ofcﬂ&npmlhﬁeranﬁon o€ néivef amd IT)cMacéISV\mr@ityhadB suse| lmuﬂ@dmanagement of

cIaSS|ca exci tab non-exci tabl e ce
ity Sps: Py Bl sEmeroered thRforopte Tow
su'&ﬁ %%% I &#4BLi6d ﬁieuﬁﬁsd [V@ngﬂt@@t AUS0LE B&hdbett 189606], rheumatoid
channels are critical déterm nants of electrica

arguiist Hisetan ¢t alh&P06bnmultiple eclerpsish dnflammatons hoae gfesorption in

e@gﬁp{gﬁ L éngxg?]{'e nge}q Scﬁ%%;is E&elné%l%:er‘% gal{,] %gﬁ?l:?ﬁ ?&Iitisﬁkeassociated to

orgBP ¢jedtiondbhdhNas eionid eireft mjealoh%dsgmﬁ@efsuehuarmyeaw evhich are
neuronal after hyperpolarization (see [Gutnma

PrRpOSY 19 be sustaiih sem,rﬁ%ml!-y gesiypied) EMICE%S @F?éli*?rﬁf'&t%et a? 2004].
expressed in the central nervous system are nore

Apessincietstripgai nst systenatical ly applied tOXI ns due to
t he bl ood-brain_barrier Eomever

scl epereral highatfinity papiids Blockes Oépllﬁvl guaﬁfF ofi ea%f‘a fogr Kv1.3 over
1{%1 Sl Bb U PRD4. Hies ﬂfl‘:‘iﬁdee&ohlﬁoﬁ CtHﬁhQ”kge%fg‘at&E (MgTx),

ads to neural tOXICIt ani mal nodels o
NpBmstorim @txplIKalioRHKGE] AmDu@oXm anldeS}di taxdn isotatedaromofea anemone.

the cells with the od stre ard C

R ETo RECRHEEF SPDOraThdb RBRT) S e BT BRI pregued inhibited
b AiksS Bk WHE néMédmoRr-bidBhidldr AFfinitiss, @Wlalt by 8hK [Kalman et al.,
myocytes Kvl. 5 [Feng et al., 1997] and

19880 tand &@ﬂlam;toh@lwmexvﬂ al., 49pHawderean Evtantp blacked bpdtgTx [Koch

o3t L0 ek RIS 5} B 199REURA by 8RS [Bagdany et a1, 20051,

t he Tepahds iof adpedifichpasetief tdxie anposes thé)tpﬂsﬁlbﬂity of 31gn1ﬁcant
mhereas Navl -5 is responsible for the depol ari_ zat

bigipgial [Eﬁégtgf Jongghagpels o_fggg] V Byl ate. W wg%sggaql@c{ in classically
’g{%ﬁ ot aﬁ n?r% géiiﬁl?&lb sér:%% Lﬂﬁee E’E‘ruﬁqun &%ﬁggd&jﬁ?ﬁc& Pérﬁﬁlghenswe review).
Irce¢drens, skagtal and eandidc musf:Ménellei,theae char@@B5iry critichl determinants of

ul.ate.a si ol ggi cal . functi .
cleruarienilt. FhncouBBiELE: fif fRprhatt ofdhe fgsting membrane
pSEkRtia! Ak éﬁ‘d}%ﬁ raBt h&idNgotedidld BﬁSﬂlﬂiﬂ:h&ng thé RO repolarization,
nuscle The channel s are bl ocked by toxins in the
ard detiming tlfeaiwkeyfr@@egcy arhngusersk iafie] Iperpalarigatign (see [Gutman et

SL0H) TS AR Ko, RSy gl B Ao

systeiR Are/ elota gRtapadde s diase kpsierabtidallpagpkdd fixins cﬂ&Olﬁ] the blood-brain
S|gn|f|cantly expande oyr under st andi ng, of
basick divsve 8 irgulgpleasdlergsis puich iy iy Rotgreial aPPhRRgn ersaopf Kvi3
@E\%ﬂ)?§ lt@ls Pdfrier H‘&) }%éltms@ﬁ Qﬂﬁlgl lfegﬂlsatﬁgifeﬂfé@ E@(lﬁ{y i@&lanimal models of
4] "however, ate, prediction for th
MS [Beeton et al. 2005] Due to the direct contact of the cells with the blood stream

cardiac myocytes are more susceptible to the potential side-effect of a non-selective

Kv1.3 inhibitor. In human atrial myocytes Kv1.5 [Feng et al., 1997] and in ventricular
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selectivity profile of a given peptide toxin based on

its primary structure is not possible. This
wGeaipstiznel at es the experinental determ nati on PET/IB2E07/001544

selectivity of Vm 24 agai ng? ion channels having

bi ol ogi cal significance and known susceptibility to

bl ock by ani mal toxins. The advancenent of nol ecul ar

bi ol o the c i fhd | .
s iheks Sreal =6t Sarlep 2Rt SSIAERE (U8R I3 and
Trihi FRMGE] 200615'1@121@11&!3 eRE&r@MeOtritiellgniit nepslaghmionepimse of the
in suitable cell |ines provides several adyantages f[%r
actipametenbirl grhezaas Mgy r isegsronsiblegior the depglaizatign phpse [Rogart ot
o ti e i s ot . )
ol AT B8 L% SHEARDE pIRpLSLIL B AN ! e ARl b i
skakesa ysuscleUsthbeth mrsele, panereatip ishatsells, et cavidwealnin [Wei et al., 2005])

TR R N G ——
neglgé;l{rs%ﬁes%l!e&@lknug%%@ﬁé SAPO8 triRGedtd UL ShdAR niseMl ¥BS BK channels

maceut i ca nmposi tions conprising the peptides of
are biocped by tixinsiv et a-&Tx 1 Asfantilydagy chasyhdosind Millenetgd, 1985]).

peptides are..useful for su essing.an i n
e e X B QP T P FRPASSSe ct .
193 iaM@aSmdnvdlagélohtel 3 chfhel TrgUtiat.ab003) neasii¢antn expanded
cofpri sing the peptides of the present_inventjon are
owrseilarstangingt ofdhe medecylar hagiy h fl'rIEBX apeseiedfytfob ALl domhchannels
' S T r 0 ot
ol TGRSRt Bl 20, S 2 ohe0 Y mticion o
sefeckiiviin @yoftie ofi apavetr @ptje tixid based @altstprivbarg stracttiz ismohpossible.
di [ h . f o
T AREEEE N6 Frsoneh IOBROA T o SRR S gint o
AR HablngNBio 1 gLs%géfgdl%tﬁc@ %1?? ikl6%n AfusdepEbPF P 36 Mlock by animal

I nvention-or a Ically acceptable salt
tokisr eof , and apharnmaceutically acceptable carrier. The

preferred formof these -pharnaceutical composition

hnd T aducereof mofssatap ioTaay and i, ofMHERE i apmel genes
alfA Ithe phalfRENIdgRRAl tHgick 1d BBARAITREE of fre@iBinargtibA tch@ihels. The

and therapeutic aggllcatlon. The ﬁharnaceutlca

expueRstos; afi teenmbinant ehennelsdp sutinhle celh lingreprpyidas seyerabadvantages for
[ . ph i cal - ' . .
PGP BGIREEHS, 52, b ARSI EuBVab Qs b e
aikbiafplitudeed theocurmntsib atiebihfer phamatologicalcassgysskurthenaore, the
for animal or human administratiopn. Additjopally and.
cxpesseh PFabipHE ﬁwav%é%pﬁa@aﬁhec aﬁﬁssawliogwgp ﬁjai}%gﬁ%%ws of the
c Ko gﬁsgge . easiveQRfs addi tional imunosuppressive
agent, |cﬁ may have a conplenentary effect in the

reatment. Sone il lustrative i nmunosuppressive agents
Pharanqcewicgd GOPPRE IO apanyci n, azat hi opri ne, predni sone,

o, B8 A0 SR o Bl o
thequersat invertsono As alreadsr msetinnef nihesetneptidesaae peeful for suppressing an
irr?r%lrﬂlen irgstp%lrzls%d if3 qua?r}nila & erkeJ eell %}l)veciﬁc subset of T-cells is activated. In
particular, pharmaceutical compositions comprising the peptides of the present invention
are useful for treating or preventing a condition wherein the immune response is the
result of heterologous organ rejection (by instance a heart, a lung, a liver, a kidney or a
pancreas) or the result of an autoimmune disease associated to lymphocytes Tem.

In a preferred aspect of the invention, the pharmaceutical compositions comprise

the peptides of the present invention or a pharmaceutically acceptable salt thereof, and a
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Ther apeuti ¢ and prophylactic nmethods This invention

provi des nethods for therapeutical or prophylactic
wo e@atseems of conditions where the suppressi onPCF/IB207/001544

I mune response in a mammaBois required, especially

when T-cells are activated in subjects in need of such

treatment, wherein said conditions include

het er ol.ogpus _organ re ectl f S c r :
oo Py apCoriitls 6o, A ekl oot ST HERT hanfhocutical

comhRRARAS ahd ﬂ{e Se[&h@ﬁl o€ thﬂ{ilﬁhﬁb@uﬁéﬁll@’ra@%eﬁablé kewivadepetd on the
arthritis, pe di abetes, autoi nmune pso

rias
mteaé@:k Ié?@ﬁt hﬁnﬁ‘ifég‘&@aﬂgn c@}daﬁlil‘i?ép%ﬁ %nglcafé‘iﬂ"rp ]IF‘h difpgmaceutical
a.: P r p al a
R
a&b[ﬁth]bléﬁncﬂﬂ@mc catiars ogdidtients, odhish atectefies] apivejucles h@amsnly used
to mention a few of them |n on aspect., th rese
(o AR 60 PRRSACHELCAhet FBRASIRGS (e BRBRnT atpTien ofdinistration.

Agclﬁﬁf) g@%ﬂrﬁlco;ﬁfoﬁé’ﬂm plfrmEQRE LAl d%?rﬁ)oh'ﬁ@hs ﬁﬂ{a aIsb%hfpﬁls@at least

si've to, or sensitive tothe inhibition of
omddltmnpbmassmmpmhmmeagni, whaeh mayrbm aemplomentagyegifest in the
of subjects.in nee such treat nent
et B IR R P kB By AR CHERELY Topamycin
aﬂaﬂﬁépirﬁien OpredrisuiR), S0 RikigCShN e dafmitines ainda dB@@fspﬂguaﬂﬁfn their
t he ‘present invention as descri bed above. Generally

dqrmagvyse et paelt thgreelo e inharnpepticah sonnostiqstef the sﬁ’eﬁm fnvention
t NO 2 or a peptide having a
sequenc%ﬁq%%g\% [BH?@Oﬁg(QD%JIEWf unctional equival ent

anal ogs thereof or a pharnmaceutically acceptable salt
Tharapesidic ang grophytastie edwdsnbodi ment, the present

' nve?flfSQHV&gl%ﬁ'QS%dg?Mé%ﬁs B ?Hefr é)%gful:a}f oq r&% tik Qrea‘ament of

treating and preeventing autol nmunée di seas socl ate
ccwidtttoni_ whdrt thetsupp(esmn of aneippoms mfspd)rmetllnea Kmitnﬁal is required,

SI m channel s inhjhi.tion. Such autoi ne o
12 o eI B, petPls i s S B O Ryl Hafignent, wherein said
cﬁﬁhtﬁfr@%h&udé RekrRs Qe Rsdnhieldctisn (on REsthncdi ARGHE S lung, a liver, a
aut oi mune psoriasis, |upus erythematosus, ulcerative

kidoey térs a $>y1mxaa8h eoll caut;pmrmnm diseases Hdere inssanse paiudiiple sclerosis,

]%er ' ﬁ)d %ﬁ}f’ﬁ ngga ! lﬁlb bgf%? Fﬁ{oﬂrglg%l %g]gg%ha?ig lurpuf %ﬁythematosus

ul@eﬂﬂﬂﬁ@@olﬁmbi;ﬁﬁﬁathe’iﬁ @fhfathﬁteﬂ and b@ﬁ@mbrmibnﬁpeﬁecﬂﬁntﬂ&hséﬁse ). These
t he present invention as descri bed above. I n another

Slﬁﬁ@ﬁsemaéfdméhdé‘éohw anch gthgt aaaspmals.n ik %ﬁlogﬁ FPfSel @gats, cows,
hgﬁésh g) n}?sr %ngtcpﬁf b ﬂ{elnﬁ 19' r RG 89 t}?]e(ﬁi tie ?ﬁ e@ﬂ1 Ghe I}})re(s%nt invention
ogo y

(& rejec ion of a hetero orga
prmﬁieamahalshﬁﬂrﬂle paophytagtic sorl thempeute weatment off canditions that are

L B8 s ons, o RIREL BA  Bo Shannt i

célPﬁ@in‘iSﬁm% oh’@%efl? 6Ll echin PEEROT fuch ﬁ%@ﬂr&% AtHeQMnethods comprise
including a human, an” effective anmount of a peptide of

admmlmregeima subjesttin opechthertes dnelbding abuvean, poshigetiveaaraount of a
1de ots tl(l)f p%éjsrenntn LSl ? E)r|1 R described above. Generally, this peptide may

comprise peptides Vm24 with a SEQ ID NO: 1, V23 with a SEQ ID NO: 2 or a peptide

having a sequence SEQ ID NO: 3, or functional equivalent analogs thereof or a

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 Kv1.3 potassium channels inhibition. Such autoimmune diseases
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In therapeutic applications, a peptide of the

i nvention may be adm nistered to a subject already
waefoBas2my) from a di sease or an undesirabl e coPcii/1B2007/001544

(e.g., autoi nmmune di sease @t heterol ogous organ

rejection, respectively), in an anmount sufficient to

treat, cure, partially arrest, or detectably slowthe
ingﬁﬁggr 3 &R tgﬁ ttgcg etg giueiﬁﬁl% s%{nk\?%éﬁ% Isfg%ﬁlgﬂ{;ndc Hrﬁﬁ diabetes

adt@lrﬁxﬁﬁ{e%&@ﬂhsl@ lﬁlﬁmeéﬁﬁémaﬁﬁlsmﬂcéradwemdlsuwpat}lMC ophtalmla and
severi te/ of the condition, the general state. qf the
@nﬁ?ki]eéﬁfp iomy periqdeatal é@?@eo?h%ﬁé rﬁlﬁg‘é‘%srcé)ﬁ‘%ﬁe a%“Stenng to a subject

m:%%%’?{ %f %ﬁhgog Hulten ﬁ%@}ég ?%ééﬂﬁ/@ aaﬁﬁ?d{fn't ©f a oﬁsptlde of the

OGNS W gener al In a rang
pmmﬁlﬁnv@nﬁmﬂame@gnbmhqbeve ki I ogram to about 10 nm crogram

DeGef BPBes rpterind SEPiBERt ahe crRRt PR B By Yides methods
speRfchiR irefisd tJ HEat gbdnﬁcﬂre\%%ﬁhg drsreRLtifh8f AREREBIbERK organ (by

conpositions thereof are adm nistered to subjects at

insfagke af heaplita hog, al Heady kKidhdsepf mgpanceiask shesomethods comprise

oS SR P B SR T bt 8 et
@aﬁttﬁnﬂﬂarﬁﬁiﬂn? Nn@lnding @ik, i effetsivehmbliet dNApepade of the present
system The e fective anount of the peptide in
inyewiptnyasades¢ribed gppyeat i ons will generally be within a

range from about 0.1 m crogram per kilogramto about

DbRagls an@ @retivdp of akiindgiaeion of the peptide per dose. The
route of delivery, of the pePtl des and pharmaceuti cal.
conplfsther%%ﬁpnl}?éh%wéwp 1, 0 Hei 18Kenton JRE Prrafigigred to a

l%thgct qt'lrég §uffin gu ¥ e&%l& sRd 'o?%'lﬂlﬂeﬁﬁgl o?iog‘i Sgé‘,:{éu;@mmmune

|s re of a certaln ty
disem:tc&dlet@olagombngantrqdctmneaespéctmebf)bmdgn aim)umia:ylfﬁ@'ent to treat,

desirable to app t he pti de or conpositiaqn,thereof
e, IEALYC ared toé{?%?t%@ SIBP e ArRFYSSIOR) © 8 11 {sgasy, and its

c¥hphcatibss. M%@ﬁf&t‘ &M péptideradhs ﬁﬁ/%ﬁn&[ efSbdibifangQusl therapeutic
to the topical application it mght be desirable to

aprdicationst will tdhpquieppcrru theoseveniypob ithe evndijas, ¢he @angrgl state of the

Eor .ot her i ndi cati.on tide n [ i
SEsaobE, ok BRI a8, TGS e pepice i
tHefdpean e Bpplicatibndt WP géret1yeled withidt 4 84igs Eondbbout 0.1 mlcrogram per

subcut aneous, intranasal, and intradermal, injectio

kiegraml 1o a0yl 0 migragaBneen kilograms: of thetpepride doga, pb@gmaceutwally
%L%g{gg asaﬂ éf%éffg&)d os@Nd transnucosal, systemc,

Wwth a lipid- soluble carrier in a
ski nIp ptotph)'lactm @iplicatichsgths tsnbjeott mtldﬂatr pimi’mawuycal composmons

tsfecisie FRBIRTEN (hayoIB0° AU P et B8 FTeCbABRFA bArscase or an

uﬁcﬂ@ﬁ@cﬂ%onglﬁbn eXREREBeti VRN Sint MBI R H@Jt@(b% ReRhises] WAY depend
be adm nistered in conbi nati on w th anot her

upmﬂw(ﬁg‘gpp‘rrsegzga@f heajérand( @y@ml status 196 the igppyne system. The effective
SR I5Ehe B 15Tk oS b GR s ae om
abdﬁﬂﬂ)ﬂlermcrogram 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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t hronbocyt opaeni ¢ purpura [ Cooper and Bussel, 2006] or

aut oi mmune | ynphoproliferative syndrone [Oren et al,
wQodBN32where the treatnent could require a nmMUPCT/ABORI01544

approach, therefore nore than one i Mmunosuppressant

substance i s needed. The peptides of the invention may

be adm ni stered alone or in conbination with a

(t(? ha a{l%ﬁpcl.lc}ghgmé n?aﬁ’gg]&t @ghg%egl?rr %}e%im‘?ﬁf Hlt%stﬁgeh&%ﬂr SRR Sheously

toRBOtdies application admight bt elesichblantosadigingstavrtherpéritidel & composition
doses. Suitable pharmaceutical carriers include inert

systerHeplldi | uents or fillers, sterile aqueous sol uti ons,
and ygr 6tﬁéfsin@1]9%&f§' g gﬁﬁ%&‘ﬁ& I%?ﬂn‘é@éﬁh%al c-Bli"rﬁgvosmons of the invention
pharmaceutical conp tlons or ned ining a

mayibg delivepaiby heravértolns am;nztmnmelumtmmuswlac eldqgu‘atne@s intranasal,

o e RSl el L gy 2l st st ed bl B URALR ' by using a
nébﬁh%j 3B} Sraf GhtiddsAIN Systehhie, thdiRdéride® (e.&.f witB S RdlsolubR carrier in a

phar maceutical carriers may contain addi ti onal
skim gateli em_d,sa,ndga@tmlafsstmahddmeng(@ g-bwithie capsuloqiitphleit s,
and QB% iolﬁlglll(]\sg For gd%r%)a(})l | gx 111¥en%1osuc ride 5&% n?stte?ed in combmatlon

cont ren rumcitr

th@ﬁlbf/l BéR Sanmpl) ahe or aidee Q& yeptiles mﬂy&:teadnﬂﬁiﬁteb&l 1n combmatmn
oyed along with various djsintegrants, such a

Wi neHeT e ePBReIRy ag5a Li6h 8 thoshiabeve Beaiensd) to a subject in

G, B e S S A BT B 00 A

thsorabasepageicat pagpuend [Eoapdra. amerBuawﬁng2@yﬁnter subhimmune
as nagnesi um st ear at

IygRORIU e Ta Yo B e IBredt Gt B2l et g5 méiR ol Rauire o

minf | 3RO hOfhefeficthb@l thhlY Bffe ﬁﬁﬁﬁuﬁbs%@pfé@saﬁﬂﬁhféyaﬁge &Sneeded.
fillérs’in salt and hard-filled gelatin capsules.

