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.

I n contr@gst to phys: leal 1igands that.stinul ate. an effect after binding

to a recgpt'or (-re’gﬂégén%%bﬁreoffiﬁegﬁe%w cosl}g,a“‘?ff?fﬁgto’é'ﬁf’%‘qﬁﬁ-dgsi fied as (a)

agoni sts or dpargsularhihe Ipreseitiinventbe reieseb ingsditiaf & d@&zﬂfﬂiﬂﬂiﬁe@ex&ﬂﬁf receptor,
t

and (b) anta o] sts or drugs which do not stinmulate an effect. after
recept or bind %“T‘“ RENYgreEae ‘P“t’ﬁ&%'é’ mstheds fee preparing suel heands riBheamayelpossi bl e

for drug-recepdaas ofthd tiveakidd Wb diifte ihBPhla RN Rst ; g,g}nds and
hydr ophobi ¢ bonds by van der Malggflotggggqﬁ?wgt%}m ﬁ%grnl1 c'6‘?ﬂreceptor

i nt er acti ons 3UASIdpEs aheplthcats, pgricultufal andwetivirgnsentsll dpalieatiosd) Yor thegi ¢ bonds
are i nmpgst ant offf; V. o f 1. drug-receptor interaction since
effedliv lPﬁlh%lglE%értsn%EEﬁ%ﬁ%o te reﬁ%)é(_)r findtion.

t hese bonds-have the gre ge% ra

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
' 1



After the initial interaction, fine-tuning takes place involving

di pol e-di pol e-bonds, hydrogen bonds and hydrophobi ¢ 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 the pharnmacol ogical effectiveness of any

drug is often .affected I t.S aown t|on|nthe | asma, as a
decrease in pMREHE CWg‘n%B’ﬁE%PP%tI?‘ ﬁW“’f qvﬁéli‘ee%?%teﬁtl‘?é? e SRt i on of

drug ol ecul @ffef ¥ ihitial i'h&@aﬁﬂbﬁ,rﬁncstﬁﬂﬁg @dke@?ﬁeé vl dipue-difdi-BoAR

enzymes irreversibly or g&seudm rreversib and the precise nmechahi sm of

i nhi bi tion gi Wgdro g%@ngag@ 41'@110@!@17(@?1%%5&0“811 allgkese nﬂelbctmnsmlqgrﬁm | es and
the duration ﬁ] %rﬁ?hﬁﬂéchﬁ%ﬂ{\ébr@é/ b RIEOGR B b%(ﬂ?mgé aﬁé‘x@ﬂl\)aﬂg Lgrase react

covalently w S enzyne orm-an acyf ?Sat es nore
slow y tHan t hevemilde.yds ﬂwﬁmf irftenactinh mnveﬂy Wdak hhhwtab pharhmbolageal
acetyl chol i ne. e acet

15 b ttack of th t
site serine oﬁff?fﬁg g‘?fﬁ???% ﬁ?ggﬁaﬁ“?g ‘§F§Pn Pgﬁﬂ)"%{:lﬁ O?Plésgﬁgfln{ave

occurs througlasaae@easanegmamg%ﬁaqmﬁmﬁhﬁc@&e%dlgéawﬁsnb@ drgap! dl y
hydrol yzed, with a half tinme of 10 psec. These rapid acylation an

deacyl ati on sﬂlﬁ’é@u@ FtFS@ePfQIa turnover rate of 105 substrate nol ecul es
per enzynme nol ecuk L nhi bi s such as
physostigm ne 20 angv neo§§rﬁgm ne %r m rret%{] m@sn%rggémb 6 -and

di met hyl Hhi noq:smﬂamyérmbbrmyirthsprem mbc}h:msﬁl dsfc,?ihli;bitioﬂ@ﬁ/efi@irse teadyeat i on of
several m nut Thus, QVi-di me .an alternative
substrate, c "schs’& E’@ﬁw ﬁﬂ%a'? thea}’ée QMg the catal ytic
cycle for the car bM&)ﬁlﬁhbl&ﬁsaﬂ&@&ich-gﬂﬁes@rd}@}éa%tctﬁﬁﬁﬁﬁﬁ%ﬁtﬁi@rn%kiﬁ‘e
respective acyl ation steps or thé acetoxy and carbanoxy ester 25

