NOVEL LI GANDS AND METHODS FOR PREPARI NG SAME CROSS- REFERENCE TO RELATED
APPLI CATIONS 5 This application clainms priority to U S. Provisional Patent
Application Serial No. 60/178,756, filed January 28, 2000, the disclosure
of which is incorporated herein by reference in its entirety. TECHN CAL

FI ELD 10 This invention relates generally to |ligand-receptor interactions.
In particular, the present invention relates to nodified |ligands that bind
irreversibly to ' receptors, and to nethods for preparing such
| i gands. The noveW&ﬁ%ﬁﬁWiM@?ﬂ@BﬁmgﬂﬁﬂwSIAME alia for

i nvestigating protein function and as drugs (in healthcare, agricultural

and. environnental applications) for nore 15 effectively inhibiting or
stinul ati ng cognat e r &FRPSSREFERENGINTO RBAGKTEDIANPLAGATROIES macol ogi cal

receptorg are intr . O, Jrenbr ane- n totejns which produce a
phar rracoI%ogi cal ef egtlab%ﬂct%é?gf}%pﬁﬁmﬂ f(’}kw)8§ gﬁ%&‘?”ﬁjclgqt?‘ﬁé?&ﬁcqtﬁ’n 20 this
regard, a phaBeriad Moo§0/d 28,756 el anudin 28, 2000athe HisBRbirOBf Wichd) detect a

| i gand si gnal , bé for rR ng a li q.and- receptor conplex and to (b) conduct and
translate the™PgHIad herein by getersneei 1ts€AUISHC 0l 0gi cal effect. Drugs can

repl ace endogenous physiological ligands to interact with receptors. A
prerequisite for such a drug-receptor interaction is the formation of a 25
drug-receptor conplex, just as i nTEGENIGAE KELDI gand-receptor interaction.

In contrgst to phygi: leal 1igands that.stinul ate. an effect after binding
to a reclgpt'or (-re’gﬂégén%%bﬁreoffiﬁegﬁe%w cosl}g,a“‘?ff?fﬁgto’é'ﬁf’%‘qﬁﬁ-dgsi fied as (a)
agoni sts or dpargsularhihe [pressittiinvsndberetiiestih igsdifiaf E@hd%ﬂfﬂiﬁlﬂiﬁe@ex&?&?y receptor,

and (b) anta o%sts‘ or. drugs whi¢h do, not_ stinulate an effect after

recept or bi ndPigST REnEEFEGERiors pble mstheds) fee preparing sueh higands nEheanavelossi bl e
for drug-recepdaas ofthd tiveakidd Wb diifte ihBPhla RN Rst b RORgs; and
hydr ophobi ¢ bonds by van der Waal E@frot?é‘ggqu?w\s}%%}iﬂ ﬁ%grnllﬁlf?c%?ﬂ recept or

i nteractions FASIdAEs Sahealiicars, agricultatal iidwtivirgnmintul apalientiosd) Yor herei ¢ bonds
are 1 magst ahtcff‘é&ﬁvél? ﬁ]h%i_ﬁﬁ@ﬁ%ﬁﬂi%g%ggrlme receptor function..

BACKGROUND ART

Pharmacological receptors are intracellular or membrane-bound proteins

which produce a pharmacological effect after binding with a spécifi_c ligand. In
20 | this regard, a phannacqlogical receptor has a dual function to (a) detect a ligand
signal by forming a ligand-receﬁtor complex and to (b) conduct and translate ﬁe
signal leading to the pharmacological effect.
Drugs can replace endogenous phy:s:iological li_éands to interact with
receptors. A prerequisité for such a d-nllg-re.ceptor interaction is tlﬁe formation of a
.25 drug-receptor complex, just as in the case of ligahd-reccpto_r interaction. In -
contrast to phygiplogical ligands that stimulﬁfc an effect éfter binding to é recéptor
(receptor—mediatec_i eﬁ'ects),‘dm.g‘s éan be classified as (a) agonists or drugs which |
stimulate an effect after bil.lding.'to the receptor, and (b) aanOMSts or drugs
which do not stimulate an effect after receptor bindiﬁg. | --
30 " Several types of molecular interactions afe possible for drug-receptor
binding including ionic bonds, hydrogen bonds, and hydrobhqbic f)onds by van
der Waals forces. The vast majority of receptor interactions involve several’kinds

of binding simultaneously. Ionic bonds are important for the primary phase of
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drug-receptor interaction since these bonds have the greatest or |ongest
range. After the initial interaction, fine-tuning takes place involving
di pol e-di pol e-bonds, hydrogen bonds and hydrophobi c bonds. Although al
these interactions also fix the drug nolecule in the receptor's active
site, the bindings are nevertheless 5 reversible, as the force of

Interaction is very weak. Hence th aracol ogi cal effectiveness of any
drug is oft enﬁgﬁr@épé‘i‘f’ chpgnwptgxgﬁg@ﬁ%vpggp FRAEHOT fngetdanecas a
decrease in plagerthednitig] nRpsHoh, e mfingkddes pR6E ﬁ%ﬁﬁg{zﬁp&ibm@%ﬂl n of
drug nolecule fromjits receptor. Several agents are known to Inhibit

enzynes i rrev&ydiosesbonds aud hydsophobichopds. salthanghiall these interaetions alsodirani sm  of
inhibit-iongi\ﬁ%sdr[,'- , | | IS e Syl R i.ohi hitign profiles and
the duration o |n%ﬁ%ﬁcﬁlgﬁﬁ%%@?dﬁﬁiaglﬁf%ﬁg’%?%é%dg%lag{%%eﬁ%‘%?%r ase react
coval ent 15y wi rdvetsilile, astiryforce df intéractiondn veryweakn Hene: the phardmacipirales nore
slowy than th cetyl enz farmed. w the natural substrate

acetyl chol i ne.e,ﬁ‘egw néﬁ@f?‘ﬁﬁ%%@{q‘&%ﬁgﬁé gbftﬁf"ffn ganqsptrafioninithe,plagg act i ve
site serine oRs#h decrsash st plaska dﬁ?%ﬂﬁéeﬁﬁatﬂfn Will8n&Eakk 1K As¥dctafion bh&ugnzyﬁe
occurs through a tetrahedral internediate. The acetyl enzyne is apidly

hydrol yzed, wmdecalerfsom its rageptor. 10 psec. These rapid acyl ati on and
deacyl ati on steps gi ri A [0 ubstrate nol ecul es
ekt afls i ol P AR P BeRlnet AR

per enzynme nol ecul'e per~secon I rase in ors-such as

physost i Bhi ne pidaimeversiblt angitheipretios mechainisy effinkibition pivey eise fnélibtle

di net hyl am no banoyl . enzynmes, j ch ve hal f-1)pges,for deacyl ation of
several minut @gf.femﬂ‘fﬁ m ?mf’éi‘%?ﬂﬁf\fg\ﬁiﬁsf"ﬂg EﬁWHﬁnﬂfPﬁﬁ’&P‘al_ternative _
substrate, catal ysManfinibitdry bE@lyldMlihcterRE SGcCiRAIANY Wil thilensiahdl Yt i C
cycle for the carbanoyl ati ng agent. The kinetic constants for the
respective ac{? ¥rmen asyiapaymethat deacylatss mete domlydhathensstylengyme 25
substrates doffi0fed i L§ ' | ﬁ% gsz £ i .0f the
car banoyl enzyrred%ﬁﬁ}%é%tg}ali %‘ﬁ);sﬁatlp%gﬁ?%dg@e'f Z@&?%«{e@{l% avé(;rl n%réllr’ﬁﬂ?'bi tion.
Sever al bt her by attsakedf tier ativesitcxictinelobthe sobsataten (Tratsfa of thenky bfroth

L Wi A e R
oxi di zed to 1 egdly %QdrdBzkd) WAHERHIFEIRS oD IRBOTRESE SayiX h&ARRN aheSe
i nternmedi ates attack the associated -
deacylation steps give rise to a turnover rate of 10° substrate molecules per
' enzyme molecule per second. Cho]inesterase.irﬂlii)itors such as physostigmine
20 “and neostigmine form methyiaminocarbamyol and dimethylaminocarbamoyl |
enzymes, which have half times for deacylation of several minutes. Thus, by
providing the enzymé with an alternative substrate, catalysis of acetyicholine is
~ precluded during the catalytic cycle for the carbamoylating égent. The kinetic
constants for the respective acylation steps for the acetoxy and carbamoxy ester
25 substrates do not greatly differ; hence the longer fesidence time of the carbanioy]
- enzyme coﬁj ugate is an important factor in favoring inhibition. |
‘ Several other enzymes are inhibited by covalent attachment of the
inhibitor, giving rise to irreversibility. The hydrazines (phenclzine, isocarxazid
metabolites) and the acetylenic agents (pargyline) are oxidized to reactive
30 intermediates by monoamine oxidase. These intermediates attack the associated

flavin cofactor on the enzyme. Such agents have been termed suicide substrates

since their activation requires catalysis by the very enzyme that they inactivate.
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Ravin cofactor on the enzynme. Such agents have been terned suicide
substrates since their activation requires catalysis by the very enzyne
that they inactivate. 2 Hence the inactivation process is mechani sm based.
There are now many exanples of such substrates, activation of which by the
enzynme results in covalent nodification of the enzyne or of an associ ated
cofactor. Oten this occurs by conjugation or association of the enzyne
with its substiescethednacivaivnipyocssis mechinion-bagdg The a8d hewo knanPever al of the

targets of sui.cl tyat.es have. t.her utic significance., These incl ude
thegpeni cilli r?gés&el@ e%ﬁpd&l 3{1 b c?’gﬁté‘f?ég'ég?&g’ﬁhé?ﬁtﬂi‘%%%ﬁfﬁ?“"&é’s‘F(g’ﬁl,enGABA

transam nase inmfdification of the ensyiid S he BésobiaRd eBfasior. OREY ﬁ&{g&&@&%f“ d
cycl ooxygenase i.nhibitors to control |eukotriene and prostaglandin

bi osynt hesi s, “PRURRHANOF aFspciationobthegnzymsivith itsoubstrate fullowedbgamat i on 10 of

estrogenix homBRABSingQ g 4HaRE L Rl BI.L or S tiparasitic
agents; and dogiagﬁi ne %r%/ rggy?”?;egaﬁ Pﬁﬁ%ltt)zlﬂééj‘lr; g&‘@”@%@F%ﬁ"@%"@chol ani ne
bi osynt hesi s. themneytiesiprificance.uThese itchalesisr pemiciBinaset bk iakiak idcemagnd are
potential anti . ] . The effectiveness of these inhibitors
depends not on %R%%a? %%FSIE%%‘OW%EFW?Wgﬁﬁ&%ﬁﬂ‘—'ﬂ“‘bﬂgems;vaI ues
conpar ed wi t hliptxygenast ahdiey gspainhibRors Wedrudl RuPditiedd s On Kinetic

conpetition between turnover of the suicide substrate and the inactivation
event. Onepr a?fﬂs@gg-‘ﬁéﬂ e§is, respentively; arematareimivibitors te\bbockifadneatiohndi ng
drug that hasf&aeBediChGanass: LAk Fall TS drug inhi.bits gastric
acid secretion b E%i'ndi' ng ?s 6%%%&%9?&2&%::}3:}%%?@ toéss%srﬁn%gﬁ‘iaf}t‘? AesEe api cal
menbr ane of pawd éQmmnzdﬁ-hﬁirbsylaﬁiﬁﬁbimto&ohﬁoﬁfam%laJnhﬁé BloShitesikh patients
W th hypergasNarni rgergéral a!?r‘lgg?rrage be.val uabl e in those whose peptic ulcer

di seasé i s not WelI"“EEPPIrea Ky asiaptimsiabalifenang ate poientizl antieoplastic ai ns a
sul finyl groupgednts. dbeictioQiverisBLihesilBibibd %l%lg ' L eqand pyridine
rings. At neutryal pH this drug is a chenlfcgl%ngpg a Fpe, %}rﬁ?}%&“&eol ubl e,
weak base t hat'SF1aHay senstayts arfhi walues compared withythosgof thervmdogeabusvea k 25 base

reaches 1gari eb¥sirfte bhiSadd Bgﬂ diffuses into the, secretory
canaliculi, where 'ghet?aégr ug Beét’:hgzr‘r:gél proot%{)b%%egﬂnérﬁav?ﬁghmmﬂeﬁgﬁwe
Protonat ed diskfhe swetivatigeevemd form a sul feni c acid and a sul fenani de. The
sul f enam de

Omeprazole (PRILOSEC) is another well-known irreversible binding drug
that has been released for clinical use. This drug inhibits gastric acid secretion by
| binding to the H', K*-ATPase present only in the apical membrane of parietal

20 cells. Omeprazole is especiaily useful in patients with hypergastrinemia and may
be valuable in those whose peptic ulcer disease is not well controlled by H
gntagonists. Omeprazole contains a sulﬁhyl group in a bridge between substituted
benzimidazole and pyridine rings. At neutral pH, this drug is a chemically stable,

~ lipid-soluble, weak base that is devoid of inhibitory activity, This neuitral weak
25 base reaches parietal cells from the blood and diffuses into-the secretory .
canaliculi, where the drug becomes protonated and thereby trapped. Protonated
drug rearranges to form a sulfenic acid and a sulfenamide. The ‘sulfenamide
interacts covalently with sulfhydryl group at critical sites in the extracellular
(luminal) domain of the membrane-spanning H*, K*-ATPase. Omeprazole must

30 thus be considered as prodrug that needs to be activated to be effective.



I nteracts covalently with sulfhydryl group at critical sites in the
extracellular (lumnal) domain of the nenbrane-spanning H*, K}-ATPase.
Oreprazol e nmust 30 thus be considered as prodrug that needs to be activated
to be effective. 3 Despite the availability of several agents that bind
their targets irreversibly, there is a dearth of nethods currently
available for rationally designing ligands to irreversibly bind a target
receptor. 5 DI SClisspireEthervailgbilitkvEsememiagents thetbind theirfoxgatsi on ari ses, at

| east i n par; : un C | very ; jng a
conj ugat i gn %Ig‘é%%lgg?bhlra&? ‘:‘iolgral ga)r(\e%ﬁf %ﬁ%ﬁ%ggi%ﬁgygﬁé%}e% r %%%géwa tg ar get
recept or, whdesipningtiipandso jimewtdilly bagkentardes recepoi.i ve with a noiety of the

target receptor such that a covalent bond is formable between the
conjugation 10 agent and the noiety, the nodified ligand thus produced is

capabl esof binding the tapgetLOSOREOF THE RYCENTRIN. Accordingly, in one
aspect of the invention, there Ts provrdeda process for nodifying a

parent |igand; cofsriresentinvention arises, atdeashiropastafient theugexpgctad conj ugati on

agent that i ' AR ' f I [ Leh said 15
parent |i gan‘gs%ﬁ?\r&tstha\éﬁg\h%%ﬁq’é% gagé:ni‘\séalt@r’\? g%ntcg%élgggsm tg]?%%glgl%gt %te%éﬁ sai d
conj ugat i on kigdsd tafgetiregeptor, Whein/the Suhjugdtion agefitds ecabiiviowith @ma@eof i S
attached to hgagg‘grent Iig%n er. ef erably, the, spacer is

d through.a spa P .
coval ently a deceprof e ﬁ%éﬁ?vﬂg’&%ﬂg ‘92%@?‘@? éF‘HﬁF‘}/,‘het‘:i‘?él%ﬁé@er i's

coval enpl y .@:i%eﬁﬁﬂﬁ%é Rolehlf atnbdifed 1i9thdaRES broducb§s SIPABIE'of binditig! th@P! ¥

radi cal selected.fromthe group consisting of alkyl,” heteroalKyl,
cycl oal kyl , tacgebregenyerl imgversibly. oxoal kyl , het er ooxoal kyl, al kenyl, hetero

al kenyl, aral kyl, rq aral kyl [ and heteroaryl radi cals or any other
mol ecul ar conforrr:a?cl%}c'fﬁnCi i 'C n%ésrp\%é‘)ft C g et ﬁmolﬁ)ﬁﬁoéﬁl%gaaprg%ﬁ%g’f . The

| engt h 25 of mbiifyisgpaparentdigand,cofiprikiag lajtackdhenisaid gatairligaddage of bet ween
about 0 A and aboyt 20 A Preferably, the sp?cer s a non-%dhol,ysabl e

radi cal undefPRBHEPEP 185t tha is reactive with a moiety of a target receptor to which said

15 parent ligand binds such that a covalent bond is formable between said
conjugation agent and said moiety.
Suitably, the conjugatidn agent is éttached to the parent ligand through a
spacer.
Preferably, the spacer is covalently attached to the parent ligand.
20 Preferably, the spacer is covalently attached to the conjugation agent.
The spacer is suitably radical selected from the group consisting of alkyl,
heteroalkyl, cycloalkyl, heterocycloalkyl, oxoalkyl, heterooxoalkyl, alkenyl,
hetero alkenyl, aralkyl, hetero aralkyl, aryl and heteroaryl radicals or any other
.. .molecular conformation which serves the function of being a spacer. The length
25 of the spacer arm is suitably selected from a range of between about 0 A and
about 20 A,
Preferably, the spacer is a non-hydrolysable radical under physiological

conditions.

30 Preferably, the conjugation agent is selected from the group consisting of a
sulfhydryl group specific conjugation agent, an amino group specific conjugation

agent, a carboxyl group specific conjugation agent, a tyrosine specific conjugation



conditions. 30 Preferably, the conjugation agent is selected fromthe group

consisting of a sulfhydryl group specific conjugation agent, an am no

group specific conjugation agent, a carboxyl group specific conjugation

agent, a tyrosine specific conjugation 4 agent, an arginine specific

conj ugation agent, a histidine specific conjugation agent, a nethi ?nl ned

speci fic conjugalion agent, tryptophan specjfic conjugation agent, and a

sgri ne speci f?ﬂ,",gﬁf’%‘g{‘? W&@éﬁ%ﬁlﬁﬂ@nﬁﬂe?%?&}s?ﬂmﬁwwgﬁl@ﬂgom ugat i on
nt may be inedihi ; -

NPl ei m o deruat [ vae S s erlgReh AR08 nThbRRL e Bh LRy

N-mal ei m de derivatives_ and disul f1de reagent

restricted to®2eBt apd  pgrisisispeqific gnrﬁmggﬁe%mhaf:i g) , 4i, 4' I dh;t gi F?: Sg_ri _(il_ihge,
nmet hyl -3-nitro-2- é&'ﬂ: ' . hyl - 2- pyr :

am ng group speci P?’I(E:é gonf%gﬁo%%gﬁc& ln@?%%ae/n %_ggf_]{e)%%gé/ﬁ%mdt#’én% group
e Syl B e P Orkediato vl at i ng
a- hal oacet . C 0 S, . ary. . 1d K S,

agents inc Iy u d'lnﬁ@gmgggé}{q nﬂbr[es%ggea F‘f’ﬁt ‘?@P&*é‘s‘ﬁ'ﬁﬁ?&ﬁﬁéﬁi lﬂi"i"naog ?/ an 21(:: )e/ I

i m doesters, dithiGdipyrivhne, sie@si13Ld7rsly EdisulRdd!! . " '
chloride, and,sulfonyl chloride. 1&31?%2 carboxyl group gggc%f I C

conj ugati on a%‘é‘ﬂﬁd%aybe selected fromthe group consisting of

car bodi i m des and eTe>d . | £ i QP reagents-;including, but

not restricted to,ﬂ%ir azoggreotqg?g&gg{éeor iﬂggﬁ%?%%cggglggggiﬂﬁ%%@mﬂ% tyrosine

speci fi d0con; grgap camsistiog of alkylytirpeags s eadi@ding, baphelrat Rt d48) o Felohdedil Ves

I ncluding, but not Limted to, benzidine and-bis-diazotized 3,3 20

di met hyl benzi W.‘mé‘sn aryh hajidgs.aldebyylesiapd ketongs; @ghqoy&aﬁnagmngs i:ldydilnlg, sel Iect ed
i ; Syl uglj rj.cte o, glypxal,

phenyl gl yoxal oo BRI ele biifhsy ke BRI ACL ™ ' The b ot di ne

speci fic conj h)@m?mﬂucdgaﬁdyliestes@Fniablb};cn;b&smiaegil dhiaridel fel @wifonyd 25

consi sting' Oéhl(%uéyl ating agents including, but not restricted to,

a- hal oacet yl )

15 The carboxyl group specific conjugation-agent may be selected from the

gfoup consisting of carbodiimides and earboxyl group esterification reagents
including, but not restricted to; diazoacetate esters and diazoacetarhides.
The tyrosine specific conjugation agent may be selected from diazonium
derivatives including, but not limited to, benzidine and bis-diazotized 3,3-
20 dimethyibenzidine.
The arginine specific conjugation agent may be selected from 1,2-
dicarbonyl reagents including, but not restricted to, glyoxal, phenylglyoxal, 2-3-
butanedione and 1,2-cyclohexanedione. -
‘The histidine specific conjugation agent is suitably selected from the group
25 consisting of alkylating agents including, but not restricted to, a-haloacetyl |
compounds, aryl halides, aldehydes and ketones, and acylating agents including,
but not restricted to, diethylpyrocarbonate, ethoxyformic anhydride, isocyanate,
isothiocyanate, imidoesters, N-hydroyxlsuccinimidyl ester, p-nitrophenyl ester,
acyl chloride, and sulfony! chloride.
30 - The methionine specific conjugation agent may be selected from the group
consisting of alkylating agents including, but not restricted to, a-haloacetyl
-compounds, aryl halides, aldehydes and ketones.
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conmpounds, aryl halides, aldehydes and ketones, and acyl ati ng agents

I ncluding, but not restricted to, diethylpyrocarbonate, ethoxyformc
anhydri de, isocyanate, isothiocyanate, imdoesters, N

hydr oyxl succi nirni dyl ester, p-nitrophenyl ester, acyl chloride, and

sul fonyl chloride. 30 The nethi oni ne specific conjugati on agent may be
selected fromthe _group consisting of alkylating agents including, but not
restricted to, a.: anmgehaﬂspe@ﬁﬁﬁ@mmpnagw-wﬁweégw%ﬁemW@g@uahd

ketones. 5 T ypt | ' [ - | ected from

the oroup.  SORHE AR RRE S tter SRR s AN OB B B D Y

brom de and pitrophérydsubfenyl chldridenyl chl oride. The serine specific

conj ugati on agent y "be sel.ected fromthe group 5 copsisfing of

di i sopropyl f 1 uor oaﬂggmsee%ﬁe%vwgw%ﬁmay £selestebTomihe 8MAg,  but not

restrictged t Qo i i sk may be an
£0 1@ g%gpilﬁpg%ﬂgiﬁﬁbuéﬁaﬁﬁa{%ﬁ AR 1suliBRy RROABES ihéldding, My y

nat ural- or non-nat tr tis preferably a biologically active
| i gand i ncl ubinmot géstriictestiie, phamybnethyd-snenydfinaride. occurring or synt hesi zed

drug candi dat e corpounds.,.10.ln_anaqt her ect he, & NV jQn provides a

modi fi ed |igand p&glﬁaggﬂtI.Eﬁ?n_dmé’%ﬁ_%g%ggﬁgﬁﬁoﬁﬁa@%@ggﬁigbove. In yet

anot her aspepieféerhblyhbisloyieally aviive ligaridinclasipe ofiadon dugiaid nameallyl gand

\kllwe:w ng tge_ g%g(.:eral formuyl a; . @ill?}g A El)tqé(?m@,ggqerel n {_hl s'a’ p?rentfl i gand;
erein A-isO8EBRE AR i H-ve wi a noiety. of a

target jqeceptor th?aﬂmhé}?sﬁéaﬁ.ﬂ%h%iﬁiohg ; sla‘n'mﬁﬁ&ﬂfé?m&gfl{t/ip@e al ent bond

Is formabl e between sai'd ‘conjugation agent and_.sal d noi and RL is an
optional spadsrpratiss broadlyfdesaibest abewepr i ses a non- hydrol ysabl e 20 radi cal

sel ected from t he gt gup FOnSl Shi B Shveabis) ! mel b AALIY bnabF QLY
having the general formula: : -
L—Ry—A @

15 ... wherein L is a parent ligand;

“wherein A is a conjugation agent that is reactive with a moiety of a target
receptor to which the parent ligand binds such that a covalent bond is formable
between said conjugation agent and said moiety; and

R, is an optional spacer which preferably comprises a non-hydrolysable
20 radical selected from the group consisting of alkyl, heteroalkyl, cycloalkyi,
heterocycloalkyl, oxoalkyl, heterooxoalkyl, alkenyl, hetero alkenyl, aralkyl,
hetero aralkyl, aryl and heteroaryl radicals. . '
In a preferred embodiment, the modified ligand is interactive with es
nucleoside transporter and/or nucleoside/nucleotide/nucleobase-sensitive proteins,
25 wherein said modified ligand has a general formula selected from the group '

consisting of:



het erocycl oal kyl , oxoal kyl, heterooxoal kyl, al kenyl, hetero al kenyl,

aral kyl, hetero aral kyl, aryl and heteroaryl radicals. In a preferred
enbodi ment, the nodified ligand is interactive with es nucl eoside
transporter and/or nucl eosi de/ nucl eoti de/ nucl eobase-sensitive proteins, 25
wherein said nodified |igand has a general fornula selected fromthe group
consisting of: 6 5 Rz 10 15 Suitably, the nodified |igand inhibits said es
nucl eosi de transporter andqor nucl eosi de/ nucl eot i de/anucl eobase-sensitive
proteins and has a general gformula selected fromthe |group consisting o
(1V) 20 wherein Ais N—nﬂrélnlde 2- pyridyl dithio, Qp*halogen Xis NH S,
or O; Yis H halogen, NH2, or 0; Zis H halogen,jfor CH3; R is spacer
arm conprising a non- abl e radical prefera unger physi ol ogi cal

conditions; R2 is H, f3- ri bose, [i-D 2-deoxyriM0osejor\their 5 -nono-,
5" di-, and 5' tri-gﬂi&gha e. wherein R4 is 4-[|\|—rreth|](§m‘o%exane '
carboxyl ate, N-[m bénzo te] 4- [ p-phenyl ] butyg \,\N vbutyrate], X

+c-acetate], or N-[c-caproylate]; 7 (V) 5 wherein R4 is|
4- [N—nethyl]cyclohexane %arboxylate N-[ m benzoate], 4- Rp-phenyljbutyrate,
N-[y-butyrate], N-[a-acetate], or N-[s-caproylate]; HN HOO OH OH

@ uty
10 ) ) _ _
wherein A is N-maleimide, 2-pyridylditi;io, or haiégen; X isNH, S, or O;
Y is H, halogen, NH,, or O; Z is H, halogen, or CHs; R; is Spacer arm comprising
a non-hydrolysable radical preferably under physiological condmons RyisH, B-
D—nbose B-D~2-deoxynbose or their 5’-mono-, 5’ di-, and 5 i -phosphate _
15 Smtably, the modified ligand mhlblts said es nucleosnde transporter and/or
.. nucleoside/nucleotide/nucleobase-sensitive proteins and has a general formula -

selected from the group consisting of:

(V)

20
wherein Ry is 4-[N-methyljcyclohexane carboxylate, N-[m-benzoate], 4-
[p-phenyl]butyrate, N-[y-butyrate], N-[a-acetate], or N-[e-caproylate];



10 wherein R5 is 4-carbonyl -a-nethyl -a-tol uene, 6-[a-nethyl-a-tul oam do
hexanoate, N-[3-propionate], or 6-[3'-propioam do] hexanoate; and 8 N OH OH
wherein R5 is 4-carbonyl -a-nethyl -a-tol uene, 6-[a-nethyl-a-tul oam do] -
hexanoate, N -P-propionate], or 6-[3 -propivam do] hexanoate. S |In anot her
enbodi ment nodified ligands that bind to seratonin receptors can be used.
I n anot her aspect, the i ntion resides in a conposition conprising the
modi fied |igand as broadl y degcri bed above, together with a
pharmaceutically acce rier. 10 In a further aspect of the
invention, there is prvid a méthod of treatnent or prophylaxis of a
condition associated with altarget receptor, said nethod conprising
adm nistering to a patieng,mm need of such treatnment a therapeutically
effective dosage. of theHonposition as broadly described abovegyyAccordi ng
to another aspect of the}invention, there is provided a method 15 . of
detecting the presence amget receptor in a test- sanple, conprising:
contacting said sanpl mﬁtg a mydified ligand as broadly described above,
wherein said. nodified,Jigahd. Binds said target receptor, and detecting
the presence of a conp comdrising said nodified |igand and
said-receptor in said contactefl sanple. . 20 In another aspect of the
i nvention, there i¥provided -f nmethod of quantifying the presence of a
target receptor in a @est sanpje, conprising: contacting said sanple with
a nodified ligand as scri bed above, -9 wnerein said nodified
| i gand binds said tar or, neasuring-the. concentration of a
conpl ex conpri sing saﬂqmpodioh%d | igand and said receptor in

wherein Ry is 4-[N-methyl]cyclohexane carboxylate, N-[m-benzoate], 4-
" [p-phenyl]butyrate, N-[y-butyrate], N-[a-acetate], or N—[s—caproirlatej;

5
s ® \‘
rm/)L J ~
Vh
wherein Rs is 4-carbonyl—a—methyl-tx-iolucne; 6-[&-methyl—a-mloamido]- :
hexanoate, N-{3-propionatel, or 6-[3’-propioamido]hexanoate; and
10



said contacted sanple; and relating said neasured conplex concentration to
the concentration of said receptor in said sanple. 5 In yet another aspect,
the invention provides a nmethod of detecting the presence of a target
receptor on a cell or cell nenbrane, conprising: contacting a sanple
containing said cell or cell menbrane with a nodified |igand as broadly
descri bed above, wherein said ngpdified |igand binds said target receptor,;
and detecting the presence gF a conprising said nodified |igand
and said cell- 10 or cell neni;ane- contacted sanpl e. In another
aspect of the invention, the [ d-a nethod of quantifying the
presence of a'target rec on a c or cell nenbrane, - conprising:
contacting a sanple contaijning said cell .or cell nmenbrane with a nodified
| i gand as broadly descri aboye, wherein said nodified Iigand binds 15
said target receptor; ng‘ige-concentration of a conplex. conprising

said nodified:ligand : cell or cell nenbrane in said contacted
sanple; and relating sa¥ ed conpl ex concentration to the
concentration of -said rec@ptor Jpresent on said cell or cell:-nmenbrane. In
anot her aspect, thqﬂ nvention ejXtends. to a probe that covalently binds.to
20 a target receptor,~said prob¢ conprising a nodified ligand as broadly
descri bed above having|a reparter nol ecul.e.associated therewith. In one
enbodi nent, the probe m@s the nodified ligand that is interactive
W th es nucl eosi de transpewmesf and/or. - =~ - = C

nucl eosi de/ nucl eot i de/ nug BHE-sensitive proteins,, as broadly descri bed
above. 25 In this respect:, the cell is preferably an aninmal cell, nore
preferably a manmalian cell, and nore preferably a human cell.