Pr ef €he peptides ef thallsvemtmn thay depdmprsteredrdongds in germbigation with a

ar_and h| cu o yi
ot ipate Snl, Shall 85 Bkt BpvEly oL Alfmaceutica
colepisitshs? QectivhalTad fpeEh@dsr @by 08,adblisisesgient siagle astmyitiple doses.
peptlde i ngredient therein may be_ conbi ned

h .
Syigghl whalm@@@ﬂtéaal SEFTISFS MChplsrinFry sale tients d}r%@?& s:ni¢tfle aqueous
sdiliti 'sfn(%? Egﬂgarﬁmloﬁ}eﬁ’éé' MiheO é\ﬂﬁﬂﬁ@&ﬁg n gorlnposmons

agen oge er VVI uent's such ‘as ano

fqinﬁﬁ)ﬁyecmlghmgd subjdey peptide, wigind pharrhaceati¢ablysactépgatde tarrier may
For parentera adn1n|strat| S Iutlo s of
b s3adily dnypisterre 1y @ YRERLY 9% e Suel fff PEERgES: Syrups,

nﬁédta‘t% sbl'i]m@ﬁéJ SRUSthR KPP Hé’§11%ﬂ el M?ﬂnaé@ﬁczﬂecamers may contain
enpl oyed, as well as sterile aqueous sal i ne sol utions

additiond inguediengpondi ayflaveriags, Hindets, exqmanﬁsﬁ@@dhﬁ: bkl y

bl I l.
acaucbut ool T B dfn e clitiunle BB BFcdye Sodtles sodium

ciiReL sslefivn cabandté)@nticaktin @hbdpdate, ﬁllay $>E: eh@h@%ﬂ%ﬂ:bng with various
i sotonic with sufficient saline or gl ucose. These

distntegranis.afuch g esbareh. s prpisERb Iy patagas B@apsﬂqawtfgeh aigpis acid, and
c%r%{m' Bidpf4C i fities, tQ%éél?e:péﬁﬁflj_P%{dm%s Q?&*ﬁ ANERYS lfg?}ﬂﬁ‘naylgyrrohdone

raperitoneal I'nj é aqueo
smmeogemtim enchlabadlae ddibirigatidg agemdd)|saclas shagndsingh stearate, sodium

Cl Il ‘yeesan talc aléen OWP) ad(c)ieé 8rsteab el‘élnzlglp%gpc;sgs 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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the art. Additionally, the aforesaid conpounds may be
adm ni stered topically (for exanple, through a placed

W@ 200823943 by using an appropriate sol ution suPCEIB2607/001544
for the particul ar purpose33Vn23, Vn24 andfunctiona
equi val ent anal ogs as nol ecul ar probes Besi de the
t herapeutic use of the peptides of the present

{ nventj.on, .t hese.. i de [ - : t :
o RAPLER, oh SRERE T AR TSR 8 B8 sohea i
varibud Biaeashivardreflivering epérss, eolbiedr nolneaioredyds; cmd, if desired,

animal tissues qr stable cultures, The irrporﬁance of
cTOHSHREAE cPT AUFRFIAINE 28eTKS  piogsRpTo AVif dilugrts | ichaas water, ethanol,

Lahli i ' cunent, therefore
p?%?gﬁgﬁleﬁ?ggﬂ&gﬁégg?é?ggggo%ﬂh§ﬁ§puse of the peptides

of t Rer ppresent admingsttation saBitiond eftthe peptptes o€ thetesent invention in

hysi ol ogi cal.l y characteri.ze Kvl. 3 channel expressi.n
scEup of PP ik S HeSPRURRIPRNERS ESOTBRY OF aioreg. s well as
SRR SASOAN sAAR KuGlHICOO YheS EHRIBONEHRS StdrOfb1IRE Phafh@SButically
using conveniently | abel ed peptides of the present )
a¢oaptehleinetal salts praviovglbdascritad. Bed a1 aquedus gplutignoshould be suitably

f ' . .
AT SEaF ALASARET Bk BB ORDE S e i

oPigREbRY Thsk PhrsibhiaL afiddtius seRIibhy] tRSespoel allyauitahl® gorCiatravenous,
_pul | -down assays. Quantjtative determ nation of Kv 1.3 .
inttanellar, suprusansens, Mdanganerors] [nigepty dlhsetteidle aayeeys media
At i . : - . o
oRYEBH LALANEAEL SR ECHRA Rl 4Ry ke il i
thec anniAdgditidinalins tepyforésaidl nogpbuhdd emey theo admindstered topically (for
radi oactive binding and dj spl acenent techni qgues. .
R DFOUSE R RIACET CADIE) BY AT, FPRRRN a0 Sg ERR sgisable for the
p%@ﬁlgrﬁhpég@e- chai ns of several nonessential am no
aci ds coul d provide | abel ed functional equival ent

| pgs, that. caul d be used for Kyl det ect |
g R e T T

equi paligsthcaRalapaaaitb G R ppdesAst B bREMahvdMtioR ABedeGeptides
search for specific |igands, providi n% t hese new

could dedesed Hardetach and aragicriae tee eveleobKvikA chapnels eyppession in a
VR4 their f ' '
R R SR R R R R

ifipsrembel bAthAg@izmN ER S expredsiBdin Vrodhs hahlidady been highlighted in
functional equjval ent anal ogs whjch confer themwth
this gRownentn theyelaredthap apientien plporiglgiasde tag1uss ofcemeptfles of the
Lt on o ! oy iy ]
PR SRR PR KPSRULS, R Sy AP 13 chae
exprassie @tlei Ewedetbotioneandrchbrasfededtionanfd{ v lab kepmssidrocks be done by

and . i.s requl arl.y used by exper | his. field. The . .
SRR OB HER By RRE R O TSR bR ol (g Bfdnvention.
idchudd® bhesdtIialieldd ke 16w byRatdilyY 8onfoe41 4RE . conventional fluorescence
fluorescent, chem | um nescent or chronpbgeni c noieties

MEPIGSEPYs stotad k ifligreseenca s icavssigng hradigpciyot bindlg and  displacement
{ 1.bodi .ot n fl S - REOL el its

SBHRESE By PR ACLESERThE ofuddPor k1.

chieselsichprsiad ifl atgivdn detiwah fve perforevedispiuadamtioé détbetion 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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present invention, were isolated, purified and
chem cal ly characterized. The synthesis of an
wWe@apsesy peptide, VnR4, is described, and theCT/1B2007/001544
sel ective action of two exewplary peptides of the
present invention (Vn23 and. VnR4) on Kvl .3 channels
of human Tl ynphocytes is thoroughly descri bed.

Fi pal | t he protectiVv ' 24 1. 15
copl, Bt ety SRR RSN R0 8L e lloviding these new
ligall$ shaie 3hé GagheSkindipg kite EXAMRIBSag hamp % Vo@dngnd their functional
exanpl es are included to demonsfrate typi gdal pr emg
equiniasat rasatogs o AnYh sushn ghemicalh madiigation athould degyen ed the
; o i i _ vich
sy deRRGl o P TBPE, TR aRl i EROl SR ATogs whic
cotpahém vgtt highaffisitys mid speciioity sowpds &v1thiGhemicad mddafication of
by those skilled in the art. If the.final prqducts .
QI RRBPAS ENRL o UBRER DTN e U E AP REg Se T agephs; it can
bé\Qh?eve B SELRrNQu iRkl P4 vat 181k ndihti lan @ Adtte BRIy MRE@ BY experts in this
anal ogs, "they are bound to reproduce the same results,
field. Theodabetl gwaviilsk by Hbe eneificationscautd irokystes thag is ot restricted to,
function well i,n the practice of the |nvent] | aj :
refigpcigs, dsnppes 1 Mopiestenty Shemipibsriepl, dioEiitmottalC, HolEes and
crBSdliARIY ortftisieh With B8t R6MIn hnttbodk, Mols, @eeh Yo@rbsdint protein or
_solvents and chemi cals used were anal ytical grade and
itgidarbletivesd-st i | | ed water was used throughout the
pr oc ear Cr : :
o071 ey B R sk EpisERaS dhptEtel BPhAIEA RoR| g nexs peptides ofthe
piicselt atvieatorgfwérb ésolaed, usifindtnd ahenicagifincleranterizedn€lk synthesis of
above make use of chronat Qgraphi.c. techniques. T
awewlwsp%udabgm%as e C g e SeRET Sricn alftwo exemplary

p%p?]iggg Or )fheg?%gér% gnﬁgnﬁon T BURRT. WD{QB‘ tonY‘%\?*l B emaNRI€6f human T-

separa I gh performance |iquic )
lyoiphoogteo iy #phgughbPdeycribeheFinakyrthd prteetdve aggion of Vm24, at low

containing.1.0 mlliqr the soluble ven rLotein
cugenspp e e 1 ig s 9F PR ebord® i SRRARAET .
(di mensions 10 x 250 mm catal og nunber 238TP)
obt ai ned from VWdac (Hi speria, CA USA), of a HPLC
ESANPIESM | lenium M I 1ipore, MIford, MA). Conponents
were purified using a linear gradient fromsolution A

(0. 128 t fdlfowing Oagmiples agred incldded itd \deimengtrat® 6@l preferred
solution B (0,10% TFA in acetonitrile), run for

.60 .
embedinene cddbesveaoddaniorhanssscandy BhdoIHER é@e%ft?c srgpodiments
opme%ﬁ r?eléluéx%ﬂl ?%s a?ndrgti/(ljlr%ﬁaiﬂl Ol 3 Gmilaf AShk SRfhEE arting from

col’l'eeted nanvarl ried ac

y an using a Savant Speed-
thedr dpérit. andisscolpewd this ikventionyiby ¢hdshakil®a idithe iartc{f the final products

fractions were cqll ected this e t 4.00.
CqTae B e IRare L THore. bt B8 L NGE Lot i B BR s RNO3) or
tHeRUBhdBOnSIOE SRR dnd16gd, ARy Rraibb1fd th ir8Fo@iceTRS Sarkfe results as those

channel scof pi on specific toxins of other scorpion . .
deseribers hee Ladidedus 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
Vm23 and V24
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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[Batista et al., 2007]. For this reason speci al
attention was dedicated to the venom conponents
we@bkaBisg4nt those tines. Specifically, two frarCT/B2807/001544
one eluting at 23 and anoth#&r at 24 mnutes were
further anal yzed, because nass spectronetry
determ nation of peptides fromthis elution tines were
cl asel Iat ed to the values found for other known K
Isgiﬁg%g%(ocg & fic toxins, v.g., they had nol ecul ar :
Mas S Hlod Betiflestuse@Poitsblunins of e nasothemserat hgands emngioned above

were still not honpgeneous, econd chromm
mglesy #p% 0f sHhreBatosFRRIG leelknigrssn 5?1? h‘@nglalm‘é’aﬁrsef’:‘%g Belﬂq water and

ce*ﬁ'tfﬁfugécf&tg‘é) O@Ot)g% ?or%' i, TRE s@eﬁ%tﬁﬁ tvak %&:IOV&@H aftl Eé})afh@e@ by high

usi n col um, cat al
pd’rfmﬂmanceZ haillammbnxamgmaca{ﬂﬂ&)p@nmh@md mroélmwn‘tenmng 1.0

t t
e RGeSl P e Pl FRTRE TS B S B RU pe ohs
ccﬁﬁ&ﬁrdd%h%nﬂ%e 10 ngersh fim,t Ealbefdunfied 238AP) esHRAAEs fiotn Vydac
the fraction eluting at 23 mn and that on the r

(Hlspdriae €AacUSs) of ua iHGLG systerwi (Millenier MubPYrsi Isl\%’égpfd MA).

chass ectrone determ n C

Compg ger&ﬂ%ﬁ‘r eﬁ é‘é’ﬁlg A %negﬁﬁrggiéﬂ?ﬁgm 5 e‘;(‘)ﬂ vé_\ gtg ?X) trlguoroacetw
adi@- WAhﬁrWﬁ@IUQ@GG% sbhgioar® ((EIO%I"IITQX ﬁiacEﬂ)nimIB),l vondoir 60 min. The

experi ment al condl tions was anal yzed first

dyseqtionavias srwiietrdabyraboeeanss ahesQ mn 23dedui @@Fnlc%% flow-rate.

FHBE, ol bR OEBR S HEC Yo i 5 s

1nd €5, padre ntgamrs@ drstmctoﬂraatmhemdrarcoﬁacstsd ffem thiki BPLC separatlon

reason_t he ti named VnP4, whi c st ands

F{?@B?I?Sd@a’fo? ufe ott\é\}]/a%r% tplention;times nstia }yagoréqsg?lécg o the elution
{ n ndMstudied

G 1 S o i 5 0 St

[Rasisteesipehnd2007. Foe tie paasani &pnm@l‘ attﬁéwpe?m dedigatagdo the venom

and for ti Y€, o]
coient SShRAAT ShBp BTG 'DEeiftaly it BRMot: e epting at 23 and
afiBth@ Gl DA e s wes futthérSanaBapd Detdusvasissigieetiometey déterntiaation of
3665 Da. In vivo determ nation of toxi cit

/O O of. whal e
pqréid_@ﬁfmfrbihimlumn@awgr%@ﬁelYeltell?aN iOyt ¢ aaltgs fund Tor other known
USSR o AT B 2oy LTI AN o, v
t}&tsea t@apdnehtyreactit Imghmbgameoiml, a seMmMCEmamgraphqesQJaratlon was

and crustaceans, nce it i own that .scorpion venom
conshyeter fsingghe same %I@&Ce%ysg%ﬁwr Shetet wig b e Basefend TTVEnt A t0
4892E I\tén@:g RSy gPETRLRing a €98 cHivhieaRlogt ﬂiﬁx@o%r of 8TP54 ﬁom Vydac,
art ropods” (reviewed in [Possani et al. 99]).
Hisperip @dexsﬁs sfiowrh irs therinsatsi afrFigd, @omjglcc@dp@@pbwam@i%ed from

o431 B3 BB AR, RO R EBRL e e s

cHfréspohdi B Abe frictivardlatie 28 ihhad ﬂﬁﬁ@mergiiﬂ ka thie &'ﬂlctlon eluting at

toxins. Mce injected with various anounts of soluble

24 embim (Prden swalyss po maAse rgeiEameio detepmpetonpinde sjuencing by
[

SGEBTETAYEAI 01 Yon B0 P oo, T one

eloing ait 128 infix i ®ut experimental condltlons was analyzed first. It was pure and

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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humans wi th these amounts of material a clear synptom
of intoxication would have been seen, such as

weestshuld ity, salivation, respiratory di stresBCT/IB2007/001544
(dyspnea) paralysis of reasélinbs, diarrhea,
convul tions, or even death [Possani el al., 1985]. The
peptide is said to be "toxic" if the injected ani nal

Tl%r & enta%ga?%u?nfé) ‘fr} gl\%oxgseﬁﬁé@ tggamfe'rﬁ gtﬂfea I@%? %?)ﬁeﬂ)onds to the

sepaitiodlof tMbpepidde himed&/mPRisie sciindsl foi pe}mdead)ﬂ #e venom from V.

| ethal ". Non-toxic co onent s that n
mﬁ@cwﬁﬁhaém%ut@? at 7 &inc s WWH&T 6‘&‘3 i W§S£° i ¢ component
iy j ected with PBS-saline solution, pH
W%%%% glgegg[él gt%% , 1985]. Eventually the whole venom
at reI atively | Wdosa e |s not toxi

Inryém Jedaaingtion oftpxiFiDygiswhole enom Aok gg%gqtagﬁ,g“ Ze?}(zjalzty tests of
pdrgfegxmgﬁ&@pymygcause during purification the sanple

enrich in that particular conponent. For this
r easPire effiebttaflkvenoing tand qoms ipeleides i nsuethlart comld@ctg(b liny theelaboratory

oS TR S b o S e i

kW EBEER o6 0 vEHoRE c@itaing dxMbSspeQlBrgRtiTiRl There areTtbﬁlns spec1ﬁc for
hi ghest dose used was 200 m crogram 20 [gr ans, i S

mmnadmonfpt Hifprentntyries o paronedrsEcvigsyeshin [Rpgsanicet §}/ nb"c98i}95 For the
pLB‘B(r)&e % i ﬁ} ﬁl?tlrfo &k co?lﬁﬁ(%(y %g?eglj[ll?ésnﬁsc Hﬁng §ib&ial ltPén %ﬁmal model,

1 hal npone t oxi
baediidef the destutto moalmbeherrelmlﬁ mdn:aﬁﬁmbf)izvthmt ¢aihd happen dith humans in
noxi us. The fifty percent dos “é D50, neani ng
cathast iy Reo ) BRSSO wSY Ko WG‘FE tthY%l?BS gfounts of soluble

o et
meXiatmMrsBdwed na Bylﬁﬁmﬁscﬂfdnﬂwx@h‘ewan Msualéy rf thomemm certiios toxins to
is not.toxic to nmc whe Cn2 kills.half th
i A ool e o g e e
S&BV@% aNdx MRty VRaltvREBA FHdFiISathET &s‘a‘éﬁdgiy @ Ratalysis of rear

V%&%ﬁ%ﬂ?@s% I?%Q] {Jlf}%grm teth %% u@e %@ 2@1 %}?ﬁ%cgﬁi wélght) of V.

dman degradati on and mass spectromnetr anal ysi s.

hmbs ed;arrm nmw&tmsS@qg@n@a@eﬂPesmh@h alarl 831 dhe @ept&@i i said to
b% n 86 gcftgds %1818%1%%%‘%{%&) % %tQOQ’ﬁ E&qﬁl&)ﬂn{b but ut recovers within

249 :hgﬁlﬁdfd)ﬂgﬁflﬂg’ ﬂilél ﬁﬁ?ﬁnﬁﬁraﬁdﬁe of WngeAwheﬂHS: ¢fithendouse died it is
a ated sanple of the pure peptl e was enzymatic
called it n%xg-z ©rpspe st haseihpRadiee 19 aghiers @§ intdication

a@gﬁ duce%ﬁlﬁ?ﬁ% dﬂ% 'as ﬁﬁ&{:ﬂl}eﬁz'té@ Wil PRRAGEAY E(ﬁﬁn@r?‘ pH 7.2 [Possani

escr or of scor pi on conponent s
efl Mal t85].eEvaitually20@4whdatvenvm ait rebatively2D07 dosage is not toxic, but

il BT Byt dbes 40 adf SvERlP B AN BEPbARER during
pERE&Gi0R rfﬁé IHmbREisSHIRNES iNERA (Hirti@dr! dondRmkhte Fok Rhi@ 18ason and
Fi nni gan ion trap mass spectrometer (San Jose,

talge) 1mg|q®gs1de@umw dlyed rthwsolgpleu wgemeﬁTK azéw«wrSyW%Sy@,@tetﬁmc at 200

el e at 10 mcrollt
mpgGi 2, Bpue, 6 HEe Pl o BIPRy b mice
V&WISC@)n(:&ltEatlons The hlghest dose used was 200 mlcrogram/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 (LDs,

meaning the dose that causes 50% mortality in a group of animals assayed) for Cn2 in
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mcroliter/mn). The spray voltage was set at 1.7 kV

and the capillary tenperature at 130C. For MS/ M5
wexpsnsaent s, the fragnentati on source was opePGEIL/ER007/001544

with 25 V of collision enesgy, 35-45% (arbitrary

units) of normalized collision energy and the scan

with w de band actlvated. Al | spectra vvere obtained in

t he ti.ve- f 0
g s o iSSP fRen g Ge SRR 7ol 404l %2 1P pgpns tha
Vinoh tapah 80Qufold el QMmNEOIE@n&yﬁdrﬁﬁlnoﬂ'fb&ld\ﬁ/ Me,swbﬁbersd?nZ kills
from peptides enzynmatically generated were anal yzed
hahithe aPPylatield by the Sequest software [Batista et al.
2007] . The primary structures of both Vnm23 and VvnR4

DéreRRinkii6n 3 theRineid §tueset, of a3t diel ToeP4 | des wer e
used for el ectrophysial ogi cal xperlne S. as &escr

bel oWWp dedmigied HistHAAGAENE gmayn figeragation apfmaass specttometry
I\%[ gr?altlﬂls%q irebd Snfidd 552@ S nﬁl@iﬂ(@ ﬁet(aﬁmfﬁb!trlérf bf ?ulferteﬂi'nt W& performed

on ‘el'utl ng see | nset :
usivesa Bebkmae nﬁraamo é’rrolzijequemee@zéo IAd@nCa’L UﬁA)ewuh ahemlcals and
was found to, be 3665 e .nan of this
Prﬁ%?ff‘ir%f’ep’()%( ol dhe CATRAR, A hsgssc T gﬁ‘éf iealt%ie S?Iflplgt 3the pure
%’ﬁld@ WaR ChelinMRARY BlchREE \Lvi)fh indeuat érfd?lg@btf@lﬁsm& Diagnostics, Basel,
egradation (underlined Direct stei ne residues
Swiszelandh fusingwsimityr precgdutes o eaah@r destajhedtfpopther ssprion ¢panponents

[\%Eéqzd%m Og%%% Wb% gi h??(g’/g '@g@&’ LGhRS erﬁnm)ZRga-h Ghk %&trespondlng

pépided W@f@lﬁ'ﬁiedﬂgq{maﬁd Ssdubiiedr Bérimmass spactoagery the samples were
mol ecul ar mass based on the sequence determ ned \eg
digwely. Fplipd intony FiRngm Hthg AR HFRcgaTs egirometer (San Jose, CA)

i‘?ﬁ%%rsﬁ‘r&% lg/{saﬁ{rgltgg E}ng delﬁ%?%ﬁ%}@ﬁ TROERate at (le microliter/min was

exper m ne the expecte
sglheiar etdecad aliole oulyab¥arat dbs sampke toh enisarthf; nanodpray sdce (0.5

LBl B8] P OB L B R
151PE0GRP 8%y @ tﬁgﬁen\@mtﬂe (ﬁ"a%rrﬁﬂt%hf)ﬁ 86ures vl Q);ﬁfgreité&l WhB 25 V of

I nset to the was submtted
cdhslonwhengyE’dﬁ#ﬁ%d égbisrdet umts,) oﬂnomaautddowéldswrh energy and the scan

D SRS DS S B 5 e M . he s

é\@ﬁlﬁ’dﬁaﬁ he l&@&&w%futfbﬁeofrd%bw&fé pRAFmM R HRAX B Mk g@ftware on
s used for confirmation of thé cysteine residues and

a fWinddivg &§F PEnsystenh TheddpEyS isdesmsirommnsptidegesney@atiesily generated

VR4 ept i.dase oduc r
il gt STERRAP SRS BT Bl SR 200,

resi gHepritagy sth@ A Todiin ¥VimA3ngidCahedl (sed Fidi®) werg ldlb%érmmed and
because it conprises the sane N-term pal sequencs

the| pepaidys dere ech & %ﬁ@rmmap&%fqa KPR 98 gEpted delow (see

gﬁ; @hg ggmpﬁg rﬁ%t 00 @‘Iﬁ%ﬁ@ﬁu&g Og]e%a ?ﬁ)ﬂd@"ﬁ@ﬁ@rlﬁed from

t}mnﬁaét[mhMﬁQOattZB (ﬁyias&eé unsterleft nedFigrly- @2y fullihebaacterized. Its

se uequ}lgq A gﬁ@ gr%%l,%ll \%gsdquﬁaﬁgmégﬁ%g%? d@%l %?n@lngﬂe of this peptide

w\Jgf%)ded $hidCe lsBGuehagtarldedl FHQSIMBRMO &l8M Whicedrdinly Gidtified by
l'ision induCed fragmentation), the amno acids in

' Eplm@ntdegmdamm amdedine¢ Sutegt) hgysieine ‘residues were confirmed by reduction