substrates do'himgnasylspzane thet deandates morrsiowlydban thestatdemeyme e of t he
car banoyl iR tf EF OF i nhi bition.
Several ot her?enzggrrggméggﬁl étbQ?HtE B&%@%Feﬁé QJE Ptéll nt on{ﬁgﬁ%éﬂ

i nhi bi t o5, gi by atackicfthet aptive sievserine bn thetsybstritee Taycfaof thesacyhfremetazi ne,

| socar xazi d tabollte e _agent yline). are oxidized
to reactive 3 "ﬁ"ﬁ?"ﬁé E‘?ﬁ?@ﬁ#ﬂ eg}g?(ggg.eih%-%é@ge Hedi at es
attack the ass@ﬁdlﬁhwkolyfzb@%ﬂaﬂ&lﬁ%@bfmdebeﬁémiﬁd acyidnam@nt s have been
terned suicide supstrates . since their activatjon requires catalysis by the

very enzyne t Meacylatien stepegive risg (o a turnover rate of 10 substrate molecules per
enzyme molecule per second. Cholinesterase. mhnbntors such as physostlgmme

20 “and neostigmine form meﬂxylanunocarbamyol 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 thc acetoxy and carbamoxy ester

25 substrates do not greatly differ; hence the longer res1dence time of the carbamoy]

- enzyme con_] jugate 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.



2 Hence the inactivation process is nechani smbased. There are now many
exanpl es of such substrates, activation of which by the enzyne results in
covalent nodification of the enzyne or of an associated cofactor. Oten
this occurs by conjugation or association of the enzyne with its substrate
foll owed by a 5 neighboring group attack. Several of the targets of suicide
substrates have therapeutic significance. These include the penicillinases
and al ani ne r déasetednactivationtriracrst is meahanies-bard. GABA abd ARG afihpase

i nhi bitors for |.ER t1,C ents; . |ipoxygenase and cycl ooxygenase

i nhi bitors to eé%ﬁ‘%‘?%&%“gﬁﬁ%wﬁgﬁé‘c‘é‘ﬁ’&%ng’&gﬁ’é{ﬁbﬁ GZBE S oyalent
respectivel y; navdifietios of the lehbiniedrof bl a8¥bigled cOfERE. Often s Slc ogeni ¢
hor nones; ornithine. decarboxyl ase'inhibitors as antiparasitic agents; and

dopani ne f 3- hyGWBRHOROL 25spsiation ofithe engymes withoils shsteathfullemied byli osynt hesi s.
Many sui 8 de @ bérilgS: a | | .and are potential

ant i neopl ast i cwggger_]t S. Ojgﬁﬁaﬂéglf'f %%t%gﬂglé?}g%& Pﬁ%’%%d‘? ﬂﬂ’ﬁ‘aﬁ“?% ®depends not
only on t hei r thesapgniiysignifitawec Thesk ivhaienbd pemicilliasseland alhtias reempaked Wit h

t hose of the 15 s rate but al.gq .on kinetic conpetition

bet ween t ur nox;ig%ﬁ% ?ﬁ% d%%%f@@émwwe "ﬁﬂ'ﬁf“{rﬁ@f apaeRileptic agsntsevent .

Orepr azol e (P%M%E@sehﬁd%di%eﬁ@ﬂﬂﬁbﬂ%Eédn%Ym&QLaﬁeg%dﬁdi ng drug that
S

has been rel eased {or. (i)léini cal use. This drug inhibits gastric acid
secretion by PESHglaRginbiosyptbesis, respectixgipaarempiase inhibitord tp hlavktfuanziohc al