Al ternatively, the yagidin Rghé Déarbéh ph@rﬂ&ﬂlfﬁ&JtOIQEm? g%ﬁﬁ&ﬂilﬁ&-gﬁg%flgg?ﬂiea|

m crobi al cell includes, t is not restricte a ce
viral or fungdiexenoatsi N-[3Pepionatednoribel3 -propioamridoipassas. t he use of the

! L5 Al ol e
correspondi ng chabgesedr eceptors. 10. e
_ In another aspect, the invention resides in a composition comprising the
modified ligand as broadly described above, together with a phannacehtically
acceptable carrier. L ‘
10 In a further aspect of the invention, there is provided a method of
treatment or prophylaxis of a condition associated with a target receptor, said
method comprising administering to a patient in need of such treatment a
therapeutically effective dosage of th; c_é_mpgsitioq asﬂl')roadly described above.
. According to another aspect of the invention, there is provided a method
15 o_f dcteqting the presence of a target receptor in a test sample, comprising:
o _contacﬁﬁg said sample with a modified ligand as broadly described abave,
wherein said modified ligand binds said target receptor; and detecting the
presence of a complex comprising said modified ligand and said-re_cepfor in said
contacted sample. | ,
200 Inanother aspect of the invention, there is provided a method of
quantifying the presence of a target receptor in a test sample, comprising;

contacting said sample with a modified ligand as broadly described above,



I n one enbodi nent; there is provided process for nodifying a parent

| i gand, conprising attaching to said parent |igand a conjugation agent that
is reactive with a noiety of a target receptor to which said parent |igand
bi nds, wherein when said parent ligand binds to the receptor a coval ent
bond is fornmed 5 betmeen said conjugation agent and said noiety. In one
preferred e tion e | ositioned on the |I|igand at
a position tha prom) %ﬁ3}@9§@PW§%§V5?%R LEBRE T Het i on with the
noi ety of the:oh@ng‘ﬁomﬁ‘aﬁthqﬂex dompiisiighsaid modified higshdanl esld t@eptor the

receptor to |cht and bi nds |s an actjive site associated with a
bi ol ogi cal %W’L‘? ﬁ@“ & sndaelating said mepgyedsemplercongentation tathe ace
receptor. Ebfechirietin 6F s8id kO td?‘iﬁ'k&ggegn ki gand to the receptor in one
enbodi ment is associated with altered activity of the target receptor: In
anot her dreferred Irem@apthgmspeqth@e paveataon proyiasia siathod of detectinpdhic ar e

naturally oc el enbo e nodified ligand is not a 15
crossl i nki ng(bgégéﬂnc{a%f %3?#13 Or SRS ﬂr?éﬁ? mfzﬁlgmﬁﬁ’cﬁom POSINE; WIS Ri onal | y
does not corswnp!seontamhtgtsa:d@mirlcmme&ﬁﬂhaﬁ%dﬁe@hgﬁrid@%adl y N anot her
enbodi nent, the g%glfled | i gand, do not-conprise a la | n arot her

enbodi nent , %liﬁvﬁ*‘”]l‘ eq ligand bings seid targetpencptoryand| ei ¢ aci d,

such as RNAdetectﬂgﬁh Pfés‘%%hgbﬁgmgbﬁgﬂﬁrﬂ%%@g‘%gﬁe”%%%ﬁw t.does not

bind to,a 20 rmletyo a nucleic to a residue of
an ami n]d) aci @rcehmemh@neubmrlmmaedmb is pr OVI ded process for nodifying

a parent |igand, 1.si.n achi said nt a conj ugation
agent that is regg T aRe t%lth%fnéff 6’? TRISP f d’éeﬁii“gfr}ido whi ch said
parent | i ganduditifiing thewesertdofshergebrbebtdiedd delll dr dalehehibis, t 0 the receptor
a covalent bond i.s forned. 25 between said conjugation agent and said

noi ety, and WHBPRYPE: fﬂ%taﬁgwe%ﬁm%%ﬁmamlsgﬁaé °§Ib@'iﬁe!l|w¢f911w7cﬂhaa nucl eosi de
transporter. nodifRBpARA 2EHBRMY ABRibed RRFE, W raﬁgé{ih‘i’ﬁo‘&l 5@5

nodi fyi ng a parent i gand, conprising attac Ing to sal II’lgand a
sul f hyd¥yl gﬁ@@bﬁfgﬁié%qepﬁoﬁ measying thg sonesntratipsrf atchoplex somprsing mﬂdwl th a
sul f hydryl f 30 Whi.ch ent | i gand
bi nds, WI"IeI‘eIEI% egr%lgglé&%( paren?lcq%f%grr{l&mo 3@?%89%“%(&3&1’

relating said measured complex concentration to the concentration of said receptor

present on said cell or cell membrane.
In another aspect, the invention extends to a probe that covalently binds to
20 a target receptor, said probe comprising a modified ligand as broadly described
- above havmg a reporter molecule associated therewith. '
In one embodiment, the probe comprises the modlﬁcd hgand that is
interactive with es nucleoside transporter and/or o
nucleoside/nucleotide/nucleobase-sensitive proteins, as broadly described above.
25 ' In this respect, the cell is preferably an animal cell, more preferably a
mammalian cell, and more preferably a hiiman cell. Alternatively, the cell may be
a plant cell or a microbial cell. The microbial cell inchides, but is not restricted
to, a cell of bacterial, viral or fungal origin. |
The invention also encompasses the use of the modified ligand and probe
30 as broadly described above inter alia in the study, treatment and prevention of |

conditions associated with their corresponding target receptors.’

10



receptor a covalent bond is forned between said conjugati on agent and said
11 sull hydryl group, and A iherein the parent |igand binds specifically
with a serotonin receptor. In one enbodintent, there is provided a
nodified |ligand having the general forrmula: 5 Lr-RI-A (1) wherein L is a
parent |igand that binds specifically with a target receptor conpnsing a

nucl eosi de-transporter, VVE%Eiei n Ais a conjugation agent -that is reactive
with a no~ety of t HB oD gmbediment therejs prayidedipRicessfor madifying hipgmmd bi nds,
such that wherligaad, dnipais@b attadh@dNg sdifl phl t cept or a coval ent bond
is formed between sail:‘%ﬁc%%j ugat i-on agg%eﬂﬁzﬁ?%asaal %uér%log't PRUR i s an
optional spacdfactive withameietyafiodazetaeeeptor ewhich saif parehtighnd bindj f i ed | i gand

havi ng t he N I erein L is a p'arent |ligand that
bi ndsgspeci figca ?‘ﬂ%ﬁ%@%ﬁ%‘ﬁ%@%ﬁ%m%@@s@eﬁ fpvalen is f?rmeq!g a

conj ugat i dn adehreenisaitt conjugativntagust anit bdid mosds.f hydryl group of said target
receptor to which the EE)arient | i gand bi nds, such that when said parent
ligand binds to thé?PRcRS{eTeds cghtheisoniweationagemdsi positioned on twi d

conj ugat i on 2Qigageataasdition itcht prinidivh h eptor;.and R is
an optional spagc_er., Tlhe &cl gsure of wgrﬁérggftggﬁ{'%?ﬁpltfg?deﬁ)%mg‘ﬁ%‘f’%@ ons,
publ i cati ons &MUty SfBleitamgetregnpiosnin asgicr pefirredentbelimene dhd @cdpesrah N-

i . .in theitr eptitety. 25 BRI EF
PECOR PO on et e Bt dnadiELERERE Sl Bsdifed wiR b Widlodiinl Botivibe e od
enbodi mel s, irecepios sy fdvesamaple fa ccll&f)ﬂﬁ&ﬁ@éeﬁt&.oﬁ@ﬁnﬁﬂk|o?me’}%%#ﬁ£f"’i ngs in

whi ch: Fi gureﬁl s tO\%ﬁ. t he NEM inhipition of equilibrative uridi ne
transport in g 0 the receptor 1n one embodiment is associated with altered activity of the -

‘ target receptor.
In another preferred embodiment, the parent ligand and/or receptor are
naturally occurring. In another embodiment, the modified ligand isnota
15 crosslinking agent. In another embodiment, the modified ligand optionally does -
not comprise a photo-reactive group such as a photolabel. In ahéthér :
. embodiment, the modified ligand does not comprise a label. In another
embodiment, the receptor to which the ligand binds is not a nucleic acid, such as
- RNA or DNA. In another embodiment, the conjugation agent does not bind to 2
20 moiety of a nucleic acid, and optionally binds to a residue of an amino acid.

In one embodiment, there is provided process for modifying a parenf
ligand, comprising attaching to said parent ligand a conjugation agent that is
reactive with a moiety of a target receptor to which said parent ligand binds,
wherein when said parent ligand binds to the receptor a covalent bond is formed

25 l?etwq:en' said conjugation agent and said moiety, and wherein the parent liganci '
binds specifically with a nucleoside transporter.

In another embodiment, there is provided a process for modifying a parent
ligand, comprising attaching to said parent ligand a sulfhydryl group specific

.conjugation agent that is reactive with a sulthydryl group of a target receptor to
30 which said parent ligand binds, wherein when said parent ligand binds to the

_receptor a covalent bond is formed between said conjugation agent and said

11



murine nyel oma SP2/0-Agl 4 cells. 30 Figure 2 shows the effects of NEM on
the kinetics of 3 HNBWR equilibriumbinding in nurine nyel oma SP2/0-Ag 14
cells. Figure 3 shows the general reaction schene for synthesis of CrMCC 12
Figure 4 shows the rate of O MCC formation. Figure 5 shows the |ight

absor bance profile of O MCC and NBMPR.  Figure 6 shows, the inhibition of
3H NBMPR bi nding by CrMCC, cytidine and SMCC in human HL-60 pronyel ocytic
| eukeni a pl ashdhydsyligrenpe snd Shéteipthe parestligesd bines epdcifial lp fwithrd\ie®tomint he

ki netics of o R binding to human HL-60 pronyel ocytic | eukem a plasma
menbranes. Figure 8 shows the effects of CrMCC, cytidine and SMCC on growth
of HL-60 cells. M onyanbbdihemstheeds providedaunedified ligitdBaMag thi gihend t 0
human HL- 60 tf1%l}ﬂr.onyel ocytic | eukem a plasma nenbranes. Figure 10 shows

t he di ssoci at'Pd&f 3H O MCC and 3H-cytidine fromthe binding sites of
human HLs 60 promyel ocytic |EUJS1Q€_A pl asma nmenbranes. )Fi gure 11 shows the
concentration dependence of 3H CrMCC binding to humag HL- 60 pronyel ocytic

| eukemni a pl asma navhisreimb ds a paeRtilipand thipbintospecifivally with attangkt ppééptor t he

di ssoci ati on ' fE its binding site in human HL- 60
pronyel ocyti égf"é’ﬁg%%g%‘fz sé%ar%we es. Figure 13 shows the inhibiti.on of
3H Cr MCC bi ndi ng twhefinrAls flborfgatioh @Edie itk ¥4 lefctiveiited molthypef e MeNbr anes.

Fi gure 14 shows the coval ent bi ndi n% of s,ulfhydrélé reactive 3H-cytidine 20
anal ogs to hU8H TRESPIS 1 WBIeh dhegearent igand Riads. such thatwhenasaid parent ligindgur e 15

shows tig UV maR&as hﬁ:}gtﬁgwf chbhgemoﬁ&&%ﬁﬁa: L saﬁfl,roﬂjf%%g% %%Qg of human

HL- 60 pronyel ocytic |'eukem a plasnma nenbrane- pr-oteins. shows t he
r adi oact i vi tyangd safl moietyfand Ry ds geoptiphalsspa@F. chr omat ogr aphy of human HL- 60

pronyel ocytic |eu lil? Qﬁo%é%le%%o %%EJ%KC%Q %-proﬁdcd a modified ligand having the

general formula:
L—Ri—A o
15 wherein L is a parent ligand that binds specifically with a target serotonin
receptor; - N |

wherein A is a conjugation agent that is reactive with a sulfhydryl group of
said target receptor to which the parent ligand binds, such that when said parent
ligand binds to the receptor a covalent bond is formed between said conjugation
20 agent and said sulfhydryl group of said receptor; and R, is an optional spacer.”
The disclosure of all patents, patent applications, publications and
published patent applications referred to herein are incorporated herein by

reference in their entirety.

25 | ‘, . BRIEF DESCRIPTION OF THE DRAWINGS

The invention, as exemplified by preferred embodiments, is described with

reference to the following drawings in which:
Figure 1 shows the NEM inhibition of equilibrative *H-uridine transport in
murine myeloma SP2/0-Agl4 cells. g
30 Figure 2 shows the effects of NEM on the kinetics of ’H-NBMPR
equilibrium binding in murine myeloma SP2/0-Ag14 cells.
Figure 3 shows the general reaction scheme for synthesis of C:fMCC.
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proteins. Figure 17 shows the coval ent binding of sulfhydryl group reactive
3H adenosi ne anal ogs to human HL-60 promnyel ocytic | eukem a pl asma
menbranes. Figure 18 shows the inhibition of 3H 5-HT binding to narine

brain 30 nenbranes by various 5-HT anal ogs. . Figure 19a shows the.chem cal
structure of LBT3001 (I -[2-(5-hydroxy- |

Hindol -3-yl)-ethyll-pyrroie-2 5-diagne)). 13 Figure 19b shows the reaction
scheme for synt hesié’g@%"ﬁ%‘i’gﬁ .mtel‘—’? Edf®ns t he chenmical structure

of LBT3002 (4-(2, 5-FHig@x shows tiepllf sbsBibah@ prafiklor ChhCE LpnupipRxy! -1 H
i ndol -3-yl)-ethyl]-butyramde). Figure 20b shows the reaction schene for
synt hesi s of LBT300¥2us 6shgwp theinhibition af “HE-HBNPR binding vyt GrMdCEY, cytRITR004

(3-(2, 5-di oxo- ' - red - 1- - - (5-hydroxyl -1 - :

H i ndol - 3-yI )-%lt Ey| F%%‘%‘?‘Sﬁ??‘n@o%’g’ﬁ%? gﬁ’riéﬁ‘féu qéﬂ%\g%’inll?éante%act i on scheme

for synth8sis of LBg@@J. shbwgtheefBaaf iEC bithe khrtitCa IENBMBRII € of

LBT3005 (4(2, 5-.dk.ox0-2,5- di hydro-pyrral -1 yl-nmethyl)-cycl ohexane

carboxyl i c aci “?‘Eg?%ﬁmﬂ}@%mﬁ%m l‘i_l'h'éfmamaswa)m@{i hgs- ani de) . Figure

22b shows the r eactFighre3ehORTtbeReay bl 0AILE, BfidB LA BMCELEYE Sy BesOVS the
ude a

structures of exenplary |ligands that can be-riodified to in
conj ugation: ag@atqﬂ cels.DETAI LED DESCRI PTION 1. Definitions Unl ess defined

ot herwi se, all techsy Lentifi By herein:. 20 e-the sane
meani ng as commonl ;ﬁgﬁgg@%ﬁﬁ%&t Og?gogﬁ&'?iﬁg’f}&gﬁ??ﬁmﬁ“@go art to
whi ch t hé0i nvearpinyelotgicdagemidpladmambmbayesret hods and materials sinmlar or
equi val ent to those..desqhri ped herein.can be used.in t.he practice or testing
of the present i n&éﬁ‘frfgh.,s W%S%ﬂpgﬁ’%?ﬁg&?c&wqwgﬁ'@ﬁ@%@m%ri bed.

For the pur possifding stR@fRUGHEAL-60ERYLIO ticIikeh?] O \ehbiiBs, ar e defi ned
bel ow Figure 11 shows the concentration dependence of *H-CrMCC binding to
human HL-60 promyelocytic leukemia plasma membranes.
15 Figure 12 shows the effect of pH on the dissociation of 3H—CrMCC from
its binding site in human HIL-60 promyelocytic leukemia plasma membranes.
Figure 13 shows the inhibition of >H-CrMCC binding to human HL-60
promyelocytic leukemia plasma membranes.
' Figure 14 shows the covalent binding of sulfhydryl reactive 3I—I—cytidim:
20 analogs to human HL-60 promyelocytic leukemia plasma membranes.

- Figure 15 shows the UV absorbance profile of reversed-phase
chromatography of human HL-60. promyelocytic leukeﬁﬂa plasma membrane
proteins. . o

- Figure 16 shows the radicactivity profile of reversed-phase

25 chromatography of human HL-60 promyelocytic leukemia plasma membrane . .
proteins. - |
Figure 17 shows the covalent binding of sulthydryl group reactive *H-
- adenosine ana]oés to human HL-60 promyelocytic leukemia plasma membranes.
Figure 18 shows the inhibition of *H-5-HT binding to murine brain
30 - membranes by various 5-HT analogs.
Figure 19a shows the chemical structure of LBT3001. (1-[2-(5-hydroxy-
1H—indol-S-yl)—ethyI]-pyrrol_e-Z,Sedione)).
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25 The articles "a" and "an" are used herein to refer to one or to nore
than one (i.e., to at |east one) of the granmmatical object of the article.
By way of exanple, "an el enent” neans one el enent or nore than one

el ement. By "attached"” is nmeant direct or indirect attachnment of a
conjugation agent to a Iigand in such a manner as to resist separation of

t he conjugation ent romthe.li nder ..nar ol ogi cal
condi tions. Acco?%%lly s{n%»gsﬁgﬁﬁcu%q%%gwg %%é?hgﬁg?‘@ i ncl udes within
its scope one norEghn@0a siviihe chdvids1agatmRosriBTI0ND (442, 5\Watss2,60r ces,

conbi nations _thereof 14 that form bet ween the conj ugati on

I b
;g\éﬁt eg;d '? Egiivgfem%ﬂ ywﬁéﬁ—hﬁwﬁﬁkh%@ﬁ?w{hﬁﬁa@kbu conj ugat i on
agent and the [i g?iggre fOB%H@\% ﬂ:‘é‘?%%uoﬁk{ﬁl@mte?@:tdfyﬁﬂﬁﬁﬁ 8F LB'T3 @i t he

conj ugation agent_tromthe ligand is resiste nor ma physi ol ogi cal
conditidns. 5 ThngMasluctwsclsp‘e@il SmueoﬁLBﬂ"ﬁD%GS-@l;ﬁ?dmm?eSet requires

Under ot oot ¢ BV ORI P IS aront P TP RFE R Bl ERRBloohRBlor or oup of

steps or el enent SFllguﬁemakhéweemhwmen@ffoﬂwﬂﬁﬁbafLBtIBoo:nr el ement or
group of steps or_el enents. ‘conj ugati on q&?nt s neanf a noiety of a

nodi fied |igand tﬁswq?@ashm g €hgopigal Frupture Og(4-42.Pubieorde- t hat :
bi nd d wher ei
o Coval ent boydo ARl el GR1dBEne confﬁﬁz%’? ke Y A

moi ety.10 n ‘t._indsl -3ghreglnyd]-amide).he conj ugat ion agent may be sufficient either
on its own or he nce,, of a i1l Qn gent to
facilitate coval e&‘g“?% Iﬁ "&S%ﬂﬁ"?c ?l'és 8’5‘83?%?“@8?‘J§P€Eh¥2@§ . ancillary
coupl i ng agent -nayipared3 showy tHe-strictires of aterfiftsry liphnd¥ith@Ghah bamodificdgent  t hat
causes, formation of a covalent bond between the conjugation agent and said
recept or noi &t¥pclugga conjugatiopagent.s npant materi‘al that is substantially or
essentially free from conponents that normally acconpany it in its native
state. 20 As used herein, the term"ligand” refers to an agent-that binds,

interacts or otherw se associates with, a target receptor. The agent may
bind the target . :

DETAILED DESCRIPTION

1. Definitions _
Unless defined otherwise, all technical and scientific terms used herein
20 have the same meaning as commonly understood by those of ordinary skill in the-
art to which the invention belongs. Although any methods and materials similar
or equivalent to those described herein can be used in tl_lf pracﬁcc or testing of the
present invention, preferred methods and. materials are described. For the
. purposes of the present invention, the following terms are defined betow.
25 : The articles “a” and “an” are used herein to refer to one or to more than
one (ie., to at least one) of the grammatical object of the article. By way of
- example, “an element” means one element or more than one element.
‘By “attached” is meant direct or indirect attachment of a conjugation
agent to a ligand in such a manner as to resist separation of the conjugation agent
30 from the ligand under normal physiological conditions. Accordingly, the term =
“attached” as used herein includes within its scope one more ionic bonds,

hydrogen bonds, van der Waals forces, covalent bonds or combinations thereof
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receptor when the target receptor is inits native conformation, or when it
Is partially or totally unfol ded or denatured. According to the present
invention, a ligand is not limted to an agent that binds a recognized
functional region. of the 25 target receptor e_g. the hornone-binding site
of a receptor, and the like. In practicing the present invention, a |ligand

can al so be ent that binds-apny surface or internal sequences or
conf or mat | ong‘?"‘%%%f’ﬂg’em the genypgationiagend apd they liganpop betvatn g intéresninggand i s a

mol ecul e af f esphéen @ndihy SbsiueHionHoekt | ] i rug. The.ligand can
al so. be an ;i}%?genpus.l’iﬁ]ggﬂjd. 0 lé?ﬂ%&{kgbﬁ%g%g%lﬁsp«gh%as@%% a

sanpl e such &% NgEpugaBeRAgent fom teedigand ts wsivted usdergqioamalgdgsivlogicab. | sol at ed
from or deri%ﬁgﬁ{)ﬁé_)m a particular source 15 such as a suitable cell or

ti ssue source inclusive of human, animal, plant or mcrobial origin. The
term "pafient" as Thswwhbursis specification, uhlessithe QoBRI Bhuitdd offiriiie thEr-apy  oOr
prophylaxi s q% r3s c(_pndi 1ipn, associgted with a receptor is desi red using the
5 net hods of the | FTEATE on COMBUHELS e And | songirisings ewilhbpaunderstrrdttorimnply pat i ent

does not . i nythyinthsion 57 FBhRHEER'R RS oro fbﬁ/&&%io?glte&'glﬁl\é ,?ﬁlnforg fore

I nclude a m craobe, f)l ant or animal. Prefer he™p human
or- ot her mamf&flusipgio W%hﬁgep&nylem@dqmmmoﬂstepls@rdleﬂienxsd to exam ne or

treat using the - Of Lpvention.  .Suitable,. al s that fall

wi t hin thegs‘cope_ of t ﬁug%ff/_en‘%egﬁ 1?%‘8“8&@?015510%1@04}5?%&@;5 cted to, _
primatedd |i vesstivewithamuidty of @recgptor hAEKIAds £HMEnt 1PAREREm WIRAKRNS.  Pi 0S)

| abor at ory t%?otdit?'a' naléagéad%y rabbits, mce; rats, guinea pigs, hamsters),
- - conpani on’ ANgddizand was FQ,W%E?&&&C%&PD&&@d i3 dompable betwveealtke (e. g. |
foxes; deer, coﬁjh@ﬂi@ﬁ%ﬁent%yciihlafii@éegﬁfgﬁétﬁamﬂﬁs%% &h@ﬂ'tﬁ%g?%”i r" is meant a

solid or liquid filler, 15 diluéent or encapsul ating 'subStancethat nmay be

safely used ARt gRY bapuidicienteithenprits enmpninghe pteserce Hfien tesiltary

"phar maceut i ¢ghihdatRAS : ; used herein refers fo,_non-toxic
salts of the macks edgﬁ‘g"?ﬁ 104} balenP ol BiE VIR the Fepeonmeiee Toeal | y
prepar elf by eecillay eoupling agene endydmen whiymethatiataples, Fad ABiifatih ab&R" 9ani c
aci d. that causes, formation of a covalent bond between the conjugation agent and said - -

_receptor moiety.

By “isolated” is meant material that is substantially or essentially free
from components that normally accompany it in its native state,

20 - As used herein, the term “ligand” refers to an agent that binds, interacts or
otherwise associates with, a target receptor. The agent may bind the target
receptor when the target receptor is in its native conformation, or when it is
partially or totally unfolded or denatured. According to the present invention, 2
ligand is not limited to an agent that binds a recogniicd functional region of the

25 -larget receptor e.g. the hormone-binding site of a receptor, and the like. In

- practicing the present invention, a ligand can also be an agent that binds. any
surface or internal sequences or conformational domains of the target receptor.
Preferably, the ligand is a molecule affecting physiological function including a
drug. The ligand can also be an endogenous ligand.

30 By “obtained from” is meant that a sample such as, for example, an

extract comprising a receptor is isolated from, or derived from, a particular source
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20 Representative salts include the follow ng salts: acetate,

benzenesul fonate, benzoate, -bicarbonate, bisulfate, bitartrate, borate,
brom de, cal cium edetate, cansylate, carbonate, chloride, clavul anate,
citrate, dihydrochloride, edetate, -edisylate, estolate, esylate,
fumarate, gluceptate, gluconate, glutamate, ,glycollylarsanil at e,

bexyl resorci nate, hy. ba ne, hydrobto drochlorid
hydr oxynapt h%‘ﬁ%‘@?af’%‘%ﬂ’ e %Hﬁﬂ‘*&ﬂa&c&m lgé‘fceﬁfgﬁnﬁaﬁc"l”b‘ﬂiﬂo é‘f"eo | aur at e,
mal ate, el gadrebialGipalel at e, nesyl ate, nethyl bromi de, nethylffltrate,

met hyl sul fate, nucate, napsylate nitrate, ol eate, oxal ate, panmote,
pal mtate, pant hoﬁf‘e‘ﬁﬁ?epaﬂeﬁ Pspeed WE%WE%EOTMSWQIW &Ry e,

salicyl ate, @q*” t e, .teocl ate,
tosylate, tri xteﬁﬁ?% F‘g{rtg)Elgssogg! ﬁ?ger?%eﬁtrggiéz&%)rdﬂgfn? used herein
refers to a siethods offthe nweimui: Hywevergiiivall bk enderstoad that‘t‘,minem”dbes.rmitecul es
that is specifi,c e or nore nds where bi ndj ng, interaction or
ot herwi se as B Y&P?W@Pmﬁﬁ’&nf?ﬁaﬁ ﬁgpﬂﬁﬂt %erpggggphﬁg Ect s,
changes or nglahi driagfinad. PrRGHBIONthE batidh®is o RS @lothel RRANTAA AR Richides
preferably, but not excl u5|vely, a protein. Representative receptors

i ncl ude, but agy iadiyidual it jsfesisad tp@xalamelongeaﬁlﬁmgégemc&o ds efihe énvemtionyr owt h
Fact o 2P S@iabie hadR bl Wi Gk Shopg GERE YvinuBl fRHAE! S Bl Cho! T ne
receptors, serotonin recep ors a- renoceptors; opam ne

recept dids, hr@trmtadne,prmt Bvestock mashaAn g, sheqepbm‘ Smrscadbnms,ne receptors,

cyclic nucI eot i re tors t ama rece tors cyt okipe receptors,
atrial nat urBEfk EB@’B?Q“ZES?%’&@%#K% "’ﬁf APHER PAPEEEht ors. The
receptor canchfgdnithtnihaAs 08! ¢4, dosdahd é@tﬁb%ﬁﬂsﬁmﬁg{ég fokbd deer,

transporters,  sodi um proton exchangers chl ori de- bi car'bonat é exchangers,
sodi um purrpsdmmesbal ci um punps, proton punps; channels such as-sodi um

channel s, . potass nel s;
oot such oe By TR RRATIcan GBI EPARSk Bl 5l oLy AR

i soner ddes, dikeknt ommwulanhpmmnce thiat may be kefely mde&imttmchlbhaﬂstdnﬁe recept or
need not be a g{o&%ﬁn and may include, for exanple, a nucleic acid in

whi ch-t he anf ?‘f ‘Blfound on adeni ne, 15 guani ne and cytosi ne may be

targeted by a c0nrhtgefmGph@gee&u:mapb&heﬁ@bk@aweas WBEERéfetefe ther nat i vel y,

the receptor nmay be car bohydrate ( .,. am no-
P non-foxic salts of the mo)c/ilﬁed hgands o%thls invention, which are generally

prepared by reacting the free base with 2 suitable organic or inorganic acid.