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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been either |lysine or glutam ne (sanme nol ecul ar

masses). In order to solve the anbiguity an additional
wepwgs24xr cl eavage of this |ast sub-peptide wWe@HIB2007/001544

trypsin was conducted. Threég small peptides were

separated by HPLC, whose am no acid sequences

determned by CID were identified to be from positions

26 t i
oAb I B BB SR (e e
wtt%n@jéé’;?oxé@t%@ap&maﬂtlﬂfbﬁd @Flﬁ?ﬁgan Snrtlm) IL(EQ BEinmss kpauometer).
t he i de bonds a erm na
g‘@g aflye (pge \RANeMls 0 gntgﬁ }toén‘?ﬁ@n?%l ?@X’ﬁ‘égﬁ ’Eilaéls&e'purlﬁed as
sh%% e H%@tn@'tﬁé’ ﬁgﬁd Jf FlQQ) fodls |sul§rﬁﬂféﬁri8 ‘ﬁutoi'fﬁﬁc \Fetanf Rgfadation,

am no acl Ctermnal were al so
WhId:hl’HllofWeddthbyldNBiﬂvﬁtlbm ang e tfasti 2% atrﬁnca agdpltesmlees (Fig. 2, labeled

after h roJ si s W|thL .
ViR ids senditetogel Fadolt Mt arahe JBRES o5 Hyiated peptide
wiIPL&AYb At odTRR S of A8 cOXBIRE kQduRE Rhd ﬂﬁ Ji@SeeHRVIYE eﬁdbpeptldases
am dated C-termnal am no acid was 3863.64 Da and the

Theamgestmnfd\fmzéevu'thrémg%engoma@d@smocbw%thr%ﬁfh-p%tﬂ@s one that

uen
o4 fub il SRMERTFor SHEB AR ST PAILREL g s pesns
1tfc@ﬁlgﬁ§efétth§| Snd/N d;Eﬁnﬂlal(HQQu@&e aIrbE&ly&IéEdrﬂnnd:ldfvffl&mamabfzmg the native
units is within the expected vgl Fle (for. referenc

peptide e Laléedatﬁé%ﬂ ofiredie; ewgthshdrm salrlP Ao & d i %Ptede by the
mﬁé?l% Ld - “Af?rng]l]’ ﬁ{ld %ﬁé T%éf‘%hef m 1550 G \ERBS QPnd\l/er?TIeréed Arg-C2).

i mpor ant [ ve  characteri stics
Thewd éqleticed )wetd EJb[aupHd bprEdnsdor degrad%mnannqzmml:adamm with MS/MS

all the other_s i ns_kn t 0, dat ehave e
rpgrmAE dr Effee Sjr‘i‘g“ée%xé‘}?ﬁ Colagl ERIGES . Vo Wepifipd by CID
(doH?stldrf irﬁﬁcéd"?ragﬂﬁbﬁtﬁt%}i}e 11Rf arBindei &URr peiidng I0UAKDNGMEould have

unti1l today) ere proposed to be the number a-KTx 21;
b@naen’qhblelsfsme QT ghtarningr(shrae mvi@znlazmasaeS) én arseniq slymihe ambiguity

oSSR SR TP U PO bl DAL 85 E%concucca

ThicgaRAH pepfigdsudéeGe d}baﬁ@t‘é& by TOPILG,e8hdde @R acilh ee@eam determined
snake venons pepti 2) " The N-terninal ‘g}%gnen S

bp &R wesg idantibigd &pbq 30@mqs610a1@ (s3htodosp? | enleleér%“pl) Cys26 to
7
Ly bRy AROE RIS A0BCR] YS90 £ (o no
irldieasdd). cﬂlﬁceafrylishedpavmmhwp@hdel bondsent thehE-temghdl of 1ys1nes these two
cysteine ( ({ Is |located i.n posnéjon:f
PRI S BR) oe e PR e Stdte Rambighne Ty egull sequence.

TR hdtefouf UMRAS SRidsOatVIRA moEO C-fefthal SR MIYNRtnhA&d % MS/MS
resi dues, whereas VnR23 has 35 ami no acid residues. e

ﬁiagmt'ntety@t epher ofeptide 3isotatetot afteri Hzdrelysisb withwelgssSu @edpprotease
aﬂaﬁ %f%hi’t r—?ﬁtﬁéeha org%:lg%lln g%a?g L ho & uzfﬁe Q%oc%fhtﬁ%mgéected dpeptlde

aééﬁﬁﬂngﬁlﬁﬁ‘ Aniaped abl&niifall @nm&p@ﬁd @ﬁhstm G4hPaadridntheawdlae found
sequence at the N-term nal %}e‘on is crucial far

xRIANAILY WeASCleinbds PoRf! 1%@% Mrwq%fmce&la%&le&ccuracy of the

ﬂ}p(%észla n?egﬁglg}{gﬁé t%ég 1§j{ff 1fh§ éﬁ%‘jﬁf g@rpg) ﬁgﬁpjluﬁecfelfnder 1,000 Da, the

sinell Wiffmerides fl0e3t udts inovithin the expected value (for reference on the accuracy
of the equipment see [Aebersold and Goodlett, 20017).

Relevant for this invention is important to highlight five characteristics of Vm23
and Vm?24:

1) Their primary structures compared with all the other scorpion toxins known to date
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and the previous one (Y34 in Vn23 and Y35 in VnR4).

The nost variable region is at the central part of
wWhodok/ 1 | des (residues 10 to 30, in which fiRET/mB00F01544
six differences are | ocatedd, suggesting that possibly
t hese residues are not so critical for the function of

either of the peptides. It is worth nmentioning that

t he 3 u% 'aSto ef gg%geenrcg Eg:{ég %kérhnglg% Below ity fa%tjus(tiﬂealb tence of

i ficat1ons, cause

a ﬁé\gl smbrfamﬂﬁ)(uﬁl&d)vwﬁnﬁletoa@) aere lﬁbpmado thesthe raumiben o-KTx 21;
aci ds, whereas asparagi nes (N) and serine (S) are

examplezsrm-i{(d"edl Hyahdopti T2 . 2a it in@naxiginal discloses anqtrd@ﬁmémly shows

0S|. [ bstitu {9
b S qES g B el ATt JigR et B RE LR i3 dhcting those
M85 hitendre, Baskfahd bfike veRSmS pepiriasre f ol di ng and
function of both peptides. 3) The nost variabl e region

2) $hé NLerrAGA L REmBits [T AR e RncBAL 1o kiAW B {Pposition 10 are

conservative stbstitutions. "This can be easily
1delmmagamﬂ:| Thof the Sepqsmcms jofi cysteinés thatimagntein ﬁb@jdtsuﬁuimbmges are in

tut m.no aci.g w.th, sinilar .
e Eetie oIPe pribaBl b Featt g inab TheR Caner Vg i tocated
msﬂlﬁ[tﬁ)% B al @i@%ktr&ﬁg/‘bp Ber @ét&ithisAGURN 6K mﬁﬁlﬁtabictlez(rﬁé& compared to
shown here for the case of Vn23 and VmZ4) are expect

Vnﬁ4gE¢reth§trgasgnf\ﬁn2ﬁ hasr¥f) regidugsy wheieas Naw3 é)@ H tamlrrl)o acid 9e31dues
T@ g}g caygF oc?fe{f}nﬁ s S‘Pﬂm'ﬂ %{J) Qs.?{%r%(!l tﬁ’éﬂt {ﬂé' é?rutcﬂl?al foldmg is

présent |nve
theeammuras, ththWéWIﬁM Siﬁcéﬂle\/jﬁhyablﬂ)gdjas effssedf basthé\kmm)land; V?n24 are

to 10 belowis the hjgh affipjty that bho VnR3 and . .
cappparaie iids exnpsreddhatid a@“&r?&ldﬁﬂge%ﬁ éh&eéﬁf%%‘?fl fegion is crucial
fog ';a\t}g& H}IS mériy %aﬁﬁggﬁ’% %?M%Wﬁ%%edfw mYTRR VH@4\fT(%Adlfferences

hKvl .3 than the ot her
wikredfonnd iropdsitimns: BydR, 85 2Ghad PBdatdoxierindelibatvessn dld last amino acid

K, ShK, etc 22N ' al,. 0 A
o DEEPEOWEPRS a8 LB S Ph 4l S ThY VA resion is at
thRCeHir IGSHEHCESh %@ﬂﬁd%rs (EHsRihkS 101@0 BB i WHiSh fRE ok SPkidYdifferences
di stinct specificity of action and af fi ni ty of binding

aredoeaiel) Kggesinglibaimosgblyrhemresiuasianpnet sarfaitipal for gre function of

he bl TR S »
o Rl S 15N S PR A0 Bl i Bilfions 17
23I(NVS)adnd BV (R/S) @8 doneseatBleowmodifiostidnsebatabisr b@thcurglnme (R) and
or sea anenone toxins. In this_ way t he sequences far

lmec@fi)aarﬁ Oz thasly anKne aids; Bt RSB IeT NG A perine (3) are
Eﬁ rééc)fi; g%%hﬂﬂdaﬁ{ 4 aCigutdd; ﬂ9§ 'Eﬁe %/d#(d gf‘ttylfogfh@ fnhﬁosmon 35

e ot her pepti est at affect” Kvl
(mbartmeﬂ dor dysieind mvén2B3 poompred ts Vorrp beggesty thuit smat nnd: tyrosine is

am n cid se uence ee ID NGO 1 and
s LBeie RO RS e A ST GEGE ORI hat € he
er m ned guence iSs corre onmes fromthe results
3b"5£1%m@éavw %ggoyﬁﬁ S e%awii tpt?'E GeERy %%POV@% o, qopservative
sﬂ%ﬁ‘tu\( %né/ "%fef e gfl@)ﬂ@&gﬁéd GRhh ¥xRECRANhE feliBYRd modifications or

exact physi ol 6gi cal actions, as shown bel ow
swmmhe b9 pmify) adid mdth g;malanplhmcophqmcalavmmfra@& inf aligned positions

th th i.d t hat t
g S Qo T e TS A e oeeteg P of Va3
afd NWmoPN GENtekpédt@N té Ugenkritdl & @Mtional equivalent analog with similar

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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m crogram per 20 gram nouse weight). This is nore
significant when we conpare with other known scorpion

WO 200830aXi ns, e.g. Cn2 from Centruroi des noxiRGT/IE807/001544
menti oned earlier [Zanudio4et al., 1992]. Cn2 injected
into mce at about 800-fold | ower dose than Vn24
causes 50% nortality. Exanple 2 : Mass finger print

nal ysis of the ¢ e .esefnt i Q. t :
L ] S
afffitE AGRARBNhEy 1 SofRh Hien@tiehokiovan dblddnm; cfnah nas Charybdotoxin,
A&fxggtkggf B%%; IZS\II%Q Oe?cal[%g?ta gﬁg&%ﬁrfhg&ﬂ%%]hg@[rs Mentioned above
SR g Ottt Lo LYY il o i
spedfivityliof aetiomland af@eiFy oVaindérs ttwaad Kv12DEUjnnels. From the simple

ol RoRL SRses, S0, LUSCPTES LERLLSh % £l OB ey ol
affdet m3c%l{aﬁhﬁs 6h sfthilar BhEls ad GRS LAl Fof, ths GeHePis€dfion or sea

are very ancient creatures wth nore than three )
aremode éoking. |Th ithis Weyaths ssfuanees forivdncloa propsictany fnfernasion and use

. the Earth and. haye p e .0 sel ect Lfi
lsfcgar‘ml‘?gﬁ’tefeh r?%@?g aﬁgéﬁdfgﬁ% coyid rnog ?Fee%yeﬁg%ﬁ%%e%gﬂgdge of the
othérOFBpRae@hosfSect RO .3 ElRBAels. EHEO NS/ehtion fepafp eahpREladigtinct and
w se to search for the Er esence of Dbi ol o&)| cal I%Faci ive
t

neyghpwinentcid spauenessr (st ERID Nelinkand SEQHED Nk §f evidence

(o) - i . .
SR RS RS A 0008 B i
syintietioslheprefsmeiiVh2o Bogh the matich Vas24Chat th dpntbetically prepared have

Anuroct oxi n, BgK, .ShK,. etc. [Panyi. et al., 06] . The
e Rerspsie by SOlssie o ab she mave HegHIYe St 1 not

am no aci d sequences and/or disul fide pairings, or .
S)iispilagootheriigwprart fagidopid withyhese tye eplides ﬁa%&F thepiagg not toxic
b QLIS RXBE il bbb aR el b BB Rhgp 1y 1000
migograt 1m\2i0ogrsmt hausetviagighty ithis o mbfeesignifuant whies vencoeisire with

ihn imlar manners as those ﬁhﬁ)w fg% he .ot her . Honed
othero KRV SHPISB & SHAENGRIESt ki 182 Lo CRP&UARIdPS Agflys, as mentione
et B did &ralWhbel). enp 'iﬂj@étg&hﬁé Ynit&EobERt BENLAN owislose than

I's clainmed here for Vnk3 "and VnR4 coul d not be evi dent
Vin2droatises SRUomartidiey.of t he ot her peptides that affect
Kvl. 3 channels. This invention reports conpletely

di stinct and novel am no acid sequences (see SEQ ID

NO. S ID NO 2). Further evidence show ng,t hat
rrsrliof dares s e (3Fe ERPRBHUS PFRGR| B Johom of V.
meSiedhfhis obtained with a synthetically prepared VnR4.

Both the native Vn24 and the synthetically prepared

hav eSegtaion| yenpme asahighphgompis giistresaftdosmonenis, comppising short

b ) .2 9) .. 9) Fin: ' .
BB oo RPN oLl sl
1at Vg 200610, fred animed, huloatide eaiborndrates dipida{sviatved in Possani et

relatively high concentration (up t.o 10, 000 _m gra
alpe999p e@?ﬁﬁ?ﬁwmésmgﬂ@msvﬁi[éam@ﬁﬁ él-sf%?}‘fi%@%ﬁtﬁ al., 2004,
h%&ﬂ%ni&&%ﬁ%&z%%@ [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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ot her known scorpion venomtoxins, e.g. Cn2 from

Centruroid.es noxius, as nentioned earlier [Zanudi o et
W@R00s/13292] . Cn2 injected into mce at about SPOFIREI/001544

| ower dose than VnR4 causes150% nortality. Exanple 2:

Mass finger print analysis of the conponents present

in the venomof V. mexicanus. Scorpion venons are

hl t
w ‘%%’g?%‘%{%ﬁﬁ%‘{?oﬁﬁ ctt: 'tﬁ{)e% go RO gsg gglg | vea%n\?@g?%{éﬁann 4} ave higher
affiny | ®Watsi RKlPGs siami tien dilke dkn@ueblosketsa sehyaas Charybdotoxin,
2006]), free am nes, nucleotides, carb hyglr gfﬂgs, .
Anmrppmm( Bk, Shidl et [PaRd £hl-e200Q1- Th%fggl) ogkery msgtioned above
ha%z# glﬁ? dgsgiggﬁoﬁl%kb %@ﬁles%ﬂ{%ﬁ@y Qﬁd?me(thlsﬁhde g&-@%ﬁs OY%%% a distinct

uro ases and lysoz
spetifizity ,of 22€06h aad daffmlltgy of thireling tawad K clodrpbaestss Foém the simple
unkno functio

angly$is ¢ g [oripnary; gtég%ﬁlrgg gf ?Pgme{,gﬁé 1Eﬁtnog P}QYi‘PW that they should
affict IT(\JTDJ EhdniieR 1ﬁ @Etﬁﬁaﬂ"lﬂ&ﬁ{e%damﬂolsé QRowWie BrSthefother scorpion or sea

evolution on the surface of the Earth and have had
atenmometioxiag | ladhis syec ilfe ssquanses forcWhlhlm atoronyietarginfoppaticn and use

or, .for, .def endj,ng.th ellyes fro
il RSV i Vo 2ae i R RESAEE oy Y 1l D8Ege of he
otRECS&Nees Hat BIfe): ®OHCRLhannals! ThiE 1mnﬁ@m e5pbsts |cnmpms1y distinct and
venons. Thanks to the recentadvancenent on

nesjsb eminmeeid seaenpeucrd JEESIMND ehanp rER 1D .1\{0 ,2g Eygier evidence
}&%\gﬁ% ma? tﬁeodece%}n%ﬁ?e 8rz 1§ LOBEL cefrfe,?tfro ﬁ‘{[eyrééLﬁtsQ;btJlﬁh% with a

venom € reasons one o

sydithudicaldy pepaied Vad24viBdih tienaive l).hh@4 wehthersyhthetically prepared have
mexi canus was the identifi caél of the nol ecul ar

cagE dae sgmegphysie agftoas, a5 ?WJ&SBHO&’ %@H‘S? i fi ed by

using a Fmmi gan L (San Jose, CA) iogn trap

5xbaetly émth%rrm(pert@ﬂ faﬁad withgthesetwaepidesds Iﬂé?é éhley are not toxic
R el s B Ao T ey e o 10100

middpgsal per m@dmnhous'éhemghﬂ) altegys msmdmgvaﬁcarm wiree-veetagpare with
LC separation pure pepti

&é gft gﬁ]sf;gfr am | | s of 4
I KRR SE BRSNS MRS g 2a Sl @irpidésqgusgas mentione
ea[rﬁi\;‘legféfmﬁi% 5., (159%&@25%@0‘[%@ $io 3TiRé ¥Z&boub gO(!i fold lower dose than

mass Ss spectronetry. In Table t he
Vine¥evatisasrd 006 mrtaﬂlty he fractions coll ected from t he
HPLC systemis listed followed by the nol ecul ar nmasses
of conponents found in each fraction. Over 340

d| stinct cul ar ,mass-cQ ents were determned. |t
Eftaimiplt 43S VT ARG HEAlY SO HCE GHBRIBHS PXSEOAIN [ yegm of V.
fefahgsous sub-fractions of the HPLC separation

system and in such cases only one was counted. Also
sone Sterpinmi varemaeare highly peraplek pistirgs efromnpnrmy. copmising short

SRR R S T —

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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5.06 272.055 28.24 2084.938, 2883.506, 3770.697 B 5.06

429.1 28.72 222. 295, 373.089, 4037.264, 4062. 469,

wWa3B8/139283 7. 40 - ND 29. 12 2028. 249, 4044. 625, BGHUB200001544

9.84 1235.349 S 29.82 19894272, 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, 23 5612. 06 5684, . - :
adygiegientn ass s pgmey kbt Giles filimeSf iy pogsible to
obtdin 8nass WRgSlpra@ ah894is 40 the WiZA8 véivh. Bly4Hese 3EBbnHEE, of the first

3873, 4053.615, 4623.314, 5309.113, 5468. 43 8340..%99.
studiesoqorgoeted ogthsthe molupbgergouof Homgriganus syasethe pdentification of the

T L

L?gg%c? gﬂsﬁg,J 046 15\)G31 trap himés §EBirdvhe6 (EISNASP 20d/8 matrix-assisted laser
LB S N R S S0 P g o
S RSy gl b, 8

sepa@tion pore @pAdesi@TamilE3 18 rdged tenpnentsibuiprg dsimixtures in the C18
1811. 589,

792 82 2890. 806, . 3272. 21, 4008, 72
e caprin G160 @%ﬁﬂ]ﬁ%@}l%ﬁf‘s. i melgquigr mg%sﬁbyéa spsgtrogetry. In

TAIS3 . 48O retSBRA- 988 of 416 FrabBonk04edR8 , frobB tile BPLA Gystein is listed
261. 344, 1205.752, 1274.737, S2 35.72 2558. 149

foglowed 04 theg®iece 20, massess o sympanees fomdpreachyBaction. Over 340
di%t%r?c? 'n%ﬁg'cular mass components were determined. It is worth mentioning that some

components appear in two contiguous sub-fractions of the HPLC separation system, and
in such cases only one was counted. Also some fractions were not identified (labeled

ND).