Th Rypor ganer: poptué Rl onfINERIRERbERe RS- ArbREt sedeber

wi th hypergastrinena an e-in- , er

di sease i s noendwepaminefi-hydrbryladeyinhiBitors ft @HADI GtetholEHBRS FHéGnfeGONt @i NS a

sul finyl gr ou&ainn <& dﬁl?e bet ween substituted . benzim dazol'e and pyridine

rings. At neutral “PHICCHISTalEs Sfgve & aptpstaholiss and ase petential antinsoplastid ubl e;

weak base thatgenss. QQiéQPBctﬂknés@Bf@nEﬁe‘lﬁbﬁbﬁ&EgXWs ndtln mﬁ?{r%lat‘é"e&k 25 base
i'TTus

reaches parietal cells fromthe bl ood and es I1nto e'se ‘feetory

canaliculi, T3R8 constagts s Kanvalnes comparad withanabe pfitheengogenapped.

Protonatigd  dgidgirse Bt 3 Q- f . eni.¢c _acid and a.sul fenam de. The
sul fenami de interacts coval e%t°|°§£’§}'ﬁ?§‘§uﬁhﬁ$§?3?’§z‘PW§Pg Séﬂ“‘g’rﬁug?t@éq sites
in the extrac@#ldthe mactiyatiomeveat.) domai n of the nenbrane- spanni ng H+,
K+- ATPase. QOrepraz - t hus be consji.dered as prodrug that needs to
be activated tg b e&éﬁ;’%%@%v ILOSEC) 15 another wehﬂcnown irreve?sible bix?ding 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.



3 Despite the availability of several agents that bind their targets
irreversibly, there is a dearth of nmethods currently avail able for
rationally designing ligands to irreversibly bind a target receptor. 5

DI SCLOSURE OF TILE I NVENTI ON The present invention arises, at least in
part, fromthe unexpected discovery that by attaching a conjugation agent
to a parent ligand that reversibly binds a target receptor, wherein the
conj ugat i on agentDé¢spite theavailability ofi severabagenys thiat bind theirtargets r ecept or such

that a coval i_s. .f gr.omhl eg; conj Lon 10, agent and.the
noi ety, the %ﬁ?’?’?@g %%ﬁgd%g%rgg@é@se |§ﬁ %g%ﬁ%a%f%é‘f’n |lfrjllg the target
recept or ir rdesigningtiipgadsAc dodvisilolly bind ntacgeerargmeont of the invention, there

is provided a process for nodifying a parent |igand, conprising attaching
to said parent ligand a conjugation agent that is reactive with a noiety

of a tasget receptor to WhpngdrSESOREOPTBNINVENRGNDI nds such that a
coval ent bond is fornmabl e Detween—salrd—conjugatton agent and said noiety:

Sui tably, the- confheguesentinvepdion arisesaattleashvparb fiopethp ainexpectedgand t hr ough a

spacer. Pref e [ LS. | I b pent |igand.

20 Pref erabliﬁ(?&?k’& tts‘%ggé’?tg &gg%%‘\%/%?‘g%@?ggéqté%gé%rgﬁg?gﬁé%}:%F\%ﬁ%&ﬁ on agent.

Eh? spaf:irl ilsinwa}taqiﬁ yer:élaﬂ:L :mbre&eﬁ;el G:b.ﬁ&ngtidﬁ@gbiitfiskwaﬁﬁiibl A ?iemalu&ﬁét?gff)f al kyl ,
et eroal kyl, ,cycl oal kyl , erocycl oal kyl., ©oxo , het érooxoal kyl,

al kenyl, hefbs%gﬁr%@ﬂfyr?uéalaatwpyﬂﬁ@tb@% lsai%gn%}f ,¥’e‘a‘f0941 e fengtitar v |

radi calig or . fyt SRS mold), AhdifEPREMETRE] HBANH GhcapabIE &F birfeftiICt | on of

being a spacer. The length 25 of the spacer” arm.is suitably sel'ected froma
range of betiatashregepdonimgvessiblyd about 20 A Preferably, the spacer is a

non- hydr ol ysabl e Leal, under physiQl ogi cal ndi tions.. 30 Preferably,
The. con uoat: on: ey 808 el Blion FRRCK bl SPtoldEf
sul fhydryl gmodifyispe parkidigand)cogpiising atgehihg toaidaaremm ligamlep speci fic

conjugation agent,, a carbaoxyl roup, specgi fi¢c conjugation a t,..a tyrosine
speJci ?i c Conﬁztﬁlg.}ﬂap%agent tilat 1s ¥eac ve th a?no(iety o%ata:gét rgceptor to w%x%ﬂ said y