20 . Representative salts include the following salts: acetate, benzenesulfonate,
benzoate, bicarbonate, bisulfate, bitarirate, borate, bromide, calcium edetate,
camsylate, carbonate, chloride, clavulanate, citrate, dihydrochloride, edetate,

-+ edisylate, estolate, esylate, fiumarate, gluceptate, gluconate, glutamate,
- ..glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride,

25 ‘hydroxynapthoate, iodide, isothionate, lactate, lactobionate, laurate, malate, '
maleate, mandeiate, mesylate, methylbromide, methylnitrate, methylsulfate,

- mucate, napsylate, nitrate, oleate, oxalate, pamaote, paimitate, panthothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate,
succinate, tannate, tartrate, teoclate, tosylate, triethiodide, valerate.

30 The term “receptor” as used herein refers to a structure including a
molecule or a cluster of molecules that is specific for one or more ligands wherein

binding, interaction or otherwise association of the ligand(s) with the receptor
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cont ai ni ng car bohydrates. such as am nophenyl glycosides) or a lipid (e.g_,
present on the phosphate head groups of sone phospholipids) having one or
nore carboxyl groups, and/or one. or mor e am no groups that may be
targeted by a 20 conjugation agent. . By "reporter nolecule " as used in
the present specification is nmeant a nolecule that, by its chem cal

nat ure, -provlqlf'ec?S | | Vel dentidfiabl e si that al] ows the
det ecti on of g co eﬁan%g%{))%%jrl]?%sn%fug Py r%}(ﬂe ISHEPLoT: %EB%B‘PE'SH’ Bber- . .

term "reportebutrmt exaliksivelg lapooteint M&s&ﬂaﬁt&&e@&ﬁdﬁ@hﬁ:luﬁﬂ,ﬁi&hﬁeﬁﬂ' on or 25

I nhibition ofwg t| natl n such as, red bl ood cells on |atex beads, and the
like. The te [rSeRion epidemnal grasyth factoraenpptons, yamisolugyrisl e t hat
may contai n gid gl Brsrﬁg@ﬁ};‘ vent i The,sanpl e may
be extrgct ed, unt rglgat ed, trgét%ﬁeﬂ%ﬁkg%géﬁ’gf’ Qe?%{r?glgﬁfce ?oéﬁ"ffm&‘?rﬁany

sui tabl e sour%f@elmeptoi’saslommwenem Instameee@ptdrs peosthneid re@iptorflENDr anes.

The. sanple lls denat ur ed ceIIs cellular.

menbr anes or n%%?‘?ﬁ%o{?képe% cy\ﬁﬁ E'M c\?é?%?ptorse ﬁ@‘ CRieE @éeking n an

i solated r ecapc@torsﬁmﬂahweudﬂt@nméﬁoﬂ%dwgﬁgaﬂtﬁn (IR tﬁ rOBkai ned from
a tissue bi ops%(ﬁP Al tern "‘3‘&1 vely; the sanple may conprise cel or cell
lines, which TstPion$aR includerarisportars gyohias gl Wﬁ@,mﬂcdpmmpbrtas used herein
refers to a cdaiingplotdd R t he |kethat spatially
separ at 36 t he COI’IJ ugatléo}&r?ﬁéangec%? mrgg%%)cmp’%gﬁxcf ISP?%CL % the spacer

i s sel edPed sEdlgiumpamps.proton pumps; qhameﬁmbmddhmh blemhels,cbmsﬁﬁ] ‘t he

nodified lig LGS "t hera tlcaIIy effective anount”, in
t he cont éxt gc?l%é]ﬁs,ic?gh ﬁg‘"g?aré‘iséi’g‘yffge %5@%’@?&?%%th a receptor is
meant the admmdm'edmtases,ﬂtrﬁ:isférhﬁb @mwes,tlﬁse@;d%ﬁkkﬁég ahdligRed Of such
treatnment, either in a, gle dose or as part of a séries; 10 that is

effective for {Teal dh?ﬂlﬁzﬁmtdﬁ@fméahmﬂm T§FEPtor Wéecbwt@etalpv@elarmdmayvm Il vary
dependi ng UPARcllll; {Behinleanthudliik 26T wARAG iffho %{'ouyf?uﬂd{' Vi.gual to be
i e

treated,  the taxonom c group i ndi v gn'II’S’r mul ati on
of the Eorrp&’??‘?‘%ﬁﬂ Gﬁ@s%@eﬁbmﬂ@i‘b}tm@nmgml(nahgeatidcaltdnrfg“to thend ot her

rel evant fact I e at t fall, in a relativel

broad range tlﬁgﬁ?lﬂgg.nhggﬁlaﬁwﬁ%e gcép@or may be acargoqudrate ée g, amino- y

containing carbohydrates such as aminophenyl glycosides) or a lipid (e.g., present

he

on the phosphate head groups of some phospholipids) having one or more
carboxyl groups, and/or one.or more amino groups that may be targeted by a
20 conjugation agent. . _

By “reporter molecule™ as used in the present specification is meant a
molecule that, by its chemical nature, provides an analytically identifiable signal
that allows the detection of a complex comprising a ligand and its cognate -
receptor. - The term “reporter molecule” also extends to use of cell agglutmation or

25 mhxbmon of agglutmat.lon such as red blood cells on latex beads, and the like.

The term “sample” as used herein refers to any suitable sample that may
contain a target receptor according to the invention. The sample may be
extracted, untreated, treated, diluted or concentrated from any suitable source and
may contain one or more cells and/or cell membranes. The sample may comprise

30 whole cells, denaturgd cells, cellular membranes or parts thereof. Altematively,

the sample may contain an isolated receptor. Suitably, the sample may comprise
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15 determ ned through routine trials. 2. Mdified |ligands The present

I nvention resides, at least in part, in the surprising discovery that a
conj ugation agent can be attached to a parent ligand to -forma nodified
ligand that binds irreversibly to a target receptor to which the parent

| i gand binds 20 reversibly. The irreversible binding of the nodified |igand
to the receptor is_ effected by formati on of a coval ent bond between the
conj ugat i on &eflsfbtained from aissepiqpsis Altemetivelighe syt oray oohiptise calls
preferably o ty 1.NQ..acid-side chain groups (sonetines
referred to Egﬁeéﬁ?\neg’?ﬁ?%%ibggﬂlaﬁh%&?dﬁg‘ % The covalent bond is forned by
associ ation of th¥hertednf‘spaket T gamdd hirein refees foaraiehhiéal lidker polyaegd by

nei ghboring re i ve functional, group attack hy the conjugation agent. This
i rreversi bl epﬂﬂﬁg,aa&ﬁeﬂﬁwé@t%aﬁbaqm ¢ gRImeeaton gemtdrone thedigend. resul ts
in eitheé pePrafaghly, the Bpdobdib Qélgc(té@iucﬁma@ﬂ}&ggﬂmﬁ&r@{e with ﬁé{ﬂdﬁgﬂg‘ for an

agoni st) of the receptor functions. Nornma unction or ac OF” t he
recept or r e therfped Ygaad tetheseogptoncept ors are synt hesi zed. 30 Parent

| i gands that can Rg« 1.5 ed . | i gands .t hat are.i.nteractiv with es
nucl eosi de t ranspggt erp&gne{gf%r@%%ﬁ%ggg?ﬂ%a’nd‘glﬂéeo 5‘3‘?%@\%@5‘&%@-‘9 sitive
protei ns. Tweorditiommssdciatedolitios reteptor, avapait tias flndhRirsticiost thitshdigsgd on
their 18 sensi ttiiVi tﬂy t& hnh'&bi tion by NBMPR (nitrobenzylthioinosine). See
Giffith et APatentingedprjuchirameat, citherin agingle dpsggr aspart afspseties, (1996) .

The grap of tiat BeERaNeThitreafEl oF INPodril FiRelcrollaR] BANE daff S, c0UI | 1 BrTUm
sensitive), and the group insensitive Is designated.el (equilibrium

i nsensi ti ve) dencpding spemibe draldvand physicikponditien off the prdividutd do blatatedve
di fferential ghi.nding. : .. el receptors.., unds .are provi ded t hat
bi nd sel ect i \t}glt?ggﬁ%“%@- ?@S/%rlé?lgﬁya]ttggg e?tgi’etb? g}g’g?au?ﬂé’fﬂ'if’p_r essi on
of . . es. r eceptanposit®npths atsessaleyt afthé RledicAlditudfidd) ahd StheRfeldvapdBabG, St ate  of
cells.. . .Agong the,pumerous reactjyve finctional am no acid side chains on
the es 10 nﬁg‘f %@g&%ﬁi‘ip@ﬁ%}“ﬂt&?ﬂﬁé’%?’eﬁ relativelyibreagdrapge thabepntbsr coval ent
attachrisnt , . dét€rmined through routine trials. : ' '

2. Modified ligands '

The present invention resides, at least in part, in the swrprising discovery
that a conjugation agent can be attached to a parent ligand to form a modified -
ligand that binds irreversibly to a target receptor to which the parent ligand binds

20 re;/ersibly. The irreversible binding of the modified Iigand to the rccéptor is
effected by foft’nation of a covalent bond between the conjugation agent and a
moiety present on the receptor, which is preferably one or more functional amino
acid side chain groups (sometimes referred to herein as “functional grdi:ps”). The
covalent bond is formed by association of the modified ligand with the receptor,

25 followed by neighboring reactive functional group attack by the conjug.ati.on- |
agent. This irreversible interaction of the modified ligand with the receptor
results in either permanent inhibition (for an antagonist) or stimulation (for an.

* agonist) of the receptor functions. Normal function or activity of the receptor
resumes only after new receptors are synthesized.

30 : Parent ligands that can be modified include ligands that are interactive |
with es nucleoside transporter and/or nucleoside/nucleotide/nucleobase-sensitive

proteins. Two forms of nucleoside transporters are classified based on their

18



sul f hydryl group of cysteine residue is probably the , nost.

phar macol ogi cal and biologically inportant. Early studies on the effect of
sul f hydryl reagents on nucl eoside transport in mamralian cells had shown
to cause a marked inhibition of uridine uptake in a variety of cultured
cells (Plagemann & Richey (1974), 15 Biochem Biophs. Acta, vol. 344, pp.

263-305; Pla 7 Si p. 49-72;
Pl agemann & %ﬁﬁﬂ%&‘l”%ﬁ%&yﬁ@ﬁa}( %ﬁ“ﬂﬂ%‘f‘x "’Fbaﬁ &"ﬁ%%F"PIM pp.
225- 230, Bel BidchH83 91@ ol B S1535%8T.- &

417-423; Bel t;;n%?);aphﬁt lwPhar rggpg}li ,5 (1993)”‘11; gﬂ"?g 484) 1aﬁc:)r\s/vg\leer

nost. of theSEIVE F—?rNgMRB @éemewr@awsbn%m‘teh@nd&e@romc| eosi de
upt ake and 2fcbist gﬁ@gﬁh efﬁﬁ‘ﬁhgﬁgﬁ ‘}‘%"Q“%e) @Uhé%lnﬁ&ﬁ ‘ferential in

sensitivity towar eagent s es and el trahsport systens.
Furt her for e, cqmmundmra Ipyrqucld th:ﬁé:gemdlﬁ'ewsmdl bnmhng tmesrﬂsyezuéceptogsanorrer curi al

conpounds, | re structure at
concentrat i \gﬁ %’ &fﬁg‘ge‘ﬁﬁ)ﬁﬂéa&?d@% i@%‘%}saag?%%ﬁ?p ory. .. vol.

232, pp. 681meabpresaﬁnuaww@t@kssapd§mvelyecdﬁewtédm%Icﬁﬂuﬁf@mbk@ﬁnds t hat
bind to serotonin (5 hydroxytryptam ne; or 5-HT) receptors 5-HT receptors

include a.di 9 Pty of receptor- subtypes. (Peroutka, SJ.; CNSDrugs, (1995),

UBL iy (SUPP! 1) A s Vi B RO BN 0B 77121

pp. 7064709) nuddside hausﬂﬁrt::epmwimrthatlnah baygsaddot duralsht mathnmtythef ami |y of

of ' the eff scrUuBRREErB L gt ad oSk P ol pemptlfeiemd “ons

psychiatric mgmﬁlﬁp&%demly sumiésttdi he eﬁk@wsmﬂ}yd@nxéagéﬁts 0119 depr eSSI on,
schi zophreni a, obsessi ve conpul sive dj sorder; psychosis, ression,

hostility, eRYGl¢R§idgitenTReEE magyunaliagicatishad shawn i eavseie mar eﬁ ibifiensi on, t he
mai nt enance Qfm’id'i'ﬁe@ﬁ&%h%&xé@lﬁf&ﬂ’h&d‘céﬂ@@éﬁe Sk B8, Z@Q p,cycl e, sexual

activi }Sf/ n})ul si ve behavior enperature si's, and jvascul ar and
mot or  5E3f uncBlosiim. Biapls Advvok 4 op. 260385 IRlagegoen eorls(1978)s JHGelle wi de

clinical tgn Li t hat Di t or. ave
ef fects by bp}r,#’d&cg L& §T’ppe§<b;r9r%l%’elag%m§"f' e%’é’%’fﬂgwgguf? gP‘ejﬁf Fatel ets,
gastroi nt est Fradsp. ,tifodC_M, PRAB251236; Belt (1983), Biochem. Biophys. Res. Commun., vol. -

110, pp. 417-423; Bglt (1983), Mol. Pharmacol., vol. 24, pp. 479-484). However

most of .th_e earlier studies were di_rqg,‘.ted toward the total nucleoside ﬁppake and

20 little attempt were madg to distinguish the differential in sensitivity towards
sulthydryl reagents by the es and el transport systems. - Furthermore, the
sulfhydryl reagents used were mainly of organomercurial compounds, which were
demonslrated to perturb plasma structure at concenttatlon as fow as 200 yM (Belt
& Nog! (1985), Biochem. J., vol. 232, pp.681-688).

AR Ligands also may be modified which are ligands that bind to serotonin (5-
hydroxytryptamine, or S-HT) receptors. 5-HT receptors include a diversity of
receptor subtypes (Peroutka, S.J., CNS Drugs, (] 995), vol. 4 (Suppl 1), pp. 18-28).

~ With the exception of the 5-HT; receptor, which is an ion channel (Derkash, V.
et.al., Nature, (1989), vol. 339, pp. 706-709), other 5-HT receptors belong to the

30 extensive family of seven transmembrane G protein-coupled receptors. The
clinical significance of the-effects of 5-HT is manifest for example, in

neurological, CNS, psychiatric and mood disorders, including migraine, anxiety,

16



brain (Erspaner, V., Ed " 5 Hydroxytryptam ne and Rel at ed

I ndol eal kl yl am nes' , Handbuch der Expernentell en Pharnmakol ogie, Vol. 19.

Springer-Verlag, Berlin, 10 . (1996), pp. 132-181). Thus, for exanple, the
ligand S HT may be nodified as disclosed herein. Qther |ligands that can be
nodi fied include 5-HT precursors and 5-HT receptor agonists and

ant agoni sts k; d e art. . Exanpl es incl]ude.thge precursor 5- |

hydr oxyt rypt o&p%gr%,sm%nsltcgﬁoa%?mﬁ’e%e%ﬁe Ye§oue H"’gl}ﬁ’ (2 2B gETYOm5- HT1A 15
agoni st s usedhaslity, eaingudidordss, pastivintdina\HPQHES HypYRsmsio WRBL ' pt an, a
selective 5 HII. reg&gﬁ&r agoni st, used for mgraine; 5-HT2-antagonists such

as net hyser gi gaunten Fkﬁcqﬁ‘@%m%?ﬁlﬁ?@'mm%@ﬁ@ﬁ@d t umour
syndr ome; 5 HichvitpoRGAR IRARHEH 1k RARSGhLT: atif bk AR WigeP! 00

pressure_in hypertensive patients, ant agoni &P used to
treat cyPost afpetiong RugsithabiargehtheG-Hidercpiretoshave wWideelbliey, C. M et.al .,

Psychophar mac il 199 ol,.. 107 M 1-10; Bol den-Watsaqn,. C., and

Ri chel son, E. éﬂpﬁ%ﬁg uécﬁl&n%%%ss%at(bfgg S-HY Jpeepioss caghave %"?\g@g‘?@@g’l{%, B. K,
J. G m Psychexatnple, tq th8 9adiovdsuldd Systdi, pldtdteds/ gastrSRiaiioi brActbadadheg | i gands
whi ch can be ,odifed include those devel oped for CNS disorders, such as
anxi ety, sucHPa@ (EERswer dzeid nedivdsexvgypiaminendRedated Indolealklylamives”,
buspi rone, geRiAMAER dérIPRHEORE XV bgpagents,
t hey possess advant ages Over béﬁ?ﬁ?&%@%@?&@%@gé‘u@@@ ve%c?g'E’Wg sedati on
and drdf - ded@Mtepmd3Ril8B).1 ities of bezodiazepines (Barrett, J.E, and
Vanover, KE., Psychopharmacol ogy, (1993), vol. 112, pp_ 1-12.). Qher

ser ot oni n Bi ndi ng Thusgianesnipie thelkgant ST teiydeopetifiddds dischaéd WiéinOf
depression, syeh as SSRI f.or 30.exanpl.e_f|luoxetine.. SSRIs have al so been
shown to hav Z‘H@F ¥ ﬁ@&%ﬁﬁﬁéﬁ’%‘ m?‘g@%f{(’ﬁ‘gﬁf]e BTA’EB]]BFW%S anfy>-HT receptor

obsessi ve- compohisis\ad dhia@erias EnAadin Y ald CERArdfles iREILML the pfechds6R4-1 Ng obesity,
pani c di sordei}rs premenst rual _syndrome, diabetic neuropathy, 20 chronic

pain, and cerVSFaxYEyBiaPhan, whichlias becnamedrasaniantidepressatitdeugs S-HEmher usef ul
ant i deph§ssanfooflikidqs | eglgg‘, - . I S§.S..at £ 5- HT2
receptors, .{Hr%gl ude %%cyc‘qﬁgﬁzﬁﬁgg%%&é%n lsggéﬁg%hggg’tr}ir%%gg‘&% and

nef azodone ( d3lueneceprorngonisknstdAncimigsaine; S-NI>-atitbgdriysis suck bs wpthasergide,i N
Psychi atry (é@@fldr%igmMe’prooﬁ%ﬁ)aexris andincarcinoi'd tumour syndrome; 5-HT-

antagonists such as ketaserin, used to lower the blood pressure in hypertensive

patients; and selective 5-HT;-antagonists used to treat cytostatic- and radiation-

20 induced emesis. (Beasley, C.M, ét.al, Psychopharmacology, (1992), vol. 107,
bp. 1-10; Bolden-Watson, C., and Richelson, E,, Life Sciences, (1993), vol. 52, pp.
1023-1029.; Koe, BK, J. Clin. PSychiahy, (1990), vol..51, pp. 13-17).

Serotonin binding ligands which ¢an be modifed include those developed
- for CNS disorders, such as anxiety, sﬁéh as bénzodiazepines, or 5-HT)» agonists,

25 :such as buspirone, gepirone, ipsapirone, and flesinoxan. As anxiolytic agents,-' '
they possess advantages over benzodiazepines because they Jack the sedation and
drug dependence liabilities of bezodiazepines (Barrett, J.E., and Vanover, KE
Psychopharmacology, (1 993), vol. 112, pp. 1-12.). Other serotonin binding
ligands include those developed for treatment of depression, such as SSRIs, for

30 example fluoxetine.,. SSRIs have also been shown to have efficacy in the
treatment of bulimia and obsessive-compulsive disorders and may be also uséﬁll

in treating obesity, panic disorders, premenstrual syndrome, diabetic neuropathy,

20



5 A, & Harnett, S. Eds.), Oxford University Press, New York, (1991)).

Li gands i nclude conpounds devel oped for the treatnent of schizopreni a,

i ncluding the antipsychotic agents clozapine, risperidone, and ol anzepi ne,
(Weil Mal herbe, H, Serotonin and schizophrenia. In "The Central Nervous
System Vol. 3, Serotonin in Health and Di sease", Essman, W R E4

Spect rum Publ | ey ol . w.10 Yor 78). ... 231-291) . Ligands
associ at ed W thﬁ@%%gﬁﬁ’raeng{l rgr%ar{?l(\:lgogm é‘éeﬁsﬁﬁcl& é‘%‘%ﬁjf‘%@?ggﬂlﬁﬁsﬁ'e%gléwl@uch as the
SSRI's and f erduitidepredsat. drigshehih are acthtbely'Poter Qniapsésiht S-AT, ReptoRat ment  of
ot her diseases,, such as autism prenenstrual syndrone, seasonal affective
di sorder, - an 8‘%‘-@%‘6{‘?’%}? @@f’?ﬂf? _%%Md@ﬁﬁﬂ%n%fm@na(@ym PH.,

al | evi ati on QinduBfkFsoh LS S IB)dr 6k B 9p RS if ?@:&%@ﬁ?ﬁ%@%&.,g@g ansetron

and 15 grani setron, which aré uséed’in the treat n’i nduced

emesi s associt &diumen & Edeh Oxirdtiiveesitydressalew York, (Ao Liagandgy t he.
nausea and Q. f 1 ' i recover rom gengeral,. anest hesi a.
Grher 11 gands o PRI dovBRptd o B LR ol sohi-Aerery fendisedied | n
control of t atipiyebetic agelueicloznsing rispeidone, 3 bladgepind (VeH-ARIBR O H,

nonsel ectiver‘é-le a%ggi t.s-or 5-HT 20 ant a?oni sts_such as ritanserin nay be
used (for a r&TeR" é"imgfﬁ”& in [The (gyiral NesygusSistemcVol. fnSerpgonin. Acad

Sci . (1990).invth 6R2 Diseiise” A ESrtin -3 Fd Spedi BFPhIcalitls] BHIS Mghanserin. 2

5-HT2 receptor antagoni st used as. an antihypertensive agen

Consi det@t i onrkdY %8 op 8329be Ligands asseaiated with e tveatrddnt BEedtines and.
proteins are £OIRAS f ' agi d ol ypet.i zed tagether . t hrough the
fornmation of pepti d‘ga%(b%#s%g‘)s&%oaﬁ & §%%§-§5ﬂ8@%-%%§%&hmwaygﬂ?om t he
backbone of pusefypinghé teatmentofotiee disdd3ey, Suchizg adfdsnt, PramehsHEl Bpndehes found

t hr oughout nature aﬁgch cont i%g an identifying side chain of particular
chenical st rd&¢pYa HiyegEordRy GurrtsRralry dicendam liigands aspeiptsAnrithi ci ty
(or. 30 hydr ofieeibiici éfbastreMEstrAREsbrdir Kan Jd\Red) stiéh mdzﬁseﬂenm. participate
in peptide fornmation and are thus free to interact and react with their

envi rontent . SANKHPRIVRieh ¢ used infike wrabps of bdiatipp inddepbemiésisy on t he
charact eri stiggcRfed &iﬂ?&dﬁc&icﬂ&n&!ﬂ@a{}%mﬁ&%ﬁ% Shflllgant am no acids for

coval ent conjugation purposes are e ones cont al i r?ﬁlags{%'@g i bl e i oni zabl e
si de chai ns S9Bhtngsocgsmgdudng recovery from general anesthesia. Other ligands

include metociopramide and cisapride. Ligands used in control of the sleep-

wakefulness cycle, such as L-tryptophan or nonselective 5-HT agonists-or 5-HT
20 antagon_ist_s such as ritanserin may be used (for a review, see Waugquier, A., and.
Dugovic, C., Ann N.Y. Acad. Sci,, (1990), vol. 600, pp. 447-459). Other ligands

7 include etanserin, a 5-HT; receptor antagonist used as an antihypertensive agent.

) 2.1.  Considerations relating to protein structure reactivity

2_5 | Peptides and proteins are composed of amino acids, polymeﬁzéd together
through the formation of peptide (amide) bonds. The peptide-bonded polymer
forms the backbone of polypeptide structure. There are 20 common amino acids

‘_ found throughout nature, each éontaining an identifying side chain of part_ic_ﬁlar
chemical structure, charge, hydrogen bonding capability,_hycirophilicity (or.

30 hydrophobicity), and reactivity. The side chains do not participate in-];neptide

formation and are thus free to interact and react with their environment.
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acid, glutamc acid, |lysine, arginine, histidine, cysteine, and tyrosine.
Met hi onine 5 and tryptophan al so containing ionizable side chains, however,
they are not easily accessible as they are usually buried deep inside the
nol ecul ar structure of receptors due to their hydrophobic nature. Both
aspartic and glutam c acids contain carboxyl ate groups that have

I oni zation properties. Carboxylate groups in proteins nmay be derivatized
through 10 the ustmisb agids daylbeigouped hy fpealgpendingoon thh chargttenstics vé ester or

reactive car s 1l = iates.. .kysine. arginne nd hi.sti.di ne have
i oni zabl e am'qﬁ@%lg%%“?"rﬁg‘e&“&gs‘%‘ﬂﬁ% ?"%Oe%cgisgﬂf Ay A%Bﬂm%aﬁﬁnsi de chains
typi cal ly ar epupgsessrd tizonkieomainihg accessible foriiablebdacthimdnckh s spmiti¢at | zed

wth ease. The.‘{(mft i.npartant reactiaons, that, 15 can occur_w th these

resi dues ar e 39 BIUAmIE AcidRysine, Araiminghistiding eysiging, and frosng.yMsthiopineci d
contai ni §g a ! | Brinint id e'j /Ue ei ne
groups in" prot élif)%)s%j S ?lﬁ{a%ﬂor na%llﬁ)g%%g‘e deiegg‘ﬁi?’?’?é’%f:’%?éf| I n éste\ig\%flt h anot her
cyst ei ne nol easatssibledsdhayiancumally hyritdydesp insiledhsmpleguladstendiire dés ( cal | ed

cystine resi [ variety of reacti-ons, including 20
al kyl ation tgﬁ&ﬁ%@eatg{ﬁge lﬂ%gﬁ{hﬁ@l';n ‘vatives, acylation to form
rel atively - unst dhdtkadphiticaad glutamio acids.contain arbokyla sdaipsqatdage r educt i on

processes. Cysteipe and cystine groups are relatively hydrophobic and
usual |y foundONERHNPrensRics, Carbgrylate groupsdp protqins may be ferivaized theangh t o
access fpe suhi Peirihmid % : - IS vV £|’B§ﬁ’:ﬂce of a
deform ng agent or a "dri Vg?qxfﬂfly\%%gtéﬁg%é@@%&gﬁ%%t?ﬁ%gﬁ%eEI ndrance does
gi ve the’sul fimgongdiates: oups a | eadi ng edge in'selectivity. Thus, to access

the functional regctive sulfltvdryl..group. sitpated deep.into.fhe |Iigand-

bi nding site, wi tﬁ‘@’ﬁ’tﬂe’tﬂ en"’é&gﬁ’%dﬁg hﬁ&%’rﬂ“&"’g@@’ﬁe Eﬂr'%flf“i'g S}d{cs

physi ol ogi cal chhingaWhse aminetot@hitOsidk dhairs tyfieallyiRé Beppktdon BReEHacs herein
described intq the inner structure of receptors. It is possible that
irreversible %i%?‘ﬁ@"ﬂ’r%@i’e'fi%‘fa%‘%wtﬂé%t € Jost Iposgniggaqtiopsithat . gr oups i s

likely 18 haV&p%c&RWﬁﬂndaé&?ésidﬁEsﬁ@'ﬂn@%ﬁh%ﬁ@aﬁﬁﬁ%ﬂg, in cclinical .
term-"fewer side effects", than any’other functional groups. 22 Tyrosine
cont ai ns a phenol iysingds tiegnly anrihe had gontainmg amwithpdrat gwup.s Thaingst

important reaction of cysteine groups in proteins is the formation of disulfide

cross-links with another cysteine molecule. Cysteine sulfliydryls and cystine
disulfides (called cystine residues) may undergo a variety of reactions, including
. 20 alkylation to form stable thioether denivatives, 'écy]ation to form relatively
unstable thioesters, and a number of oxidation and reduction processes. Cysteine
and cystine groups are relatively hydrophobic and usually found within the core of
a protein. It is often difficult to access the suifhydryl groups of large proteins
without the presence of a deforming agent or a “driver”. Nevertheless, such steric
25 = hindrance does give the sulfhydry! groups a leading edge in selectivity. Thus,- to
" access the functional reactive sulfhydryl group situated deep into the ligand-
binding site, without using deforming agents, is to utilize its physiological ligands
or drugs to direct the conjugation agent as herein described into the inher structure
of receptors. It is possible that irreversible bihding drugs that are targeted at tﬂc
30 sulfrydryl groups is likely to have a lower level of non-specific binding, in |
clinical term: “fewer side effects”, than any other functiorial groups.
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sparingly soluble in water, the ionizable nature-ofthe-phenolic group
sonetinme nekes it appear in hydrophilic regions of a protein -- usually at
or near the surface. Thus unlike cysteine residue, tyrosine derivatization
proceeds w thout nuch need 5 for deformi ng agents to further open the
protein structure. Tyrosine nmay be targeted specifically for nodification

t hrough its phenol. anj @-gy lati-qn., .In r rot ei n, nol ecul es may

contain up'to ni_ne%lﬁgé%cr sa@ﬁ%?ﬁ%?'geflé%i ﬁf}H‘g‘@l%ﬁ e igonlyhei v si de

chai ns. Thesesparmglyrselsbiédnmmmﬁmbbhhmaafms-bn@iolmw sefRtim@" oups W th
hey are the

sufficient reagactivity far difj.cation reactions. 10
guani di nyl gr%ﬂ%esdéa%wmpﬁ ophihie teions of 2 protein ~suslly o5 npar the sugfage.ani ¢ and
asparti ¢ aci d¥husBHREEH sttt tésidid) fyrddthd Jieﬁira&at%gﬂ%fe%is mfﬁélﬁgr[agre, nggfoe Cher

i m dazol %I group of histidine, the c-amno grou 'ysi ne, .
noi ety of ne Aefarmiag agends torfutherlopen the pratéintstryptucep [ Eymosimembybe phenol i ¢

hydr oxyl groug - @S | hi oni ne_.and, trypt ophan. are general ly
buried in t‘hgﬂférﬁegrslb%‘{rlﬁ%?lg T@'ﬁ?@%@%ﬁﬁ%@ﬁ%&ﬁ%@f ayfatigns r om
conj ugat es di ssol edummanh erateih wenkécules ey coataiyiR NinS &R0 acids that
sel ect ed-react. viatgi! Ln.i g%ara??t proteins. The other ionizable groups are
P

normal |'y ei t W3 readiy derivatizable ¢ dheir side.chaings Thess nineesiguesepsitaiecightcessed wit h

the help of piﬁfcq;anﬁmeﬁcﬁﬁﬁghﬁ%ﬁiﬁ ﬂ[&ib’f@ﬁtﬁﬁacﬁﬁzt%oﬁﬁ@dihb&fo%@&ﬁ?ﬁé‘e casy

targets for conjugation. anong the n rous reactive tunctional

anmino adld si Heey apothe guanidingrgreupeofrginmic; the rhatd f-earblueyl gssgs bpr | abel i ng,

t he sul f hydry, up. ,0f cysteine residue. i s nosi probably both :
phar nacol ogi C%IP%&ang aﬁ?ﬁ%@ﬁ’%&ﬂ%‘“ﬁ“ﬁ%&‘l}’ﬁﬁl’lgﬂdfylr%%‘lpo‘éféﬁﬁf@ﬁdh? ed that in
oSt macr onol ierdizoly] gl bEhisadiad, ﬂh@@&hhﬂgg?ouﬁmysmaﬁhm&%&#emo&él §evaryl
group situated at or closed to the |ligand bi'ndihg sites of target

macr onol ecul gBethignine, the indalydgrouniof trypiaphamandsis phepdliqhydroxd igiampalf gr oup 25

by sul fhydryliwtReHCh 0 wn to affect..the functionalities
of many mac rt#rm[ ecul 65, g g {%‘?éﬁﬁﬁ@@%@g@w@ E“rbcélrlﬂlﬁfetlpﬁé‘oﬁ Aj ugat i on
The sul fliydr yiroteisis end areitheretiytprotettedframeconfigaks diskslvatiitNescivagigy, 1S the
nost reacti veshg*%ﬁh,i s%nal @(r:l?gp i 0.a igr. otein. Wth a pKa of about 8.6, the
30 reactivity o e _P}?iSS CEQ Featiab 18 g profeing o dBe gipemionizable grompsy pH,
toward and . are aftmiatly eitlferdsed on the surface of proteins or can be accessed with the
- help of deforming agents or “drivers”. They are therefore the easy targets for
conjugation. However, among the numerous reactive functional amino acid side
20 chains on the proteins that can be used for labeling, the sulfhydryl group of
cysteine residue is most probably both pharmacologically and biolo gically
important. It has been reported that in most macromolecules, there is at least one
- copy of reactive sulthydryl group situated at or closed to the ligand binding sites
_of target macromolecules. Disruption of this reactive sulfhydryl functional group
25 by sulthydryl reducing agents has been shown to affect the functionalities of manﬁr

macromolecules. .