TABLE 1:

RT Average mass RT Average mass

2.92 222.334,260.168, 372.815 27.12 1340.203, 1642.177, 2620.029

5.06 272.055 28.24 2084.938, 2883.506, 3770.697

B5.06 429.1 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, 4196.23‘1, 5612.061,

5684.0
11.28 117.063, 1234.349 30.62 1219.7, 2029978, 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,



17.66 261.283, 1243.892 S3 35.79 3037.876, 3058.507,

3738. 686, 4027.624 18.35 208. 909, 223.509, 373.827,
W@2003938@88. 075, 3738. 649, 4027.696, 1436.27, RCOB2B50H01544

8269. 386 19.10 1148. 738, 2@96. 296, 2297.193, 36.19

2814. 497, 3038. 868, 3564.677, 2318.577, 2353.524

3721. 56, 3807.978, 3878.666, 4027.936, 8267.094,

13944.696 B 19. 10 2377. 208, 2593. 419, gﬁdl.%;zfﬁiﬂ 36.72

3588. 529, 3610. 297, 3625. 895, 3983. 52% 0. 726,
1¥@23. 78R0.23. 14. 2593. 88 46. 53 RIN5. 143526186H . 856,34, 4256.777,

4319. 845, 4710.326, 4782.406, 4868. 12 7.
7067. 905, 13435. 68920. 14. 2 1464. 42, 25@%%@9 880727
594. 365700, 5 1
14% @396 1352 42@263%89 4823 9423637790, 58410, P2 306%6711% 41080.544,

182. 114597022,7133568. 3, 16209. 23 20. 23
ND 47.321£02983@)1.08600. 818, 5272. 777, 42&5@039891@63336157368

6.081._ 3777.92 48.70 2166. 644.. 230 2569, 271,
14%5%8. z%ép 3278. 62, 3424. 448, g’éﬁ@ 497?7%%‘3’2@%-‘?& 3838.78,
4265. 672, 4292. 422 21.98 431.4, 714, 323113@9 696 49

5953. 928, 11315.991 3777.049 22.40 533,
19286. 7XR.0N19. 633NN2%02427487, 456¥ 60512&,g é@l 11619, 12%,1856.102,

LU2S 0yl 080,050, 19 10 1527,099 ORRGEOB . mosc
1048. 604, 1657.949, 2310.809 51.66 - NB3&®.289,11 4160.467,
1048. 604, 1657.949, 2310.809 52.34 - NQ322.925’ 5434357, 6514.206,

7937.084, 8364.316, 9125.702,
15373.608
16.22 -ND 34.11 1811.589, 2792.828, 2890.806,
3272.21, 4008.728, 4044.677
16.70 324238, 418.72, 501.4, 834.6, S135.79 3032.485, 3862.668, 7469.49
1049.296, 1877.397
17.34 261.344, 1205.752, 1274.737, S235.72 2558.149, 3032.024, 3987.629,

1876.767, 1886.725 4232,375, 8260.244
17.66 261.283, 1243.892 S335.79 3037.876, 3058.507, 3738.686,
4027.624
18.35 208.909, 223.509, 373.827, 35.79 3038.075, 3738.649, 4027.696,
1436.27, 1652.505 8269.386
19.10 1148.738, 2096.296, 2297.193, 36.19 2814.497, 3038.868, 3564.677,
2318.577, 2353.524 3721.56, 3807.978, 3878.666,
4027.936, 8267.094,
13944.696

B19.10 2377.208,2593.419,2610.334 - 36.72  3588.529, 3610.297, 3625.895,
3983.521, 4020.726, 4223.762

20.14.  2593.88 46.53 3915.145, 4051.546, 4319.845,
4710.326, 4782.406, 4868.122,
5107.706, 7067.905,
13435.689



24.11 1952. 328, 2166.86, 3864, 53. 31 3460. 978,

3807. 741, 5673.486, 5338.229 10978. 726, 16185.602,
WQ2®313284 B 24.11 253.04, 875.42, 1398.661, 5BCBIB2007/001544

3548. 378, 3591. 69, 3899.34441948. 124, 2436. 139,

2679. 346, 5336.308 25.10 1489.6, 1511.315, 1617.7,

54.27 -ND 2529.512, 3864.577 25.10.2 253.073, 590.4,

. 739, 55. 1 , .92
AP F (A T R |
. 2387. Ofl026710 422.3, 462.4, 1327.00851&B74R -ND  8246.293,
1495. 436, 2258.772, 2620.03, 3870. 226, 489
1234. 369, 2621.099, 3871.574 Corrponeniij‘qga(f?ékééémi%ﬂ@og'm
29 d figpres nean that they wepegpresandg 5n 4700Re8, 5272.777,
concentration in the venom whereas those in italic

figures mean the conponent was identifl24eP. %Ay on the

2 og L A o1 o moancd& T, % AL68 87 '2304531, 2569271,

chr omat ogr aphi ¢ peak was not synmetri Qag8.228)d3171852, 3424.448,
fraction coll ected corresponds to the ascendi

n
segnent of the curve, whereas if the I3819-@?7»i3§?@2il?» 4265.672,

nmeans the descendi ng segnent of the cg?yf“ jtalic
figures nean that the correspondi ng no ec'u%ar mass was

21098 ai ngxl gnly by El S/ NR59S06e 4%l ues WeERIIR11315.991
deternmined (ND). The vari ous conponents registered in
Tabl e 7 anal yzed and arbitrarily grouped

zﬁg@ord“(}gito pdses ul ar%%%iﬂ@} Adlgi ncrenghts of one
n

t'housand, 'starting with those that had |ess than 500
Da, th4024£456p980D6A0V00, 1000- 2000 and so forth up to

9000- 10000 ( 000, . di.ffere each oup). More
2%'%§1n 9 %"b‘i’%hé%% or'l]e"’%bé)‘l?’deﬂ?ﬁi ed'lll\gée nol ecul ar

massest 4oy, 1@09Dep1afi o18] ecul ar wei ght. Three

groups had at |east 60 different conponents. They fall

wi t hi n2228el43ang@3b}.79000-3860060; 2000- 3000 and 3000 to
4000 % #\ZPre than 40 conponents had from 4000 to 5000
Da nol ecUl"ar nasses. These results were inportant for
Sohdaasi ngr.éet, appT. o4, 2a1&8@Ept i §ie66 f or -NIdct i onal

S Bty S ko 0 16 TLORR RS TRBRE oy S or e uaing Ti tyus
2841 9Mui &S $HOT Pi Pipcldat i siggqet spby . 2Q04h 978 eohizal, $673.486,
conpar ative analysis
5338.229 10978.726, 16185.602,
24611.234
B24.11 253.04, 87542, 1398.661, 53.84  3548.378,3591.69, 3899.344
1948.124, 2436.139, 2679.346,
5336.308
2510  1489.6, 1511315, 1617.7, 5427  -ND
2529.512, 3864.577
25102 253.073, 590.4, 1194739, 5520  -ND
1511.312, 1985.92, 2075.691
2552 1485.399, 1728.229, 2258.489, 5627  1603.661, 1640.656
2387.001
26.10 4223, - 4624,  1327.008, 5892  -ND
1495.436, 2258.772, 2620.03,
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was conducted taken into consideration various nmass
finger print anal yses of different species of
W(sz(ms/pssnms (not included V. mexicanus). It is RONB20V®1544
find that peptides with nolgcul ar weights in the order
of 4,000 Da are specific for the recognition of
ionchannel s perneable to K+ ions. For this reason we
have s des in this range of nol ecul ar
massesﬁ# ?55%892%% ol ogi cal studies, described bel ow.
2631 f ol {1 Dwi3ag, 24015099} B8 ETH t he two peptides: VnR3 and

VP4 were selected for primary structure determ-nation

Cvgmpfgnelzjs daheladyrwitterboldy Hewrngnean thaisdhey (ewe Bresaly, . higher
7- |
BRI STl R 147 BRI oot v

idERHTERIr dRily On tHREBISASS spectighusteraiVlieh ¢heGime bfﬂ'etmhomisi preceded by the
aci d sequence of VnR23 the results are clear.

leiergd emednsaal yhsi st eg@agra@é@ PeRke WaRMOE Symgietrf fiheand the fraction
(ﬁleétgéi 95#55?0 d’gntg SRHENE Sedrier RPWE EtvE | \Ir&isAf the letter is B it
'ttle dou t the 1

eaves t nat | ast resi due I S not
maarisdtht eldscanding ergment @Sthe verver ilahe ﬁgmtes uetanr thatwhereogresponding

eSS b B 8o gt Tl worehe s mmd
resi T’hhe vafashd c R@ﬁ@nﬁ‘@? bterden! Tdves at Wee bRAPFddSand arbitrarily

exanpl es where the am dation of the |ast am no acid of
graupg oqder;guodeolc@llam@ghfanﬂmfr@melﬂépf Peigovsagd, starting with those

bj 0l ogi cal tion. e U e t
B SHASGRla TR 80 OB SERERSIATEAR B3R5 0 s000-t000n
D& Qbﬁ@O@@ﬂlffeh@ﬁé WActebroab). MO Ahan BY%CILY the by pohangy Idahtlﬁed have
experiments have denonstrated that the amdated fo

oCoURT eI HOFS 16OPBILA RORBISSBISEA Biah ieh Groups had at least 60
iR %@1?1?9139&5 tT%E: a'ilf‘wfhﬂ{ ed e' 6f 10‘%)0%0602&5{93666 £hd 3000 to

nore actfve in b| |ng experiments to rat brain
4mo1athsmm 40 edhmponeats hatl froniLQ@)D] to 5900 Dahhelecwarsmasses.

t he ?fgg% e og}%ﬁgg %fl}g(gﬂ?gl fior 4 gﬂ%ﬁg %hgs@épq%rﬁ? eh%eptlgesn%or functional

1535 Sile Q9ti a1 & 3 8Pl Qlidousdel SnB X RSN rddBhtesHpeAD
a%ﬁ}??lfoundlfoar VP 4vaallsus 864 Xﬂ,h%alnd t he iheorqfdgbl ca our grotp

usmg é’dwsamgmrgh scaspioa dBetistt eb al.+ MY Thninnwhigh iadcoseppuativeeanalysis

i Prarishe e nl® Somiaet e Reriob b ot PRy By of differnt

spelaRs pF iefts @fot anvhadEddatediconigr Wifedmmes kalfled dfat peptldes with
V4. Collision_induced_ di SSOCI ation (ClID) experinent

mokacplaF meiglits tin theordsrt of A0RAIDp st sersifiody, the recognition of ion-

l‘gaﬁg% gFﬁH&Blest%tI@pioﬁs P2 s Pé'aggﬁ'%@qlapé’ seﬁéc? (ﬁ%@?ﬁﬁ@é’ f198is range of

y 1on series val ues
miolesglar trhassese forc thel physiglegita dsthdies,addscrleed below. By followmg this

SEGROT 86 PR R YRGS bt ot by stcnre
déierehiRatich @8, %ﬁé@hy&bmgﬁ@n aisbjfﬁs&?(l@&é\‘v r@aa&np@e% 7-10).

~Nal i quot. of m crograms protein of
enzymatical |y cI eaved with the enzyne Arg C usi ng the

Y ARBESCC RIS B8 D, o' CEIHRI S SRGY GehBleL s ana
VaiRaty mat i C

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
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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hydrol ysis was separated by HPLC in the sane system as

described in Fig.l. Al peptides in honbgeneous form
W@e008/139243 emat i cal |y anal yzed by MS and the pepCT/th2007/001544

wi th nol ecul ar nmass of 90946 a.mu. was subnmitted to

M5/ M5 anal ysis. The experinental protocol set for the

nano spray ionization source of the mass spectroneter

300C f eat |

spr WEYET 5\}1%% \% ng%qe%gb %Fs\f}ltg\?ysa gesiic gh\ét%e C-terminal

resPRRY @l bwidolidBed T‘Ile&l‘ﬁt@fatﬁte rebports exinplesSOBere the amidation of the

acetonitrile (AcCN) in the |inear de Th

lak o i of gediVEBRTAE S BOBPTih R RIS BIABIGH function. One
suvél'hé é‘ﬁyplg Bmen%,;:e ;ﬂul%ggr?pg) gﬁﬁé}’%% ﬁfithefréd% ﬁ%]%iﬁéér{?égiéus spinnifer
[Leruhi &l gl wscﬂr]gﬁlecﬁbphymﬂagmﬁr exriaienseaveadembhyrataddthat the

automatically u duct 't Pr.ot
anplgieeh sy pf %% f‘%“lgﬂ%%/g@gégf’%fmﬁ@gf&%&ﬁ qefe‘;ﬁ%o e gerlgvlal form
angrif“ i YEhEH thd%OIgaACItlfVQ 'iﬁ‘ ibfhdingSekperinfne ®CRt Uﬂﬁﬁ syna tosomes

pectronetry Facility. The Ms-product tool allowed t
[Lebmmrmtai O hIYF]. Fhetm@mscm # wasnvery agpentans tpbsdyteef th@rchemlcal

RS RRISEY S8, FRARLESLATE P of s 1. o

exP@ﬁﬂn@ﬁ’tﬁl m8186A:C Wladd | fondvasr Pahborwad 3864 Dat ind hie theoretical
ree carboxylic acid term nal and the ani dat ed

maleeulal weighboperiad fromthesmingaciq segiensrsthoumeRt g gvas 3864.6 Da.
TI}%Ptgvé)ﬁgame a,ré H i e%tf %g ad éginttl Wgﬂ% éoﬁﬁpﬁeeétrrﬁﬁlted 10 he resence of an

tlono term nal pept fas
anidafed UrRdniinl rgidub of Rim24e iCollRiasindaterdissabiatibn é(ﬁﬁa/}mkperiments

peitopara falh i o-9gnng Repage (A0S Bagp yTmongisotspic B3 gipducd by

A [ 7 hose th 1l
A JERugE QR P 6 1405 {80 R e el

exyotidd pfeptal fiec podwEgdEmind epaptitle rmndn@iactawaldas dor, thenhtion series,
i S, m de de Exa l.e term nation
&%ﬂpﬁ’é ﬁ E?Eﬁa \r(géh% o5 Kb m(bll%%t s small size
VMR4p4,004i8 &sdefithehtl @l alBhsCof @5 ehicfighayd gﬂotem of Vm24 was

structurefunction rel ati onshi ps. The pepti de contains
erlzb’ghtlcaﬂ}'s@le&lwé widls ithfuenzymeodeg-€d using ﬁ’gfsﬁ%m% pEocedure described in

6,21 1 6,
T o ast S0k 30 PP e Bl gl 0071 he prpdugt of enzymati
hyldrelysie ek Bepadted By SfPTICa the sathé sydeenid Gmdbsngquiamtfég ih. Afl peptldes
Vn24 usi ng Edman degradati on and
ing BpmPaIeaEs JAef WErepeystaRatisally Al ranayoes) PR ot gnpgptide with
mBlekflbr H£8%2300W 4. ﬁ’r\?/% EUDHhikEd 80N TRES ahBSsidl ?h@ Eksteimental

pairi ng was deferm ned by nass spectronetry anal ysis
profocpbgt ifclethé mmgjmhﬁ iomitation salired dEthe emds pmmtnonlatee was 130°C for

cleavageo pu andth ir separatian
the dyping @PﬂIaé&%? tén ﬁéﬁ i WP Ttage, SETeIdE Sape ,dgr Iyery sydtem was

ﬁél Q&I%lﬁt@ﬁ S 2t/ i LﬁﬁlgLaﬂO"/Uhi‘étdaﬁlﬁﬂé Pa8CR) &f @ﬁrlﬁ% mode. The
eac ymotrypsin and trypsin (Boehring Manhei m
MSéMBasopns iwerd BIeﬁnM Wﬂsz@mscanpdmlﬂlssconds rof1iRjeetion tipwe, wideband

céva’@ﬁ,r Z%g?%o li ﬁlggéeq‘égdluwa 150 a[%g)glt\wg%%}d% Y ﬁ%eg 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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fronvydac, Hi speria, CA). A linear gradient from

solvent A (0.12% TFA in water) to 60% solvent B (0.10%
wapnsiseatetonitrile) was applied to the col unPCHIBROOUN1544

for 60 m nutes. The efflueat peaks were collected and

i medi ately freeze-dried. Individual peptides were

anal yzed by mass spectronetry fragnentation (MsS/ M)

r whi ch t.he I N ' : [ D€
calyf3f ok oo PofihE nEE BAROGH AR BRRRWTAR tPuiffied C
terfigall pépige bANIBSE 16 Ultelp lisstiunfeat rveas. cidsbe ot dlnis nevaluation. The

conpari son of reduced and oxidi zed for of VnR4 Shé)W.
theselisel {ragmantfion ofih alpisd. CrIpEMBa PR e Neg Petiormed tsing the
e SS,4:0un t [ vgaaﬁe ' . i
Prgt.%{% 3‘%"%?&“% {u%g g%gnv'gefdettgg ?%%%ce p%%lﬁﬁe%v\gs&%?ﬁ&ta%ned
experifentaltpién b n232y11,h360.21,1466y22 €028 aande7§03A)| anddfor the y ions

i e o LT A, T ST BB Syt o
pog&gsetsrtﬂé)éit&nﬁh&leﬁﬁihﬁ@d ahatRé] ayStelmdhidvebitu@ci di ¢ pH in

rder to prevent m x disul fi dé rearrangenents),
showi ng nonoi sot opi ¢ nol ecul ar masses of [ M+tH] + 788. 0,

MrHL + 560. 4 .an +.1099 7 2 Figs. 4-1,
E&“‘Qgﬂﬁﬁdi}o‘“’%’ .m“f’ﬁg‘"LQ %ﬂwdﬁsﬂﬁaﬁgflﬁﬁa—i ‘?%ﬁﬁo cor responds
exaghhe/ td @s shRleNREVINET! toxire ¢4 hlides nghiécudd fdrhstudying structure-
cystine-pairs (FC4 Cg? of the heterodinmer, am rlo acd' d .
fugetiperslsionditex-Tov Repfide aontains vight eustaRRireHidWs. flpgated at positions
o BTSSP L oL, st gt ok
exBaiple pegtibetethewdsternfinatidneof tieadiauifide ibpedingypa@efh of Vm24 using

i ments showi ng th ted am i d |
Edfrien SegjAgAion: ATk} o IS S tepmipafiy OF pspadetputiied by RP-
HPEE ABHRAL %r%?elizi%ecvgﬁﬁﬁrcﬁé&ﬁlé dfzyhel.er odyrmer core

contai ning the st two cystine half-pairs (Fig. 5A). )
Thi sThie dignifide pairingdivas deteymingd by 2eess sPpramalyi sedysis of peptide

RS OBl ey SR DR PR pmaion

HPLOPAeifnple behddin @bhtahisd 2§ heictoadmd WOpwyeh iwee ipaibated with an
The b ion at 1507.4 and the y-ion at 691.3 that are

equabaixiuee (0 mietearasy gech) Aif ¢hYBOE3RGR end SasipdBrehing lanheim,

| ut am c i qd.GEl a tei I . '
PR S s B ORI 1) SRl ARG ver
schRREAMY ITaPNE Nisthd ANCYRI ee&rsd el Belumino (tatald® nlaniber 218TP54,
-ion 1137.3 characterize the internal t

GSPEC- C
fromiViydem djeperise &1A)mAsEneas | errsient dram sAVRRE g?{Q( lgve dEA lzﬁlewater) to
[ r C i cal Wl
o SE PN SERSIDALAOL LY, ISASERE A 8 o o 0
minaep | Theatflubef peaks dese rdobibeted tané intmediately &gezehieisils Individual

of, VnR4 it is inportant to cover. sone hasi 0 ts ..
PRdE Bt BfAbEed oy Parh TRISTIRENY &asvleaﬁﬁ% (s 3%&? ghich the
ath@b 688 RRANG! kRS StainbdaBHRe DiheCp@MhBAlstridt i &fs Sknown, the
rather than by natural extraction of the existing
agsigncheot ef 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
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 simultaneous chymotrypsin and trypsin digestion at pH

6.8 (slightly acidic pH in order to prevent mix disulfide rearrangements), showing mono-
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Many toxic pol ypepti des have been purified fromvenom

sources and were shown to be valuable tools to study
w@edoBaben3 comruni cati on, because they affect tPEr/iBm07/001544

di stribution across the bia@8ogical nmenbrane by binding

to receptors (nostly ion-channels for the case of

scorpion toxins) and they cause cell depolarization or

] t f the H I h
RPN PR S80S e B P ge0 7 am
F%r 4these 4asSRNSThe pqﬁidegwﬁme{wfﬂ]é 7&&0 eompbn@besxacﬂy to the
at can discrimnate distinct t es or 31 gqe d
emogcﬁe@ moleratlas vegightyef] tb%lsy%m@ﬂ?@rraé R, plothe efeiodiper fonino aci
se ue gg {Ap(gt(r}]gﬁg?? é)[zs,é;ﬂ?)rmqfhteg 62l cfeaﬁru%re d@&ﬁﬂﬁféﬁlwasfc3 -C6 that

anlna event ual |
hds r@&ﬁlmﬁbreﬁéal randesxppdmahbgiless. ofVE1.4 afm.uh &g Men Both peptides

pepti des are shor fol ded an acked structuyres.
sl eBerb vl IRApRTRFEE SBrog: Wer CBrgel; Gino acid
se QéHP;Q e, f?l%lpﬁ A8 [MQRPOl0®Y GYa mAL 2 d7ar @Rbnvoluted mass) comes

peC| h solublllty and rapid onset of
framt the rheFarodymeernenre cohieinieg @heoiasé tw&s WB(Stlnephfdf piirss (Fig. 5A). This

SR s e PR Stec T s At P RERs sIBP B my 2T

10999Ns110arte i6h vakueditat satisfatht Renditioh e the E:dirﬁplétef dﬂtﬁ'hﬂlgitlon of
of a syntheticall %/Fbpre pared derivative poses SO

thadet € reatingsy pRifse hbe Popnt dpat- 4§}3ﬁtth%§ﬂ§n atphed éhat 3¢, groducts
ST Fandpral R GE P BRI eR R BREMic oBid RRPTARO e (C12)
cleqrBraskig theC 1405 drei €FC7i nlft faddisr Fyathesinoteo Siedm karale i feagsentation

t he animal that. _praoduces t e peptides does not ne
VRSFORBE PgPBak I8 e 1ameb 1 B (anie it GIPEC-O)
wgflﬁjﬁ i¥sta a[lué%'ct(ﬁﬁfm1 Bhth<E @REIAHE 'Bﬁd%é‘%‘ring@ﬁl%ﬂtsscﬁématlcally

endi ng thensel ves from predators. hough
m@nﬂuﬁt&nnmcfh358)varlous peptides directly isol ated
fromthe sources usually are enough to characterize

t he general nechani sm of action and have allowed, in

EkNApRESIChdiRalynthisisi oTViad4 st ruct ur al
characterlzatlon of the peptide, mainly by nuclear

magnby ihis rexawplenand foe@mdqmm&ﬁ@apheymp@l $S§1th$é¥§’e%%¥|n§7~4 it is
h

AR S5 S BBSIAR ISP SR S o

rationsls tibgalid prodactiod loﬁllxgahdsabplchemtdab sgnthddie rather than by natural

determ nation .of the three-di nensi onal structure of
e’ftf?étl%ﬁﬁh6§§15%%|P’E‘}ﬁiéc‘fﬁdent ification of the surface

i mpl [dR€ RENY e Puflfi dﬁ%nf%%ﬁfs%hrc%bgﬁ& h

(|on gﬁ%%%? Egggcgundanegtgu #gr t he design of were shown
tombdi Valwable ecpcsls dnsstody tchBulinicomatunixstien, bﬁcaﬂsﬁ theye affect the ion

t do desc
ARG porofh R ERGESHT it pL Binfinkp FEplasn el fon-channels
fdrdBatasei Fhcpidd Rikidshamnd WieTaudeosellt &ép‘éld%ﬁaﬁ(ﬁﬂomﬂul@ﬁon of the
the detail ed work, subject of this invention, one

elgefeicelaxventiglicroressdhe Brembiances.dgdhisrwayngutroiig QCHEHW Mtlon For
th%g@{e'agﬁdﬁwﬁg%%&H@tc{%(?%g%ﬁ{dgs ﬁ%\@k%xgﬁﬁ%r}lﬁhﬂggeg(ﬁ%nct types or sub-

ana zed
typet Imﬁdohmhynna:ts a‘enkaluable therapeutic leads in the treatment of a range of

physiological or abnormal conditions of experimental animals, and eventually for
treatment of human pathologies. Most of the known peptides are short, well folded and
packed structures presenting a series of advantages over other organic compounds, such

as high potency, good target specificity, high solubility and rapid onset of action.
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Am de MBHA resin, (Calbiochem Novabi ochem Corp).