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



4 agent, an arginine specific conjugation agent, a histidine specific
conjugation agent, a nethionine specific conjugation agent, a tryptophan
specific conjugation agent, and a serine specific conjugation agent. The
sul f hydryl group specific conjugation agent may be selected fromthe 5
group consisting of N-maleimde, N-naleimde derivatives and disul fide
reagents including, but not.yestricted to, 5!-dithiobis-(2-nitrobenzoic
acid), 4,4'- %WF."’%&’F%W? Eﬂeﬁ'éirc SRRIugIton-agent, a Bistidine spesific ¢AngAtioe:  and

net hyl - 2- pyri a@hdihibhing Spec ' jphi | LQfin,2gent may
be sel ected ffgoegt’t he 10, grg%epﬁc}?r?glmgt_i nlgi‘ggfﬁeg%ﬁ %ﬁ\s aglglr%tg@%%fludi ng,

but not rest r?&hband serinespecifioeoniugation ggenbounds, aryl hal i des, al dehydes

and ketones; and ' Lol uding. - but. not.restricted to,
| socyanat e, isot h?g%éyﬁl%?%yﬁgﬁ\%%)eeg ercégj%-gn?{'y%ﬁ%&?f‘%%??%?%éﬂﬂ tl’8ster,
p-nitr opﬁe_n%/! group eqnsisﬁ?g bf Nhhziei?ﬂéc, J\émdb iekf:idé ?axyifa:cﬁveiurmt Ldidﬂﬁde]raa@a@ car :)_oxyl
group ‘speci fig¢ £an i on: age ybe. sel ected fraomthe group consisting
of car bodiim‘&%@gﬁ‘ﬁg&gﬁbﬁﬁ‘?&%%gﬁ'@&gﬁr@ ‘agﬁcaﬁplﬁé%lgbﬂﬁg- i ncl udi ng, but
not restrict eﬁﬂﬁ@dipﬁi(ﬁi@ﬁ&ﬂiﬁ%%@é&%fy@id?ﬂ&isﬂhaégﬁ@ ﬁk@ﬁi_g_%gﬁgglhe tyrosine

Iu

specific conjué}geréi on agent may be sel'ected fromdi azo rivatives
i ncl udi ng, butiSHBde:| i mted to, benzidine and bis-diazotized 3,3 20

di met hyl benzi di ne.ppEhg:a5 gidal LE1 G- | ugat i on nf{ . my be sel ected
fLom I1 |219 di f:ar l;l;)g?} h:iﬁaggﬁp@iﬁ?ﬁ%&ﬁfﬁ;ﬁﬁé&ﬁgwq%Eeﬁ%g?%%o; gl Yg?(al :
pnenyi gllyoxal gro nsistih@ ofalkylaingeapdntd i , BUENG BEiI QétPro, tergl! Al N€
specific conjugatio ageRt_ I's suitably selected-fromt heogroup e%l

consi sting ofcog‘m?W%P pyhbaliglenyaldehydes ghd kefones, andasylating agents includiog,

a- hal oacet y| mift abRHAERd t2 56k i : .etones, and acyl ating
agents including, but not re}é%hr%{leégg%ﬁcg%g%%@ﬁéfﬁé}?’olgar bonat e,

et hoxyf or mi ¢ kydrryisueaniniidyd eyten ptmirophcyl dstencaeghetietide] aMdEBARAT S,

N- hydr oyxl suc&]i_l%ldgi dyl ester, p-nitrophenyl ester, acyl chloride, and
sul fonyl chloride.” 30 The net hi oni ne specific conjugati on agent may- be

sel ect ed5f rom t he Wie@diboxyl group specific conjugation-agent may be selected from the

group consisting of carbodiimides and carboxyl 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
—compoupds, aryl halides, aldehydes and ketones.