2.2. _ Moieties of receptors permitting conjugation

. The sulfhydryl moiety,,Wi_th the thiolate ion as the active species, is the
most reactive functional group in a protein. With a pK, of about 8.6, the
30 reactivity of the thiol is expected to increase with iricreasing pH, toward and .
.above its pK,.
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23 In the process enodifying a parent ligand, it is advantageous to
capitalize .the presence of this highly reactive sulfhydryl group, which
is typically situated near or at the ligand binding site of the receptor.
Drugs or physiological ligands can be chemically nodified to include a
conj ugation agent that reacts faster with .5 the thiol group than. any

ot her reactive fum:%hiﬁonal rou .Upon asté*ocigt,i,on of this nodified drug
with its receptor, URreoEm q YUFpie? BUntieand iy advantaggensdo grpitalize at t ack

any sul f hydr fHe pesenee dffthis higlytcabiivelttitydri Brolh WHIGRS ALy RiRtbdl LY L S
. |

causes coval ent bi ntgi Bga‘g’; the drug to 1ts receptor. lon to

sul fhydryl gPBSTatihe hirding site, pfthe rerepior.yDrugs ot phsiolegical ligaridsnal gr oups
present on t b BHOHRA ST H LS. LCh . be.chem cal .

....modifi ed- @.h-ﬂﬁg’é?l‘gq?@ﬁat éaa@%]ggec? Wé&4588€ﬁ¥§§%&$8?¥ %’ﬁ{‘g}/“@tpoups wi ll
be di séusseﬂleﬂblpiaﬂi,oup_ tigin a@p othey eeactive fagetiunal graugs, Upoblksotiatio ofthis C

conj ugati on ... N Mal eiu de _derivatives. ' Ml eimdes are.

consi der ed fgﬂrg*ﬂ;a?ggwa btsfe&ewg‘ﬂﬁ tﬁ%ﬁﬁ proupdiigpted semugatawpyldat  pHs

bel ow 7 wher stk hay sulfhsidad piddpahatds SituaRidGligRa e feaclab) Lﬁhﬁtya@gis near

neutral solutions, the reaction rate with sinple thiols 1s”about 100-fold

faster than $U$ onalepthinding ofthe dgastoftsireceptornes. Al t hough the rate

i ncreases W th pHp dd8ionta sl | t AL nQ 9o | so. 20 becones
significant at high phs. Tﬁ&me gtaﬁe‘rg}%&@r% corrpalg?lgﬁiﬁruﬁgglg V$s the

hydr ol Y s ofinptinal grodpspresentrah @enintina.adid side kbl @hichasan PElcHemit i, appar ent
rate of hydrahwsis~s. only.3.2 x 104 mip 1.in.0.1 Msodium phosphate
buffer at 'fzoé?m\%ﬁ'. Chifiugales thatdre fative taythess Shnctiopal EraupevilkBe | on wi t h

sul f hydryl .gdiseussed beldwe rate of deconposition becones significant only at
pH above neujrality.. Thiol .undergo 25 M chael reaction with nmaleimdes to
yi el d excl usié—dqéﬁ&%m{lﬁﬂﬂl@o t he double bond. The resulting thioether
bond is very2stuabd:gmeag 5 ‘ [ r physiological conditions.
D sul fcde reagen s. SRR )ﬁﬁgnb‘ ‘;,f:'g s when sul f hydryl groups

u

react Wth di sul fNdéeleimidederivativesh Matoitidenmecotsideteddairldispetifid @ané eagent s
are

sutfhydryl group, especially at pHs below 7 where other nucleophiles are .
protonated. In acidic and near neutral solutions, the reaction rate with simple
thiols is about 100-fold faster than with the corresponding simple amines.
Although the rate increases with pH, the reaction with the amino group aléo -

20 becomes significant at high pHs. The other major competing reaction is the
hydrolysis of maleimides to maleamic acids. However, at pH 7, the apparent rate
of hydrolysis is only 3.2 x 10* min™ in 0.1 M sodium phosphate buffer at 20°C,
which is too slow to interfere with the reaction with sulnf.l.]ydxyl groups.. The rate

,;-_:;:Of decomposition becomes signiﬁcant. only at pH above-neut’:rélity. Thiol undergo

25 Michael reaction with maleimides to yield exclusively the adduct to ti1e double

‘bond. The resulting thioether bond is very stable and cannot be cleaved under
physiological conditions. ‘

Disulfide reagents. Disulfide interchange occurs when sulfhydryl groups
react with disulfides, Some of the most commonly used disulfide reagents are

30 5,5 -dithiobis-(2-nitrobenzoic acid), 4,4’-dithiodipyridine, methyl-3-niteo-2-
pyridy! disulfide, and methyl-2-pyridy! disulfide. The protein disulfides formed

are readily reverse in the presence of free mercaptan such as 2-mercaptoethanol or
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30 5,5 -dithiobis-(2-nitrobenzoic acid), 4,4'-dithiodipyridine,

met hyl -3-nitro-2- pyridyl disulfide, and nethyl-2-pyridyl disulfide. The
protein disulfides formed are readily reverse in the presence of free

mer capt an such as 2-nercapt oethanol or 24 dithiothreitol. The reduction of
protein disulfide into its original sulfhydryl group allows the protein to

regain its f I Lreversibl | rugs. of thIS cat egory
provi de addi t i'ona go(gﬁ ﬁ?%ﬁ%‘? PRYER d(ée%’M Oata?ﬂ"@g’é‘l dryd group

conpl i cat i onallewsthegsotein@s redami iRFundtioRs. m@aﬁidv@tﬁtbléﬁlﬁdm? g3 of thi\M NO_ou
specific COI’]] u at I on a?ents The am no group i s anot her rong nucl eophile

in the proteifl meFlE%HSEb@rF@HWG'éVW&W‘M&ence in
proteins, an@oinbﬁcdh%@&dcl{%ﬁxvé}-&gng,%@ ﬁgctfolﬂe moni um i on, nost of the

reagents that react wth e am no can’ a 'so react with ot her
funct.orﬁantéésg_%nmmmmm_aml target for 10 nodified

| i gands accordi ng inventio ess . the.critical .cysteine residues
are absent fromt H%gﬁﬁuné’ %?%Sﬁﬂmg?rts @FE‘S © PISID- SPWBYS: acyl at ed
product s ar e betaubd ofdtschbaidayicd fid @ahiptebéhck hﬁp@f&xﬁ%:ﬂﬁﬁé‘&‘faﬁv'g% St comon
reactions of m{J&% are al kylation and acylati on reactions. “So of the

i nportant al @ GmmpEn 1qm, postcof theeagentsdhggeast withithe amind grpapd
Structures ac; alss ﬂﬁét%ﬁﬁstgér fgxin?ioﬁﬁﬁﬁ%@”ﬁﬂﬁs 5&11 (gt B@L:??c%?ltt?i‘xtg& for

hal oacet am des), N-nmal.eirm I'vat 1 ves, a
di ni t r okQ orGE@FfE‘édaandsracmrﬂmbeﬂmanwnbﬁ ambdse)hﬁ cﬂhdﬂhysdeﬁe fesidges

, gl utaral deh ketone r.i dox hosphat e) .
AcyI ating aé% S |n utg Hxﬁﬁ%m%?%s‘ﬁotﬁ?"éé?élfsé’c%@ bh?%“d ate,

i sot hi ocyanapmduttyasieeiitaad Snly. fbmmmmb%ﬂﬁﬁd glbﬁdeMe%%s%omrﬁoﬂﬂ t r ophenyl
ester, acyl chlorid and sul fonyl 20 . chloride. 2.3 Carbo 1 ou

speci fic confRGaMsSh 2mines ﬁ’i?saclk}il"i‘ﬁ?@raﬁ‘ AeYlatiparreagtions. rﬁﬁ!’il‘# ofghe i imperiantact i ons of

carboxyl gro ) pr ot ei ns,
the optimm gﬁﬂgnﬂ% héén&?!elgtg?? gﬁ{@g%@@@ﬁ?% Etﬁﬂ:lngésg"lggf‘?"gﬂ _ P}g achi eve
i n nostldphys P@hp@nda(e gdnﬂbaccteteshalc%e@ﬂmm, Nemgleithide deriNatiogs, affi azoacet at e

esters and dj so be tq.ester| car boxyl groups.
Simlar to cgfﬁgﬁgg &o%gr ﬁP Iéedé'éﬂfrg BW“PW)’ alde ydes (e.g.,
‘glutaraldehyde, formaldehyde) and ketones (e.g., pyridoxal phosphate). Acylating

agents include, but are not restricted to, isocyanate, isothiocyanate, imidoesters,

N-hydroyxIsuccinimidyl ester, p-nitrophenyl ester, acyl chloride, and sulfonyl |
20 . chloride.

2.3.3. Carboxyl group specific conjugation agents

The most important chemical modification readions of carboxyl groups
utilize the carbodiimide-mediated process. With proteins, the optimum pH of the
reaction is about 5, which is difficult to aéhieve in most physiological conditions.

25 Other reagents-such as diazoacetate esters and diazoacetamides can also be use.d‘
to esterify carboxyl groups. Similar to carbodiimides, these reagents react with
high specificity with carboxyl groups of proteins under mild acid conditions.

2.3.4.__Tyrosine specific conjugation agents

Tyrosine, histidine, and other aromatic residues of proteins are rich in
30 electrons. These residues undergo electrophilic substitution reactions at the
aromatic ring. Useful electrophiles for reaction with tyrosine and histidine in

proteins are diazonium compounds. Other protein components such as lysine,
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hi gh specificity with carboxyl groups of proteins under mld acid
conditions. 2.3.4. Tyrosine specific conjugation g gents Tyrosine,

hi stidine, and other aronmatic residues of proteins are rich in 30

el ectrons. These resi dues under-go-el ectrophilic substitution reactions at
the aromatic ring. Useful el ectrophiles for reaction with tyrosine and

histidine in roteins.are. dlazonlu npounds her oteln conponent s
such as |ysi & tg@@"tcryff‘ﬁ ARdAreiping resk re&ﬁtu"eéifﬂﬂ%yné“ NREhct very

slowy, SUChrehéE%Esdih%é?éEa#H&la&%ﬁ@ﬁHs%lé&ﬁ{?e @1&&9%@8&@@ hﬂ?‘ ne
sel ective: Diazoniwn ions are-denerally unstable even a ral pH and
maxi mum r eactustablegvem atnestrpl il mdmax@uugnpawwthmm@mmammﬂm i ne pH.
The Phenol at g faahe B Fp8pRGIAERES Bl A sl feads AR P1 OUDS |t Ovard

acyl ating agen wever 'S™ 0 Iy P K ceived as
having & |Ovmmnbg&ﬂipBWdaéﬂlntﬁlglagemﬂtHbﬁm5the tylﬂasybgmnphgg@enanp has | ower
nucl eophilicit E%tt becau e tyrosine resj dueggqameéﬁ buried in a
protein andP® aﬁ@?@?%? owesaeachgfy. T isai0p $B eqo gondas due to
their hydr opiaaki Sidiebphils tﬁbﬁtbec%ﬁ&'tﬁbﬁﬁe?&%ﬁﬁbéh@u&%%%&%ﬁﬁ%s 10 A
pr edom nant reactlon of t anidinyl noiety of arginine residues is wth
1, 2- di car bongnd ar@mp@,g@s nngccmlétbfwmaMHSdnkmﬁmsélymmtd@t}gl yoxal ,
phenyl gl yoxabgjz J 0 0% aql - ycl ohexanedi one. 2. 3. 6. Histidine
speci fic conftgattorn weer of al kylating agents react with
t he i nml@azol yl rrm@teﬁo@imn&ﬁahi@tdfmergen&mhmnb&eﬁofﬁéi@ﬂiﬂe&észﬂ&se@rI ier, the
rate of thes%ﬁi&éscﬁgs s generally inferiior tqQ other nucleophiles. Even
with a hal ea BagsAte  Femmenty wssdsvicigaldiketones ingledg glypxabpar i son
wi th sul f hydgpel g[ﬁmsz_gm%gﬁbnemnz gy@&exmgdeve a- hal ocar bonyl group
IS incorpora ed |nto afflnlty I abel s , p- toluenesul fonyl phenyl ani ne
chl or onet hyl ¢ istiging § e \gomegetionagy yS|nechI or onet hyI ket one), specific
reacti on nmay be heved. | kyl ati ng
agents are ot aiﬁ’iﬂ*elﬁ% T R L L R AR
hi sti dilfe f ohistidinss\haed bbn pefodtedfosatlien tharae ofgbe‘SEIrﬁchanIQEmM!l? and may

under go sponf angous drol ysi.s. The npst i ortan
g P %n?'enor to otﬂéi‘ nucleophlies Even with a—halr{r)gcctate N-carboxymethylation is

|-|

generally slow in comparison with sulfhydryl groups. However, when such
reactive o-halocarbonyl group is incorporated into affinity labels (e.g., p-
toluenesulfonylphenylanine chloromethylketone, p-

20 toluenesulfonyllysinechloromethylketone), specific reaction may be achieved.
Beside a-haloacetyl groups, other alkylating agents are not as reactive towards
histidine. With acylating reagents, histidine forms acylated products that are

- generally unstable and may undergo spontaneous hydrolysis. The most important
= -acylating agent that has been commonly used for the modification of histidines is

25 diethylpyrocarbonate or ethoxyformic anhydride. The acylated imidazole is |

" reversed at alkaline pH, resulting in the recovery of histidine. Deacylation can be
achieved at neutral pH very rapidly with hydroxylamine.

2.3.7.  Methionine specific cbnjugation agents

The major chemical modification reaction of methionine is alkylation,
30 . Because methionine is often situated in the hydrophobic interior of proteins, it
tends to provide high degree of selectivity. Only alkylating reagents that are

coupled to the ligands are accessible to these buried methionine residues.
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acyl ating agent that has been commonly used for the nodification of

hi stidines is 25 diethyl pyrocarbonate or ethoxyform c anhydride. The
acylated imdazole is reversed at alkaline pH, resulting in the recovery
of histidine. Deacylation can be achieved at neutral pH very rapidly with
hydroxyl am ne. 2.3.7. Methionine speck conjugation agents The maj or

chem cal nodifjication reaction of nmethionine is alkylation. 30 Because
met hi oni ne i's23t% e AT@Iophan snecifig jjugatipgragptobi ¢ interior of proteins, it

tends to provide hpgh; al kyl ating reagents
that are coupled to the éblaﬁ’%{ogé?gﬁeﬁ'fiﬁeﬁ%gg%‘é{ gdnﬂ‘l?t hi oni ne
resi dues. 26 E@@Ofirﬂmhmmwﬁﬂmmbﬁﬁemt]@. its

hydrophob|C|t tQ ues are generally buried inthe interior
of proteins. %%%%fﬁﬁlﬁ %ﬁ"ﬂ@o ¥hremidg tAdistingsreagoatipei ni ni de

and 2- hydr oxynitrophdnivi2i a

ni tr ophenyl sul fegylwcthﬁlg%lBﬁﬁém%gﬁugéggé%ﬁ Ehﬁ" tlﬂ%f r}t(,lg? B%‘ﬂlyé)f t he i ndol yl
moi ety. The rBRKH- oﬂlqrgaogenmlemva‘ﬁ:rmtypmrahanyaﬂd@mmwe resi dues.
2.3.9. Serinejsgpec et at |- .agents' Many reactive reagents such as
dllsopropylfluo Op -I-sulfonylfluorlde and ot her

acryl sul fonyl- f I qunnbeEadStﬁféeedgeﬁasﬁdhl#BGnso}:%pytlﬂ’udr Spided h the active-site
reag% ~because of the

serine. Care 574&' z xe cised in use.of "such

strong corrpet Sthy; é‘ﬂl W“ﬁ?%@@lﬂﬁﬂmﬁwﬂ fl]madwhayfc beadlfdundd | i gands
of the ilOventioqBact Weth §RVRLEAL;: f the ied |igand
and the- receptor can be catlgg?/?g% %/rggl?]dzugdr:%egg’}em Huﬁ?ngsd“?{‘vatl ng
agents, or faergemishestrseof thetrdifg covipplitiatreanion@ehydelysist S - own. The

acs il mn

coval ent bondyjs. r&pn rred wieth .a functional group situated at or

near the |igdnd: 9 100 Thj g strategyls

advant ageous as ItTlBrI:S\eHlelﬂ banmfogxhaﬁtﬁgfeﬁﬁeeﬂfﬁléﬂ%m:&ﬁg&rg gp of an
oglca and

i rreversible % nd depends on the chem cal
mol ecul ar pro &W@Fﬁg%’é“&%‘ﬁ‘qﬂé@@pﬁ agents) or facilitatedintthace, 20 t he

?:io Sjaﬁ g aflbon agbﬁjiigaﬁ(ﬁl dg@ntl ORHsQRHC Ahe O dlerk BENFTR %E]gf&%{)lysftorrlgg& with aof the
' * functional group situated at or near the ligand-binding site of the receptor. This
strategy is advantageous as it ensures a high degree of specificity.
The design of an irreversible binding ligand depends on the cliemiéal,
biological and molecular properties of both ligand and receptor. In each instance,
20 the conjugation agent to be introduced onto the chemical structure of the ligand
" - may be different and may require a certain configuration. In general, the ligand
preferably includes a functional group which permits attachment of a conjugation
agent, or which is capable of modification to contain such a group, without
‘affecting the activity of the ligand to bind its receptor and to elicit'a biological
25 -activity. The modified ligand in this regérd need not have the same biological -.
activity as the :parent ligand (e.g., it may not require to be activated in vivo by
some metabolic or catabolic step).
Some of the conditions and requirements to be considered for selection
and configuration of the conjugation agent are as follows:
30 1. Determine reaction specificity towards a particular functional
group of the receptor that is required for selection of the conjugation agent, e.g.,

amino, sulfhydryl, carboxyl, guanidinyl, imidazolyl, and other amino acid side
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may be different and may require a certain configuration. In general, the
| igand preferably includes a functional group which permts attachnment of
a conjugation agent, or which is capable of nodification to contain such a
group, without affecting the activity of the ligand to bind its receptor
and to elicita biological 25 activity. The nodified ligand in this regard

need not havg,fhe | .ol,00] cal Cthvity. .th ent ligand (e.g., it
may not require I(S)agéeﬁoélgvyiﬁ)l nggi He[fq?n(%?l}/ CWX'I%ES)(}% oﬁﬁtfyg%ﬁ?tf%’atg'oﬂ%l’ bol'i ¢
step). Some thé rechptoroneiith the ingieoleeats iwillge tinked. OTIRE e 0 SibRSiRTing f Or
selection and, confi urattjtgn of, t he, conj ugati on agent are as folTows: 30 1.
Det er mi ne re"é’B-l'ﬁgB‘i‘P%%éEWi‘ ¢ modifisgiaisand musthespecifi fo thatfunctional growp.oup of
the receptor thatyis r}ﬁgm,' s KO -0 00 L.on agent, e.g.,
am no, sul fhydryl, carbox lfh%g‘é’&gr?f‘%ﬁi‘gﬁ’l“%"ggﬁ3@/?‘59@%9%%% Aarri no acid
si de 277 chaitheeplondn a bydrophabi¢ énvikenmeplnae require 2 hirdsophatii¢ liparidito yeaoh any

functi onal egept or ich the dru Lecule will be

| med e thotReRb: RS LEE! %‘a°d‘iﬁ§ﬂ}%6‘é‘{l‘?"6’?%@ff9°lg‘?"‘t FHBHPR i ed | i gand
must be spedcigkitandyndt baableud sideSywtor@sportinguntliciiaPEoap kitidted RBg

hydr ophi | i Cii%é O{h@ h&oconj_ugat i gn agent. A5 receptor in a hydrophobic
envi r onment 9" &fﬁ Bh%l"‘h%?eﬁﬂlﬁﬂﬁ‘@mqrgand to reach ‘the receptor. For

exanpl e, a nodifisged |ig AV bt C | 19 . t may not
be able to access a cor‘?deq'g%g%?f{r}ge ??Jrﬁ%%ﬁlgﬁgkéﬂé’r 5‘3’8@& tutgitrée}geg’gsg’%ﬁ i nsi de
t he hydf opheBses te saparats a miedified digancbbound to Girecaptmbi Fortexample, Ifa taxinj ugat i on

agent. It ngy irable in so (Q cases’ -gepar.at e npdi fied |igand
bound to a rec%%’? %?ﬁ}oﬂ‘g"fblgg&%%fﬂéﬂ%af‘a) s?‘b E“’B%"ﬁg&"m Es ng to, a
par ent - | i ganmi)st bs irisallb¢tomedniptetuativons fike bVerREHAN TS tis s thd@eigrst al l ed to
preenpt situatiaqns |like over-dosing. In this case, the use of cleavable

conj ugation C?%IQ’ £ conipgatiopAgantewilhenabls the epningasion & 't%teV@W,f} ¥ed if .
SO ot Sooagtasion et ol BN S BRI " [ 1
vi ci nal? gl y qgrpose.aFlgse inglidg disulfistertnds achidine.oesrcwial growpavieimal glypedihi s
R e N P
itself may be cleavable or, if the conjugation agent is attached to the modified
ligand through a spacer, the spacer may be cieavable. The spacer in this regard
can be selected from the gréup consisting of (N-succinimidyl ﬁ-(2-
20 pyﬁdyldithio)propionate, succinimidyloxycarbonyl-a-methyl-o.-(2-
pyridyldithio)toluene, 3-(2-pyridyldithio)propionyl hydrazide, disuccinimidyl
tartarate, N-[4-(p-azidophenylazo)-benzyol]-3-aminohexyl-V -oxysuccinimide
ester, 4-4’-difluoro-3,3’-dinitrophenyl-sulfone, 3-(4-azido-2-
L ,_r__xitrobenzoy!seleno)propionic acid, 2-methylmaleic anhydride.. -
25 4. Size and geometry of the conjugation agent: Presence of the
. conjugation agent on a modified ligand must permit binding of that ligand to the
receptor, Upon binding of the modified ligand to the rebcptor, the conjugation
agent must be in close proximity to the receptor moiety so that conjugation is
“effected. A spacer as herein defined may be required to bring the conjugation
30 agent in close proximity to the receptor moiety. . In such a case, the length of the
spacer will be dependent on the distance required for the conjugation agent to

reach a conjugation-effective location adjacent to the receptor moiety. Structural
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|l i gand through a spacer, the spacer may be cl eavabl e. The spacer in this

regard can be selected fromthe group consisting of (N-succinimdyl 3-(2

20 pyridyl dithio)propionate, succinimdyl oxycarbonyl -a--nethyl-a-(2-

pyri dyl dithio)tol uene, 3-(2-pyridyldithio)propionyl hydrazide,

di succinimdyl tartarate, N j4-(p-azidophenyl azo)-benzyol]-3-am nohexyl -
oxySUCC|n|n1% ) eg@ 4-4' -di fl uoro-3, 3" -dinitrophenyl -sul f one,

3- (4- azi do- 2203y 8 Fﬂ%@nl@@lgéﬁmmwl&mhacwlcazmmmm:emmhydn de.

25 4. Size ange H&hﬁl}‘eﬁpéil ence of.the

conj ugation a e%tﬂoon a no t? é&% ggl#%‘:ﬁpg{&r%%sgg G WJIYIRE: | i gand
to the receﬁgﬂﬁcemmanmwmibmgomﬁgatddandndsélecmilglangaoﬂigmﬂghbereceptor t he
conj ugati on t be | | mt the receptor nojety so
that conj ugati %n e g?l?té’gtﬂé 'gaﬂ §§%{§’§ ﬁ?‘?’&%‘?ﬂtﬁéﬂo‘ﬁﬁ’fnﬁé"? equi r ed
to bring5t he presentig deilipandBindi@nite bﬂtlﬁhé&ﬁmpr Picférhbly, the rgéggtog. or
noiety.. In such a case, .the length of the spacer Wwl|l be dependent on the

di stance r eqd$ PIEIFLE Qpisi ﬁ@eé’éﬁ?%@&mﬁ%@@ﬂ!@ Ieegptor e %ﬁmat being limited to
conj ugat i on- ehf fHebhyV f id ﬁ&ﬁble%at‘i‘ﬂh ?aqt@pjé}?tr% F’ mau%‘fng‘ﬁ }n(%BSt ructural

28 anal ysis of recéptor using X-ray cr netic
resonance an d’VOllldl@ mmfeélkeb'dq’prewent digrogtiomodf emebmr flmi:deh upon bindih gbﬁiﬂpf

assi st ance | receptor noiety to_be cgnjugated and in
sel ecti ng an con ﬁ@r‘.‘g p%?gﬁ' LB G Parsns A %é d?”‘?‘?‘l"fgﬁ ‘il Suchdhatileni cal
struct ut@. Thmsslmnﬁmﬁmféﬁg:ﬁié’reaﬁﬂorQG tiRerébyQa &t confinddift s{lhﬂﬁ’zﬁgn pndi ng site

of the receptor. efera the receptor noiety is present outside the
| i gand- bi ndi ﬁﬁ"’eg‘iof gon %@c?ﬁﬁ'é‘ﬁ%?n JWAitRmativalls aparent antaganistonayaby, t heory,

it.is possi b'n%dﬁﬁk@%uélhﬂﬁtﬁﬂ%&s?i‘i}k@ﬂﬂﬁ%?@gm e %Ng% OffsSince it would

be nore likely to prevent disruption o ecep func n“Uon binding with
the nodified CPIth?éint!Fmhl@tlonmfﬁxebampm;fmquané‘hme@gmmmtom'g.y be .nodi fied such
that it 10 cno S@Méﬁm omth its cognate receptor to therebycause continuous
stinul ation of cep of function ("receptor turn-on"). Alternatively; a

par ent Hhtagoni st Thﬂywhﬁlonrﬂﬂdleht@ﬂ:z&mh dolipbsitibn e6:8 Eﬁélh@ﬁé édified TS
cognate. geczggﬁa& RacHbr Spbing opgheropip R sRMtICaly acccptable cariar,: " |

The invention also features a method of treatment or prophylaxis of a
condition associated with a target receptor, comprising administering to a patient
in need of such treatment a therapeutically effective dosage of the composition as

20 broadly described above.