Froc-am no aci ds (Cal bi ochem Novabi ochem Corp) were
waiz@d/19928h the foll owi ng side chain protecti onPCT/IB2007/001544

Arg(Pbf), Asn(Trt); Cys(Tr#d, dAn(Trt), A u(CQBu),

Lys(Boc), Ser(tBu), and Tyr(tBu). The Fnoc group was

renmoved by treatnent with 20 % pi peridine in

dj.met hyf or mani de. ( DVF),; for, .. 10 f :
4L S35 5 Y, 0D P B el s
THGE 'ﬂﬁﬂ‘gﬁﬂeﬁﬁrw@fsfiémdnfeﬂ tOMhest pépttddT W high degree of stability,
enzotriazo
al&omgtgﬂ@ cogrepiiiding Pt & Fovhiseh EPATsd dspinatymeasey peneadditional
s
Y SRPHE M 5 BB T By s, o
veddmmotrcebniseaiyt ad qtutte dmlalloAklnaallly" rs&meaheynas sw@pemﬁc and efficient

_nonitored throu nin Sar i

1n1tl?811)13hyﬁﬁ°]€g’éﬁlya“g&98ls dhig enig éaépﬁff) oS s g need to
eé}ééf’]t [Rasyitshe %hfer t® ﬁg%ﬁmQQ%B@fﬁGtﬁJ‘ﬁaﬁ@ft cifH¥t R capturing
, € undesirabl e residual free am nes were bl ocked

thbly meﬁ yt defendingAthemssélzes fromapredatorwehhqughf thenamounts of these

nanua r eact

VaFOus Bﬁptﬁeﬁ gge%tgy g&ia&egp@ Slrsf-ﬁlée ?)Oilﬁclie Eg‘\ua{‘:f :al?lﬁ 81\\%\% §B 18 cPachtarlze the
odWbral Bitchhi b \6ETa81i O asll havecallowed Nar the past! et dcmﬂuahxﬂ of structural
coupl ing steps. Fol]owi ng final renoval of the

C@mefgﬂwb oft the pripided aniely; by (omcleap TRReIPtiG cieSnaRgs, dephniques,

R ISR, A P SRS 2 S il

dé@ﬁ@mgecsrpeh@tsuas@ phshédwiynthec irﬁlast@aontdreclqmcaileapphcatlons The
pept.i de was_precipjtated and wash wth ice
dfitefm}fl%ﬂoné%fﬁb? threqrdpnesiogg) SFagts OggV P&&H@W“é@%ﬂ%‘“ﬁc&m of
th@célggaagg?n&ﬂfcgﬁﬁ %1 ORfioh! 8L MARELKERR! siHES '(fbﬁfbhﬁﬁlels) are
used. The“cyclization reaction to nmake
funtementel fos plondkisigy ofi modified wetsiong 9é shepihitiah enads) ewior ghe synthesis
aarrl d out in 0.1 MNaCl, 5 nM reduced
féﬁ?e@’fl PRIBAES 0.5 M oxi di zed gl ut at hi one, 20 mM
Na2HEere %Hdgscﬁl)e ané chemiadl %Elnﬂh6§1§)|dfevmnt}m1§ﬁoh©all§l%24 was

The crude cyclized product was purlfled i n_two

1dg tifigel_earlighthan 3. s dhis resisgn F;n@sfg,@ q Jetaidesd Wﬁfs-i( subJect of this
238TP102 I
QIR WP T B Bt

b@ﬁﬁéﬁﬂlbbﬂiﬂ)@hdés.m up to 60%B in 60 m n. The prof| l e
of the_ chromatogram obtained is sihyvm jn Fi

mai nAckinegbABHPE OF ARt ban SRrsized; By §ofid- l?haag P@ﬂ@d()ﬁaﬂ on Rink
A%rhﬁ@l DR i fﬂe?ﬁ’ U%Célgl&hé;ﬁg\kﬁﬁﬁ ovhdigal C@n?) U”Fmoc -amino  acids
218TP54 r

Vydac) run with |inear gradient om sol vent
(QalbiockpydN® vabiogitermiGorp) verse tisedf wrth ¢th& Yoliiveing tsidsc ehpine protection

T NN N e T

SpeciThONBibY ERUP Rial akdrdved Al N@reatBiciit SREHEN0e Yasiperidine in
carried out in a Becknan LF3000 Protein Sequncer
dinpeshyfereaspide CRMIBHET A8 grindpleved e iagh k) YAFs Fpeg- amino acids

(‘ﬂéiﬁ‘?i 3 Refe @511 egg@gg %ﬁ@&t RRLEE i g\SBN/IF] sifr HBYU (2-(1-H-

he corr no aci d sequence was
bateotriazeld149Y)- uiﬁe}ctetrﬁmhaﬁllyl-dﬁmnm ation up hexafluorophosphate)/DIEA

(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
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resi due nunber 30. The elution time fromthe HPLC
col umm coi nci ded exactly with the tinme where the
wo2008A892pept i de el utes fromthe sane col um i NPCT/IB2007/001544
identical conditions. Exanpbes of the elution pattern
obtained with native Vn24 (Fig.7A), synthetic VnR4 as
descri bed here (Fig. 7B) and an equi nol ar m xture of
nati.ve and (
i s R IR B e B Sh il lchs SR Berilale M ally in
a 9@mB8Rds E&cﬁéﬂﬂ arkged withat Tdﬂondmedszmmvds:apxﬁhet Ipgptide-resin was
that of the expected sequence. rth.noti ng t hat

esled P gr s suer g dyese O gproi e ioR PP BE SEPY o
f or q{?ﬂggﬁﬁ%ﬁﬂﬁld&%ﬁgftapgpgﬂedﬁno@ 2% ffub! YhePSeptide irSsit 1€, 7‘%’%&@5) was

rom a ranms of "resih containin
cléayad fieti thelrkyin pné pmmdtdtnp@pty diprotecthd ubieg esqgentt Iéc[Drakopoulou et
ence of VnR4

al cl 8? 5 y é%g%&}“ifeaa rB%‘Btt?IBBerﬁ%lge g'tmllgw%cle?,v atgeg ﬁf‘fdre] g})egude was
pr¥61§|t£ecp§n&3@5§h‘éﬁ witheies- 6(t)l|dc’cfﬂu’86 %BRE tBsh ¥isdoheed(ih20M aqueous acetic

starting resin Am no aci d sequence

acigb Fha prasont Waelyop um@gt lspt GaEened at—2h§ sedused. 2

Cox W EYHBRF derRlioe 0 g € oo Pitchafid RARLTRIAEs of the
mgﬂﬁlcﬂg %%gfi‘]grr;egslkﬁg leg) 12122 Frga}CflnﬁlﬁgﬂrlMgedlht&drglutaﬂtheJ f.5haM oxidized
dumiorsmgorst 6o 7@ an% 39t it idped pghetishma4. The
cr@ aﬁgearé?g {‘t"hk/?s[ g)tslﬁﬁ%% | sp gg’t‘t@gﬂpﬂ@ chanmglt used a Cig

er S riabl e
prspdret!i\td voltnnf @B TRI(24i Wydla;cp),emthmﬂmﬂ:ﬂvtgrwhsntocﬁf solution A (0.12%

T R O S A AN Y o

rbp @fdﬂ?&hﬁaglamp@&ﬁhems SYORARY tnSFivk qihe Hﬁﬁﬁ@&ﬁ@ohd‘iﬁ (labeled
assification was that a given subfa me coul d

* nunglgant] foj tbd ﬂgwea@hw@qﬁ@}yc}@mf@geusmg 3 Cni |a@alyt19alaqwﬁ@@{218TP54

Vgc&ﬁfﬁ LR }Vf 1@%@(&%& cl)rgle litg%gf 5160{ '? @86 151}18 Vgar%tep&r Fig 6) The

stARIRE ahd Befritynaf the Iﬁh@ﬁc&bkﬁi&i’érs ﬂoﬁlﬂiﬂh{e@rlﬁichnalyucsldﬂiHC amino
extent, the pharnacol ogi cal spect rum of nost

aog,dj pecaened el MRwOTTegUERcEe dptarnyaatiotet ARINO agid gequeppg, Was carried
o i P50l LI LG BB RS Tk By ety

artabysist Svas edoreeth 9 Famiganl GQ spenttoaretert (Sandim’b; f@At H8A). The
nol ecul ar _and structural charactg %tICS t cqnfe
cogregigshok thi AmiBn AFidsHaesnes es Terille <B< n@uget %am 3?%534%% up to
regxi‘?l{ﬁ? hinhbBesd. oriEduidh $8YRME theCAPPErdofiin 8diHcided exactly with the
ogenetic I nference. The idea underlying these

tlme nwhﬂre ébcuglatled: ppptidmelutes Bemuthst $am€ eolamnt foislentical conditions.

O@?%g i@gﬁ{ t ¥ Sbgglg?cg})vlﬁgﬁla 18? I ¥z a(lﬂgglf J7&) k%?n‘che:’uc Vm24 as

dé‘s@ﬁB&ﬂhdr@ (Wigt ’IB)%HA' dnGa i raslaBmik tale WE hgCanddynthBec Vm24 (Fig 7c¢)
ancestral gene(s), naklng possi bl e the reconstruction
argfshowaiip figyen (it Tasnmelpcnias mssy defgrpined Ry snasa spestrometry was 3864

pan gLo\(aﬁg tﬁ?ﬁqt Qsﬁgg fad exe&l,ag% QP%&*‘&eféx‘p@&é& Be@%ﬁléeg 39?5 worth

Iven se uence s ornton and
noting that the resin used is de51gned for the production of a C-terminal amidated

peptide, exactly as it is the case for Vm?24.
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
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2000; Orengo and Thornton, 2005]. Using prograns that
perform heuristic searches within |ocal alignnents
W@ BlogdInpAl t schul et al., 1990] and FASTA 3 [ PRer/BE2007/001544
and Li pman, 1988]) for thestdentification of sequence
simlarities of V24 and VnR3, few relatives were
identified with quite | ow expectance val ues (E-val ue
>10-5). . C oser inspection against all short chain
Stﬁré%?%m?eported to date suggests that Vn24 and Vn23
are possibly novel nenbers of a-KTx subfamly 6
(follow ng the proposal of [Tytgat et al., 1999]).
Examplpios Angigpagid sSeaHENGEFMRAISOBeyeal s | ow i dentity
wi t t 1 h.| ' :
exct el S EberlBIERR0 O M EEHRORT: Y s, RUhe b yith ot
shbR K:ﬁ@in\ée(ﬁ%)idili tbking @laksified ekl the oK@k Hamilp [ Tytgat eviaR41999], such
and Vn23 belong to any of the 20 previously .
assheit aeptids chain, aick See amino asid repidugs e striglag pystqipg pattern. All

he. r.el ati-anshi p i : Ly SASLAN
‘ th%) ﬁlgc?rrrll?eré”‘to C{H&hfa&étye%ge&gﬁ%@m&é&”aw }%eﬁ%}‘ﬁsé glgla functions as

ogeneticin S was pertorned
potk@sivii bithnel eldckers] yohdhdekanyheyt display v2008lE selectivity for certain
M Bayes 3. 04b [ Huel senbeck an ongqui st 01; . .
tYREERA SOt Qi RAtaSERE snsfiodiodadeine ﬁ%é%ﬁamdpﬁ’%sam» 2004;
P%_?ﬁerﬁﬂc 92@6&. SERtiole FSUSRIUEN BRSinRLhAMRRNBarieP of BLperts which

fam 1'y. Bayesi an phyl ogenetic inference ,
preposedethe slaskificgont wes dhat pr glyahisubfapilyf caulgibgeidentificd by a high
t opol o by..a. Mar kov chai n nt e rlo 'Y[%MW‘)b
Peg gle% Sﬁﬁl&rg& li”r%mg?}elfs e B/%tg 384, g:lf) ‘(Vclgérf y gelt;?elr%glggecfs of other
subfREiSes [@VRedYRE QM 90URI Btef, Wby \Genitidtrhtell iledkliy distinction mirrored,
searching within the tree topol ogy with hest post ericglavega

tosowisantent.tthye pharmaeplogisalspegirust of Mestsuhismiies i
Laat g . SRR i .
eSS I RSP LLER AP el rsvte

vaeabpity ng tarfuoily chaiua thbint eedaed sizer—,MC3) impbigantt toi identify the
anal ysis, four chains with 250,000 trees each re .
g SIS A ST CREBSIPTRtE (8 OIS ELBRET PN fpggfum. This
iagd v 508 Rorideq! 8 | CoRd 85 ROE Cant@phylogeneti
klg@t %f%g@&glgpir%ogﬁég e?éyr%g?k ?7? O%géeintcer at i%ﬁ and thg yIORenEHe
inferemienThg i@G0undeelyingnibicse bersparjsoss edlaysr orp thehassiumptiore ghat those

KAPRAE Y OPHTETR Dehekired i
oSE&McERRRRSt0 duplifAenOindt MiQerigbitl oftthe @n&dtral Séhefs), making possible

nmonophyl etic group including all of its nenbers and .
thewecoaiimassiop af dheir evpluidonans hisiosyrb¥ ligintermyticy anatyses and helping to

| S I nR4 a |

GRS GRISE 1BRERE YR LRt TRl SpkbJROnSEfY Desale
2@0; Chengoi amd| THoretes,, 2006k Fi gure 8); which strongly

supports that vnR4 a VnR3.consti fute, ovel ..a- KT

U /i proicams 4 ot Geiyeushe i i) i Rpernts (BLAST
[ARRANAG R 1 00 ahl ART 8! [PEESoPLRPLHAtANDYI$H]$ for the identification

I nternational "panel of experts that clasSsified the )
ofsegnericenirnidacities of Yard4 amsl Ywr3 ewhralativeswireydyuified tvith quite low

al ., 1999] jt.is.ce [ at VnR23 and_ VpP4 titut. .
fpeigpy Vate: (B 51 Otolien EBsr N Aertf DGR S oxins
rett@hﬁéwﬁi 8ate K0Lod3sOMBS VnPaGRANCR2E Aed hbdsiblP @bveleeh BES ®F o-KTx

oxins is |ocated at the Cterm nal o i
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 a-KTx family makes very difficult to resolve

whether or not Vm24 and Vm23 belong to any of the 20 previously characterized a-KTx
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portion, |ike other K channel blocker sub-famlies.
The N-term nal segnent is the nost variable region of
wao kiog/1323 f am |y and only VnR24 and VnR23 presenPCHIB2007/001544
uncommon conti nuous triplesAl ani ne segnent at the
begi nni ng of the sequence. Exanple 7: VnR4 bl ocks
sel ectively the voltage gat ed hKvl .3 channel over the

SRRy pidek 1o SRD. o Byt B iy, Bayesian
phifOkncdicCRARARE SnblysiYREA p@?férrﬁ&ﬁé@dé@ﬁbé@ﬁreﬂbu@ﬂ%{@ﬁg&e&y et al.,

expressed endogenously i'n human peripheral bl ood
2008) | with Péddayes 204h Pideelsenbeckd-ang dtongpist,2 @681 Ff(mgulst and

H\teiqelng %?8@]2@5{1&%@% ir/rg}lgflg g&@%ﬁggﬁﬁe nfrrfé'ht 8f§?§é§h9&e§_belongmg to

thé ALK P¥Famite idyesthe ?Hlylbglémﬁc ﬁﬁ‘éﬂeﬁ&emmav&rm@posbémq)rmmty of
obt al ned from heal vol unt eers. ©Mononucl ear ce

a \ge\rea geepatpmlggiy )4 g. av pbqgng@n‘@eﬁ?gx Py 1\@ Mg)elmsed sampling
pr Lid faaat | %n s;;o t%%{j dgé’il%Ht d WS V@ﬁ@ elglaf C%héﬁht t?emauns

e

s®80 |on contai ni ng

hetlEREa1D %E&emng Rithin fhe. tréﬁe:bb@log\ﬁ wéthchekt poseeior prqbaBﬂrﬁ}C@Za given
|ncubator at 37 0C.in 24 mell Iture gt es.in RPM b

steptof s SHERkIE BEPCRITE; SOURARSSIPYR) 17800 eéaﬁnnwgﬂ substitution

m(l.fjctﬁf‘[\ étl%eloqgrem ﬁ{og%r g%ﬂﬂedpﬁ]@ hdils '&ugﬂr@%Mﬂrﬁvoﬁ{Mnte Carlo or

ptonmyci n an m ne x 106/
MdEp ot thik analysié, fhay shaifi mmuli(lﬁ(l@ fmesdi aanh aveso generated under the

RSl Ll DR 0
%k)gﬁ)’kﬁflﬁ%l%f‘ N 175000 SehutRbh @ld thel B38dining 250 trees with best

tes were selected for current recording by
pqstm:m)b atabahilitics Wemg@e@m calemlata s SOPpmajority rule consensus tree. This

oS RS HAR R ERLRRY et 2 B e oo

m@ﬂ(}&&h %rdtﬂﬁin@ﬂfdiﬂgo&il 85 itk Bhasus agd tVQ@T&ﬁfsbllyQ,ela@‘& toxms from
scri bed by Matteson and Deutsch (Matte

s@farmly 7 llsmmplysm g0 acqs NanhandeVmga s ppistar gEoun qféh,ls clade (the

r J
ey e B U Ral B n@h Bl Il Sty supports
thaUVH2Atfhd B3 TBAFHIE @ Hove V@I BOSubTAmiipeRhsdd oslthase analyses and
usi ng an Axopatch 200A or Multiclanp 700B anplifiers

takingrietst eehsidsrapions dreaguiddmss Peapeses by ghejasmnatiogpbipang! of eXperts

o2 RSP R 8 0L 8o s o

thét ViniD3Z&hdvVhi2ageneitaer §naﬂ(li sabiareie og @ﬂﬂpmnltbﬂgethhtaﬁmgmze K
condl t| ons. For data ui %ICtI on and analy
?

ohighedt seAyOnCSd iR A5 LN TR0 fhecGerminal
p(\{/ﬁ‘a{l hléu{i'tF{X VR Granfebl§88r YELAmiFEd. Ahe NtERAkAY %b@ment is the most

e-ce current traces were corrected for ohmc
virizdle segiord iofjithial sup-fhmily emddorl® YoPhtando¥mad present an uncommon

snoot hi ng) . tern1nat| f the currents at high
CQRLEERS %&%@?‘Wtseww %&%eawﬁelgﬁfﬁf TIHHY a rising
fourth power exponential function to the data traces

[ Hodgki n- Huxl ey
Example 7: Vm24 blocks selectively the voltage gated hKv1.3 channel over the Ca**

activated K channel hIKCal of T cells

High affinity block of hKv1.3 channels by Vm24
The block of hKv1.3 channels by Vm24 was characterized in channels expressed

endogenously in human peripheral blood T cells [Peter et al., 2001; Bagdany et al.,
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nodel] with tinme constants fixed to the ones

determned in the absence of the toxin to isolate the
wa@ppBisude of the rising conmponent. Pipettes WeCEIB2007/001544

pul led fromdd ark GC 150 F5315 borosilicate gl ass

capillaries in five stages and fire polished resulting

in el ectrodes having 2-3 nega Ohns resistance in the

h...The_bat h, sol ufion i i t 145
N I
eldcpiopifysiSidgisalp@ipefigizhedisvist follows. Hgparinitelvhuraars getipheral venous

al bumn (Sigm). The neasured osnolarity of the .
bleod whseiraiaed fomdisalis veRRR Maponlsla Splls Wtk SrRsesipd by Ficoll

R S Landhh g SARVEISO LB eIa i i o

anliOMBEPES; Hhik EGIWtiopldotatng 25 meMnHERES duniffes pHal 4% (Cells were

f the internal .solutions appr oxirat el 95
ol o1 161 02 ARGHRIPEL o> reistl o Sl FUGHF HPARr FRrpyl-1640
sul gﬁheﬁ&huWQPSIO%SF@SMﬁY&Q, USdgad, aUahaviu$x),f 10w microgram/ml
rfusion setup with 6 input |ines and PEl O

peptilfiet HPD enisrogrie/musipertomyn dndn2 fmivhdegluigsene it -3 o 10%/ml

reduce the tur ence of f | Qu. G fl uied
R e R i
piSYeHeMayShutinBe AKPIEALT, eSigtal Aldiicle & ft, SHangs Y s te dhovéase K channel

series of 14-ns-| ong depol ari zations to éao mv froma ..
expotsgiond Deutsenet i, 19861 Tolymphocyterewere selepied febriiei feggiling by

in?ﬁﬂa‘?i?ﬁ é\/?ﬁ f?l%h?@t %R%-ﬁmﬁlfhgﬁggg nges : -BYRifbof USHh 8Jds¥ € CA, USA)

nactivation o epresentative

- folluweenby tseletiee iadhesdormed Pettihdishésutcoaind awith sgrapnantiamouse  IgG

e LR RO PEATBEATRIRE P i
(l\g\ﬁt)e#&ﬂ QP afNGoghe MaiedRer®fwished \sehil @ dre PirRéL Gth) 1 tl€of normal

e-cel |l  currents were conduct'ed exclusively by hKvl
extBcdhdmmrellsmediemeseabelaiv) for 20pgtch-clagp egpereneps.ay s

‘macroscopi ¢. K+ currents through hKvl, 3 | s.

rec o%é’geg%eg]q%’fﬁn SHEY lﬁ%slfrﬁ(gmg‘éorlrgg%'g}ampegg? %?lg uSing an Axopach
20020 ¥k NOfulticl 268 S00BNEmpRfidr WoRfectdie te ?)éis_bheﬂ Ncadfiputers Mising  Axon

V24 to the external solution by perfusjon. The Kyvl. 3.
Digidatenl 20 rasl Sigidptadild3ppde dpied aquisifian 1bargwaig s@eries resistance

[ ondi Ngo ' g e \pR4. i

oAEATRIEDS S L DE 55505 B ool
clainbl doﬁditibhﬂ.CF(ﬁSdataaﬁlchﬁﬁ)siﬁBode ambysys therpClemp8 \dapClamp9 software

concentrations are sho in Fig. 9B. Follow ng the.4t
piskipasclYinleedat Peviceolnge i Bﬂnstvag» E;@ e ISP FEOT 2aplgyphole-cel
c%%t SWckS RRde tRrRck@ P -dhant abdl Rd SREitHIlyORIEeRE 3NBoint boxcar

epo s.” Peak

l'ari zi ng pul ses continued every 15 s
smovthieg). Daternenatsmerfrthe pehkanuerents rairhighAdsaree o f chweiddack was done

S SO R LRI, TR0, i
mea8IT SRt Gink @dnsthite fikead itleSomk defeméiiRdehaherabienod of te toxin to

_block is faster as _expected froma pseudo-first order
isplatecthe empbaidgos the irdng esmpensild t he channel s, however,

BB, SRR PO 1 g i o
styiped ind dfive gpolisledd esuldng id electrddes hexipg r2-3rerdga Dlommresistance in the
bath. The bath solution consisted of (in mM): 145 NaCl, 5 KCI, 1 MgCl,, 2.5 CaCly, 5.5
glucose, 10 HEPES (pH 7.35) supplemented with 0.1 mg/ml bovine serum albumin
(Sigma). The measured osmolarity of the external solution was between 302 and 308

milliosmols (mOsm). The pipette-filling solution (internal solution) consisted of (mM):
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in Fig 9A. Perfusing the recording chanber wth
toxin-free control solution resulted in a very small
w0 20082892¢F the bl ock within the first 8 m nut eBCT/IB2007/001544
shown). During a 10.5- m n&#e-period of the
application of the toxin at 3 pMconcentration (Fig.
90 the Ioss of the current seens to saturate at -36%
f y t t T r
1 MR e B T T LA SO 0 g RSt sty of
thé nﬁebrﬁat@ﬁniohe was approxiinatdip 2953nfcnm (Bath/\pdrﬁlstam)@mulfd'fhe measured

solutlon) duri \/\hlcho ird of th a th 6
ool g ot LR A BRI EHEIG B RP R Eigion setup wi
TS o, s 0

tufbaieica bf ﬂmﬂmnlEamﬂsﬁMWahrwépomtmuomlm bl ock K

cha eI S | uggi ng, of onduc .

u pon ?I}d(a[ff wﬁfa%a p?cgoct‘cﬁ Lo 8@?3’8@ a?%eél& %bnl" Fggﬂs ¥isted of
a §diRs %Mﬂnﬁé 1&@%9@1@@1:@0&@@0 M50 eV £rokP9BbldinhpotehtiulvofRIR0 mV.