5



consi sting of al kylating agents including, but not restricted to,

a- hal oacetyl conpounds, aryl halides, al dehydes and ketones. 5 The

trypt ophan specific conjugation agent may be selected fromthe group

consi sting of N bronosuccinimde, 2-hydroxy-5-nitrobenzyl brom de and p-

ni t rophenyl sul fenyl chloride. The serine specific conjugation agent may be
sel ected fromthe _group 5 consisting of_ diisopropylfluorophosphate and
acryl sul fonyl fI udh¢ teptophan specifig conjugation ggent ey be selsefed from the group

phenyhnet hyl - | i de. . 1| i tural or
non- nat ur al F‘?’E%S%@E)éw ‘ﬁgﬁ‘“g‘?"é’ era e%hg&%ﬁ) Fg]gt?%ae@iy bgtg?ilag)éém??-gand

i ncl usi ve of nitophenylsulfgaylashitbridet ural ly occurring or synthesized drug
candi dat e conpoung_g. 10 In e%got her aspect, thg iqveg@ﬁ}on rovi des a:
nodi fied |igand prOtSEEg SBECInE FRIUBGAHER agenh PRy OF eledet FPMLhe B198Be. 1 n yet

anot her qspegbniiin s gﬂﬁq ' ' b3l ihbgand
havi ng -t!ﬁe ggﬁer al EP g?ﬁ%ﬁﬁa: L@%{{_}%ﬂ&(@jﬁ%té %g&&%dpgiﬁﬁylﬁl\ﬂﬁgﬂég ‘ngglh?’gl I gand;
wherein Al s hutwjrespactedio, plpapitmathyd isulfenylagrideve with a noiety of a target

receptor to whi chthe parent Ii d _bj nds ch th . C | ent bond is
formabl e bet menﬁﬁ?%eegﬁaﬂaﬁg)ﬁa&ﬁ@%ﬁﬁﬁnﬁ?ﬁ'&"ﬁ@?%ﬁéﬁ%gﬁd R, is an
optional spapgiferablyaibislogicalypittive tigand inclasiveof ianwhydiigyl and abtueally20 r adi cal

sel ected fromthe group coirzlg(Lsti ng Qf al kyl, heteroal kyl; cycl oal kyl,
het er ocycl oaPRSHTIng wmthesized,diug candidnts gampouatisceny| | hetero al kenyl ,

aral kyljg hetero g ?;#dii%%’a]sﬁercﬁ'ﬂlﬁﬁgeﬁ%gf%e_\é'an'iﬁ#ﬁ&hﬂkg%nd erdgcga py eferred

enbodi nent, the nodi lgand I's Interactive wth es ucl eosi"de
transporter &redprocessbrladlysiesiaibedebest i de/ nucl eobase-sensitive proteins, 25

wheroi n sai d modi 4} eq |Lgand, 1as# IRR68L, AL Bkbviasl £5b8mA fgimd he o oup

consisting of: 6

having the general formula: : -
L—R;—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:



XXRR R, X NZNNs”™ ~\ Y"" Y \N Rz (I'l') (I'll) 10 wherein Ais
N-mal ei m de, 2-pyridyldithib, or halogen; Xis NH, S, or 0; Y is H,

hal ogen, NH2, or 0; Z is H, halogen, or CH3; Rl is spacer armconprising a
non- hydrol ysabl e radi cal preferably under physiological conditions; R2 is

H, O- D-ribose, [3-D 2-deoxyribose, or their 5 -nono-, 5 di-, and 5
tri-phosphate. 15 Suitably, the nodified |igand inhibits said es nucl eosi de
transporter and/or. nucl edgsi de/ nucl eoti de/ nucl eobase-asensitive protei ns
and has a general fornula i selected fromthe group cIonS| sting of o-~