Depending upon the particular route of administration, a variety of
pharmaceutically acceptable carriers, well known in the art may be used. These
carriers may be selected from sugars, starches, cellulose and its dcrivatives malt,
gelatine, tale, calcium sulphate, vegetable oils, synthetic oils, polyols, alginic acid,

25 - phosphate buffered solutions, emulsifiers, isotonic- saline, and pyrogen-free water.
Any suitable route of adimmst_ratxon may be employed for providing a
patient with.a composition of the invention. For example, oral, rectal, parenteral,
- sublingual, buccal, intravenous, intra-articular, intra-muscular, intra-dermal,
. subcutaneous, inhalational, intraocular, intraperitoneal, intracerebroventricular,
30 transdermal and the like may be employed.
Dosage forms include tablets, dispersions, suspensions, injections,

solutions, syrups, troches, capsules, suppositories, aerosols, transdermal patches
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15 The invention al so enconpasses a conposition conprising the nodified

| i gand as descri bed herein, together with a pharnaceutically acceptable
carrier. The invention also features a nethod of treatment or prophyl axis
of a condition associated with .a target receptor, conprising adm nistering
to a patient in need of such treatnent a therapeutically effective dosage
of the conposi 20 Jbroa descr.i bed above. Dependi ng upon the

Lon. as QV,
particul ar r‘%%‘i‘@e@‘e-a?jh?sﬁﬁgﬁga prps may qlsg imclude dnjecting or implagtingc al | y
accept abl e cedrtiolied rel¥iing &Wd&i@%ﬂ.@?&iﬁcaﬂﬁfoﬂﬁis se JFRRG foleddy [ | €r's may
ce

be selected fromsugars; starches,. ulose and I fs derivatives, malt,

gel ati ne, taPtimplantymodified to actadditiona]brinhis fashion, Coptroliesticleassidfa,

pol yol s, - - al gi,Rj | ed solution emul sifiers,

i sotoni ¢ sal %ﬁ?ﬁggﬁhﬁﬁggﬁg ﬁ?@%@%f%@éﬁv S f%%ﬁ?‘aém?ﬁg’t}flgy of

admi ni s®r at i bydroplyoblrepadymérs ymduding aqryliviesing gwakes, [Haghce Aliphatié Blcehol@mposi t i on

of the invengion...For, exanple, oral,. rectal, parenteral, sublingual,
buccal , int rg‘\))\gﬁ&l] ?ndil??ﬁggy%’?‘f’ia ids gpd cqqﬂ?%qlh&édf%‘f‘{mﬁﬁlﬁhaﬁer mal ,
subcut aneoushydrogréyylnsdyl cellifdséOhitddaition] B3ntAREd tdR8E Ry be effected

I ntracerebroventricular, 30 transdermal and the li1ke may be.errpfi oyed.

Dosage f or msPY Weing ethex polymerymatgices; lipesomes and/osmismespberss. i nj ect i ons,

sol utions, .syrups SR sufta ositories, aerosols, transdernal
pat ches 29 and th%mltn]E Ee. ihese %@é%%?fﬁg‘ﬁeéﬁg?&'m%“ﬁ%%&éei nj ecting or
i npl antlOng -presenteul dseliiscrand witsi sagh decaipaﬁﬁs,_dﬁﬁlbg@ethbﬁwé‘dcﬁbsﬂbihﬂaﬁfaof this
pur pose or otrh%{ forrrg of |Qr}qz>l ants nodified-to-act additionallly in this
fashi on. ConPFEfeEgEd Amount oftong or mgz; imrapnggepis gaeningf the invention 25k by

coating the pawder of laneRAGPAsS soltlod &awq;ﬁamm&ﬁggﬁﬁfggﬁ gﬁ&ﬁldi ng

acrylic resins, waxes hlqher al i phati cral cohoi s, and
pol ygl ycol i capepvsdiuyrh ap eiltiniwateremuisiersor aiwnier-in-oil Higuid emlsiis: Such

hydr oxypr opy} Mon$ Ny ontrolled rel ease may be
effected by using of %&%@%@%‘é&’%ﬁg‘wP%%%?“T‘ﬁ%%&é#&%‘“?ﬁ%ﬁ%ﬁﬂﬁm crospheres.
Conposil®i onsmethpdsintladé the stapaif beinging fimto hesoalatiotl ohdbrahdre mddifeany be 10
- present ed ,Sscrete.units su as capsyl.es, -sachets or tablets each
g aﬁg dsasomi l?ﬁgbﬁv 'thec %ﬁ@néy i
containing a °pre-derer i ned & fhe g CORSIIBIES ARLPIIBYEI ¢ agents of
the inventi omecessarydngredients. In general, the compositions are prepared by uniformly
and intimately- admixing the modified ligands of the invention with liquid carriers
‘or finely.divided sofid carriers or both, and then, if necessary, shaping the product
20 ipto the desired presentation. '
The modified ligands may be in the form of a pharmaceutically acceptable
salt as is known in the art. }
The above compositions may be administered in 2 manner compatible with
the dosage formulation, and in such amount as is therapeutically effective. In this
25 . regard, the dose of modified ligand administered to a patient should be sufficient
to effect a beneficial response in the patient over time such as an amelioration of
. the condition to be treated. The quantity of the modified ligand(s) to be
administered may depend on the subject to be treated inclusive of the 'agé, sex,
weight and general health condition thereof. In this regard, precise amounts of the
30 modified ligand(s) for administration will depend on the judgement of the

practitioner. In determining the effective amount of the modified ligand to be
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powder or granules or as a solution or a suspension in an aqueous liquid, a

non- aqueous liquid, an oil-in-water-emulsion or a water-in-oil liquid
enul sion. - Such conpositions nmay be prepared by any of the methods of
pharmacy but all 15 nethods include the step of bringing into association

one or nore nodified |igands as descri bed above with the carrier which

constitutes o . ore' .necessary ingredients. In_general, the

conposi ti ons %rg%“%psrt%rﬁgr“éﬁ’cgﬂ?aw é‘rl?FPghﬁ%mﬂoﬁttﬁ? FopsitianAssarited With thee

modi fied |i ganatgetaécepti, the pRysidiaimiy EvhlhdtSplogresdbd bR condion | NEl y. di vi ded
solid carriers or both, and then, if necessary, shaping the product 20
into the desired plRaBiEVERS, gose ofskillinthe pet anayireediiy<letenping suitable he f orm of a
phar maceut i calg j S-- kpathe art. . .. The above
conposi tions ng%ggﬁ&?g%nﬁﬁpéﬁteg?%gﬁqs%&éﬁ e?rlélﬁ%g%rm'c(?pr%ha@qs%eé n@ﬂytbr‘?m e dosage

f or mul at i%n, &Fier pfinanogtanerto milligrans of thevmodified tipanls oy thefifwgtibye. | n this

25 regard, thg d | fj i m'niﬁtered to aPatient shoul d be

of difjed |ligan
sufficient to ef %tg tioy aﬁ‘ff@#’ffﬂim 880 S on el ingmnbranes cAplappg samee such as

an anelioration of The inventishulid fe@tiires@ dthdd SReRLting 1he pRldaNEis ¥t"9%ett he
nodi fi ed Iigaggc%é%’éto be adm nistered nmay depend on- "the subject to be

treated inclu in 3 g sagple. Jhe method egmprisescogtaniongthe lvmeple withandi t i on

thereof. In tRediff HSQ e ifi:ed i (s) for

adm nistration w Ielgg epeﬁ%ﬁ%ﬁégﬁﬁé%%e%& s[aﬁm%glgg%bgaﬂd&ﬁgﬁ%jq n

det er mi i0ng t kasgesFdoeptor, aad datectirg thé ptebencerofla tomplek t@apbiigsatEmadified

adm ni stered . e tr.eatment .or prophyl axi s--of -the condition associ ated

with the tar ig’g‘t“{d%é‘é‘:‘é%‘ﬁd'?‘f@ wil:a ff‘gﬁ’tg?tg%sqﬂ@c'evm uat e progression of the

condition. In any TheiventidaQi®d éﬁf;orﬁisziskésdrﬂethb@opddanﬁ@}{%g&ﬁ@ﬂﬂeé%cgﬁﬁ?r m ne
lon.' Suc

suitable dosages of the nodified |1gands of the invent dosages
may be in the &St BCARPr B¥a iestsamplend he snethad dompaises contacting theosknipled | i gands

of the i nvent ivafa dodifRel B A0 bty delloe SESR! e AL S8RESe Prane!

menbranes containing sone The i1 nvéntion also features a
det ecti g t hebisdesaidtaeget fecapton mpasuringehepinoentiation of £edmplaxtimprisiize et hod

Secti on 2, “whaPaded Wiend SRS s¥iebign B ee i pampts g dhe o |
measured complex concentration to the concentration of the receptor in the
sample.

The invention also provides a method of détecting the presence of a target

20 receptor on a cell or cell membrane. The method comprises contacting a samplé
containing the cell or cell membrane with a modified ligand as broadly described
above, wherein the modified ligand binds the target receptor, and detecting the
presence of a complex éomprising the modified ligand and the celi or cell
membrane in the contacted sample.

25 Also encompassed by the invention is a method of quantifying the
Ppresence of a target receptor on a cell or cell membrane. - The method comprises
contactihg a sample containing the cell or-cell membrane with a modified ligand
as broadly described above, wherein the modiﬁed‘ligand binds said target
receptor. The concentration of a complex comprising the modified ligand and the

30 cell or cell membrane is then measured in the contacted sample, and the measured
complex concentration is related to the concentration of the receptor present on

the cell or cell membrane.
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10 target receptor, and detecting the presence of a conplex conprising said
nodi fied ligand and said receptor in the contacted sanple. The invention
al so enconpasses a nethod of quantifying the presence of a target receptor
in a test sanple. The nethod conprises contacting the sanple wth a

nodi fied |igand as broadly descri bed above, wherein the nodified |igand 15

bi nds sai d target , iGERLEE n zadi® eatibd i RS B 690y Gy s 0PI ex
conprising th mj)(ljified Iflf;and and the regg%?gr?&}lqﬁ{tjﬁgg%tgﬁlt%%ed sanpl e,

and rel at i ngPQoket ordeugsbinding etsaondbe reosptermolecleasn Sincetthebindigaiftlieati on of

t he recept ormbaifle : knvent i so pr.ovi des a pet hod of

det ecti ng thf(lal preggﬁ%!gﬁg?{hgut%?é%pﬁvfgg’iep%?a é’tﬁgﬁtﬂlﬁr‘{;&@l | nenbrane.
The method ciotepact sath canhe ﬁehﬁﬁ@mﬁam&ﬂommg%ﬂbme&mq&e@%% cel |

nmenbrang W th dified.ligand as broadly described above, erein the
rmdifieg | i ,ﬁ’gdg}%ﬂ%ﬂ'mﬂgﬂg ASRREpt S informatien can bagsedio idgntifsence of a

conpl ex conphbktules thehii® fHashribi g8 e cell or cell menbrane in
the contacted sanple. 25 Al so %r%o‘npass%%%g%@t he invention is a nethod of

quantifying the Yesitable teshnique forgleterminingfbomation of teddmpsiex gay be Menbr ane.
The et hod capri n i a s | e. containing. the cell or cell
nenbrane with a Fr‘r??éﬁiﬁng ’+|$é§'rﬁqggh§§n£% Iigtﬂél%edPYTi'g’@"‘a%WéaMerei n the
nodi fied |i gapettdpimmdeculeaissheiatedabiérewith (ldefimes FeTaT&PRARALIA & 4 8opdma conpl ex
conpri ﬂ',ng t.he gréc)‘ghfi@d I |g§“n% and-the 30 cell or cell menbrane _|2_then
measur ed in 'the PEC ey i leassaylnopgdn theast fos detetingrindforconcent r at i on
s related quiiRiARARNIdEbORRlble FRCLARAE RIGTERL, Mnhhe oo | o
cell menbrane. 31 ." I  lic nbcunea I1;anas cam ne used as 1BE o identity
the act ual . dUtRgadipgraphy, fluerography, Hlomtiytamnetrye B\bspettrescopy, dhiofiscdiiet ecul es.

Since the biggl . i fied Ligands to their targets is
i rreversibl es,B_ tﬁe g@t%ﬁé}ﬁﬁsi'?'eﬂg%%ﬁ? ng?]ﬂ&@sce??ﬁ’@?‘ﬁ%ﬁcow’ﬁﬁ“ff’ﬁﬂ be
i dent . f i ed mwrastapy; eleemmanisroseopygete afaly bd isddEialibis dapasd. such as 5 peptide
fingeryprinting ﬁ%n?pawass lS‘c;]c This 1 nformation can be used to identify
mol ecules t hat bing T "FHRP@B P may be gsogiatsd withthe gny suitable part of the
modified ligand including the.conjugation agent and the spacer, if included.
Preferably association of the reporter molecule with the modified ligandis
selected such that the reporter molecule does not interfere with binding of the
modified ligand to the receptor. '

20 It will be appreciated that the reporter molecule associated with the
antigen-binding molecule may include the foliowing:
direct attachment of the reporter molecule to the modified ligand;
indirect attachment of the reporter molecule to the modified Iigaﬁd; ie.,
‘ attachment of the reporter molecule to another assay reagent which subsequently
25 binds to the modified ligand; and - |
- attachment to a subsequent reaction product of the modified ligand.
The reporter molecule may be selected from a group includinga -
chromogen, a chromophore, a catalyst, an enzyme, a fluorochrome, a
chemiluminescent molecule, a lanthanide ion such as Europium (Euy),‘ a
30 radioisotope, a spin label, and a direct visual label.
. Inthe case of a direct visual label, use may be made of a colloidal metallic

or non-metallic particle, a dye particle, an enzyme or a substrate, an organic
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[ l'e technique for determning formation of the conplex may be
ﬁggdsger agx:rrpl e, aqm)di fied ligand according to the invention, having a
reporter nolecul e associated therewith (sonetines referred to hererp as a
"probe”) 10 nay be utilised in any suitable assay known in the art olr
detecting and/or quantifying |ligand-receptor interactions. For exanple, ™
scintillation c?untr n aut or adi ogr aphy, fluorography, flow cytonetry,
spect roscopy, ¥ “B‘E%@E“éd@ew%a@epmep@ercmnﬂemmmmwu nmagi ng,

REpRAstarkd tc may
fl uorescence rpr6d b Rbh@ARllikeM Croscopy, el ectron mcroscopy, e
be used in thrrps regard 15 The repgrter nol ecul e may be associated with the

any suitable part d¥ largenumher pf ¢napimes gmul efmtsadﬁfbgomét?n?ﬁﬁﬂersggglmegr agent
ab ssogi ation_o e

ol ccul e it b ST oo BV o B SR S a0 A Br B LR  er

nol ecul e #Hoes mdﬁJSrﬁ,mBrseSmtziHleénzpﬁhbﬂﬂseﬁﬂ if BR praaliihie ﬁoﬁi filgl to the q

receptor. 20 | II Wﬁgprecr ated that the reporter ecu e associ ate

with'the anti Fotosseradis rp&ymdm,dmfemeﬁgalam@ge g]hlclid’()@@z t
attachnment -of oknﬁs nﬁﬁ}l?& 9 , indire
attachment of the reporter o ec&#&ok na%?‘r (ﬁ@ﬁ I‘?eﬂh BsmF‘YB"“SG
attachment of ﬂmoremnbmaﬁmlmﬂmlsecdndeﬂﬂﬁﬁé@ﬁtx@%ﬁﬁﬂuﬁdﬂagem whi ch

hment to a
subsequently 25 b ft nodi fie and attac
subsequent reacti oﬁg‘%%&iﬁ‘&r °'P?Fe‘“ﬁlﬂg‘i k’P F‘P tJimited tostfieoresegior t er erI ecul e

may be sH ect b Geyemaic (FTC 1B dnint RRRIRN ARESTRPNOT e, 2

cat al yst, %ﬂz%)ge a fI uorochronme, a chem cule, a

| ant hani de io ! dsggaq; ! mpgw%> Othcrmeraldnoﬂmmﬂmng? eﬁnsmd@ulsgbrerlag/ e
and a direct Wiozdaisc Déerthgr p 6@3
made of a col | oi dal netaPlic gn ﬁn@ﬁ 'i'ﬁ(jl ¢ %cé'f?’?ﬁ@ 9 part:cl e, Oﬁg
enzyme or a s%ﬁmdsomaybagmdemtﬂeﬂpabm(;ﬁﬁws&sbﬂ%@?nmﬁstp@(ﬁ h: l:Egs A
or other vesi nin uci g substance an
| ar ge nunber o %%Q@{?E’ég nggsjég;&g# (lffpé'g‘? et p&lfeerahmiy,éefsr@se PRy
15 be made to the ﬂuorochromes described in U. S. Patent Nos. 5.227, 437 5,274 113,
5,405,975, 5,433,896, 5442045 5,451,663, 5,453,517, 5,459,276, 5 516,864, .
5,648,270 and 5,723 ,218.

‘Preferably, the reporter molecule is a radioisotope such as °H, 2, “e,
32P, 33P, and 353. . . .

20 5. Applications
Therapeutic. The modified ligands of the invention, which preferably
- represent irreversible binding drugs, have substantial advantages over
conventional reversible binding drugs. Firstly, the dose-related inhibitiori or
stimulation can be persisted long after the drugs disappear from the plasrna. In
25 other words, the drug effect is likely to last longer than would be prcdrcted from
its plasma elimination half-life. Secondly, due to longer lasting drug effects, these
irreversible binding drugs can be administered less frequently and at a lower
dosage. This minimizes adverse side effect and prevent cumulative toxicity
induce by the drug themselves or by their metabolites. Thirdly, since the binding -
30 of the irreversible antagonist to its receptor is permanent, the blockade of receptor
response is not longer a competitive inhibition mechanism. This irréversible

antagonism prevents the agonist, at any concentration, from producing a
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disclosed in United States Patent Specifications U S. 4,366,241, U S
4,843,000, 5 and U S. 4,849,338. Suitable enzynes useful in the present

i nvention include al kal i ne phosphat ase, horseradi sh peroxi dase, |uciferase,
f 3-gal act osi dase, glucose oxidase, |ysozyne, mal ate dehydrogenase and the
| i ke. The enzynes may be used alone or in conbination with a second enzyne

that is in sqlution. I tabl.e. fluorochrones |nglude, .. .are.not limted
tor 11 vor esc drimd eietan® Riflnseratiin SRR AU M NRRT s

i sot hi ocyanatendéreBRhighly radioablive; iteiiayt ferdsad as¥herapautc fof peeiffdally killidper
exenplary fl uoli chrones include those discu ng by. Dower et al.

(1 nternati on&f & UEiCoENAYTeEPIofOr 13y be e réﬂ’@ém. & so may be made to the
fl uorochronmes desgjj ik N ! A Sificass ' %,

5, 326, 692 (Brinkl e;&ég:?ﬁ'g«% )@ﬁrg ﬁg‘%ﬂiﬁgg?{/@?e %Flencei-ﬁ‘%gsg%hﬁgo%a%e to the
f 1 uor ochY omedo fisther ¢lucidate Marious reqeptos subppulatignsithat cag be taggetqiitoralizve

5, 405, 975, 5 . 5. 442 045 5 451 663. .5 4 7xr5.459. 276:
5.516, 864, . d %lﬁ%”i’g’,gﬁ‘}’oth%h’ ‘%‘Fﬁ%‘??fé’%‘yﬁgg’g‘ecrg' ’?g‘?"?‘%ﬁh%‘d‘?‘gb‘%‘?‘?éﬁ‘gﬁbl ecule is
a radi oi sot opie modifiedhdrugiallaiblis to dbelopdntifBafimabmddabthat 240 “&eficip! | cat i ons

Therapeutic. ,The podified | igands of the invenfion, which preferably
represent i r MbGREAE IGFEPLOFS Hﬂﬁhﬁﬁt‘mdﬁ'@g%“gﬂ%hléﬁﬁ}é?‘&rﬂ‘ﬂﬁmﬁm ages over
conventi onal p@iflaioR of tHa! Faf . HEhdeShe Yomibl Sfodiediat ed i nhibition
or stimulation can be g%rggﬁg%é&légﬁg Iéllfter them%‘rgﬁgggdi%%%ear fromthe

pl asma. 10 n 2meghandsmsanddunctionsofivaripue feiceptorsiis “teaklife] sitaationscanltenger t han

woul d be predj d from i.ts. plasm elimnatiqn:half-life, ndly, due to
onger | agt Adis e BfTizett, FulhEREP. 8po SN B BBl RESRR e

agrri ni st e_r-g«d réofeptsrsfdrem;&nﬁltad zinalihﬁlu’thf@i Byosseh oﬂﬂﬂsﬁgﬁﬁpﬂéi’ﬁem'bni m'hzez
adverse side effect a revent cunul atjve toxjcity induce_ by the drug
thensel ves' oPV%{?gﬁn%?ES“ﬁE%!mHoéglmﬂ ae ble infegieaE BRTIAGL0 of t he

i rreversi bl e r@RhIAAEGH) 'cfoﬁtlcbinés bECARLL liru §-b9§fnﬂ_ﬁﬁﬁéﬁusltytﬂi'€cng%llﬂEPE of

receptor response is not longer a conpefitive inhibifion nechanfsm This

i rrever bt bl e recgpionpenvlationpofintenest Thus, thg@nésent inventign parcbaesed ta profilen, f r om

producing a Jgrerent receptors present on a cell as well as in a tissue, organ or system. Such

receptor profiling can be used advantageously to discover novel drug targets, to

predict the possible side-effects of drugs and to determine how various cells

communicate with each other, their state of health, and whether they respond to
20 certain extemal stimuli (e.g., to drugs).

The invention will now be described with reference to the following non-

limiting examples.
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maxi rum effect on a given receptor. Furthernore, if the nodified ligand is
rendered highly radioactive, it may be used as a therapeutic for
specifically killing cells bearing the cognate receptor or nay be used for
i magi ng. Di agnostic. Another application of this |igand nodification
technology is 5 to fin-ther elucidate various receptor. subpopul ations

that can be targeted to relieve dysfungti j n the various conpl ex
physi ol ogi cal processes. Mre i rrportarﬁﬂf : > nodi fied drugs allow us to
devel op/identify animal nodels that are "deficient” in certain receptors

wi t hout unde%ﬁﬂgt hy, tedi ous and conplicated mani pul ati on of the
genetic. mte . te the conpl ex physiological 10. nechanisms and

Rnctions: of var Emsorseahfimiditide it eduiftathRbi8atallis, Studied
and anal yzed. Furthernore, t er ent
receptord ar dowihednysloma§P2A-Agldicellonced by each other's functions. The

availability of s TR deks.w ). also engble investigators to

predi ct and revealPT;Jg{"ﬂerapédm@”iiﬁ%eu‘ge\(ﬁé)ﬁ%‘éesﬁe% Sﬁés‘blﬂl}’(ég}‘!%@e“t at

si mul t aneous liyadiaviagéaugtyspedifipioahd fulftgdap paupneiinglohBNGitloéeriald er est . Thus,

the present inven "goniﬁra%’be used to profile different receptors present

on a cel | as AggFHolgsul H@@?&@P%@&W‘Iﬁrmwsﬁmpm@em@m& or profiling

can be used ﬁﬁ&ﬁbﬁﬂw@dgﬁeﬂeﬁﬂtﬁﬁ@:ﬁswﬁ%ﬁ'w.ﬁ{e'{ﬂgﬁa?%&q{a&wI,ﬁhFpred_i ct -the
W _

possi bl f%si de-effects_o rugs and to determ ne arious cells
comuni tht e KPRROwsk IV-Ethvkmpaleintids NEVDiisdhosmallest maleinsdeireagent bipablehey

respond to agl SStimuli. (e.d. ;- to .dru .. The_j nvention

wi Il now be %gg%@%%%@#%é erletﬁghe“3 0 v&é“lﬁyfjfyg\ﬁf‘?’@s' E%F-Otef‘lsm’r#‘?ng '

exanmpl es. 34 s@sitivityBes mdARidedsideffdnesirssysfemb@tdidd NEMEWES de on the

uilibrative agli%l Fe%sétegea; r.ans te‘r%'i“ri_ 5 marine el oma SP2/0-A 14 cells.

Exenpl ary N-iT8I8 - JEPPYRIIgRent el ines were used to sbowitha dhasensibviient t hat

s advant ageefaidlediu Hahigord urtis) Bk XEMY ks SHeAUR) pHBhbAAGAAREY W LN
s, na

certain, . accessibl e sul fhydryl  groups on the protel Ing it possible
for speddfic restricted to certain cell or tissues types. : L ‘

p)

Previous studies of the es nucleoside transporter system (Paterson et al. .
(1977), Mol. Pharmacol., vol. 13, pp.114; Gati et al. (1983), Mol Pharmacol.,
vol. 23, pp. 146-1520) suggested that the sugar component of nucleosides was
important for binding-of anucleoside to the es nucleoside transporter site. Thus in
20 the present invention, that linker moiety was attached to the pyrimidine/purine
ring of the nucleosides to avoid destruction of effective inhibition for the es
nucleoside transporter to provide novel probes for that transporter regulatory site.
The present inven_tor has found that a novel group of nucleosides, cytidyl
4-[N-maleimidomethyl]cyclohexane-1-carboxylic acid (CtMCC) and derivatives
25 and analogues thereof, have the ability to irreversible inhibiting the es nucleoside
transporter proteins of human cells. A direct, rapid synthetic route used to |
synthesize CtMCC or 1-[{4-[(4-amino-1-B-D-ribofuranosyl-2(1 H)-
- pyrimidione)carbonyl] cyclohexyl}methyl}-1 H-pyrrole-2,5-dione, is set 'out in
Figure 3. ' -
30 To demonstrate the sensitivity of es and ei nucleoside transport systems io
NEM, various mammalian cell lines were treated with varying concentrations of |

NEM from 0 to 30 mM for 1 min prior transport assay. Figure 1 shows the
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I nhi bitions, and good penetration into cells due to the uncharged nature of
the 10 conmpound. N-Ethylmaleimde (NEM is the smallest nal eimde reagent
capable of formng stable thin esters with the reactive sul fhydryl groups
of protei ns. The sensitivity of es and ei nucl eoside transport systens
towards ' NEM was denonstrated. Various different cell I|ines were used to
show t hat the nucl eosi de_transport te ward NEM i s
a general phen n‘S{\ ?M"l c&&é?%ﬁfﬂf%’a&)&éﬁlﬁjﬁﬁ ti ssues
types. . Pr evmnmmdlsemwutdmne&nm@swd%gmaﬁﬂwﬁtubsﬁéébgm (Pat erson
et al. (1977W Phar macolL,  vol . 13, pp.114: Gati et al Mol .
Phar nmacol m‘EBaPPE‘ﬁn“EH]@S‘I’S‘Z%P%L@ 680Vt ?Mﬁﬁéﬁﬁ‘eﬁn‘ﬂ%ﬁnent of
nucl eosi des Wi Hﬁinﬂ% ges nucl eosi de
transporter si tebﬂeam S |ngggﬂbfﬁ+mpé}g)sfe€1t |2§£eénl?| on :Lat %%nker noi ety
was attaéhed trensppg afzﬁy\rltyrwﬁlgnaiuplhyabndlshedbygNBMath:enmtrhmlabem?.ml\avm d
destruction o ~for the .es 0Si ransporter to
provi de novel élﬁlr%oatgg’ipthf’% ‘?yaﬁghlf)}”?se?ls?%l?‘fﬁ é,mgqqﬁﬁ épn’é'gpr esent

i nventor has hauadMCRY célsiaiih possessbott theuﬁhxﬂpﬁl n‘l‘%%ﬂeﬂw(.&ee etal
4-[N-mal ei m dg@et hﬁl ] ycI ohexane-| - carboxylic aci and derivati.ves

25 and anal og 'Wémv%??q&ypt@orWM rsﬂel:h:@latmmstl ng the

es nucl eosi de r EE%[MEHI rapl d

synt heti c rou?rel&gge &?%é%ﬁt @i)?’gga&rg fcﬁf’?ﬁ | ?%‘ amgi%g

ri bof ur dfosy| mRadpasicfHriridim tomsportmiveasth NEM dose-response cxpenments werc

cycl ohexyl.] met 5-di one, re, 1. 30- To
denonstrat e tﬂgs\ésjéa'ﬂsﬁgiﬁ?yﬂf}? ‘ggeamome&ﬁgc@fiagwfﬁﬁ#%stem to
NEM vari ous' Mm@ﬂn:-bengeésbedﬁvegs Thedcaedul@hBststol tilat ﬂﬁfml?:lﬁgic%ﬁﬂ%%?t rations
of NEMfromO 300mMMfor 1 mn prlor transport assay. Figure 1 shows the