I nconplete reversibility of the reduction of t he

Tiowtime heeven Vo hegeprodsse s seto Vs 47 opisnds,8ioid ppplstive inactivation
Ll t
of ﬁﬁ’b]rg ﬁgax}ngp g%ﬁ’r%%ér ﬁ(ln[ﬂ o"{: ﬁ‘# tr. ({2 tnl?gl H@@ Hgﬁ? E(gﬁté%rg?rﬁsshown in

Flgh DA &offiel)] Unds theldxpuvimerit)l échﬂltr(mls eapbhied (ﬂhe Jack of Ca® in the
evel opnent of the current | at hi

P@@fﬁtﬁﬂmgaﬂhﬁw) SndoerRERTo o (bR 8oL gt BRcaD B wholgiplh curtents
wgr)% &)%d{uﬁ clﬁ'glvéj#f] %3{ Ky19X bﬁhﬁ@ﬁg?é‘ﬂef 8{ 410 %Oﬂ:' OFig 93 displays

curre d not 1 ncrease in t e presence
meaérokdopid ka cmentmtﬁirm@hh]i@/lt?ndlahadk regbrded sequemtially in the same cell,

LSS ol he meptne B Vi 31 N O Bl i
b}a?&ﬁ{sfdﬁe T KW . icﬁﬁ&nt @&ﬁlﬁletely dibppeatke ‘bfr ithei 13" &S (cbesponding

the toxin) which \gues very strongly against a
torfomirgpe thef reseace dlohnif mﬁé toxin on the structure of

e PhERTRE I I % HOGLAEL shPESy i) i 03 v

(eBip¥ bir@l@@o\lﬁlmmaht@ﬁﬁahﬁﬂib @t sGbw in FigwedB. kFOMwmgrthe 4th pulse in
bl'ocker of Kvl1.3, and Vnm24_ showed caonpetition betwe
cariine! sokytion thanextrasellylpeperiisionyVay FWQ‘C@tt@ at??éfn'%alnlng solution

afd’ tl%e&k)(: ANt B! ARG LEve a4 sbﬁ%' ?gellftb Wré @Rtermined and

reasi concentrat r ons of ata not
n@hmlméd tolthe peel{ yursém\in oontar dolutibn mad pboted as hdungionrof time. The
i nposed ti.ons qn the gener
B ahpus STk HEIRAPOR SRRt Siteles Phsdraplopmgpt of the
bl'(:)bE is %ste} s g%ﬁ&feﬁl froth @ pRAYL-Fik lokdbMrBdcBisk b@fwdeh&he toxin and the
hannel's at different peptide concentrations

chaemalsnhwgemr atebathftpamt mner(tra@p)ls asfullablech af é]éF 8@101%@11 Kvl.3

YRS B DB PR SALLIF GERS ] Bofint o

irf Pigtdre Bé@ﬁl}ﬁmghﬂé’\tdéﬁrdirég ﬁlaﬁtbeir Whﬂemhl-ﬁf& dbﬂt‘robmlﬂtain @esdted in a
the deterni natijon Brobl emati c since_the_dr

veny sall pigk o (ihe b}ﬁCkf‘V]é]ﬁﬂé ¢ d5eted DynEiss Septehpp®). Sding a 10.5-
t

oL e B8 APREH TSI ! U OBRRNAG 005 e s o

tlreean*md sedrBs ) sathidte AU I‘FB@%| aefethg gteak Th@rdusde irpfontor getution. This

W@a ]lécﬁé{ i)}‘l) r;ls3 l’l’lslnlll Ien\}vatls outbgenolgie(a%toevbinldlwta}/es tLe spart of the

perfusmn with toxin-free solution) during which one third of the blocked current recovers
with an extremely slow kinetics (estimated time constant for washout is ~3800 s

corresponding to an off rate of ~2.6x107*s7H.
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in a whole-cell patch clanp record. Furthernore,
rundown of the peaks could not be determ ned
W0 pepandent |y due to the extrenely | ong wash-RCI/IB200M001544
of the peptide. Thus, dataspresented in Fig. 9D
represent upper limts for IHo values at different
toxin concentrations, therefore, the Kd estimted from
t he .dase-resp n [ I §
e 48" Bl PRIARE) 30, MR BB RIS L i

ng%lﬂ?@f fhie tior%dhhiubﬁ@n phway Kﬂomtﬂelr(‘tﬂnﬂmg 10 {h’E)dX‘tr)acellular vestibule
function, where L’I 1nd|

of deihernndePiienkend Vel GRSt 6w Rt annmelet evamipify of the
re lﬁ:tlgﬁ' fohlel éﬁ%ﬁ{sf incﬂfén%resemg oFUPRDH m@&@@rsﬁ{ I\%H{ nﬂféﬁte a non-

b araneters Kd= ~
spetifit eﬁfeetf d¢1i thi gueptidel on Eng nmenibmns rvtheli tlanémm ()ﬁ]hKVB3 B)Ve argue

IEEREE A T e S
hlé] to%lrxs'&ﬁicéﬁﬂé?ﬁﬁbrdé})end@@ dnhBe B&Ren®@4ticAWT WPV betigefadteiPA higher

as the highest ‘affinity as a bl ocker of hKvl .3 in
tomm@ommtaysmscﬂF@@ﬂcBét 2 nthe dgak. cuxnentdid ok incgsgsenfiy thejprgpence of the

to{g}lﬁ? ¥ fﬁr%l{?é ﬂﬁ:ﬁ%@( 8&;\%‘% gergl %%r%%a létclf't egglﬁo i {&Inlaeo o rtn2h3) Vm24 did

ndt @EHibit SR StHed K @upendsiod ﬁﬂﬁbiteﬁ&han galokbt andereversibly (see later in
i mmunosuppressant is iits selectivity for Kvl. 3 over

the elartivinicorsile B i Fudiny, whish 6eustp1eks SUEnEIK d8gB oy specific
acglon ﬁ(@? tl)Xc'iH[Ogth SRS bf Herplas Bﬂgemﬂ_ﬁﬁe GHA f(ﬁ(nﬁ—lrﬁﬁf:éd 1865 of the

anne can be nmeéasured using a pipett
fuﬁtﬂidnl dﬂ;rnsmbtahe qmothm\s{ iimgederaiVkf siemlt@acdus @pploetion anf iChid'x, a well-

o C h érf(;&p ﬁlglgg]\;m% acfdl C\ég{pgtlégﬁﬁwg%g@)ﬁgwo toxins for
thQ Exﬁ@ Bﬁﬁhr@ 51}févthat WaLOAMR IR thelsBvifa BB Vagld SlodlikE Kinetics with

he pharnacol ogi cal characterization of IKCal channels
mdneﬁﬁng adricentmations of Chd x {dathgotshawi)-t o nenbr ane

pOt &@},' aelfﬂc”g V‘g{)ﬁ" am{ 8@%&%%?5@?%@){1@{1&8&%8 l%%eg%ﬁg ?ﬁ.the generation
ofaih@ dode-réspbadel MpltionsSHip! dre Prozbaed af phidlad dfhlagn el sinegempral, for
in stinmulated T cells notivated us tq study | KCal

equiildhrivae dileky ofidha g:hmg@&,@q Axferent nReRHde S,conqeﬁgra‘uons the remaining
2
oEFRFEhARIE RO 2005 DA o g s

1nrtﬁag1e@éncataﬁd> abkienge ofxhe heximeesptetitely. &nlesto ;lileovew}c e]ow on rate at low
I nvitroge

AR SPGB Thlbe SHOUNEEY PPy PRGISFRDE UG gp in the peak

AP i Eo&nt@ BRER| Bt thet APEPPdr& shfirdth was observed
native | cells, and thus, has been used

dwiirgedaja mllqman,n@ldwglg itlsablogl mgletgw[t \have feaghedaits equilibrium value
o a5y edart fomis A RLRb ARG bF UBLRIIRHFAS pealc currents

g Rghol & 661 gedh Zlasl &W@r@fh&ﬂlehh@ﬂ@h&ﬁbmmf fBeeaks could not be
positive transfectants were |dent|f|ed in a N

deterpgoolindeprnderibediceionne eusenis langvadeertiftape eﬁﬁl.e &ptide. Thus,

data presented in Fig. 9D represent upper limits for I/l values at different toxin
concentrations, therefore, the K4 estimated from the dose-response relationship is also an
overestimate of the real K4. The dose-response relationship in Fig 9D was fit with the
RCF = K4/ (K" + [Tx]") function, where [Tx] indicates the toxin concentration, Kg is
the dissociation constant, and n is the Hill coefficient. The superimposed solid line shows

the best fit with parameters Kq= 2.9 pM and a Hill coefficient ~1. Error bars indicate
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recordings. The normal extracellular solution is the

sane as described above. The conposition of the
worEetse43illing solution was (in ni M 150 K- aBEEIB2807%001544

5 HEPES, 10 EGTA, 8.7 Cal 3¢ 2 Mg 2, (pH 7.2). This

solution contained 1 mM free Ca2+ concentration to

fully activate the hlKCal current. Al other recording

iti ta L ON: ; ;

SER i cEPF GFE1GEELE T 1 PP EGHHREA pfchtcy (Y single toxin
mélbane @xhtéracfEV\Mtlh u{&él&ﬂnm (11 stevhivaadixyngTe dha bepe of ampénowledge

from-120 nV tq_+50 nV from ol di.n ot
V24 basie highest adiapity & ablogker oﬁpﬁ&? if glepEon SﬁO?Pg&?i aspays.
cells (ranp speed 0.85 nmV/ms). Vol tage ranps were run

ViRYEeis\ [b% afinihNdocher ofhiKGalatenndcor ded in the absence
of VnR24 (con troI i.,n Figure 9E sho

hat
non-4®|q HPKQ%HCUSEr‘iOe ﬁ&mfég 3 oI?gdt%BymPﬁe important
re@lﬁfgn'le%‘#s Y ag)gﬁtlﬂ o ‘BEQJ selgﬂﬁfe BHRLRABLpPRGI Mt isailts Sdlectivity for

ecurrent 'S characterlstlc to a K+
Kebdduet K. Hé@aidclmnn@lh erel admx expossiosidoganeugly in fecells [Grissmer

| ut | t .
o T S P B SR RHOF B sl gefBlg v
ﬁl‘hﬁ% chmtidk ‘h@ﬁh% e [IMerdeura’e Béndéhﬁ’@dbn[ Ghichsigruffeienako fully activate
The value of s is reduced to -52% of the

thc@n@hamlels fGrisengr ¢sdnd@93}). Havewr.vhe sibwianggus pesence of Kvl.3
RS 550 s Bl 0 IBcQEMEAY PRty BGK oF IKCal

ep SO es current
cHatthdly difgéele aﬁdi rdsmcﬁs ﬁlemtﬁ]d)UMem‘Mdne I]joregtlals evipee fKvdilochannels

to toxin-fr t [1.ul | ut Fi.g. 9. F, . .
eyt AR, Hiter Sl 10k Bt oD Sila T i Wkgslatively
sn‘r}%ﬂt?ﬁgﬁérq}fﬁﬁ@%(l)}@ﬁéfmefsaév@ﬂ i Rkeuaga Sy &ﬂ’ls"x‘ﬁtﬁ{@teﬂ RN s&@y IKCal

sl opes the 1-V relationshi ps evoked by
phanhbhadegy esipsrecombhveniwheseslse, and absence of VnR4,

| e it PGB nBh% TRCEE et A B Falif arifebied fpjo Cos7
ce@l@ NG&A rﬁ%b&@taﬁﬂiﬁé‘ Toactdagalt! ¥ccdading not thel askafolutésal protocol

channe whereas at the sane concentratlon

(In‘h@og@ﬁt C@dslbildocﬂ%é hK§A).3 Thi aEﬁ‘@ﬂ)staggﬂdp IhEEER] ¢lpngy, was shown
9D). .The Kd _of, \VnRa,f
o e o Bl ol RS PR R v

II?@a]gl]nVI}E;cclﬂlsKﬂl@thuS“lﬁ Bédﬁl L@@dﬁlﬁhd@}’ {mghathacokeli cte tsexdids oI et al.,

or |iKv t he sel ect ty_ of. Vnk4_ f or

200k} Costiesils mmalnt%m%é in %%rsd@r cellsgybiripg gonditions)Basgany at al,

2&%@66511}4 t%XV&E Qbddr8eLD-3V] c% t?aﬁ@fé@ﬁé)n COPPJosftive transfectants
d is study are ro t|ne y used in

wettaideatified gn aNilond TEROYNY shwaéscarms apicresedpe hpd rused for current

SBEREC kP SORLUTECLANGATE he L 5 SR sove. o

c&ﬁpc;s%ﬁl bPtheKigette ﬁl'hﬁg %oﬂdnoh v (e fdMf 1S0TKDispastate KPHEPES, 10
of Connecticut) {2 et al., 1999]; human Kvi

EGHKW 8.2, CoebNA3 Ngho (pléc?@b dbist seltieny contined) | KM Free Ca?
cca%grllt?glo% %E}%ﬁgg {J?z{te §EehIK?Calké Q'A(ﬁ {hrep P%c@fcaﬁgzﬁ)ndluons (data

rmany) I'san e
adyuisition ypkrfusion &KV twefe [dnti¢dh o the description above for Kv1.3 channels.

Two hundred millisecond-long voltage ramps from -120 mV to +50 mV from a

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 hiIKCal

currents were evoked by the applied voltage protocol. The reversal potential of the
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i nactivation ball deletion nutant of Kvl. 4, a kind

gift fromD. Fedida, University of British Col unbia,
wo/20080802¢3 , Canada) [Kurata et al., 2004]; andPermn07/001544

Nag | .5 (a kind gift from & Horn, Thomas Jefferson

Uni versity, Philadel phia, PA USA) [O Leary et al.,

1995 Ahern et al ., 2005] channel s. tsA-201 cells were

£X + )
C“‘a%ﬂ ]ﬁeo pfrﬁys’ glCH %gﬁlsdlngr i &ﬁﬁﬁﬁ&weuﬁgrg J{H; ionic
coﬁ’%oﬂ&@ﬁl%ﬁi |tIYeﬁfHoardnE§1 Isd>latierhsp Foa IKPA) chentsrihe slepe &}). of the linear
t hese channel

cueatefoliaE? EAIS P A B oA RaFEeh g CRREN G| Grissmer et al.
195%9‘J HE %gﬁlg %F sRE Pédﬁb&i 1&(5553)% 8F tniaQoHroll ﬁtth@ﬁre@éncé 05‘ 10 nM Vm24

of éctam 00 reagent according to
duﬁn@ tﬁea&tpenmemsrshm @oFig PBRyvthe quléhnul@dwkbcémadeactmd in 4.5 min (27

epﬁ@ji%%) rﬁ%p@ﬁ%ﬁ g)ﬁ%cid@lgg erésrrqsrt aiaﬂ g]%lgglﬁjlotg kgvrf@ﬁg"tﬁé %Q}f&smn to

toﬁﬁ%ete'e&?raéerlﬁ[h?fsﬁft‘fu@ﬁ {(BigWer, SwasHE Mtefre@dininy @riink ffictions at 1 nM
TE2000U fl uorescence mcroscope and used for current

anddOodiVige4 comentratinne seate palewdaied as atso Phgitst A sogHy the slopes of
[].1i | t. 1

&y e iisins IF8s Y SOURE ey AR pESERES M bR oft Ve,

re§REMveIESHId prderred lih dig OB IESIS)B’&farﬁindaiaie SEND4pr andl 1ndependent

NN RN T
(Fi ! ﬁT) etzegg’ elple. %elngl';e colat B GE the e Rﬁ&‘@t‘tﬁodk@rﬁ(vlS channels

cord SCI‘I I n exanpl e 7. cases
coiﬁ[ﬂmdl&r(ﬂl o2 X)Dl) Afied KybfvVman doqdﬂmaﬂ eah bb lestimgated Fnomi omedel where

1 s IRl o BRE] GrBot “oheobr FLEbE iR dege the Ko

QfSEh 16 BQv(3Gvés hiKCal is at
dé&g&é{gd((%ﬁ 7. %)@ &T%)&gg Sééa%yl%oncent rati onV of tvhll; S alis

lebsat-t4600goldut i on is [Ca2+] nt = 5 micronolar, which
all ows the recording of BK currents at rmderate
depol ari zing potentials [Avdonin et al., 2003]. All
ot her experinental conditions (data acquisition,

princi ples of analysis, perfusion) were the sane as
Emnlel Selectivity arefile of Vi34 r ent traces obtai ned for

I \%
St 38 ) et iy e
ar(ddophysichl @seyseind wieit atppﬂ-'ucqblhqz@é\cmtﬁrmg;ghn thedistadrreferdnces.

Casesl !Ciielfll §§§| S gvveg%ﬁr F%(P%’Jé 881?5( ge%%em;ot %‘PE‘?[SF g?ttplg%/ﬁzt(lrﬁﬁ ?nlgind gift

%WD{WS SKom{leU dyF @onfetiehi) thanmepa! a1 i ®opy }mﬂleﬁﬁKvl 2 (hKv1.2,
ndi cat ed separately in éach panel of Fig. 10) was

pABVABBlvero vertousdntzieing g fubrcoding seauanse feniyl.dnlind gift from Dr.