\N~0o (I1V) HNCO-N Ho &”HH HH. OHOH 20 wher giM R4 i s

4-[ N-net hyl ] cycl ohexane farboxyl ate, N-[m benzoat e] 4- [ p-phenyl ] butyrate,
N-[y-butyrate], N[a-e}l te}:2 or N-[c- caproylate]' 7 0 :~N/nmobo . HN (V)

A x

@ 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];



N~N NOHH HOHOHwhherein R4 is 4-[N-met hyl ] cycl ohexane car boxyl at e,
N-[ m benzoate], 4- [p-phenyl)butyrate, NN[y-butyrate], N[a-acetate]; or
N-[s-caproylate]; 5s HNVIs ON HOHH HH OHOHwherein R5is

4- car bonyl - a-met hyl - a- t ol uene, 6-fa-nethyl-a-tul oam do] - hexanoat e,
N-[3-propionate], or 6-[3'-propi oam do] hexanoate;and 10 8 HNN | |\ N N
Ho O HH O—|O—|Wnere|n s 4-carbonyl -a-met hyl - a-t ol uene,

- hex@noat e, N-[3-propionate], or

6- [ a- net hyl - a-t ul oami do] -
6- [ 3' - propi oam do] hexa . n anot her enbodi ment m)dl fied |ligands that
bind to seratonin recc?ptor T can %e used.
R, _ .
~ .
" - ' . V)

wherein Ry is 4—[N~meﬂ1yl]cyclohcxane carboxylate N [m-benzoate],
[p-phenyl]butyrate N-[y-butyrate], N-[a-acetatc] or N—[s—caproylate]

5
s N \‘
" 1!15 Nl ~
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



I n anot her aspect, the invention resides in a conposition conprising the
nodi fied |igand as broadly descri bed above, together with a
pharmaceutically acceptable carrier. 10 In a further aspect of the
invention, there is provided a nethod of treatnent or prophylaxis of a
condition associated with a target. receptor, said nethod conprising
adm nistering to a patient in nged of such treatnent a therapeutically
effecti ve dosage. of the conmpgsfti a roadly descri bed above. According
to anot her aspect of the invqntion therfe is provided a.nethod 15 of
detecting the presence of a_rargetnyec or in a test sanple, conprising:
contacting said sanple witnt a nodi fi | i gand as broadly described above,
wherein said. nodified |idand. binds said.target receptor, and detecting the
presence of ‘a conplex co i sing said nodified ligand and said receptor in
said contacted sanplei;\? aﬁE%her aspect of the invention, there is

q i

> t

provi ded. a nethod of |quantjfy the presence of a target receptor in a
.test sanple, conprisinyx ' ing said sanple with a nodified |igand as
broadly described above, N9 wnedem sai d nocl | ned i gand bi nds said target
receptor, neasuringﬂ}he concenyration of a conplex conprising said .
nodi fied |igand and Sald recept¢r in said contacted sanple; and relating
sai d measured. conpl ex dqon a~ ration to the. concentration of said receptor

in said sanple. 5 In ye aspect, the invention provides a nethod of
detecting the presencd™® . get. receptor on a cell:-or cell nenbrane,
conprising: contacting agysanmgue containing said-cell or cell nenbrane with
a nodified ligand as broadly described above, wherein said nodified |igand
bi nds said target receptor; . and detecti.ng the presence of a conplex
conpri-si ng sai d nodiHel 'imgmbagma, L&l cel IfyC | ne yn said
contacted sanpl e. ﬁﬁkgﬁgﬁkgr aspect 2?&@%§§ﬁﬂgé%%?Jﬁsﬁ%hggggﬁéﬁ%r8bided a
met hod of . quaekanoptenly-[B+peonieratd -3 -peoficangdojheemeptor on a cel | or cel |

nenbrane, s COMPI i S g0k U8k baRTRbS kW B B e SRt SSptord CC'!

-

nmenbrane with a
can be used.