35 equilibratt "G"é Hr‘ﬁ'ﬁ’é‘ﬁdﬁﬂsl( ed| inNEM! doserpesprseieKpaIments isef ' H- uri di ne
(final  concepifeeddst AlprMentd oifﬂ%' W&hﬁﬁ’mﬁg%ﬁ&zﬁ.@ie]%ﬁé%s- was

inhibited by NEM 1 n an apparent bi pp asi'c nmanner % of the
transport5 act mtm;s indlwse cq:ih; ht dEMpensiEivewompohd@sis thautearspordsystelM  The

remai ning 30- 40 Vkﬁigtransg%réom%%}}én\{ tﬁeetihangporq'gu%{en}/ 'ﬁ?eoelzlttgags%% ey NEM at

concentrati ons
although less sensitive to NEM inhibition, can be inhibited at higher

concentrations of NEM or by prolonged exposure to NEM. This observation is in

agreement with the general notion that sulfhydryl groups of enzymes display a
20 considerable variation in their reactivity, ranging from unreactive, through sevéral
stages of sluggishness, to free and being immediately reactive.
To further demonstrate that the reduction in uridine influx by es transport
- - system is due to NEM—induced chemical modification on the carrier protein which
. .subsequently affected the transport affinity, and to confirm the notion that the
25 changes in es nucleoside transport activity can be demonstrated by cflanges in 3H-
NBMPR binding ability, murine myeloma SP2/0-Ag14 cells pretreated with or
without 0.3 mM NEM for 1 min were assayed for the availability of high-affinity
*H-NBMPR binding sites on the cell membranes. Figure 2 shows that the K4
value (corrected for non-specific binding determined in the presence of 20 pM 6f
30 NBTGR) for ’H-NBMPR binding was changed significantly in response to NEM
treatment. Shortly after 1 min of NEM exposure, the apparent Ky value was 1.9 +
0.4 nM, as compared to 0.16 +0.02 M for untreated cells. However, the By
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Sim | ar biphasic inhibition by NEM was al so observed in human HL-60 and
human MCF-7 cells, which possess both the es and ei transport systens-(Lee
et al. (1995), Biochim Biophys.Ad a, vol. 1268, pp. 200-208). For cells
t hat possess only es (murine EL-4 cells) or only ei (rat Morris 7777)
transport system 10- nonophasic 3H uridine transport curves in NEM
dose-response_exper.i S e ved. The | C50 val ues were

appr oxi mat el yvagl.l Sffﬁﬂﬁ&iﬁ%%g?@ﬁét 14109 sitegioell; for gy treased and

(espect el y. ulend cilfs ikpdricHgont 8k hhahciy BEABAS TRUENRSOT | Lot A

3H-uridine transport observed i n NEM dose-response experinents is a
refl ection ofProKde addidenat evidence fhst a critiah disulflaydrylibond is loeatedmdaeosi de

transport - e hcleBsi The.NEM.sensi tive conponent is the
es transport.lag%?em 3‘3%'@%#@%&% %"S@y@&ﬁﬁi‘ﬁwﬂi%ﬁ? W8t r ansport
system Fhe eformatiansifdisntfhydryltiond oddNEMfesie s trinkgort RFFVEYOEHaI bi tion, can
be inhibited &Eﬁe@i qﬂer conce rﬁt@i ons .of t{;IEM or by prol onged exposure to
NEM This obsérvat i on-1esy nrtléf"é SHLiG! sfhydrylgogperthsles ransperten. hat

sul thydry! - grproin s probely Ietatediof BloStodbue oAt iffigfids variation in their
reactivity, ranging fromunreactive, through several stages of -
sl uggi shness ,“?Pgwg%blamg Bl is gletivaddfiona thel abservaticmisimt NBMPR; diheep,

denonstrate t idah ' DUl .dhne d.nflux by es.transpory systemis
due to NEM i n&di@cned ckia?ngggwgr‘i@hﬁlc&:%%tﬂgrﬁgrwefﬁ@cﬁ h%frpr?)tFBtF@ithlsv\hi ch .
subsequéfit | y saifhydylegtouphfeorh NEM pevdificatibn (e alR ISP Beshin. Bipsiye notion
that the 25 %@gﬁé@ esr&ﬁc gom%;a transport activity can be denonstrated
by changes i3t iy ‘r#g ki "c“ﬁf‘WF%ﬁffeﬁf?E‘F@r%ﬂB@Q@feAgM cells
pretreated wtidnsmiter protef) ilis foxit AN sHiRA P or the

Bvai labi lity of g ettty ﬁBWRBg?“ﬁg?ﬂr?gqgﬁﬂ%ﬁé@pﬁ&%é%ﬁ’|

menbranes. Figure 2 shows that the Kd value (corrected for non-specific
bi ndi ng det erpwopgbripn t he presence of 20 M of 30 NBTGR) for 3H NBWPR

bi ndi ng_ was changed significantly in response to NEM treatnment. Shortly
after 11%in of NEQynthgsisandehatabterizaioanEOMKIC val ue was 1.9-+ 0.4 nM as

conmpared to 0.16 <92 . nNM far untr.eated cells, However, the Bmax 36 val ues
of 40,000 + 2, eoohgﬁ%iﬁk%ég@"ﬁydﬁﬁv tplydnlibit et teagsrer praicimisand

to attach a reactive group specific covalent binding agent (maleimide) to a driver
50 that it can deliver the covalent binding agent to the desired target. The most
suitable driver will be the physiological ligand itself (nucleoside). Cytidine, a

20 pyrimidine nucleoside, is selected among other physiological nucleosides due to

its “function inertness”; thus minimizes “non-specific” drug binding. As for the
spacer arm that links the maleimide to the cytidine, a cyclohexane carboxylic acid
is chosen for pilot studies. This configuration is to mimic the chemical structure
of NBMPR (Figure 5b). Furthermofe, other advantages like hydrophobicity

25  (provided by cyclohexane) and stability (provided by carboxylic acid) are also
taking into consideration.. = S :

A direct, rapid synthetic route used to synthesize CrMCC or 1-[{4-[(4-
amino-1-B-D-ribofuranosyl-2( lH)—pyrimidionc)carbonyl]cyclohexyl]mcthyl]-1H-
pyrrole-2,5 -dione, is set out in Figure 3. ,

30 N-Succinimidyl 4-{N-maleimidomethyljcyclohexane-1-carboxylate
(SMCC) and cytidine were dissolved in anhydrous dimethysulfoxide (DMSO)

separately prior reaction. The reaction started when these two reagents were
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untreated cells, respectively, were not significantly different. These
results provide additional evidence that a critical disulfhydryl bond is
| ocated near or close to the nucl eoside transporting/ binding site of the
es transport system where :5. formation of disulfhydryl bond with NEM
affects the transport affinity of the carrier. The suggestion t hat the,

critical sul I 0 r einis obably
| ocated or c%gss(éey%%o%;d?en éﬁ?ﬁf@ﬁ%[ﬂ%ﬁt FQE iﬂrtcf’ﬂ‘(ﬁ" OfHing site is
deri ved fromﬁoeofmecmmesnmmmhww&odolmoas,mﬁﬂfpﬂvmmhet 30 pM

and uridine 0 mvlwer abl e of prote ing this 10 sulfhydryl group
f r om NEM nodlr?qcé?;ﬁ'?yéﬁnt L 2&13 % %@ngﬂm%ﬁﬁmem@@n vol .

1268, =pp. 2@Q éigﬁﬁe » t £
transporte I‘gtEI ndili-éhl gﬁg%gla@?%é%&%gﬁ“égemdﬁlﬁhé?i&%(?‘ﬁe%peut|c

pur poses’ EhmslaSS’mrhted o8 aaHiHa(rJ: Mﬁ&@fm&;ﬁhmmﬁa)@sh@@ér he strategy
(0,202 vt ELEY Sl EAOd, ESRARR e R PR bR Sy o o
driver sg tlﬁhMGGamdelﬂwz:erehﬁhﬁb)ﬂﬁ%lg&lbﬁhﬂ@diﬁ&exlaﬁﬁﬂftheltﬁblvﬁﬁ?e geSI reldf
target. The Sui river w e the ological ligand itse
(nugl eosi de) q%s@’y nﬁ‘eq'a’dﬂl’hﬁpﬂthpﬁpmcﬁjég@@ Fg'@ﬂ g gttem)ng ot her
physi o 091 cakesitah @98 bASOICHRirihatibh Br CMOE b glhel ﬁ?fa%ag%%rbaﬁg% ni‘mi zes

"non-speci fic" drug bindin spacer arm

mal ei m 4. 1oh1:5hﬁrwmmb¢tweexasw aiboydidineca 2BAAYC (Rigwe )l Thearehosen for
pil ot studie S nf i nis to m structure of
NBMPR ( Fi gur g“%%meﬁ%%?%ﬁ@é?%’?‘ﬁé?%‘?&@fﬁﬁ’&?’r E’E@Eh@(}’ P city 25
(provi ded. by2dycl ohexane) and stability (provided by carboxylic acid) are
also taking into (ﬂ% tion. A- direct, ra |d S thetlc route used to
synt hesi ze Cr MCC H&’ R‘f‘i{eﬁ MGG as lyopbifized The activity of .
-2(1H) - pyrm@ﬁ@ﬁm@m}mmmgﬁmwﬁwLtoie&atwé%s 2,5 -dione, is

set out. in Figure 3. N-Succinim

4-[ N: meldei i desigsatop M@D@Bhawe%ht@é@wglmdewmyhmyt i dine were
d | ved 0 | .
The' renct i on® TR SHERG CTRICHSH, CRtL Sy bRYER ey GSREp R cofumf ' O T E0CH! O

(Resource RPC, Pharmacia) by 20% acetonitrile in water at a flow-rate of 3

ml/min. The capillary voltage of micromass mass spectrometer was set to 3.0-3.5
V, and the cone voltage was set at 20 V. N gas flow was at 760 L/hr and -

20 electrospray was negative. Mass spectra were gathered under a fuli-scan
operation, scanning range 1-1 000 m/z. The molecular weight of CrMCC was
determined by monitoring the protonated molecular ion, and was similar to the

. predicted value of 462.5. The purity of CstMCC synthesized was consistently
-greater than 95%,

25 . The light absorbance spectrum of CrMCC was measured by uv-vis
spectrophotometer. Figure SA shows there are two Amax’s for the light absorbance
spectrum of CrMCC. One of them i—s-at 254 nm (similar to the Ay, of cytidine)
and the other one is at 300 nm (similar to the Ay of SMCC). Such an absorbance
profile of CYMCC with two Ama’s is very similar to that of NBMPR (Figure 5B).

30 This indicated that C:rMCC consists of both pyrimidine and cyclohexane rings on
its chemical structure. Subsequent structural studies using NMR confirmed this
finding. ' |
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37 m xed at roomtenperature and shielded fromlight. The nol ar
concentration ratio of SMCC.cytidine in the mxture was 0.10 M0.15 Mwith
pH 7.5-8.0 in the reaction system Wthin 4 hrs, &t MCC was found in the
reaction mxture and can be separated fromcytidine and SMCC by a C S.
rever sed- phase colum (Resource 5 RPC, Pharnacia) operated on a HPLC ( AKTA
Purifier, Pharmacia) using the . absorbance wavel ength of 300 nm Cyt.idine
was el uted by 100% water and CrMCC and SMCC were el uted by 15%
acetonitrile Examgprgswith the flowrate 1.5 nl/mn. The hydrophobicity of
CrMCC is greater than that of cytidine but_is less than that of SMCC.
Formation of Cr MoEHestf&dMGE on Ewerbinding of HH-MAMPR 48hirar#E-60 react i on

bet ween SMCC Ll at, 2 24C re 4). The area under the peak
was cal cul at LTS R ut,.f"g‘ﬁﬂg’ﬁﬁu CORN (version 2.0). HPLC

purifi edS O MCC wadl'd synthiehibe MrMC(I redigaetiveé ¥itidine @’H%yﬁﬂﬁc)/\l'.rﬁs)hs&fi G MCC was

stable for at Ie st, three m)ntEsM it was stored at in a

desi ccat or. tqneentrafion of substrateingreaseiibe yieldof EMECC oy LC- VS
(Vaters). Br |lﬁﬁfaﬁloa@i%n'ﬁ&%xﬂsb!ﬁ§ﬂnﬁdtwﬂ{m icPfCRIEHAREPhase ol um

(Resource RPC, Pharmacia) by 20% acetonitrile 1h wa *flow rate of 3
m/mn. The ﬂﬂ%ﬁ@%bpﬁg@ birioi torreartion withsSMEQdsdeBxamphi2)was set to

3.0-3.5V, and th o) ge,yas set at 20 V..N2 gas flow was at 700

L/hr and 20 el ecmgr%& Hﬁ%ﬁ‘?ﬂ%’@aﬂem’&e’?ﬁ@&%&\%r@ﬁﬁb@ﬂér}éd under a

full -scd® op¥G0.02M NaHOOs 1 78y gerelprd@tdWith orhh&l éBBl:&J%Hh@Js Jei ght  of

Cr MCC was det %ﬁg&yﬂl ni: tor| ng_the protonated, nmol ecu I on, and was
e

simlar to tff d‘BF’ Cder Symyn priorrposed ig | |HWK)(W)§;IM hesi zed
was consi st enidiiionABeahiar mb?&c@&@aééﬁﬁt ﬁehbgmenﬁ)@&%riﬁ@%% RARE LU of

Cr MCC was measured by uv-vis pect r ophot onet there are
two 21. 's fc(#eétrﬁe’amgﬁﬁ«?&bgwpbmefe v0éﬁé2tppdﬁfbﬁ64jr w&eda@slmmfmt hemis at

254 nm(5|ml cytidin he ot er one is at 300 run
(simlar to t Arrax o?oz.gﬁég%’r on%ﬂﬁ)éh@ feamingd i thg presencg0f 29 \oc wi t h
two Xm §5is M gf NBTiGRarFigre 6hbwo theNBMAR: 6 HDNBAABYo HL-60 unsealed
plasma membranes was inhibited by CrMCC with ICs, value of 10 pM. In
| contrast, the ICs values for SMCC and cytidine in inhibiting *H-NBMPR binding

. were 100 pM and >1 mM, respectively. The K; value for CrMCC was calculated
tobe 1 uM.

’I

20 To analyse the effect of CtMCC on the binding kinetics of H-NBMPR,

purified HL-60 plasma membranes were pretreated with 0, 10, and 50 pM of
- CiMCC for 5 min prior incitbated with graded concentrations of *H-NBMPR (0.2

‘'to 8 nM) for additional 30 min. A double reciprocal plot of the results is
presented in Figure 7. The lines of the plots were intersected at the abscissa

25  -indicating a changed value for B, but an unchanged value for Ky in the presénce‘
of CrMCC. For the data shown, the apparent Ky values of *H-NBMPR binding
were 0.36 +0.04, 0.31 +0.03 and 0.39 + 0.05 nM with B;,x, values of 1.56 +0.05,
0.59 + 0.01 and 0.30 +0.01 pmol/mg protéin for membranes treated with 0,10
and 50 uM of C:MCC, respectively. Data were corrected for non-specific binding

30 determined in the presence of 20 pM of mtrobenzyltluoguanosme (NBTGR) a

non-radioactive competitive ligand. These results suggested a non-competitive
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30 This indicated that CrMCC consists of both pyrimdine and cycl ohexane
rings on. its chemcal structure. Subsequent structural studies using NVR
confirmed this finding. 38 EXAMPLE 3 Effects of CrMCC on the binding of
3H NBMPR i n human HL-60 pmyel ocytic | eukem a plasma nenbranes 5 To

synt hesi ze 3H Cr MCC, . . radi oactive cytidine (3Hcytidine) was used. Since

hi gh concentr.a n t.e 1.nc ield.of CrMCC
nonr adi oact i \)gﬁ%& ki ngm%g ﬁ%mhﬁﬁésqugcﬂeﬁﬁ% ne at a
concent r direedtsibRianfgohisth00: 1 prior to reaction with SMCC (see Exanple

é). Purified HL-60 plasma menpbranes suspended in reaction buffer (0.13 M
10 NaCl, . 0. 02MVNaHRysclimgaily W&S@%M\@aﬁ@qomp@ﬁﬁgmmaemgemrat|ons

f cytidi tﬁl}éﬁe of 5 f
gddIC%/I Ion:alIneBO _uﬁ_lé_ﬁgsa%g% o%ﬁ@s@%ﬂoﬁ%ﬂlﬁmg%%%n%r ane EF agl OEM o
met hod %Lee c&nstawﬁ.%xm“gangfnﬂmnfmmedﬁxmvmmggov@mss\&rem;emhe dat a
h c f d

The pr esence Bpdesspdagias FelU g and REAC (o oot e 3 shiars Newr

t o' HL- 60 unsemeeﬁllcmh@@r%sr&ﬁﬁmﬁﬂﬁgw@emm drdle ByaliZeM@Eyswick)) | C56 val ue
of 10 M In contrast, the IC50 values for SO%CC and Cﬁtel di ne |jr]1 I nhi biting

3H NBMPR bi noﬁ“ﬁ'&'e 8spws both GSMGE andcytidine haébﬁbcqum@ﬁyct orhdL160 ogl| ue f or

Cr MCC was cal on the
bi ndi ng ki neté-cs o@ g?iemgaghgﬁ% I@dﬁwﬁéggd%ib%ﬁ%es%r glfﬁlecs &mgﬁre
pretreal@d wiSMCC, o.ﬂqofahdpﬁ&athnpbund@\hﬁExEmmelytbncm HIL-60 cellsedthat ed wit h
graded conce ati.on _ onal. 30, mn. A
doubl e reci pﬁg%%ﬁal ?Sﬁ] MF‘@E gwt?‘pal@g%{"%‘ﬂ"?fgéﬁ g)?ém?b“%e | i nes
of the plots tek@ohBpRifiSinteesbtioh vﬁth%vaipaeéeiﬁme saﬁhydm@bﬁ;%tdnrtae eelrshanged
value for B. hut an unchanged value for Kd in the presence of MCC. For

the data shovittl qq#é!%ﬁpbmenpn rell grawiicky @fhdmwmeslan&uﬁguclmm i9. 36
+0.04, 0. 31 %aflefGn&Phnd - d38s dot Tndie MIHAD iffbatanc @l &bqﬁeﬂan%n%g’é 0. 05,

15 tested..
EXAMPLE 4 .
Binding of 3H—CrMCC to the human HL-60 promyelocyuc leukemia
plasma membranes
20 - Theavailability of radioactive CtMCC (*H-CrMCC) makes it possible to.

study the biochemical properties of CtMCC on the és nucleoside transporter. This
experiment was conducted to investigate the rate of 3H:CrMCC_ binding to the
unsealed plasma membranes of HL-60 cells. Figure 9 shows the binding of *H-
. CrMCC (30 pM final concentration) to purified HL-60 plasma membranes was'
25 rather slowed. A minimum of 5 min is needed to achieve the maximum binding
value of 12 nmolcé per mg of HL-60 plasma membrane protein. This is unlike the
binding of reversible antagonists such as NBMPR, dipyridamole and dilazep,
which the binding was known to be rapid and mostly completed within first
) minute of incubation. The binding reaction in Figure 9 was terminated by
30 membrane filtration method and the data were corrected for filter blanks.
| It is important to confirm the binding of 3_H-C.rl\/J[CC_to the unsealed HL-60

plasma membranes is indeed irreversible. Purified unsealed HL-60 plasma
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0.59 + 0.01 and 0.30 + 0.01 pnol/ng protein for nmenbranes treated with O,
10 and 50 pMof CMCC, respectively. Data were corrected for non-specific
bi nding 30 determned in the presence of 20 M of nitrobenzylthi oguanosi ne
(NBTGR), a non-radioactive conpetitive |igand. These results suggested a
non-conpetitive 39 inhibition of 'H NBMPR binding by &CMCC. This is a

uni que featur f.the irreyersib antageni sm Any clinically useful drugs
nust have it ebBarm%wer(?ﬁ%%B')?a #’%O&%Pﬁe‘*ﬂfM%fqﬂQMC Aftes adachr ange.

HL- 60 cells-i thelnigandstviit 8ihGEdPP6 foldd andfihd didd 'thymOf 5 x 104
cells/m in REM medi ym cant aj ni n 10% FBS m%ﬂ%l%%gfég%ﬁﬁr&ymd d

concentration vaE?‘!sltﬂmh er‘éﬂi%toaim cﬁs}ocxendzom depud d?:glﬁedays The
Erour e 8 shousns R bl o hEENEE ok binfin sfCodkERta B4y - 60

cel | gréwth EFStéQrwanﬁcmmaﬁﬁd&@ﬁmngﬁvaslnﬂﬂ@fp{?ﬁ:ﬂﬁdﬁésengeﬂﬁ}iﬁ of t |
exposure. par ent conpounds, was extrenely
toxic to HL GWOF'?'EGMVW? gmlcﬁlgcd'ﬂgﬁ@ %@&ngﬁqn&gg binding sifes; Iavonimastel |

growt h. The theibiiding off30BIND6E 8 citidind BUNEE0 fanh Fp%eé%gt(}wsna nteraction

with-every ac&eSSJ bl.e sul fhydryl groups. on t e ce e or no
i nhi biti on on®gw¥eat r"ﬂ?ﬂﬁDfaﬂgc‘é’?ﬂﬁ@lmﬂhﬁlbk%@mdoﬁ”sgmhlw) nilkikeosi de i s

Concent rat § on nARE(RQRE VR tne Aok EmRelis® Rhritifoh B T BT R biscinat o ¢ ne
human HI060 pEBvGEIBigpte B shgpektedite intplaatiorpofBMCE 1€ s Bﬁdmg-gﬂ@shlsa\éa' | ﬁbl i tly
Yy t he i ochem ca

of radioactiv S 0ssSi bl:e to stu

properties ofﬁl RVC#%%#?&%B%W@“ T Hg’ﬁd’lll:@“e MW@STe@Rpeﬁednent was
conducted to bymembiagefiRratiBemeaio afd thaldafa WarCcortichi (05 E mf unseal ed

pl asma nenbr anes gﬁﬂ(rL 60 ceIIs Figure 9 shows éﬁe bi nding of " 3H CrMCC

(30 pM final concelft9eifrminethe epnseptiafipn depandgre of -@M@rbnﬂn@&oﬁt&s 25

rat her sl owedbindin ,wsrgimﬂga Chl eve t.he m bi ndi ng
val ue of _12 nnol e%% per ?ﬁse'egg‘& ﬁ?ﬁ 't"% LSS WPt acyba ?fm“"@ is unlike
t he 15 graded concentrat;on of 3H-CrMCC (3 1o 800 pM) for 10 min and the reaction

was terminated by membrane filttation method (Figure 11). The data can be

resolved into at least two components, a high affinity comiponent (Kq=23.8 + 2.2
HM) and a low affinity component (inset of Figure 11). The kinetic constants_ for
the low affinity component cannot be estimated with the existing concentrition
20 range of *H-C:MCC. Itis also possible that this low affinity component is a norn-
specific 3H-CrMCC binding site. The data shown in Figure 11 were corrected for
filter blanks. '
It is important to determine the stability of 3H-CrMCC-'réceptdr complexes
in various pH conditions. Purified unsealed HL-60-plasma membranes were
25 incubated with 30'1;11_\4 of *H-CtMCC for 5 min. ‘The reaction mixture was 'theﬁ |
diluted 20-fold with reaction buffer of varioiis pH values (pH 0.85 to 7.5). The

dissociation reaction was terminated by membrane filtration method. The data
were corrected for filter blénks.- Figure 12 shows 3H-CrMCC-receptor complexes
were very stable at physiological pH. However, the ligand-receptor complexes
30 ‘began to break down at pH below 3.5.
Early studies with sulfhydryl reagent NEM had suggested that a cysteiné

residue is probably situated very close to but not on the pucleoside
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bi ndi ng of reversible antagonists such as NBWR, dipyridanole and dil azep,

whi ch the binding was known to be rapid and nostly conpleted within first

m nute of incubation. The binding reaction in Figure 9 was term nated by 30
.menbrane filtration nmethod and the data were corrected for filter Dbl anks.

It is inmportant to confirmthe binding of 3HC MCC.to the unseal ed HL-60

pl asma nenbr I.,s i-ndeed irreyersible. .Purified unseal HL- 60 plasma 40
nenbr anes m%ﬁmlg EREROLHE oF Brclensids ansportsr PIgfesm: .“ﬁf’f%ﬂ' which the

m xtures wer €CCisdind{d thobe sitcthat CEN b thal (e WRRa08 it SALd A T OOM
tenperature B r, \t/ rious time intervals to allow dissociation to occur.
S ’§W§‘

Fi gure 10 petion (Legyetqilo(d 88D aBiashing Biaplysy Ama vol.dd68:zp. BOGdi ng

sites occurreg tes J”ﬁﬁﬁ%" _ ' 3 I 4: 8 190, en 1 nmM of
cytidine pr eseﬁi:ée%lu% St“ﬁlé | S%ﬁ%ﬁ%ﬁ?gﬁgﬁ%éﬂ%c@%% MCC from
its bi nd?ng shews] mM of phisiclegical nubleotideserzy cytiding) ukddide, Addnosihé atide t o

HL- 60 pl asma; an ow and ..di ssoci ated.rapidl coppl etely upon
dilution (i ns‘%@ﬁ%iﬁﬂgépmﬁk?s BFWF?S“‘FFHB?R?& EPW&P-%W‘%@HF

non- conpet i t idigyridaible) irdesd Riledtd MBWRMLS biihIIN-EMEC\EE M RRAT € 7)
suggested the interaction of CGMCCto its binding sites 1s  1ndeed :

i rreversi bl e.coRgrataHan o thstioAO plasmamsmbraessn In gomtragt denyDofdEM wasti nat ed

by nmenbrane f,i | Xehiost - dat. . - faql.t er

bl anks. To dg?ggénﬁgg?ﬂ'e concé%%??g#%%gne%%é%ﬁ%géﬁém'b ing to
its bi A ng fudingsuggrsteditha WEM s0d C:M Q@ réabtef) ta themsante Rbiflayde gl gi6ueon Ncubat ed
with 15 gra edescongsngé tion of 3HCrMCC (3o 800 M for 10 min and the
reaction was ternl Habd PN i | tration net hod (Figure 11). The data
can be resolved into at |east two conmponents, a high affinity corriponent

(Kd = 23.8 + §.2 I\%rand a low affinity conponent (inset of Figure 11). The

ki neti c cons £53 the low affini ty conponent cannot be estimted with

the existing concebalf8hePRimyaat «Abudl balbamlsion fie BllifiRg ol bl € that
DOTTE] ' M i

this |ow affinity™To =—spe S Ad-g—site. The
dat a sh&wn i ytidipemeletalete hemanHi 60 ponfyelocyfic leukemial mérhbiaies Npor t ant

to determne the 3{abldbdebssllty bR S PISmisS Ruftfiyi group
reactive agent, linked to cytidine via a cyclohexane carboxylic acid spacer arm is

effective in irreversibly inhibiting the binding of *H-NBMPR to the es transporter

protein. In this experiment, the binding capability of *H-cytidine molecule to the
20 HL-60 plasma membranes after being linked to the same or different sulthydryl
 group reactive agent via different spacer arms is compared, to provide an indirect
indication on the'suitability of the spacer arms used in creating the irreversible es
- nucleoside transport inhibitor. Thus, 3H~cytidine was chemically modified to
.. incorporate various sulfhydryl reactive side arms onto the 6-amino position of the
25 pyrimidine ring. Chemicals used to modify 3I-I-cytidime include m- '
maleimidobenzoyl-N-hydroxysuccinimide (MBS), N-succinimidyl 4-[p-
maleimidophenylJbutyrate (SMPB), N-[y-maleimidobutyryloxy]succinimide, 4-
succinimidyloxycarbonyl-a-methyl-o-[2-pyridylthiojtoluene (SMPT), N-
succinimidyl 3-[2-pyridyldithio} propionate (SPDP), N-succinimidyl
30 maleimidoacetate (AMAS), and N-[e-maleimidocaproyloxy]succinimide (EMCS
), in addition to N-succinimidy! 4-(N-maleimidomethyl)cyclohexane-1-
carboxylate (SMCC). Purified HL-60 plasma membranes were incubated with
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in various pH conditions. Purified unseal ed HL-60-pl asma nmenbranes were 25
I ncubated wwth 30Mof 3H'CrMCC for 5 mn. The reaction m xture was 'then'
diluted 20-fold with reaction buffer of various pH values (pH 0:85 to 7.5).
The dissociation reaction was term nated by nmenbrane. filtration nethod.
The data were corrected for filter blanks. - Figure 12 shows

3H CrMCC-rec exes. re .very.Sstable at, physiol ogi.cal pH However;
the |igand-r gggg%rﬂg%ﬁﬁﬁg&“ecgﬂg&o%gegn@@%@M&ﬁ#@t%' Ir?ﬁ%“?»‘.‘ 5. Early
studi es wi t hvawkdrinjchied byhéibiahe Hifetiba thetel Fg@d 14 BRdwaNLst ei ne  resi due

I's probably ;imiuat d very close to but not on the nucleoside 41
t r anspor t i ng/AKisiEMdogeeipRytic gridi(idAkcovalenbasn premotesthighsstrioevassibleei n.  Thus,

i f 3H Cr MCChirsiitd : AHBrS| ' t hen, the substrates
that failed tb ?@nﬁ?gﬁn%tgct ion-ﬁ@ﬂégﬁ%ﬁ%@ﬂaﬁ%&ﬁ@ﬁm yg?(’:'télm Bi ophys.
lcta, vd. 1288dyldihioRaipioiO8)id GR). deivevel,V-tyndieiiddchprobRe &idno ef fect on