STEBL RS L 375 2k s S AP 0 v e

1n%ct§v%90ﬁ1‘9allf MletdREme P e t1ey 114 co¥RidYgif frbeDC F@(ﬁﬂ@ | Gniversity of
fromany residual inactivation (interpulse | nterval s

Brlaﬂgédlmntum %@w@veggcg@@g}] Heyratagial. £ 4341y audyyaman Nayl.5 (a kind
'51%/ a%él‘%?ﬁ AT %ﬁys%%l Rﬁrgft%%\ﬂladépmsPHWAj [O'Leary et al.,

1995 Ahern et al. 2005] channels tsA-201 cells were used to express hBK channels

(hSlol gene (U11058), in pCl-neo plasmid, gift from Toshinori Hoshi, University of
Pennsylvania, Philadelphia, PA) [Avdonin et al., 2003]. All these channel clones were
transiently co-transfected with a plasmid encoding the green fluorescence protein (GFP)

at molar ratios of 1:5 using Lipofectamine 2000 reagent according to the manufacturer’s
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147 am no acids are deleted). In the absence of N-type

i nactivation the determ nation of the current block is
w@amsas92and nore accurate since the peak currePtBIB2007/001544

this clone are not influensgd by the very rapid

i nactivation process (time constant: 15-20 ns, [Kurata

et al., 2004]). In the wild type channel due to the

conpet.i ti on be t t 0
SR bRl AP SIECOREIC TR SOUBEE i Lk Byicions.
Cl)MHn@J‘ wWeeTpddogdiies-3t Heysanfedrysarsfeetion.uGEFEnpositivec tfansfectants were
ure 10 shows current traces .recorded. bef

ideqer Gasi oo L2ABDY GRPIRSLORE FFpSCapE ARSI GRITEnt recordings
(>\Ag#“r§%<pesgﬁaté)fbﬁ%-t&ln?% 10 nM Vn24 and foll ow ng

xin. The analysis of the

MI % & gHé Fa l\ye %kesg ng%%%gl?lé Iam %Qﬁgftaﬁ’& ®xpressing

hIgF12P Bhdrﬁieﬁ'lﬁve bed) destliveVedilier\(FRibsmer ét@tl n 1994] and were kmd gifts
concentration, which is -3500 tines the Kd for hKvl

oftfPio eskarRiul{f) (Uich aiist A RS b elzmmf:ﬂseyeraﬁapli&?ﬁa?ﬁ i3'a stable
08 fi
R B B S 5 o e Fl y rover Sibl'e. The
bl oc@agedoﬁh%mt% \%z&re %@Bsd%& a‘]SO%&M‘IyéHZAIL%‘%%?&WatIﬁ% cases

(rec

stafatEExtfRBDAL aeNpipéttd NRingGbaNLYS Ofere\/ﬂsféd (BEB aahipdmﬁ)ecxcept for
of Kvl channel SB’S@RCF 0. 010. 01, 153 1tl
regq)rgmgfhﬁ;lﬁﬁurr@}t@ EHFANFOTRRGAN G {ie PIRGHS B lélﬁrSP'é‘HP% was (in mM)

1426;&&1 ?%?%%ﬁﬁﬂ”ﬂb@ﬁ@r (il Tﬁ@ B8 taPatdrRBntration of this

concentr a I on 't he RCF val ues were
lafer9stbutsh 1@1@83+ RS ﬁll&bﬁlodHt5WbI¢h31)10W® thantoeprdingaefiBK currents at

hKvl . 2 currents, res ctiv From t vaI yues th
mgd¢rale dePYprizing PqiERtals, af éé(ﬁ%%ﬁnﬁtela? ci@ﬁ; Al Gt S?e%mental
ccfn'ﬁﬁan@ (&H%éj Slquidiesie pilin&@l@s Rf BRd1pEY perfisbOraet $he/\sah{e ab described

hannel' to gi ve Kd val ues between 30-40 nM for mKvl . |

1naﬂxdmlpket7(meen 5-10 anor hKvI 2 Consi dering the Kd

det ed, f '
EE R R Y AT IR
hKvll@Olﬁ@vlf PAN, 19061 .3 P8 Qthahd, exﬁﬁ@mra& isvigtivn (cHagolatesbown in Fig.
VR4 inhibiting the activit ot her ion chann

el s
1%\/t|hnq1gh| Y. f Incakht calséso p@i@ wgte éﬁllde@tt —4#4 mV holding potentlal and

reggq 8cf1§]td:ggéllarllt e’ct %Sfaln 09 eéc?%er@'? %%X VS 8&%&&@ f %e depolarizing
pullsek) (indidt @D testol nlﬁe@dha;mmel of Figh eopwasksaab iallatvefilll }éctlvahon of

channel hBK (KCal . 1%, and the cardi ag vol t.a e t1
the saTgRtS Gnd ARigimiKg dnactivation; fn al} asep§ 1c],e§b]:1 loygd between

B £ tl?eeﬂdldlﬁg E)B{%g{iél 2%@ }5{1\2 Y\‘thte ﬁ@l&@&%o%r?%?ﬁﬁl channels from

appropriate tandard
a@(ﬁesﬂudj 1hadtwat1m(m1lerm1ﬂse(1ntarﬁaim1@gedﬁ‘aak 1K@ 39 senoddfaPhe fast (N-

.5.currents were, determ dfromre or s obta '
tyme%wﬁ%@t@a rat@amdawr%ale OBREVE 4 Wascsed b*ﬁc}ft‘ (&R AAN, the N-
?Clt47V§1[nY &e "Rl ng 1ROMENAH @ﬁ obt 1\1-2 emi'ﬁ tivation th
ﬁﬁ and ﬁ%?q I(EIEK293(Dce ['ls expsr ecse3| ng activetion T8
de:chamneﬂm ofethe chiebut tHock 8 @aticr atwlmbrer dcgemdtct s:neezthe wralkf eyrrents in
thia%’)fcie %J%I rgo t1r|1 aehgedaby thleQ/ae(r:}; {‘a\ll)?c{ Ela(t:tg]v%tlgrq %po%%lsss(tlgn': Snstant: 15-20

ms, [Kurata et al., 2004]). In the wild type channel due to the competition between time-

dependent current activation and inactivation the peak currents are underestimated which
complicates the analysis of current block.

Figure 10 shows current traces recorded before the application of the toxin
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was followed by a step to -40 nV at which inactivated
channel s quickly recover and the peak hERG current can
wheoodasesdri ned. This conplicated vol tage prot oRCI/IB2807/001544
standard for recording hER&®currents.. BK channels are
activated by the depol arization of the nenbrane (Fig.

11 B), hovvever, t he vol tage dependence of the open
robabiljt. | [ gl r SIRH -
g B A R
(wh§) 2fkhetprin. THe hmlydis of the pahelnindieateh that 5EYd dfand i v1.5 channels

eGSR VB0 TR G Asenibe dheLroR i Fits 1 26T WS vmas
in fgﬁgﬂg%@hc Ba ﬁ&? Whkh féssj’sfogruﬁw%e Ky, fha0elS, bl%cks mKvl.1

activation of BK channels at +50
chmmellsj (RE]EFFG&O:‘{mﬂn:BhC@lﬂ#JahKUﬂ@ vahennels adRElF= 054&0 08, n=3)

S5 el AL PR A S R g Ot o

hidaPPkadéd ak 110N tom24 I;Qﬁbeﬁi{au&h(iécordéﬁﬂnclﬂn‘imm’ﬁtdeﬁs) 1®fshown in
5 mcronolar [Ca2+] and +501 test potential was

FigeH¥o rf@zbds@lea: SAPIDBTSAE0R te DOtRIEY toh &V IB% 8t @ Rpckgrpl K"ﬁfélannels
(R[%#Je%g)sl Q.})n\f?lpertﬁgﬁ%%l Bifi é%:}lﬁfbtl(gc'%ﬁdéjﬁll rﬁgh ‘;‘aﬁﬂgﬂ@lfﬁéurrents

V]\ﬁzﬁl QA;]HSI alaélo tﬁﬁw\ﬁﬁf lbWe}iE(mM{) lsenmﬁamn(fsg V\hbk)OAm&’ @y concentratlon
the dRsdc valyes Nere 8 SBBi0%: g Sbind TS Al T sy 4 nd hkv 2
Cl],[ﬂ%ﬁ@é %@E%%w@lgf Fﬂﬁﬂ%&@t REY ValeS B SRR BPW ﬂoi/ tllfe‘é‘éJ Bithnnels can

hi s menbrane potenti al
becéstinmddsframen alodelawfieract foxin aoldctlei istegrstowith rlad@din@yto give K4

I Y L

K§ H&&Qﬁh@d ﬂ?%ﬂﬂzﬁ) gM) Ik eRLlisityer emnepediiedl 3 over mKvl.1 and

depol arized to elici urrents in dlfferent
hiext.? atseit lesstr 160 0foldard 1590fold tespe@ivglyt epr esent at i ve
curr d t o .
oxi hx SBIEFEreT TREIA SihREhe | Be LUyRPRLS L B Thabfth having
sipMitBdarftObiotbgTealrieffect and dusddptibiling twalsibelotty @miamh)toxibs was also

dneimsreibdtiore BRENSH dBOAEEL SrnrEd g &V hl) sefaegeiiiab agannels.
thfer@ a?ﬁvﬁ@c?%( rc%ﬁﬂﬁeqtqﬁb ln(alf(ﬁﬂt 1%)01%1? ﬂhé"ghﬂ'ihcav&ta%gg%fed sodium

I ndicat1ng e of these
chahﬂeﬂrﬁéhﬂ 5.THig. 1 ahowt rqmdasemta‘am/whslel-csallpqrm eirited with voltage
12B where the nean and the SE mal
PiolPSPTFPRIEH'S Ghios S EETG HICS 1 S ﬁ? SRR B, ccontrod

P11 230 NRALACRI @S WeRMekdindihed frdr?l re&Hi€ abtaideb ak response to
the order of the bl ocking potency of Vn24 for vario

depo&amah@isstoﬂéomolan@ SmKvespestiyekGarosmriaioldisg mﬁm@iﬁf 120 mV
O B SRR R AR Ut 3oy

démplaaizedns 2P navidot 116 sstorgtieatp and inaeﬁ‘tfatﬂﬂiee(ﬂlamﬁels (‘Elg KU[B) This
val ues for t he other channel s, (i cal c Iate

wagtodloyed 1y asip/ipzd Gy %tw@n%}wﬁwai ¢hanne PSHICng y tegqyer and the
SHHERES ¢ ﬂﬁéﬁ?ﬁﬂ%é&e PB%H”T Q%H 1ce§técp{/(9lﬁig@ 'ﬁ%tbé@l i$ §€ndard for

sel ectivit V4 hKv er ot her channel s
reaesla;@dlﬁRG tdurenist. (BK clmnmelleai@@ abt:vfded Ty thevdepadanizgtion of the

membrane (%1g. 11B), however, the voltage dependence of the open probability depends

.l

on the intracellular free Ca®" concentration. At a concentration of 5 micromolar free
[Ca®"] applied in this study more than 50% of the channels are activated at +50 mV, thus,

the comparison of the effects of Vm24 at membrane potentials identical to the ones used
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the commonly accepted criteria for selectivity

[ G angi aconb et al., 2004], which is defined as
wao@sfiszda di f ference in the equilibrium di ssSoCPEL/IBM07/001544

constant or a difference iwobinding free energy for an

a-KTx binding to two different potassium channels, Chl

and Ch2 of DDGChi;Ch2 > 2.72 kcal /nol . Exanpl e 9:

for%{ﬁﬂ]z(t ngtfaﬂ'gglé %}ng%blgg ﬁgels%trll %fogln(?fnﬁiéxogllfﬁlfleﬁfatw m¥ would

reduiRCaET] Gadongrdibler with istable wholsicalkd rraionrchng, doadensdyt fidl activation

of %PK? ML@ E%ﬁ%ﬁ@%ﬁﬁ%@@ ]tvyfgﬁitg %%glhg gplaol?r&@luﬂnWPHOO mV.
Th%g hi E&ﬁg]tnr 1 rre{ﬁaé Widr6Rb1a E@é}] A mnﬁﬁ 'té?',t SREMANGRAs aRchsonable

nass spec determ nation. hese appr oaches
comp@bmaé wstu&pthepaffenaowaﬁqmmpulm tosymOheM reeogding the test pulse

oS e b2 SR OB S Py BB etvcn

pu&%?ot@b&% kg0 MVOd AL 8l BvOdhasind19 FullyhiBadifvia® theeby pelucing the
ned to ensure that folding is restricted to the

posahéltsd p§ thef dontanpiastiamefl the reeprdhby gadasprowely jcyaentsispaadically

fo%c{ }t\}ﬁ&?ﬁﬁﬁg{l% e&t%lélﬁ?ﬁeél%i‘ aﬁa:&ﬁ{agﬁﬁﬁ J}aﬂ%}? LR 2Qh&Rhctive as it is

deB Bl RBE BY ﬂfeﬁlg?lﬁﬁéa@@ B6ldafy dufenchalnniedgiating ofthe pekse i de

that nediate high affinity bl ock er calt

and To ﬁ$smaithed@ﬁ€éﬁt PloWe A nditikeens chapee oy ngﬁ'ég Icells were
re‘?e%tt%ll\f z%@ Itgrk:%l:if 19%ﬁ&eﬁﬁ&tﬁééll&ﬁ%¥luﬁﬁn§%41 shows

angl acono et al
repﬂe@érm@iveaburmwacbs/ reéordédmafmsh@sasply@@on nofktme an (control),

channel s of  human, T ce condi .t |
s st isajonat 19 SNaeRy T Sl PR B Cest of
| a1/ an@ts\mﬁ%e 16 %hbwnﬁatcme sﬁraéﬂ&el@c&dh& e Grésenoest Vm24
epo ari ed repeatedly to +50 nV from a hol di ng

arpanémmgnsmble fiom the enesr ;sc@(.dgdun eoiop seliEipg eanéf after washout,

1nﬁ1g3t£1§9: 1?%( fﬁléll §81§8 &)f %h%;%? Efg% gtta{rigy%al gr}agygsﬁg ﬁnﬂresented n

FigNthBhvRsd theaibdmeirRl the CSE\&WQHH fghaigiof ctirent fractions are shown in
adm ni stration_of 100 gM sVnm24 via the perfusion
the preseeged’ 10aM m34@>36 pul se the recoidi ng chanber

nas Bgfr’np\ltj%‘s]%gtew 1{1 E ét ?% ')?Iﬂ]c{léﬁgthed)c(ﬁ{?%@ér o bl%@lhﬁ% BQ@ncy of Vm24

The fe rom the per u5| on sof ution
fodi dvarfdusr eXul tchamneebs siigni ik chdt>>K v 13> K Cakvh K3 1 dFoehKv1.4=

nify b Do RS- BTt £ My Sestnefor T3 from
the rH%%e— @s?ygﬁééel‘éldtﬁnﬁﬁﬂtah@lth§ Qlgld-peinbedtdiRess M BR Ky values for the

application (nornmalized peak), are shown as a function
otbér cliamnels Ae. mvéculatdd Emnedataat 40 aM Vo224 ad herrpmgingyg fraction of

wi th synR4 (.100 S n chin
ths cSUTFDE ASSYONDg o}ﬁMto‘x a?snn? ?ro c%?o(rﬁmvl}@% t%%ts%le% \ﬁﬁ? ®f Vm24 for
hK €1BioveNgthetdhagntls hEsa géd i k) isre1g00HTeld. aflievalue is well over
eqwllbratlon of the block with 100 pM of sV 4%
thongommerly casspried eriteriarfQyusekectiziy ([ﬁ}@ggwanw —g al., 2004], which is

ASHERASE oW 8bi dibBfeficd Hine 2hilBEM diddd€iation constant or a difference in

binding free energy for an a-KTx binding to two different potassium channels, Chl and

Ch2 of AAGchi:cn2 > 2.72 keal/mol.
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statistical conparison ( -test) indicated that the

RCFs are statistically not different between the two
wW@e@8p3924p=0. 57). Qur conclusion is that sVnR24PCHIERS07/001544

potent as the natural toxim®tin blocking hKvl.3

channel s. Exanpl e 10: Anal ysis of the biol ogica

activity of Vn23 on different ion channels Scor pi on

ven ai.n I r Y

BRIF e SYRRE, e o AR Rl BobuRHEALORKY S as the natural

toﬁﬁptldes wi th high degree of sequence identity, as in

case of VnR3 and Vnk4

. mexicanus (see ex l.e 1)
A higdasgied o 8Bl e BBRE] 15 BROIHE OIS T to the
chg gﬁ %n ﬁrﬂ ew's'c%ﬁr{nb@i Ofh @ S BéthreRd ﬂ‘lbtp‘{mf}pof ﬂl% synthetic
ecu 'S orlglnates fromthef
tomhavere mbeﬁm&d bmanﬁlytmebHP&i@ toNnm gcidisequenbe amd)maﬁs Spectrometry
receptor I ctedlnt ter tibule of io0

detgrmmpation theseAPRI 99 sbly g\{l'baié) ALY, SFqUERES Nof synthetic Vm24

(szh‘?lAf?‘ qi qgeﬂtﬁﬁlg d Ql% eofeﬂl%cﬁaft&%l Pleptide. MbFovERRBE protocol for the
rostatic and cl ose-contact Interactions, and the

genetatieh fof Vo4 umisélstnatttmﬁf@cm axvonpn don e thiol @rpigps designed to

ené\lreatﬂat @%ﬁg 1%?%3 réc %&/ %t ¥he[ a8 kd@ﬂlgi&%%a ﬁ{g{ % l%b rﬁ%‘i@ peptide.

TIRRO WAL NRdWeRES | do hbtaguetrbMIe@elﬁHtltﬁesbm‘lbglbh]baaamg of the peptlde is
scorpion (Pi2 and Pi3 of P. tor) an%lfferlng
mejntagas. Jrhﬁrf@%%er&wwurf@s%% cRhapqql ang fh peptide that ediate

hléﬁl foﬂ}qﬁ%ékae{re %88&%%\/%1%&&8 Eﬁ%/HD %‘ir%‘i d dlat%ns fr&ﬁ)% structure of the

e pi oneeri'ng er and co-workers

ndtiGel geptiden raighal compdfdde ithe i sffimbgo @fvis¥emd4 tinatblenkerg Kvl.3
non-conservatjve_an no acid substitutions in severa

Kﬁ@§¥%¥6ﬁ§ﬂ > 8¢ ybdot oxin are wel | tolerated and the

toxi ”ﬁhé[f Sfo%g?éal Iaicﬁvﬁf Bf BVMMf Whs hdigyedhak &rv1POLRSSEN Bf human T

chann T9K and . In order to verify that
ceflheThé flemrmmn@ canign/kShisrsdynaereveseal e satne as described in

L N e o —
m®f ﬁMﬁ%ol&Yﬁg polehfaleofI TR0 8l icherge3081ih ttﬁaorsdeﬁwmhhfﬁmt solutions

The ion channel bl ocking potency of Vn23 was
(@igire ko). Thedarinbrurot g @pbencea%s\fra%f foplte) gradually.

al}d %lrrh (Zit g&%}%ﬁ{eﬁ% sgﬁ%%k@elgp%al tgﬁ ecltﬁ mrﬁF@ﬁﬁﬁl sVm24 via the

pdrfdsion. dppakai. AZteatict ]Pﬁlthlﬁﬁﬂie)the rechidiing el breir lvx;as lpbr.fuskcd with toxin-

Kvl of these annel the.r
g pHTacaliy gh SO sf%lﬂ%%&&ﬁ%% 19Xy mnt@l REfFOfyggution did not
resti€ X Elgﬁifﬁﬁﬁ‘tt@heﬁﬁ' Mt m%cﬁ‘ﬁf'itﬁme% Afhdtys. TR i§ daiﬁofﬁrated more
escri tor the correspondi ng channels in Exanple

clamty Exatﬁ'pguee 83BAwhm| the ek querents, apamgliead to |tbm19n@i:;ncerded in

| ar. | at e +50
%@1&0& ﬁ orci 5 aBB é?%/(lOﬁ\: gnomall%égaﬁfggee%gg&% @?@% function of
tighlef M?Iro%tmaiéht@tth@ Reart( &l (U pRrfhdion w1ﬁhevmm(1m er §¥mP4) and the
measured in the absence_ of Vn23 (control) alpo

SHHE 081 the HeSBBion toc i {iRe r$0@1t19n rvrashoebh- iThe remaining current
frgg{gnrs” tﬂﬁl%{éu‘{gd detr %Yﬁ%ﬁlo | & fh,'aeoll?&{ (il B ;%a M of sVm24 or

appara race I cate nM Vn23"
Viedelodrel edmpﬁﬁedrm Figure 13B (n=6 and n= 4 respectlvely, bars indicate SEM). The

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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equi l i bration of the block. After the 19th pul se the
recordi ng chanber was perfused with toxin-free
we@xaosasehd ul ar sol ution (wash-out). The renpovaPCDIB2é7001544
toxin fromthe perfusion sebution did not result in a
significant relief of hKvl.3 block within 2 mnutes.
Theremaining current fractions (RCF) nmeasured after

A 8 e O PSSy S VBB mncs

I ndigdtfort hedonis@nedas @lﬁt}&fva of blok)gufallyﬂﬁtsvanm;btldes d he venom of

bl ock of hKvl.3 channel.s are very siml to th
a BiHeh i PEGR 20UGDITGOHIESTHE! BIEDETied O SEReard ARyl s in cas

of3Af3 gﬁec%ﬁ 24roqptve Seichifs @&Xéﬁlﬂp?e e BB laYgret Qf\’sequence dldentlty

beyon mts ed Inthi's asSay. The limt
of&h@ peitides u&ﬂiﬂ& édréas 1dldmma10315szgwhl adtmtvdn dhe ughwd@)molecules

Ttpé %glg&)g%g If%cgr? ag %q@\t,{tr}]l%n aitB e??gpggla gﬁa’g%qgo 1 es&gﬁ e toxin receptor

locc‘i’t@c?] S PeCliel Qég?ﬁﬁles@ﬂ"lo%f cHahiBel6lii$ d@eindint® byCatRipiinechanisms,
wth that of VnR4. The conparison of the currents

incledingd elbnpefngee Qlc@imstatﬁm) sBorsranigaut electrpptagie tand  close-contact

i f 10 nM f .
bbbl 540 SRy RSy SO RBYRE BTN iy and
seﬁe@ﬁﬁlt? Pbarkla06 lMﬂlet hfg92h P&@abt slh00¢ e}w(nlgnagonmzh%)al 92004] It has

nKv| channel s 14C), (see experi nent al ils
baen shiewncpliev sy ah Qel?ﬁpglé‘?ﬁs opfth eaﬁ%ﬁlséomloéhg&éx%{ﬂpfé of P.

e | et e I I
sl AR b, SRR i O Conlly SRR KA dipgigomelr
cobeithgiond (Peésctial, 20@] s Arcen tlenpienteringi work (fdilleir gnd co-workers
[(mléwg&ettbgﬁlggazﬁ{ Vﬂ%g g](sprgv\{cliqli d?lgt? g{)%l} 318\1,\12::9161%&_&‘[8!5} lﬁéino acid
sudbti tl?ﬂsoin%gvérﬁﬁgbsﬂ%%f Ehaybdbraxin ai’édwélhﬁ)l@ht@@ lkindV@t® t6Qih retains

rea y reversi le wth m n. he sane
itcafiiniy forsthe Shakei putagsiuip] qbanxrmﬂ (ergéﬁ%lﬁﬁnd Ne2Bhdnwedes to Verlfy that

oSSR P TR AL, R RS B g s

all §rR6ifieRy Abwals RMI @ fHah@lacol&picaMpidtilt o€ Vel 33 was also examined
obt ai ned for Vm24 (Fig. 12 A and B) indicate that the

lrwt@bas%pwh@kmu le of Vm23 for hKvl.3 is slightly
bet t %éo rcf‘ﬁa!ﬂrﬁnelt tﬁgéﬁg%%gﬁﬁ %{5 Vhd3 %Q@a%tlaz&it ﬁg Kv1.3 channels of

concliu e conpari son that
hﬂhﬁﬁ ar esieand ot AeKr 1, n]ﬁ(vyl 3 tand K Cal Gﬂlam‘ml’SB THhede Yhaihels were