3H Cr MCC bi ng|j Figure 13 5 shows | M of physi ol ogi cal nucl eosides (e.g.
cy. tidine, u%@hﬁ{”‘é@g@%bﬁ%%@m (MB3i Mripymalgimidotmtysilioacid6GMBY| eosi de

transport inbhpk I,Eé! =¥ %1 i Ob O Iohid lindesd..fail ed to inhibit
t he binding of 3 Eéﬁlh@@% ?ﬁgF aggdgmﬁf‘%%e%ﬁﬁl&%ﬁfﬂ‘éeﬁ- 60 pl asma
nenbr anes. | Rovabent paisst as comphdead MbhleimnidomathybtfceHekar: @shotyfic 48 of Cr MCC i n
inhibiting t lnding of 3 H1i This.1Q finding suggested that NEM and
Cr MCC react e )t °‘g’5‘ﬁ'g’ %ﬁ?‘?‘%‘lﬂv’h ‘P@Yi@éuﬁho}“%?éa@%ide@@'ﬁe

transporg er pa9l@itrffeEBXAMSELS Enl 8 f ]9.%& Lol ~| .reactive coval ent
arns on the binding gf 3 I—éﬁ15 ~1ldi e -I%Fecuﬁies‘c?ghﬁﬁhan HL- 60 pronyel o~~c

| eukem a plasna nenbranes It was successfully- denonstrated that

mal ei m de, aE%Hélflpl?Wl group reactive agent, linked to cytidine vi a a
cycl ohexane carboxylic acid spacer armis effective in irreversibly

i nhi biting the bi hghtificatibn 3f HH-ABMPR bindinkpresind ihshal B0 protein- In this
experiment the binding capabi[ity of 3 Hcytrdine nolecure to the 20
| 1L-.60 pl ashe=H QraSEig meanirangsed to t he sane or different

; :’Jl)fl ihégrz In o ?Egﬁ@ﬁﬁfsiw&@e AE8So i el 4G meMBRAE pRIIEs tha WwaLPared, to
labelled by *H-CeMCC. *H-CIMCC (20 uM) labelled HI.-60 plasma membrane
proteins solubilized in SDS were loaded onto a C)3 reversed-phase column
- (Resource RPC, Pharmacia) operated on a2 FPLC (ATKA FPLC, Pharmacia) with
, the foliowing conditions: column volume (CV, 3 ml), starting buffer A-(0.05%
20 TFA in water), eluent B (0.065% TFA in acetonitrile), flow rate (2 ml/min),
detection (280 nm), elution (0% B in 3 CV, 0-3% B in 1 CV, 5% Bin 5 CV, 5-

100% B in 15 CV, wash-out 100% B). Figure 15 shows the general UV (A = 280

'nm) absorbance profile of HL-60 plasma mémbranes after being separated by

FPLC using a Cs reversed-phase column. The arrows on the chromatogram |

25 indicate the protein peaks that were labelled by *H-CrMCC (refer to Figure 16).
The eluents were collected at 1 mV/min and the Iradioactiirity was determined by a
liquid scintillation counter. Figure 16 shows there are at least three major
radioactive peaks located at fraction numbers 43-44, 49-50, and 57-59 of the
chromatogram. The sharp radioactive peak at fraction number 6 is due to

30 degradation product of *H-CfMCC (i.e. 3’H-cytidine) and the non-specific binding
of *H-C:tMCC to the membrane lipids.
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indication on the"suitability of the spacer arns used in creating the
irreversible es nucleoside transport inhibitor. Thus, 3H cytidi ne.was
chemcally nodified to incorporate various sulfhydryl reactive. side armns
onto the 6-am no position of the 25 pyrimdine ring. Chemicals used to

nodi fy 3H cytidine mclude m mal einiidobenzoyl-N hydroxysucci ni m de (MBS),

N-succinimd 4- el ei m dophenyl [ butyrate (SWB),

N-[y-mal ei m %xy] succi ni m de, 4- :
sucei ni m dyl oxycamqag d Ak . (SMPT), N
succini m dyl 3-[2-pyric T steet ni m dyl 30

mal ei m doacet at e Gmmw)oftbn]uxwpgfmmgmmtmmbm@&mm (EMCS in

car boxyl at o PAELyceGYipe s ¢ e Bompeen Rkt Cnsemortesd e with 42

| QU pM df t heattachirgd esvaleyt mﬁuofotm phyhaysgicdl fiRIcdfat Qith o AhendsiBn- The
reaction tergbg {I'(f'i"%ij menbrane filtration nmethod. Figure 14 shows
N-a- mal ei ni ?%‘SH’E‘? X eResAe s ehesically anadificdip ingornerate varidiisghest

bl nb foll d
I T A L R N R S Akt

N-s- mal ei mi d@@@pthogtquegcnanalMSMMhEFMWmmgﬁQICﬁCIﬁN@s

(B8 ver o oS M5 $nGY Basrd Bt RerSnegianay idg ubror” ' © 2 ¢

N- mal ei i domameuqmlth@dsﬂwma&mm& afialggd fr § M) Thd ReaGlURWAS! -
a- net hyl - Eyrle’éyl di t hj o] t oI uene carboni c--aci-d ( MPT 10 was | east

ef fecti ve byrnembrane filtvation meghodn Figure 17 shoves 4- I\/PLE 6 |

| dentif i |

| euken a p égﬁlfﬁ“e‘*ﬁgﬁ X?@?@% REUENIS) Bt A PHOROE ROy, P10C ) s
lrrert;blriang arL otregvessiti¢ bindingrof H+db®sh@c(l@iyunﬁlitm-63pla§in§n(b%&: M e
abel | e ran i zed jin wer e | oade
onto .a C]8 r?ogl rgi’"?%ﬁ‘&g"% &‘Eﬁ‘ﬁﬁ{‘ ﬁ%m YLEP’@ & BEdYitielr at ed on a
(FE\L/C g A‘BK)A Fgﬁﬁn:f&n%w@buf f[Z))rNy&%ﬁleuﬁ;hﬁcaﬁd)’lﬂ%ﬂmd}ntﬁﬁ@i?mdcﬁ%h%np vol ure

acid (MB), and N-maleimidomethyl cyclohexane carboxylic acid (MCC) were
equally lesser effective as covalent arms. In contrast, N—y—maleimidobutyrylic
acid (GMB) and a-methyl-o-[2-pyridyldithio]toluene carbonic acid (MPT) were
least effective. |
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20 TFA in water), eluent B (0.065% TFA in acetonitrile), flowrate (2
m/mn), detection (280 nxn), elution (0% Bin 3 CV, 0-5%Bin 1 CV, 5%B
in 5 CV, 5- 100% B in 15 CV, wash-out 100% B). Figure 15 shows the general
W (A = 280 nn) absorbance profile of HL-60 plasnma nenbranes after being
separated by FPLC using a Csa reversed-phase colum. The arrows on the
chromat ogram 25 indicate the protein peaks that were | abelled by 3H CrMCC
(refer to Figure 1M el uents were collected at 1 mM/mn and the

radi oactivity was by a .liquid scintillation counter. Figure 16
shows there are atInh@ifry LfféeCof TRE®sible3Rt-R36 ted.at-fraction
nunbers 43-44, fl9 50, and 57-59 oJ p{rﬁe —CIm unéﬂ%&ﬂ%?@ﬁgggm%dl oactive

peak at fract PRA-H TME?mM%brdmen@mbdeegradat i on product of 3H Cr MCC
(i.e. 3Hcytidine) E@ @nggegemflc binding of 3HCMCC to the

menbrane lipids. 4 | opment of irreversible binding drugs of
adenosi né origin |'fﬂxe/cmponhdsmus;uﬁeegsﬁesqba,cm,ama%dlzca%éheﬁﬁdabl e i nhi bi tor

of es transporte tidine_as | ead.- conpound, the invention

can be reprodit ﬁ“ﬁ{}’ﬂ?ﬁhﬂizh‘[ﬁ'@ E @%ﬂ@ﬂvd@rmlﬂothaﬂmom@ﬂmpu cal

nucl eosi de suma'rmzqdqp_ _P al | ;

nodi fied to |}r’1%gr porhat e%?ﬁgﬁcﬁ?ﬁﬁd f jéﬁﬁo)ggl ént™ ﬁglrfrs onto the

6- am no p05|t 1- Uﬁémplde (3-62;ﬁdlmfﬁg5—ﬂmyﬁn‘mq)}gﬂm&r Nfgegsedure set

out in Figur ehe);ﬁr %&ﬁ_ee chem cal s g (E\x I e)&jé qulf 60 pl asma
nmenbr anes wer€ i n ubat eg el propigpampide ‘g Béﬂg @%#Wﬂ%?ﬁ ed 3H

adenosi 1@ anadtbgko-fpgrroﬁlM@e&@hﬁcﬁoﬁﬂﬁkﬁ:ﬁ&aﬁ%ﬁyh&&i ZD@tlﬁﬂrd%é{r JERNDr ane

filtration ma.t @diwg e 17 shows 4-] 5) mal el rni dophenyl | butyryl ic acid
(MPB) coval erf! %}'g‘dﬁl @??B%‘tuv"lﬁ’ derpensgpisd effisperasitrevdrsiBler adenosi ne

(100 M to tHsindihg B6mPphaR B d’yl ik hl%][@élsn eglokmegxig%d&%&@ doacetic acid

pr.opi.onic a

(AMA) . However, 3-
N-s- mal ei mi ddBag %51@@@#@01( winding ligandsiceinprisidg benjugsition agentsd (MB) , and
Nt doret 1 i P BN S e >
15 5-Hydroxytryptamine (212.7 mg, 1.0 mmoI) was dissolved i in saturated sodium
bicarbonate (25 ml) solution at 0°C. N—Ethoxycarbonylemude (177 6 mg, 1 05
mmol) was added under stunng After 30 mmutes the ice-water bath was
replaced with warm water bath (30°C fo 40°C) The reaction squt:on was then
stirred in the warm water bath for about one hour The solution was then
20 | extracted with ethyl acetate (3 x 50 ml). The ethyl acetate layer was s then washed
with delomzed water until pH close to neutral 2x 20ml) and then with brine (20
~ ml). The organic layer was then dried w1th anhydrous MgSO4 The solvent was
removed under reduced pressure to obtain a crude product in yellow oil.
' Punﬁcatlon through flash chromatogmphy (30% ethyl acetate in hexane) afforded
25 the product as a yellow to orange crystal (187 2 mg, 73%)
' The reaction scheme for synthe51s of LBT3002 (F igure 20b) is as follow:
-Hydroxytryptannne hydroch!onde (42.5 mg, 02 mmol) and 3-maleimidobutyric
acid (40.3 mg, 0.22 mmol) were suspended in 1 ml 2-methoxyethyl ether (DME).
To the solution, N—methyl morpholine (NMM, 25 pl, 0. 22 mmol) and 1,3-
30 dicyclohexylearbodiimide (DCC, 45.4 mg, 0.22 mmol) were added. The solution

was stirred for 3 hours at the room temperature. The product was purified by
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acid (GvB) and a-nethyl-a-[2-pyridyldithio]toluene carbonic acid (MPT) were
| east effective. 20 44 EXAMPLES Inhibitory effects of irreversible

i nteraction 5-HT anal ogs on the bindin of 3H5-HT in marine brain
menbranes A. Conpound Synthesis 5 The conpounds shown in Figures 19a, 20a,
21 a and 22a (chem cal structures of LBT3001

(1-[2-(5-hydgoxy-1 Hindol -3-yl)-ethyl]-pyrrole-2,5-dione), LBT3002
(4-(2,5-( Hoxﬁg%', Wmﬂﬂmfbw@ uging p pragienbsofventclent £§¥o.tp 3% mgthangl

yl) - et hyl ] - bissédRPleACinlotd] &PSMherate brownish oi 0

(3-(2, 5-di ox0- 2, b hydr o-g rrol-1-yl )N P4 (107 me, 60%).

hydr oxyl - | Hi ndol T@Sﬁﬁ‘)twatshgﬂln}&i]br symthesisof 883 00hFined 206)5s aslfolldws- ( Eoxo-2, 5
| O di hydr o- py: < - vi-net kvl - cvel.o ne rboxylic acid [2-(5-hydroxy-IH
i ndol - 3-yl )__yép hyh -)a# %E?"e F%&é%@é{‘fi?,gﬁﬁmge@gméiﬁ%@"ef ficacy as

i rrever §i bl emakimidopgpivaiveid(@3.2 nig ©. 22 mmbl Svepxaidpérded af 1 gRdi fi ed | i gands
which are nodified 5-HT receptor binding |igands cor(rEri si ng conj ugati on

agents. The Tethoxyahy!stheeRMEy Tathesalutips, Nymettyi sompholine QIMM.2ZH), | s as

follows: 1 5 Hv ' I di ssol ved in
saturated s g%l?% m g?é%ﬁ %%—ﬁ%c?@b?@gi%d@m?%@k@ 3?318’&%’ 0P mimol) Were
N- Et hoxycar baddgd.eiThe stdutiohAvasGtimed foi 3dpursaveie)rovvasemptafttrel TR proddci M i NY.
After 30 m nutes,. igce-water bat s  replaced with warm wat er bath
(30C to 40C) Wﬁegz’xﬁcaghggﬁ%@%ﬂﬂ%ﬁﬁéﬁm%ﬂﬂ% selyenticliept (0% wat er
bat h f a0.. abosstl.59880 BGhethAREnSALHY LA CHIG ) ﬂfébngﬁteeﬁltcfr%éseﬁﬂydéﬂlt h ethyl

e .

acetate (3 x 50.-m ). The ethyl acetate |ayer was then wth
dei oni zed val¥80 M&t70%)pH cl ose to neutral (2 x 20ml) and then with brine

(20, 1) TrEEsa Sl ety WARAASH HTSG0 Wil ML AT, The
yel | ow oi | . fuwindmetylicpclohdxaneegibokylivsdeid(2c83nm 1 89rmapbly il SRMmehy! acetate in
739, The r SRR On B FHET L yisorey s OTC BTOR2ORRRBAG. 200) |5 a5
foll ow3s ethoxycarbonyleimide (finely grounded, 3.05 g, 18.0 mmol) was added portion by
. portion. When the addition was completed (c.a. 10 minutes), deionized water (80
ml) was added and the mixture was stirred at room temperature for 40 minutes.
The resulting mixture was bought to pH 1-2 with 1 M of HC1 and extracted with
ethyl acetate (3 x 80 mi). The 6rganic layer was washed with deionized water (50
20 ml) and then brine (20 mi). The organic phase was dried over niagnésium sulfate
and evaporated under reduced pressure to generate a crude pfoduct. Purification 1
by flash chromatography (hexane : ethyl acetate : aceficacid, 60 : 39 :1)to afford
the product as a solid (2.69 g, 63%). 5-Hydroxytryptamine hydrochloride {42.5
mg, 0.2 mmol) and m'aleiihidomeﬂlyl*cjrc]ohex’ane carbo.xy}ic acid (52.2mg, 0.22
25 minol) were suspended in 1 ml methoxyethyl ether (DME). To the solution, N-
methyl morpholine V(NMM, 25 pi, 0.22 mmol) and 1,3-.dicy4clohexylcarbodiimide
(DCC, 45.4 mg, 0.22 mmol) were added. The solution was stirred for 3 hours at
the room temperature. The pfoduct was purified by ﬂa-lsh_ chrbmatography directly
uéing a giadient solvent eluent (ethyl acetate : hexane (1:1) to ethyl acetate :
30 hexane (3:1)) to generate a light brown oil (28.3 mg, 35.8%).
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5- Hydr oxytrypt am ne hydrochloride (42.5 ng, 0.2 mml) 'and

3-mal ei m dobutyric acid (40.3 ng, 0.22 mol) were suspended in 1 ml

2- met hoxyet hyl ether (DVME). To the solution, N-methyl norpholine (NMM 25
pl, 0.22 mml) and 1,3 30 dicycl ohexyl carbodiimde (DCC, 45.4 ng, 0.22
mol ) were added. The solution was stirred for 3 ,hours. at the room
tenperature. The product was purified by 45 flash chromat ography directly
using a gradi ent sdPhent-Bd|resitor bislingropmonadsmucloss those siotvhih Fiwre?d or i de)

t te b b Sin 0l . 9 1.0 ti h f t hesi
of UBT3004. ( Fi ot s By shotiic SPherciisile dfiok B Fbt s SEF Vejne nsitor 1 oo,

u
(42.5 ny, o.ztgwmayﬁmhenesmwmteﬂﬁmﬁgmiwnmzmid (37.2 ng, 0.22 mol)

were suspended in lynil  methoxyethyl ether (DM E). To the sol ution,
N- et hyl nor phol i né= 25 111, 0.22 mmol) and
L, 3- di cych ohexy! carfindé 1 giiiev(ROGhibiGr/eiMliis dhvaRBUA RS on AUGEAL The
| 3. hours at the roomtenperature: e product was

solution was stirred for 3; i [
purified by f|@H%‘f%ﬂ&95g§+&;§ﬁ91mmbr¢nmmsgPadﬁe&unuﬁnebmm el.uent

(range.cr yot o™ s Sudll i haitn WOTRS IVACHECE DUgM Ao . BEED™ © "

LBT' 3005 { Fi guwese prbyatedswith gfaded comcestratibng sRLETI00 () £BI3082 (85 ar boxyl i c
id (2.83 g, 1) d. NaHQCB (80 i stirred

i gor oust y at " E00RES) tpd RS R) Fus minrin eipes i AT Gontd st

gr ounded}0 3. Ozogcentfidh) ForakdiivEA 30 4RI TROFhL R Wi tg,m{,{ug@g,( g%\hﬁ, l.he

addi ti on was' com}lﬂ_&tjed (c.a. 10 mnutes), derontzed. water . was
added and theV Kratign methpd.; dthe datashowm wergrormatied forfron-sheific nut es.  The

resul ting MXq,g{dglg/@c&‘ -2t ol M of. HCl extracted with

ethyl acetate (3 x 80 %g.%ﬁ%%@gﬁ%f@%@é’;nﬁ%? Mﬁﬁﬁ?{iﬁ'h eSSz ed

wat er (50 20 Meye platied dgatstyontrel igdingriigtermitial ianlyedtisendebAshiMfRsys.dr i ed over

Cr ode-product - pur it 7¥ 3RV biadie G S iy Brsve memiancst hyl

acet at e: 1%cet imas anhildted &9 all adalSgslof SLET ¥ &Pé@a:ehhﬁgﬂisﬁ%[ﬁﬁneﬁs. a solid.(2.69
2.5

g, 6311/6). 5-Hydr pt arai ne hydrochl ofi de ) ng, 0.2 mmol) and
i n~al ei i ni domet hy! %ﬁ%‘f@s&zﬂ%ﬁ@oml%w@lﬁcya@ syerode-2eg-diGne) 2n

analog containing no spacer arm between the 5-HT and the maleimide molecules
(Figure 19a), effectively inhibited the binding of *H-5-HT to its high and low
affinity binding sites with ICso values of about 0.001 and 50 uM, respectively.

20 LBT3002, an analog containing 3 carbon molecules in the spacer arm (Figure
20a), inhibited the binding of *H-5-HT to its high and low affinity binding sites
with ICsy values of about 0.00003 and 200 uM, respectively. LBT3004, an analog
containing 2 carbon molecules in the spacer anm (Figure 21a), inhibited the
binding of *H-5-HT to its high and low affinity binding sites with ICs, values of

25 about 0.2 and 50 uM, respectively. LBT3005, an analog cohtaining cyclohexane
carboxylic molecuie in the spacer arm (Figure 22a), inhibited the binding of 3H—5-
HT to its high and low affinity binding sites with ICsp values of 0.5 and 300 uM,
respectively. These results clearly indicate irreversible binding drugs can be
designed using the technology described. Additionally, the technology is

30 applicable to many small molecules and can be applied to further improve the
efficacy of existing molecules. _

47



25 mmol ) were suspended in I rnl nethokyethyl ether (DME). - To the
solution, N nmethyl norpholine (NMM 25 pl, 0.22 mmol) and

1, 3-di cycl ohexyl earbodiimde (DCC, 45.4 ng, 0.22 mmol) were added. The
solution was stirred for 3 hours at the roomtenperature. The product was
purified by flash chromat ography directly wusing a gradient solvent el uent
(ethyl acetate : hexane (1: 1) to ethyl acetate 30 hexane (3:1)) to
generate alight brown oil (28.3 ng, 35.8%. 46 Other 5-HT receptor binding
conmpounds such as 'Elia@nmﬂmwgmeloﬁlgpmlﬂ:caﬂonsgpiteﬁgaﬁdﬁdtbﬁakﬁhﬁﬁdbﬂ‘ ied for
irreversible bJLnd tQ th target sites umg one of the reaction
schenes il | udtrit %gﬁq?cﬁelﬁ ﬁ}e TRQFalg9 By 1 efeAE%ay 5 Figure 18 shows the

i nhi bitory effect Theduskautitg éfﬂag'u@nﬁg g&%ée fJe ity bi ndi ng of
3H5-HT {o nurine, br a‘}glr'li rrerrbsr%gnes Pur i fg?lz wr?ﬁ%t‘%gg?%&fer%&bé%nes
suspended i n shedim %ﬁﬁhﬁ@vemnmmm@mmhﬁmvmﬁmyopﬁ 7.0) were

d
(o), and LeTSOREepaepr GOGREBMGLABE tyres, THOSCobsklbinghe i e .) nal 10

concent r at i ordppreciateahiat] inilightéf tRO insiant diddlesure,datibR mediicittindiandt ed by
nmenbr ane VaC&_IImefIHI’atI%I’] t hod. . The_data shown were corrected for

non- speci fi c qularigmbeduaenty exegplifiedwithputsparting oacti ve

5-HT. The r edin the s¥épe t Fdlgﬁ %ﬁﬁ&ﬁ grd in the
absence_of ‘inhibitors %fme(&;r’%&%ﬁgﬁig\%g fquﬂ% I'n ? O Mnurine
brai n m®br aﬁ%@ﬂdeﬂohﬁmcl“gm b’iﬂlmdhbscoaimfﬁnalppgxianfclw in an apparent

bi phasi ¢ manner. . LBT3001 (1-[2-(5-hydroxy-tHindol -3

yl)-ethyl]-pyrrol e-2,5-dione), an anal og containing no spacer arm between
the 5-HT and the nal ei m de nol ecules (Figure 19a), effectively inhibited
the binding of 3H5-HT to its high and low affinity binding sites with

| C50 val ues of about 0.001 and 50 M respectively. 20 LBT3002, an anal og
containing 3 carbon nolecules in the spacer arm (Figure 20a), inhibited
the binding of 3H5-HT to its high and low affinity bi-nding sites with

| C50 val ues of about 0.00003 and 200 pM respectively. "LBT3004, an anal og
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containing 2 carbon nolecules in the spacer arm (Figure 21 a), inhibited
the binding of 3H5-HT to its high and low affinity binding sites with

| C50 val ues of 25 about 0.2 and 50 M respectively. LBT3005, an anal og
cont ai ni ng cycl ohexane carboxylic nolecule in the spacer arm (Figure 22a),
i nhibited the binding of 3H5- HT to its high and low affinity binding
sites with I C50 values of 0.5 and 3OQHP Srespectively. These results
clearly indicate irreversible binding—égégs can be designed using the
technol ogy described. Additionally, the technology is 30 applicable to many

smal | nol ecul es and can be applied.to further, inprove the efficacy of

exi sting nol ecul es" 47%%“@%?%?‘@)%‘5&%%@@6‘??&9@%&%aabmsm, patents
and patent apsillpsreht QAR a'cBhjREARMA deSntRAGE RadfvR Wifh 4 ARY '9@9@ Be ed by
ref erence. Throughou?ﬁ§he sﬁggifié%?ion theaain1hasaﬁ§gﬁ}to scri be the

pre ferred 5ecEPBOW Wiich said parenidigand binds surhvhatiasevalenttiond ixfottablé nvent i on
to any one ¢ ' Necl £ . on of features. Those of skill
inthe art.wll a%%‘?se%nﬁlg%%gﬁﬁgﬁtg?%%#g%ﬁétf))'f the instant disclosure,
various nodi fi cat 2ons Hhelprocésanfelaint & whereiihieconjugdation Rgent isGithded

enbodi nents ex | ifi,ed wi.thoyt departing fromthe scope of the present

i nvention. A gﬁﬁ'ﬁmnllﬁﬂ’ Flﬂ'a?éi’cﬂ@ d changes are 10 intended to be
Lncluded wi thin tBe sCPREpbeds Pchito/WRLinthediBer if ovaldiifhiindd ot Pr OCeSS
for nodjfying a.parent ligand, conprising attaching to sald parent |igand
a conjugatio Q£}§ﬁ1$¢%h_is reactive with a noiety of a target 5 receptor

to which said pargnt [4{g éagg_ L Ne t hat A coval.ent bond is. formble
bet ween sai d conj ﬁ'g’at ion gg%kgflglf#g’gr r%itfg ?’?Cej,lsﬁ%@gﬂﬁ%ﬁ%ge P claim 1,

wherei n the therponygstionragagent is attached to the parent |igand through a
spacer. 3. .: The_procgss of cl ilmz2 erein. the spacer. is covalently
attached to 10 th¥ par it PPFGSARCIaUN 2 hereip hespaces copprpesagroupper ei n t he

spacer is covelédd fromm 8id @6lPebrisRting of alkyl, heteroalkyi, cycloalkyl,
15 heterocycloalkyl, oxoalkyl, heterooxoalkyl, alkenyl, hetero alkenyl, aralkyl,
~ hetero aralkyl, aryl and heteroaryl radicals..

6. The process of claim 4, wherein the conjugation agent is a

sulthydryl group specific conjugation agent.
7. The process of claim 4, wherein the conjugation agent is selected
20 from the group consisting of an amino group specific conjugation agent, and a .
. carboxyl group specific conjugation agent,

8. The process of claim 1, wherein the conjugation agent is selected
from the group consisting of a sulfhydryl group specific conjugation agent, an
amino group specific conjugation agent,.a carboxyl group specific conjugation

25 agent, a tyrosine specific cénjugation agent, an arginine specific conjugation l
- agent, a histidine specific conjugation agent, a methionine specific conjugation
agent, a ﬁyptophan specific conjugation agent, and a serine specific conjugation
- agent. | _ o . -
9. The process of claim 8, wherein the sulthydryl group specific
30 conjugation ageni is selected from the group consisting of N-maleimide and N-

maleimide derivatives.
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t he conjugation. agent. 5. The process of claim2, wherein the spacer
conprises a group selected fromthe group consisting of alkyl,

het er oal kyl, cycl oal kyl, 15 heterocycl oal kyl, oxoal kyl, heterooxoal kyl,
al kenyl, hetero al kenyl, aralkyl, hetero aralkyl, aryl and heteroaryl
radicals.. 6. The process of claim4, wherein the conjugation agent is a

sul f hydryl group eci f4.c conj ugati.on, agent.. .7...The.prpocess .of claim4,
wherein the conj ug'gt [ on’#heapgrgﬁltss géd%l@n%éﬁ}%cm ﬂlfdv'ﬁag%%:cﬁéﬁayﬁms Bnsi st ng
of an am no gelectpd Spacthé group@ohsighigiof disalfidereagantd icludisy SradiHiotgs-(@ip

specific conjuggtion agent. 8.  The process of_claim1l, \Ma}er | h the

conj ugati on: “étg‘gﬁmlgagg}’éﬁ'é@“W¥‘ﬁénﬁpﬂc&7%£PH¢ﬂ SHfddﬁ:%‘lﬂ f hydryl
group specif i,ﬁetgﬁqm.ﬂﬁ%ﬂgw‘nt , an amno group specific conjugation
agent;:a carboxyl group specific conjugation 25 agent, a tyrosine specific

conj ugat? on agent 1tan dhgipricass of staim 8, whergiy the aminergroupyspetifica hi sti di ne

speci fic conj | a hi oni ne. speci f.i ¢ l;ugation ~agent, a
t rypt ophan sﬁgﬁkﬁ&cﬁﬁaggﬁlﬁ%@%ﬂg%ﬁ &t 3?% cglsgépg ﬁgﬁgﬂgﬁ?gfargfg%gﬂﬁ?ugat ion
agent. 9. Theceatsesgensf cl aim 8, wherein the sul fhydryl group specific 30

conj ugation agent _is selected fromthe group consisting of N-naleimde and
N- ral ei mi de deri V&t i vade pegessof cipga 11, Whersia the alkylating agentyizes selagtadne

N-mal ei ni de GRjuh Hatd £ > _ r Q0SS L
0 sl 1 de. roanms R et EENERh CBhiRd LURAAR L5 O,
4, 4' - di ¥hi odiketomesli ne, net hyl - 3-nitro-2-pyridyl disulfide, and

met hyl - 2- pyridyl di,sulfjde. 5 11, The process of-claim8, wherein the am no
group speci:fic 'cghj uga lfecﬂ’fo%fﬁ\_%ﬂ‘?c}?‘g‘ ]slep”g‘EfeéIchFF Wgﬁ?téﬂ’ﬁs&’(?ﬁ?fist i ng of
al l cyl ating Mﬂi&g@é\ﬁ:coﬁﬁi)!t'iﬁédﬂ]ﬂ)c?ﬂﬁ&t,i%oﬂﬁt?efyaﬂ_iiéi-iﬁidb%ﬁéé,ﬁ-f claim1i,.
wherein the al kylating agents are selected fromthe group consisting of

a- hal oacet y| dodonlsdecinigmidyl ester, pehitsophgnyd elitgr @sylphlpride, and sulfonyl

chloride.

15 : 14.  The process of claim 8, wherein the carboxyl group specific
conjugation agent is selected from the group consisting of carbodiimides and
carboxyl group esterification reagents. , ,

15. The process of claim 14, wherein the carboxyl group esterification
reagents are selected from the group consisting of diazoacetate esters and

20 - diazoacetamides.

16.  The process of claim 8, wherein the tyrosine specific conjugation
~ agent is a diazonium derivative.
17.  The process of claim 16 wherein the diazonium derivative is
- selected from the group consisting of benzidine and bis-diazotized 3,3- "
25 ‘dimethylbenzidine.
| 18.  The process of claim 8, wherein the arginine specific conjugation

agent is selected from 1,2-dicarbonyl reagents, -
19. The process of claim 18 wherein the 1,2-dicafbonyi réagents are

selected from the group consisting of giyoxal, phenylglyoxal, 2-3-butanedione

30 and 1,2-cyclohexanedione.
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10 ketones. 13. The process of claim 11, wherein the acylating agents are
selected fromthe group consisting of isocyanate,

i sot hi ocyanate, .im doesters, N hydroyxl succinimdyl ester, p-nitrophenyl
ester, acyl chloride, and sulfonyl <chloride. 15 14. The process of claim
8, wherein the carboxyl group specific conjugation agent is selected from
the group consi sti of ~carbodi.i mi des_and .carboxyl group esterification
reagents. 15. The gg‘oce eB'Pcﬁsé’?‘ﬁfaﬂ,s’ Y)(ﬂ“é?‘@i“?f’ hisfiiipesnsemigicopiugation

ester i fi cali ongem bnghticd fnete B! QAsibERTLIGIARE 4P RO Rl Of

di azoacetate esters and 20 di azo(g?et am des. 16. Tﬁege;??ocesssfc?ggél aims§,
wherein the t?g?%%'ne specific conjugation agent is a diazoniumderivative.

17. The process of ¢l ai LeL: | i rivative is selected
fromthe ig)r oup pongipst i %%P_w%gnglmgﬁ’ﬁﬁ?%?&c%i%fg@%%sel_fgt_cg
- di et hylfenzifighribe gaRp chimistingof eclml®iely] ainipodndsiasl Baliles HBdMy 8 inae

specific conj #g@t ion agent is selected from1, 2-dicarbonyl réagents. 19.
The process o P m 18 wherein the 1, 2-dicar bonyl reagents are selected

fromthe group congpsti TR focdk ¥PHm 26 : LS E nediane 30
and 1, 2-cycl ohexanedi one. .0.020. The pr’%&gg%%@g@rﬁzﬁg%n%h%efﬁeiﬁt@he
hi sti di ne” spe&iom the gxonp gepsisting of digthylpyracahohates athibxyfarmi¢ fthydridep consi 5ti ng

of al kyl ati ng; .acyl ati agent 1. .The, process. of clai m 20,
wherein the afs%g/i a% |§h§£®§§%¥?%a%%g??%£wﬁ9gdwww ¥ &§tBpy consi sting
of a hal adcet yhiteph@gUedér, acyl vilofidd, hatEsulfoa) I talbiHaes and ketones. 22.° The

process of claim2Q, wherein the acylati ng_aggnt‘s are selected fromthe
group consi sting ofdi elPREsassefelansvwherein thexyethipnine spacificdr i de,

conjugation agent is an alkylating agent

24.  The process of claim 23, wherein the alkylating ageﬁt is selected
from the group consisting of a-haloacetyl compounds, aryl halidcé, aldehydes and
15 ketones. ' T
25.  The process of claim 8, wherein the tryptophan specific
. conjugation agent is selected from the group consisting of N-bromosuccinimide,
2-hydroxy-5-nitrobenzy! bromide and p-nitrophenyisulfenyl chloride. |
26.  The process of ¢claim 8, wherein the serine specific conjugation
20 agent is selected from the group consisting of diisopropylfluorophosphate and
acrylsutfonyl fluorides.
27.  The process of claim 26, wherein the serine specific conjugation -
agent is phenylmethyl-sulfonylfluoride.
28. A modified ligand produced by the process of claim 1.
25 29. A modified ligand having the general formula;
L—R;—A ' ¢
wherein L is a parent ligand; ' ,
wherein Aisa conjuéation agent that is reactive with a moiety of a target
receptor to which the parent ligand binds such that a covalent bond is formable
30 between said conjugation agent.and said moiety; and

R, is an optional spacer.
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i socyanate, isothiocyanate, imdoesters, N-hydroyxlsuccinimdyl ester, p- .
10 ni trophenyl ester, acyl chloride, and sulfonyl chloride. 23. The process
of claim8, wherein the nmethionine specific conjugation agent is an

al kyl ati ng agent 24. The process of claim 23, wherein the al kyl ati ng agent
Is selected fromthe group consisting of a-hal oacetyl conpounds, aryl

hal i des, al dehydes, an 15 ketones. 25 ,The process of claim 8, Wnerei n the
t rypt ophan specif?% c %@@F@ﬂg@gaﬁflﬂﬁ@?&whﬁwdh?w&wmm

consi sting OhydiblpsNaHREl oicticd From the ?Q?&ﬂs" iy r}(eyéé mde and -
p-nitrophgnyiéul enyl chlori de. 20615]:.l _%%gairocégt]sﬂgo‘#ﬁgﬁg’l m ?Qﬁéérel n the
serine speci fycloaliyhihgteseqyslealkyh oxeplkyl, haterootaabitybcilkenylyhttess afkanyhy consi sti ng

of diisopropgtg\h;!é: ﬁrﬁﬁlﬁg : QQP] C sul fonyl fluorides. 27. The process
of cl aingt 26, F%E% the g%ﬁheﬂ;ﬁe%%?ﬁLﬁb#Ugat i on agéir;iti bsp .

henyl hyl - sul f | f AusnnipdeitioR Sompyi ineebifieDidgiehd RF Oliih 28 oP Y €
Brocgss ofycl al 'y &5 29, A nodi flierés(;w%ii gand_having the general formula: L
R-A (1} mh‘él?’gf%ﬁoge ey with anharmaceutically aeceptable carier. o conj ugat i on agent
that is reactive 31.th & EldAtof nRhtnRent @&Sﬁh}rlﬁﬁ?tgﬁ‘d)éonggio‘gﬂk%iawﬁe - parent
ligand binds such that a coval ent bond i s formable etween said

conj ugat i on WHBaAftaragtaccenion, saidi method comeprizing admzinisteping toapationainareed 51 30. The

dified Ii ' | Ml cer.conprises an .hydrol ysabl e
adi cal se: OchiedinBhed opdlothiy Ardole 3BREF b RybbosRER sPBurRYE.
cycl oallRyl .. thetedifieddigand kfdlaimmsed dwngj&i(f,eﬂﬁwlalﬂsbm@hmﬂu&, hetero

al kenyl, aral kyl... het.ero aral kyl, aryl and ‘heteroaryl radical s. 531 - A
conposi ti on EAHIEFHEE he nodified |igand of claim28 or claim 29,

together with a pizar Mag GitHoAI d¥eARipARE PRE&EBF 4 taffet receptor in a test
sample, comprising:
: —  contacting said sample with the modified ligand of claim 28 or claim
15 29, wherein said modified ligand binds said target receptor if present in said test
sample; and
—-  detecting the presence of a complex comprising said modified ligand
and said receptor in said contacted sar.riple. '
34. A method of quantifying the presence of a target receptor in a test |
20 sample, comprising:
— contacting said sample with the modified ligand of claim 28 or claim
29, wherein said modified ligand binds said target receptor if present in said test
sample;
—  mieasuring the concentration of a compléx- comprising said modified
25 ligand and said receptor in said contacted sample; and
—  relating said measured complex concentration to the concentration of .
said receptor in said sample.
35. A method of détecting the presence of a target receptor on a cell or
cell membrane, comprising:
30 S contacting a sample containing said cell or cell membrane with the
modified ligand of claim 28 or claim 29, wherein said modified ligand binds said

target receptor if present in said cell or cell membrane; and
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32. A nethod of treatnent or.prophylaxis ofa condition associated wth a
target receptor, said nethod conprising admnistering to a patient in need
of such treatnent a therapeutically effective dosage of a conposition
conprising 1Q,. the nodified ligand of claim28 or claim?29, together
with a pharmaceutically acceptable carrier. 33. A nethod of detecting the

presence of a target .receptor in a test sanple, conprising:. contacting
said sanple with thedﬁtﬁfﬁl%IB'EIPFFEEHHFBFOIEPI&?‘W@Bnaﬂgémdimﬁdlﬁeﬂ lipgnd wher ei n

sai d nodi fi ednd saibeell dpicBllefibkshetiR 548 boktpaEPLApIL| Present in said test
sanple; and - . dféecti ng the presence ofa co ex conprising said nodified

ligand and said ?®cephaiethod of guantifsing sbe prasengepf 2tar@t recapoedmadelbf

quantifying bPRURAGSIGIGE .farget receptor in a test 20 sanple,
conprising: - contactl néc{gtg‘)%lﬁs%frpl e wth the nodified I'igand of claim28

or claif 29, wherei nomaitiig aadinplee@nlair@anshididlbsr ceflinferhRbAOHith gpept or i f
present in S%iog‘ﬁ%ﬁgt chﬁ‘nPl'e; - neasuri ng the concentration of a conplex.
conpri si-ng sard nodPFIcey clasg 18iqp glaim d Qgwherria spidomedified jiganddiitisseidt act ed
sanpl e; and target Rkaitbri@pRaif olBRAAYEREr &AM ncentration to the
concentration of ?ai d ?eceptoor I n sgf-d saﬁgprgﬁ '35. A net hod of detecting

gge presence of -at amgasurip 2 theton pemﬁa;gﬁdéﬁz?plexcoihilniiwhb@mdiﬂéaﬁﬁri ﬁi ng:
- contactg; coni,al ni.ng Sal ce or ce ne, rane w-t t he
modi f i ed |iggg.bg’d%¥‘&g£§%’%°f§e preoptiing 1 gaid pntacted sample: #ddi f i ed |i gand bi nds
said tlfirget recept ofeldtin Bﬁq%mh@c&ﬂbﬂx._e&iéén&éﬁ&gb|ﬂléc}&¥(:9&g[gﬁ'on gpd 52

noditi e I gan

detecting the.presence of a conpl ex conprising sal d and
said cel [ orSR&IereRterRsgsanicon saidseellr cethmsmbeesanpl e. 36. A net hod of

quantifying the presencgr 8l uft EVfby bR RS £ fargdt r&:egt%lr,l said probe
comprising the modified ligand of claim 28 or claim 29 having a reporter -
molecule associated therewith.
15 - .38.  The probe of claim 37, comprising the modified ligand of claim 30..
39.  Use of the modified ligand of claim 28 or claim 29 or of the probe
of claim 37 in the study, treatment and prevention of conditions associated with a
target receptor.
40.  Use of the modified ligand of claim 28 or claim 29 or of the probe
20 of claim 37 in the study of target receptor function. ' - '
41. A process for modifying a parent ligand, comprising attaching to
said parent ligand a conjugation agent that is reactive w_i_t_h-a'moiéty of a target
receptor to which said parent ligand binds, wherein when said parent ligand binds
to the receptor a covalent bond is formed between said conjugation agent and said
25 moiety, and wherein the parent ligand binds specifically with a nucleoside |
transporter.
42..  The process of claim 41, wherein the conjugation agent is attached
to the parent ligand through a spacer.
43. - The process of claim 42, wherein the spacer comprises .a group
30 selected from the group consisting of alkyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, oxoalkyl, heterooxoalkyl, alkenyl, hetero alkenyl, aralkyl,
hetero aralkyl, Euyl and heteroaryl radicals. |



or cell nenbrane, conprising:. 5 - contacting a sanple containing said cel
or cell nmenbrane with the nodified ligand of claim 18 or claim19, wherein
said nodified |igand binds said target receptor if present on said cell or
cell nmenbrane; - neasuring the concentration of a conplex conprising said
nodified Iligand and said cell or cell nenbrane in said contacted sanple;
and 10 - relating said neasured conpl ex.concentration to the concentration
of said receptor pffteserdheprocsssof claini41 owhiereini thercorjugation agéht issepectdde t hat

coval ently bi { 3 e [ al robe conprising the nodified
li gand of cl éffb ?né?ﬁ%é@lpc'%glg%&%aw nﬁd‘%‘sl%’sg%gl?e&‘?% ﬁ?ﬂl“gg‘&%agéggaei at ed
therewith. 15@@8&0@@@%@@&6&@633%@@:@?3&5@ cBmjdidtiond |1 gand of
claim30. 39. e of .the npdifi.ed |igand of claim?28_ or clarm29 or of the
probe of cl & *Yr%"{e}f@e@?aagﬂwwea%&anmémﬁq emivgatienndi t i ons

associ atd Wiapéhtoa hikidifeipetieaBhiubatichQeettS S nidthiddife %fo{cicggiug%@;d of cl ?‘i m

28 or claim29 or of the probe 20 of Cclaim37 In the stu rget
receptor fun@s¢ibh tryptophanspesifieeonfugatiomaicnyiand a serpuerspatifit co@nghtiononpr i si ng
attaching to,gaid parent ligand a conjugation agent that is reactive with
a noiety of a-target receptor to which said parent |igand binds, wherein
when sai d parent KSgan@hbprudsss of olai 41, welseihdlic confupdabeadenbRRd i s for ned

bet ween sai d @ n'éllﬁaatioh %%Snt and said 25 noiety, and erein the parent
li gand bi nds® ﬁ@’ iSEYP SPeGiiie Fonjugation aget selected Bpmihe grorp caimistimgef pr ocess

of clair 41, nhekRhide hh® NOAREMAAE 4GRaa88Nt s -attached to the parent
|l i gand t hrough a spacer. 43. The process of c¢laim42, wherein.the spacer

conprises” a group4630 Ibe¢ proces of cloim #hovhprein theo¥mealsimiidegdevivatinels ke

Lo K S e R s ) b GO REEELY,

radi cal s. 53nitrobenzoic acid), 4,4 -dithiodipyridine, methyl-3-nitro-2-pyridyl disulfide, and
methyl-2-pyridyl disulfide. '

15 _ 47. - The process of claim 41, wherein the conjugation agent is selected
from the group consisting of alkylating agents and acylating agents.

48. A process for modifying a parent ligand, comprising attaching to
said parent ligand a sulfhydryl group specific conjugation agent that is reactive
with a sulfﬁyd:yl group of a target receptor to which said parent ligand binds,

20 wherein when said parent ligand binds to the receptor a covalent bond is formed
between said conjugation agent and said sulfhydryl group, and wherein the parent
ligand binds specifically with a serotonin receptor.

49. A modified ligand produced by the process of claim 41.

50. A modified ligand produced by the process of claim 48.

25 51. A modified ligand having the general formula:

L—-R;—A ¢))
wherein L is a parent ligand that binds specifically with a target
receptor comprising a nucleoside transporter;
 wherein A isa conjugation agent that is reactive with a moiety of

30 the target receptor to which the parent ligand binds, such that when said

parent ligand binds to the receptor a covalent bond is formed between said

conjugation agent and said moiety; and
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44. '1le process of claim4l, wherein the conjugation agent is selected
fromthe group consisting of a sulfhydryl group specific conjugation agent,
an am no group specific conjugation agent, a carboxyl group specific
conjugation agent, a tyrosine specific conjugation agent, an arginine
specific conjugation 5 agent, a histidine specific conjugation agent, a

nmet hi oni ne specific cog£%%$tian agent, a tryptophan specific conjugation
agent, and a serine spet{EnEPES T-on agent. 45. The process of claim

41, wherein the cenj UgThé MBAFRE Kpatdofklait 1 Whelel th %&E{d '
conj ugati on agent selected from ttghe group consi S%ﬂl nggé)%éprl r?%%%i m de and

N- nal ei r ni de NERBYSralysable radicgl sefastedframe theeromp ernsistinglat alkyl chagéroalkyle

N-mal ei m de j i I th r nsi stij ng, of

di sul fid le 1 egg‘fe‘%%‘% ]ynegﬁcfﬁ‘g’ir"ﬁ’é‘]@ﬁ-"%ﬁ'ﬁﬂoE%‘g‘@%‘fﬁﬁﬁt NS %‘k‘r"ﬂ?

4, 4' - di thi odiaskyl,dictesg anatkyhy iyl andhéteroadd pdidatly] di sul fi de, and

nmet hyl - 2- pyri dyl dj sul £ de. ??51 47. ‘Tr}e p?cﬁi:éau% of c¢laim4l, wherein the
conj ugat i on agent >1's stnreRpdifed ligand aficlaim ], whemsimdhe eonipgagion agsngisat i ng

agents and aeyhlfitydfd sadpibsoifid¢SonjikalbRagsR. for nodifying a parent |igand,
conpriSing attaching to said gqrent ligand a sul fhydryl group specific
conj ugat i on agent >4-hat Thesmedified ligand oficlaim£2s whérkindhe sulfhydop gafupa t ar get

| Faand. bi nds ot S BaRal bk L LABRA SR the ot oGt o YRR B

conj ugaldl on anbNimacithideadetivativeshydr yl group, and wherein the parent |igand
bi nds specifi cal I%/Svm' th a S‘ﬁ-ﬁg‘%ﬁg&% receptor. 49. A nodifjed. |igand
produced by the process*dfe of clggn 5A, whegpinithepareny digandsbisdsiced by t he
process of ch@mﬂ@m@ﬁnﬁéeoﬂ%&r&q | i gand having the general fornula:
L RRA (1) wherein_L is_a parent [g;[%and t hat binds specifically with a

L
target receptor ¥nprThsmedifiedligind®sichimi anbighistieteractibewithes A is a
conj ugati on gag&Ysidk j [ 2 Np(oY f. .30 the target receptor
to whi clt)j the parent qﬁ‘ﬂ}é’ﬁ%‘r EI ngsn , agét%% I Qﬁé%clé;"é‘f’%f’ sensitive proteins,

wherein said modified ligand has a general formula selected from the, group

consisting of:

20 W

_5-5 - @ , (1)

‘wherein A is N-maleimide, 2-pyridyldithio, or halogen;
XisNH, S, or O; |
Y is H, halogen, NH;, or O;
30 Z is H, halogen, or CHj; 7
R, is spacer arm opﬁoﬁally coiﬁprising a non-hydrolysable radical

preferably under physiological conditions; and
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parent ligand binds to the receptor a covalent bond is forned between said
conj ugation agent and said noiety; and 54 Rl is an optional spacer. 52. The
nodi fied |igand of claimb51, wherein the spacer conprises a

non- hydrol ysabl e radi cal selected fromthe group consisting of alkyl,

het er oal kyl , cycl oal kyl, heterocycl oal kyl, oxoal kyl, heterooxoal kyl,

al kenyl, hetero 2&kﬁg{l, 5_ara|§§l, hetero aral kyl, aryl_and heteroaryl

radi cal s. 53. TheRaiSdhPrigibr segfritiZdieopirthoss. o theifixraono-: helivapd dgat i on
agent is a 1 /I group specific conjugation agent. 54. The nodified
ligand of clai'm52, wherein the sul fhydryl group specific conjugation agent
is selected fromthe group consisting of N-maleinide 10 and N nulein de
derivatives. 55. e di fi i.gand .of .clgaim51, wherei he .parent |igand
bi nds specifically wi ‘B"‘ﬁﬁﬁéhg”squ’é'chfaﬁgpg@é?‘?sﬁé‘?nﬁﬁmgfied | i gand
of cl ai B 51, sedetedifrdrs ther@upédnsiéengdft N es  nucl eosi de transporter and/ or
nucl eosi de/ nucl eoti deJnucl eobase-sensitive _proteins, 15 wherein said

nodi fied |igand has a general fornula sel fromthe., group consisting
of 20 25 (11) wherein Ais N naleimde /rpdyl di.thio, or halogen; Xis
NH, S, or O; Y is H halogen, NH2r or 0: Zi¥ H halogen, or CH3; Rl is
spacer armoptionally conprising a non-hydr¢|ysab|e radi cal (\pref erably
under physiol ogical conditions; and 55 R2_i-8& H R-D-ribc-se, f

3- D-2-deoxyri bose, or their 5 -nono-, 5'™di-, and 5' tri-phosphate.

wherein Ry is 4-[N-methyl]cyclohexane carboxylate, N—[m-Benzoate], 4-[p-
phenyl]butyrate, N-[y-butyrate], N-[ct-acetate], or N-fe-caproylate];
10
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57. The nodified ligand of claim51, which has a general fornula 5

sel ected fromthe group consisting of: HN wherein R4 is 4-[N

met hyl ] cycl ohexane carboxyl ate, N-[m benzoate], 4-[p- phenyl]butyrate,
N-[y-butyratej, N[a-acetate], or N[c-caproylate]; 10 o-- \ / -11;Z0 N OH
R [/ ( O56 wherein R4 is 4-[N-inethyl]cycl ohexane carboxyl ate,

N-[ m benzoate], 4- E}%‘F’) phe %bu rate, N-[y-butyrate], N [a-acetate], or
N-[ c- caproyl at ] : Hllmlqhgxanemrmwe Af-[mebémloata},tml uene,

g ]Eg ngﬁ g)}:/): og’r_r%t,do exanoét éﬁ%ﬁgﬁ%ﬁﬂﬂé\%ﬂ%&r OP#@PQ%%%"H Fqﬁ OHOHHH

wherein RS is 4-carbonyl -a-net hyl -a-tol uene, 6-[a-nethyl-a-tul oamdo]- 14 -
hexanoat e, N-[ 3-propi onate], 6-[ 3' - pr opi oam do] hexanoate. 58. A nodified
| i gand having the general f ;

(VD

5 wherein Rs is 4—carbonyl—a-mcthyl—a—toluene 6-{a—methyl-oc-tuloaxmdo]—
hexanoate, N-[3-propionate], or6 -[3’-propioamidoJhexanoate; and
s

s I AN
R N

N / S /

whereir; Rsis 4-cafbonyl—a-methyl-a-toluene, 6-[a-methyl-o-tuloamido}-
10

~hexanoate, N-[3-propionate], or 6-[3°-propioamido]hexanoate.

58. A modified ligand having the general formula:
L—R;—A D
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L-RIA (1) 57 wherein L is a parent |ligand that binds specifically with a
target serotonin receptor, wherein Ais a conjugation agent that is
reactive with a sul fhydryl group of said target receptor to which the
parent |igand binds, such that 5 when said parent |ligand binds to the
receptor a covalent bond is forned between said conjugation agent and said
sul f hydryl group; and ' | -<I £ | i gand of
cl ai m 58, wherein the: %r%ﬁ?ﬁﬁggﬁgm%%%gg%dgg%g “OhI %ﬁagérg%ecursor or
anal og t hereof. 1Ge®nidteeeptodi fi ed |igand of claim58, wherein the

nodi fied |igand has a tructure sel ected fr the gro consj st of O HO
H ILBIT?,001I(%-[2-(5- hydr‘”?l&?{f’?’ﬁ‘é%ﬁﬁ&BPJ-“éﬁtiﬂ“)@g&?‘ ‘]‘QW&WBH’@!‘?%’?@%‘HE? 15
LBT3002 (4- (2, 5- digeafy o sBiddraycketentorts Whidkr tht arbhi12akObitislshomphd H i ndol - 3-

yl)-ethyl] butyram de) HO 20 58 LBT3004 .
(3- (2, 5-i oxo- 2, 5-¥hepdnig peyent Heand byads tathereeeptosasopalontbend isformel

yl)-ethyl] propi ongmedfkaid 2Bfubeion dYenttdnd said sulthydryl group; and
R; is an optional spacer. ' '

59.  The modified ligand of claim 58, wherein the parent ligand
comprises serotonin or éprecursor or analog thereof. _ B
10 60. The mod_iﬁed ligand of claim 58, wherein the modified ligand has a
structure selected from the group consisting of:

O :
\
N
H
LBT3001 (1-[2-(5-hydroxy-1 H-indo)-3-y])-ethyl]-pyrrole-2,5-dione)

O

_ H ,
HO. N\"/(CHz)s-—-N \
N s}
N O
15 H
LBT3002 (4-(2,5-diox0-2,5-dihydro-pyrrol-1-y1)-N-[2-(5-hydroxy-1 H-indol-3-
yl)-ethyl}-butyramide) ' '
O
L N.__(CH \
HO \[r ( 2)2"_"N .
N o IS
"N
20 H
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CH2 .LBT3005 (4-(2,5-dioxo-2,5-di hydro-pyrrol-1-ylnethyl)-cycl obexane
carboxylic acid [2-(5-hydroxy-|IHindol-3-yl)-ethyl]-amde) 61. A
conposition conprising the nodified |igand of claim51 and a 10
pharmaceutical ly acceptable carrier. 62. A conposition conprising the
nodified |igand of claim58 and a pharmaceutically acceptable carrier. 63.
A nethod of detecting the presence of a target receptor in a test sanple,
conprising: 15 contacting said sanple with the nodified ligand of claim§Si,
wher ein sai d LBXHOD4 €34(2,5-diomd-28-diigdrdaiyerol- RyRal-[24S-8pdeky- 1 r-RAGSRNt in said
test sanple; atjeethylpprpionagideltendr esence of "a conpl ex conpristng said

nodi fied |igand and .said receptor in said contacted sanple. 64. A nethod
of quantifying the presence of a target receptor in a test 20 sanple,
conprising: contacting said sanple with the nodified | Dgand of claim51,
wherein said nodified |ligand binds sai s recept If present in said
test sanple; neasuring the concentrati ‘ eX\CO rising said

nodi fied ligand and sattPvece (i act &d s e; and 25
relati ng said neasured conp ycentrgyion to the congentration of said
receptor in said sanple. 65: mp hod of detecting the presence of a target
receptor 3n a test sanple, conpH sing: contacting said sanple with the

nodi fied | i ganBT3H05(8{28-3Bx0-23edifidto SPH-1- mq | - bi pds sai d
target recept ggidi[j_(pg?fﬁg% ‘ﬁéﬁi%fggig%ﬁﬁ; ?"Hd‘; cﬁ]e%&%’%%@{cﬁo i€ he |
presence of a conplex comprising s | |gd | igand and said receptor in
said contacted sanple. 66. A nethod of quantifying the presence of a target

receptor in a test6banpAeomposifion congtising the modified ligand of claim 51 and a
10 pharmaceutically acceptable carrier. ' o

62. A composition comprising the modified ligand of claim 58 and a
pharmaceutically acceptable carrier. '
63. A method of detecting the presence of a target féceptor in a test
sample, comprising; ' |
15  contacting said sample with the modified ligand of claim 51, wherein said
modified ligand binds said target receptor if present in said test sample; and
‘detecting the presence of a complex comprising said modified ligand and
said receptor in said contacted sample. |
64. A method of quantifying the presence of a target receptor in a test |
20 sample, comprising:
contacting said sample with the modified ligand of claim 51, wherein said
modified ligand binds said target receptor if present in said test sample; |
measuring the concentration of a complex comprising said modified ligand
and said receptor in said contacted sample; and |
25 relating said measured complex concentration to the concentration of said
receptor in said sample. |
65. A method of detecting the présence of a target receptor in a test |
sample, comprising:
contacting said sample with the modified ligand of claim 58, wherein said

30 modified ligand binds said target receptor if present in said test sample; and
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5 contacting said sanple with the nodified |ligand of claim58, wherein said
nodi fied |igand binds said target receptor if present in said test sanple;
measuring the concentration of a conplex conprising said nodified |igand
and said receptor in said contacted sanple; and relating said neasured
conpl ex concentration to the concentration of said 10 receptor in said
sanple. 67. A probe that covalently binds to a target receptor, said probe
conpri sing the nodeterdng the presencs of & compiex compr)sing sad digandped Ul e
associ ated .shiagk @é& %%d%m nodi fied |ligand of claimb51 or of

t he probe. ofsggl ai méé?nsa?‘gc?nn t he sH}gy of target receptor function. 69. A
probe that coval el y i meibod of gnantifyisg the prsenosrof asapet rpcephe imatgst i si ng t he
nodi fied |i gang fcézl al m 58 having a reporter nol ecul e associ at ed
therewith. 70° 2“BYPHHE: modi fi ed | igand of claim58 or of the probe of
claim 69520 in theontehe said samplpavith te eidified1iga6d oDelain® 88, wherein said

modified ligand binds said target receptor if present in said test sample;

measuring the concentration of a complex comprising said modified ligand
and said receptor in said contacted sample; and
relating said measured complex concentration to the conééﬂiféﬁon of said
10 receptor in said sample.

' 67. A probe that covalently binds to é—ta_:,gét receptor, said probe
comprising the modified ligand of claim 51 having a reporter molecule associated
therewith. |

68.  Use of the modified ligand of claim 51 or of the probe of claim 67
15 ir_l the study of target receptor function. ._ '
| 69. A probe that covalently binds to a target receptor, said probe
comprising the modified ligand of claim 58 having a reporter molecule associated
therewith, o o
70.  Use of the modified ligand of claim 58 or of the probe of claim 69
20 in the study of target receptor ﬁmctioﬁ._ |
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