DR A P ogk o6 DL 3 11 LT i or i
dﬁﬁi?#g%%g{rﬁ@h Bf §eflese Shan¥BR%byMue! bRs Sptid8OWhE4, which shares

are affected by aut oi mmune di seases, such as
8Bt seqmtncb iidkintied with VP8 Pheexperiarental sondifiensraersi eractly the same

of st %eéfr'ét R R R R

opht al Whéle-ceR Petch @RI PR mRbE e Hak abpcdaﬁ@a&epeatddtwme’rso mV
t hr onbocyt opaeni c purpura and autoi nmune

friopmphelsting petentali afe12PaVogwsTy éﬁ@nlg the wessence ¢f different solutions
(IfigﬁlfeefHA)Y ”[thQ %f@&h% E{ﬁ%nttlggasﬁféﬁelh L absence of Vm23 (control) almost

completely disappeared within 3.5 min upon the administration of 10 nM Vm23 via the
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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t hese di seases invol ves the activation of dormant
di sease specific autoreactive T cells, which are

wao eanssarired into effector menory T cel ls ( TEMET/MB2007/001544
autoreactive T cellsmght dsfferentiate froma naive
state into continuously activated nenory T cells due
to repeated autoantigen stinulation and contri bute to

oM RSP0 40 AR AR boc v 10
VohI9Re sﬂbﬁrnQﬁfPleIISHSf(nﬁgtb@m irfdGatd SiEM) Ehesalres,ult& Qﬁﬁ%te that the

chz;li-;getgggf@g ;@L\?I(%é%ogﬁblbg( ﬁﬁéﬁﬁbg gérgﬁ%ﬁ are yetyssiplar to those of
the %7?1?1 Qm‘é&\ld’géﬁdb ?é’k Tt‘r:ré/l‘tﬁ@ékl B lglgﬁla?ﬁm%’; afd the 880le of AR toxin is

0genesi's o aut ol nmine di seases mght al so be
extﬂuﬁeltyaldm,muyyn&t}metﬁrhs 11rm’$plscd al thys assas éF hisdimpitagh amouns of Vm23

(1e§£@g§ lO% ;68?1 tr\%ggr%dp 7+ c%gf,e’:a %lt&%é elgilrf[la()% o‘jldggﬁi()s’e-response
relgﬁ hg)e SEHK RS BltRkhde drdl tﬁ@ﬁfd bhtatidtiRaldenelaigon of the dissociation
er

apeutic agents that could target selectively TEM
coastahtomﬁs‘élaswﬁ‘fmﬁéd menory B cells without inpairing

the ot L) W}Gtg ﬁ%@éﬁﬁre@&%ﬁ%& RS Z&ﬁjtn%ng 8¢ hﬁnutes after the

avoi e CO roms
adHRi%HQﬁ%@%MA&nE@ Mot GORSWRR thd ﬁrﬁsh-ﬁute)fa]mto&m (z i, )mlow fthat 10

sy o R St .
LA @ﬁ%\” 1:)4?9 dee@g?{ﬁﬂelﬁal (galte{lﬁ Jn Mot gﬂé&ldﬂ& JeBOsHf Example 7

ctivation an Ir anti n-driven

anfl rE)&anfp@er aJ.iThe dosnpieté ﬂa&ksrffrlﬂKCIa‘]/ é)lctokacﬂmb)w?\’ ngdBoistdifferest from the
t hat bl ock Kvl

efleRoE B aP et od S O] i dompstii Bt sormE Ry oce Fie

F{?"O (fbétgeﬂ%[@ RY1 DafHafhdls RRECITRNIS Vlsdked byt @ KM Vmd3 (Fig.
1 ocka y up-regul ating the cal ciumactivated K

14EHaongve Ko RGE valuddffG.9610.02 (n=3268M4, KiEahdly aad thg block was not

4 th f diff t I 0
B L Ol g R TR B! BRI L 28 R8s or
chh ¥R (6@ ERarhp teq; Kvl .3 [Willf et al., 2004]. Due to

this fact Kv . channel bl ockers in

it th
pr ol C@l@pmsoamféhe fowdRing gprent fgacp%%?o g'ﬁvé@l, S%Cﬁla\;%Kvl 1 and
h@%ec. £ 4‘?9@ ﬁ%%g#ggl(ﬁ ﬁ'“ &athobfa RAKEBF ¥m24 (Fig.

12pAeind r]})rihdhahtb Yhat Eid @l‘ﬁd:tmityapﬂ)fﬂe/\nﬁ ¥ine2B fm ﬂIKNj! 38s ehhitly, better for
wi t hout . co om si ng the bul k of .the jnmune resp
thg festednsh r% Fvﬁ ceaﬁlafi?cI diom dhs, 89@8@&%8’8"5 Gespite the

diﬁ%{éﬁ@ i flmfaﬂﬁ s@ii@icnBNen i sRRSes24, Bhogkadeffadity block of

s daneliorates experlnental aut ol nmune

hievic 2 phithl mmylﬂ‘talbta sleCENEY is twnfeinedsor ption in

periodontal diseases, and DTH response in ani mal
nodel s wi t hout causi ng obvi ous side effects [Koo et

Eﬁﬁ’im 1199 7 vBRahRPuRilogikal efR0R31af V24 er de et al .
200 Si nce bl ockage of Kvl. 3 channels by

i s pMotons pf peoilp SToBNdavide g affspisd &zyn%qi%lmm‘ﬁ&p‘f E@SGS such as but
noctoﬁﬁﬁ‘[?% o ki ﬂlé %@fef@ﬁt thi¥th&Bid 01?1}2[? tt?ﬁ‘ GaG8bME Mutoimmune

erap eu gent$ or nonoc bodi es are
pdosiasis, lnbu@éryﬂmhmmmn nﬂd:mattvra colitis isghmpatBbtic oplghlnia, homg aesorption

proplemis to find h| sel ective .p ptldesfor t hi
PQTH@PQ}% ut 1§ea§?=eaﬂrﬁgﬂp Cg’EOpa?m and ~ aufoimmune

Ilymphoproliferative 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 (Tem). The autoreactive T cells
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As shown in exanples 7-10 described earlier, both

peptides (Vn23 and VnR4), subject of this invention,
wae@spaent and very specific bl ockers of Kvl.PGI/IB2007/001544

channels in vitro. The expewitnments were conducted

directly on hunman T-1ynphocytes in culture as well as

usi ng otrer celI's expressing several voltage dependent

K ne r [ g6t
migf AR e bl ARie B L DHRRNEG doHiild lenRAy ToRMs due to
repdated MROMLIGON @dﬁm&rﬂlom dnid croatrﬂauﬁaetcslrtﬂazr&nlatwyt d’lamage by migrating

1ng: Fc]llgéqrég;] gg(g%tgrfgigéem%gyﬁﬁé X ent %&E@b npgaedlate effector
fu?&{ofnc[ggﬂﬁ%éra 4] @99 f TR RREATRM 1n%lv§§ 1in Hflayedakpd Bﬁi&sensﬂwlty

se in rats. systemused is
(]jgéHs)l 1fe azlnbghet hmmpiesxf;skheﬁsm;l @mddph@m eells[Solerig zk, 20¢3]. The
rie S t h
pediasErdsts, 86 TP TR RiscirS Goiehf &Gy PGP T meELE, B cels

esPNFﬁ yl thosk Bel&h ﬁg’J{d frere1436- s&ﬁeﬁear@mwﬂlgmemsét [Sglésnzisl @nl., 2001;
tWwo consecu | ves days é s one and two), afte
Ogblmbleefseﬂam(ﬂg C@tcwneeet@és o041 pRekhessgRaRnD Tt if esirable to develop

;
BRI el By e AL 90 o RBLLSPILAR BlpbleD i
whhd\fligpaRRlgl tet dctiRitpfof26thén nghotge sabsdls d;%cENFBavmdlng in this

di ssol ved in the acetaone: ol I | ut,
mamey ghe oppyomdse al ,agﬂte\;@gmg]g ,r!%%gn%l\;eég ?q@g\tléqj{ésegﬁ?e%rlrll l;c)}((eagmples 7

’cov\}we HRAERs qﬁ e!nll?i%P {I&Mggsga% RS @Ml |afé"ﬁ9wttﬁelgf)é/utlc targets for

eas t ears were spread with onl
invatmont@lubmiont ofoTizy¢ anédtobase-switthed wempry Bnealky Tengqtls @p-regulate

K%i‘?&%%ﬁiaéﬁé’%m HRBRARENERr e ST H g ' I8 pgfivg g known

¢ Anhop18aE K vare ciefnnbis g vanirral 3., ueesi. @m ﬂl@r‘ddh&hry, naive and
ereas to the experinental group of rats, an anpunt

Tef ateOmuick desgrsensitipe tee Kyik@ablopker endrirepialyi hespme prsistgaisto Kv1.3
ut aneous Th b f
oSS BR I By PB BRSO Ghupl Kpobi 900 @l 2005
CBRRy &adli, 2009 D{ﬁ% thd odess uf tiffepéntiation & pelts aehT scells change
are shown in Fi g. It can_be clearly t
thetsrotassivanehaanel dqpéltldqné% &iopt ks k2 Kt %i\%“gﬁ glaozoﬂf] Due to
R X o P
nztmeaihddcmﬂigbﬁ emelnsry oéllﬂorhuscﬁlegmnef \bﬁ:@keﬂsaspealﬁc for Kv1.3

O o TR, S U, P T EFEER, it
cea@%ﬁﬁsﬁﬁg the blkeof 1R ﬁrﬁhﬁﬂ&n%ﬁﬁr@% bireinyevial | B Geslth conditions

t-side ears) were subtracted. This represents
dazemwd scr eonsaquepoe pf doaweimmeny diseaspsradlpelpdpraddesls3 channels

concl usi on, .resul t t
SRS S5-I ST . SIS 487 R in i
p@?ddohﬁﬂ; ﬂ?@?sﬁs l aﬁléirlaTH reg'ﬂué&Se i arhﬁlabﬁlro(tjldls Withoat baﬁBdigng)vmus side
conponen at _deserves bei assayed as.a
efﬁc'ffi Hremet dgilO97; Heenskal d@gényéh%rdﬁfe %95%@61 5%5‘9? E%Ckage of
2 ha%ﬂ%@b%’ é@?ﬁ&g?ﬁ% gﬁ)%m ! réliafe i MEWE Bttt Pihe K¥hirse of the

e Iciting or maintainin
trt—:zlttmedﬂ sendreis REFEERM@hen chemotherapeutlc agents or monoclonal antibodies

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 eatlier, both peptides (Vm23 and Vm?24),

subject of this invention, are potent and very specific blockers of Kv1.3 channels in vitro.
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AT Or Ot oxin a peptide Ii
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annel’s. Bi ophys J 84:2969-80 Bagdany M Bati st

proticdk z @bgutanggus Sajeston of 18 erivigliter of @hpavha&eg%ahne bintter pH 7.8
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$ﬁ§ 3 cgi %ézg%)%%’au priglin@q FZ, Gomez- Lagunas F, ‘
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Barbaria J, O ot-Faybesse O Pennington M Bernard. D,
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thickness. These values correspond to real inflammation processes, since the thickness of
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over 60% of the inflammation process. In conclusion, these results support the idea that
Vm24 is an important immunosuppressant agent for the DTH-response in rats. Thus it is
certainly a leading component that deserves being assayed as an inhibitor of
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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rejection in a subject in need thereof conprising
adm nistering to the subject an effective anount of a
W@ 09p039283 on conpri sing a peptide having a KvIPCBIB2007/001544
pot assi um channel bl ocking7activity, wherein said
pepti de have am no acidic sequence selected fromthe
group consisting of SEQID NO 1, SEQID NG 2, SEQID
h()s and functional equival ent anal ogs thereof, or a
CEAdMshceutical |y acceptabl e salt thereof. 16. The
met hod of claim 15, wherein said rejected organ is a
heart, a lung, a liver, a kidney or a pancreas. 17.
The nethod of ?$a|n115, wherein the subject in need of
§§$ S a human. 18. A nethod for the

SR v 8 B ek TR

il RBAIBE fth ORI h&biNGaRORaAS iLEdpablet of HlbukisgRjtRdigh affinity
an effective anount of a conposition conprising a

angegpesificity appiagsiamiehpanedKbBassi um channel bl ocki ng
activity, wherein said peptide have am no acidic
2.sewusniated sad putifeell paptide vhelaigr bupnsissingi of tSEAYIDNBEQ | D
NO 1, SEQID NO 2, SEQ ID NG 3 and functi onal
3.6érhel ivadbhted tndpadihgbpdphide ebdlainol cangidtangro S&IQ 12 AIQ: 2.
acceptable salt thereof. 19. The nethod of claim 18,
4.Whe hektivdt be ishibit@gt Kivh3ngrsksiim Shhshel ratéivingrih 4 sn@nmalian cell,
human. 20. The net hod of cIa|n118 wherejn said
compptsingraaRaciingespid mammelian el Pith ympHertyeamemtiof a peptide to
blﬁ@f %ﬁ% S@Qaﬂl . e %?tfvpc tnglgag&' gerlf E Iéﬂtelﬁlts §aﬂ:9§)/egﬁ1dglﬂg§ érgéfpléag acidic sequence
schactiaal fiom ke poap Icamlstmgl af SES) B Wohle st H No: LbrkEEQ ildeNo:3 or a
col.iti at het i alma, bo or
TR A ST R e R
and aut oi mune | ynphaopraqliferatjve syndrone. 21. The
5.riharsethed obelaimpf Pehergiy said gampshisp;csllng2 e Iaprhoryg cell.
to said subject at |east one additiona

mtlenwating calséym sigpglingmashwiast mad T dymphogyta il comprising
cc%! thﬁ' @gdfh'ﬁ lﬁﬁe%p%ﬁp‘b@%@ ?@%@%%@f&uﬁ? ofzg gglgudeshavmg a Kvl.3

pcStast&my chimned bichingpactingy, whedini saith peptidlekhdveintino Stildic sequence
derivatives and deox sper ual.in, their derivat

selecig] HoWHBP aBID SIS JbvpehRHQ B33, 5EOTD R0: 3 and
ARRABSA ? eﬁ}ﬁwﬁfen{ gﬁ{ﬁsgpfe&e ptide having a Kvl. 3

pot assiu anne Ing activity, wherein said

1LY MBI S ORISR S5, Ay B of

mbﬁmzﬁ cmmbrfsum%drmwhg (acmbl\vlatlem bf saidTegdls twidr @péffective amount of

phar paceuti c acce ta t ther eof
2 PRRHIFERING & Vl @&na@p ek, acamyao‘%‘%qr@ﬁémdweaﬁde have
ath RS hci @R Segeighict Iseréeéedlfﬁﬁmpé gfb%?e&ﬁ%féﬁnégﬁ RIEQ 28-NONE SEQ ID
phar maceut i cal conposition o aim 23 wherein the
Noy2.i Q| IDatig):3 iaod dinétiomainespuysiens seilogs dlgrrent, os 2 pharmaceutlcally

acceptaglteesgltftﬁ)eﬁ‘ép)tl he group consisting of cycl ospori ne,

8. The method of claim 7, wherein said mammal is a human.

9. The method of claim 7, wherein said T-cell activation is caused by an immune

response in said mammal.

10. The method of claim 9, wherein said immune response is the result of heterologous

organ rejection.



10

15

20

25

30

rapamyci n, azathioprine, prednisone, ShK toxin, ShK
derivatives and deoxyspergualin, their derivatives, or
w@2®ahs2sher eof . 25. The net hod of claim 15, WhET/E2007/001544
the conposition is adm nistered topically,
systemcally, intravenously, intraperitoneally,
i ntranmuscul arly, subcutaneously, intranasally,
11 rERSAGRSRDE Nain® 9 ahvhdtein@bidBhnhiHe B4RH B thdWeSEt bP4h autoimmune
intrabronchial instillation, gastrointestinal
digedsevery, or transmucosal delivery. 26. The nethod of
claim 18, wherein the conposition is adm ni stered
12.0pnediddyof ssymtesmgal inynurentsponsnimuahyimals, comprising administering

intraperitoneal ly,.intramiscul arly, subcutgnequsly,.
1q 499 ZREg! 7, COmpOSHISRTARRTIPE Peiidy, hagnees, RY Lo etking channel
bloBkiRE laeB¥lty, | i lah AFFeRRFE bburt 18 subpradd Qi tesponse in said mammalian,
Wgast rointestinal delivery, or transnucosal delivery.
greinpsdichipeptadt Ipptandno heidicragqhéngh saletiediftom diredgroup consisting of

ST L, % L o

os£pleginackutionlly Adtep@bleuplt gRpsIfst i ng of SEQ ID NO 1, SEQ
ID NO 2, SEQID NO 3 and functional equival ent anal ogs

13."B1e8REthod@ 81 cihitf 1DaRBERH RRPIHENClesfdb R é redt&I e rologous

the | abeling noiety is selected fromthe group
oigamsgiettiong of a radi oactive isotope, a fluorescent
noi ety, chem | um ni scent noiety,a chronopliore and a
14r dheimethod. of Thiirh aliyy| eterpmpsaideinohund aespoR®;, sk eésult of an
the | abel.ing protein is an antibody. 30. The | abel ed
agtaImmpne Feag?'ai m 28, wherein the |abeling proteinis
[ | ed, peptide of, claim28, wherein

iotin. 31.. The | ab i

1248 it Ry Breopephylagtic Re therapenticl tieptmseent fsieseloppus organ
Rl P B At nRREERE Ol ShEh i MBS0 g Mbicet an effecive
athbwdr efS e ecrimprsgioni nomptisinglias pepicke kavissiaoKvd Bepbdtassium channel

33.. A npt.hod for. identification af cells expressin
blRink SCE K ek GeiacHiel PeTHG HoNE AetBp oS sERRGhiTxhgom the
gidup Ofdukisting® bf SEQNED tROJetSE®! IDF N Hh B aPENES3 and functional

peptide having high affinity and speC|f|C|tg bi ndi ng
equévalent agalpes deesohor elphamedceutidady eteepiblasaltghertel

pepti de have am no aci di ¢ sequence selected fromthe
lgrihepmetodioft dlaign 6F, SEQeinBalDrgectSEQrdab iN@, sartSEQubd) a liver, a
K 3 _and functional equival ent anal ogs t hereof
OV BIETS?S abel ed; and b) detecting the | abel ed

tide bond . t.o e Kvl. 3 potassium channel s present
1E g st S b W@F@%ﬁwé@ o6t iyead AR Fasment 15 a human.
techni que. 34. The nethod of clajm 33, wherein said
1& & macthods foqtha ProRiacsic ar dBerapentic Areptmpridoff @y autoimmune disease

sSotaatbh i FRRLIRRYRS TN if}f L inisteri

. expr esseg%ltl% ay{&i V%Mn ﬁlcgllé{ﬁ?]g%c}ﬁtngc% ijf}ﬁege heﬂgf?ié“g? ag%n;mg}ermg o
the snipjectsimeffedive anelunt of & komabsitien cpmptisidg ahgeptidg havigh a Kv1.3
potassium channel blocking activity, wherein said peptide have amino acidic sequence
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 and

functional equivalent analogs thereof, or a pharmaceutically acceptable salt thereof.

19. The method of claim 18, wherein the subject in need of said treatment is a human.

20. The method of claim 18, wherein said autoimmune disease associated to lymphocyté
Tem is selected from the group consisting of multiple sclerosis, theumatoid arthritis, type

I diabetes, autoimmune psoriasis, lupus erythematosus, ulcerative colitis, sympathetic
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affinity and specificity binding to Kvl.3 potassium
channel, wherein said | abel ed peptide have am no

w@eiodiz2¢quence selected fromthe group consiBCT/IRROGT001544

SEQID NO 1, SEQID NO 2, 2Q ID NGO 3 and functional
equi val ent anal ogs thereof conveniently |abeled; and
b) detecting and quantifying the | abel ed pepti de bond

ophtatihia, Kotle reSorpeibia p6risHBNE ARBMeSinhaEEE tHrorBoy @ fenic purpura and
popul ation of target cells by a quantitative detectio
af‘@é‘ﬁﬁ%“&ﬁ@fmﬁ@ﬂoﬂﬁgraﬁﬁ? pograme.cl ai m 35, wherein said

cells are human | ynphocytes. L ) .
21. The method of claim I8, further comprising administering to said subject at least one

additional immunosuppressive agent.

22. The method of claim 21, wherein the additional immunosuppressive agent is selected
form the group consisting of cyclosporine, rapamyecin, azathioprine, prednisone, ShK

toxin, ShK derivatives and deoxyspergualin, their derivatives, or a salt thereof.

23. A pharmaceutical composition comprising at least one peptide having a Kv1.3
potassium channel blocking activity, wherein said peptide have amino acidic sequence
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO: 3 and
functional equivalent analogs thereof, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, and optionally at least one additional

immunosuppressive agent.

24. The pharmaceutical composition of claim 23 wherein the optional 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.

25. The method of claim 15, wherein the composition is administered topically,
systemically, intravenously, intraperitoneally, intramuscularly, subcutaneously,
intranasally, transdermally, orally, or by intradermal injection, intrabronchial instillation,

gastrointestinal delivery, or transmucosal delivery.

26. The method of claim 18, wherein the composition is administered topically,
systemically, intravenously, intraperitoneally, intramuscularly, subcutaneously,
intranasally, transdermally, orally, or by intradermal injection, intrabronchial instillation,

gastrointestinal delivery, or transmucosal delivery.

27. A labeled peptide having high affinity and specificity binding to Kv1.3 potassium
channel, wherein said peptide have amino acidic sequence selected form the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 and functional equivalent

analogs thereof.

28. The labeled peptide of claim 27, wherein the labeling moiety is selected from the

group consisting of a radioactive isotope, a fluorescent moiety, chemiluminiscent moiety,
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a chromophore and a protein.
29. The labeled peptide of claim 28, wherein the labeling protein is an antibody.
30. The labeled peptide of claim 28, wherein the labeling protein is biotin.

31. The labeled peptide of claim 28, wherein the labeling protein is the green fluorescent

protein.

32. The labeled peptide of claim 28, wherein the labeling protein is a protein derived

from the green fluorescent protein with distinct emission spectra.

33. A 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 having high
affinity and specificity binding to Kv1.3 potassium channel, wherein said labeled peptide
have amino acidic sequence selected from the group consisting of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3 and functional eQuivalent analogs thereof conveniently labeled; and
b) detecting the labeled peptide bond to the Kv1.3 potassium channels present said

population of target cells by a detection technique.
34. The method of claim 33, wherein said cells are human lymphocytes.

35. A method for quantification of the number of Kv1.3 channels expressed in a given
cell, contacting the steps of: a) comprising said cell with labeled peptide having high
affinity and specificity binding to Kv1.3 potassium channel, wherein said labeled peptide
have amino acidic sequence selected from the group consisting of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3 and functional equivalent analogs thereof conveniently labeled; and
b) detecting and quantifying the labeled peptide bond to the Kv1.3 potassium channels

present in said population of target cells by a quantitative detection technique.

36. The method of claim 35, wherein said cells are human lymphocytes.