_ In another aspect, the invention resides in a composition comprising the
modified ligand as broadly described above, together with a phannacehtically
acceptable carrier. A ‘

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, corhprising:

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



nodified |igand as broadly descri bed above; wherein said nodified |igand
bi nds 15 said target receptor neasuring the concentration of a conpl ex.
conprising said nodified ligand and. said cell or cell nenbrane.in said
contacted sanple; and relating said neasured conplex concentration to the
concentration of said receptor present on said cell or cell nenbrane. In

anot her aspe V. ext ends probe that covalently binds to
20 a target Séce gmhHlsoa(@glllmqu %Eg@ﬁﬁ?‘{’gﬂfﬁﬁfﬁwﬁ@&.‘?‘?wﬁand as broadly
descri bed a@mnmmaommmpmg@am BodifedhigAdQdd t41a r@dbioPin | N One

enbodi nent, t o) co rlses the r]gdlfled ligand that is " interactive
with es nucl e%lg, Ig W‘i §a1 measured complex concentration to the

nucl eosi de/ nwgh@ﬂﬁaﬁiﬁ{mdq@ F£ ﬁr{l@ proteins, as broadly described
above. 25 In'this respect, I's preferably an animal cell, nore
preferably a nanhmyetanother aSpeqnﬂie mreempn pzfomdasba methotl ofideteatingthe

Al ternativel I r a mcrobial cell. The

m crobial cefl i l%%logg ujarg or on&pccﬁé)gf:?clf glgranf:,d:omgn@élgi copfachugfer i al
viral or fungahpielcogammgTdaRi wmmratenmuairm wiltPRbaFee fgidiasbichd®f the
nodi fied |igand ggﬂﬁﬁ)robe 30 as broadlégdescrl bed above inter dlia in the
study, treat ﬁﬁsﬁf‘ WeWasrein sardgrodifiehigand bings said sargetreqeptariandt hei r

cor r espondi Ndefedirahe pRSGIRE OF 3 cor]:Ple!\:QodﬁBﬁsﬁ 8 kSR ey th&gd Snd's dpéeﬂ‘” ded

process for nodifying a parent gan I'sing att Sai d parent
li gand ¥ conpugdtmen agemsalmmntaﬁedaamtﬁ.l ve with a noiety of a t ar get

receptor to whi ch ar.en and bin whet I d parent
ligand binds to t ﬁj‘rg%:egﬁ‘?pe {atjté'gwpé?ﬂn’ﬂ’ﬁ% P?Vf%fiﬁé’\éf’%do%ftamen sai d

conj ugat i on guanifyiag thegaesdnto s turget fec€i6r dif £clior @6l feR®HingENt , t he

conj ugation fgnelnt 1S p05|t| oned on the Ilgand at a p05|t|on t hat pronotes

and/ or per ni SAPLRHRES niaeoniHniRe said celbor qallimenybrane witkat ar get
receptor. | nndifieAaigaid & BbARY JESHRBEN ARRE; ﬁé}ﬁngﬁg%{dﬁfe& ﬁ’@i{n? the

|l igand hinds is an actlve site assoclated Wt ogi ¢ Ivity. The
10 recebtor . F@dwgﬁif@@aﬁ?pl@asmihb cgmeflb:@tmnroé'ae:pnmtex coimpriing siidg of t he

nodi fi ed I| r eenbodl ssociated with
altered activity o?‘g%lquaﬂ(fardgjéee 0rreccffle1 mbranems coma&eda f ‘f

relating said meéasured complex concentratlon 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 '
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



In anot her preferred enbodi nent, the parent |igand and/or receptor are
naturally occurring. In another enbodinent; the nodified ligand is not a 15
crosslinking agent. In another enbodinment, the nodified |igand optionally
does not conprise a photo-reactive group such as a photol abel. In another
enbodi nent, the nodified |igand does not.conprise a |abel. In another

enbodi nent, the reclgptor o.which the ligand binds is not anucleic acid,
such as RNA or 1 joe smbediments tseds peryided precessdiny mgdifyiopapgent does not
bind to a 20 hé& lodnikis | ' [ hin to a residue
of an anino aclfgdm.l__e’l n?%&eag.ﬁg%giﬁi r;g;tg?ﬁ H?’ Rer e agaér o@?%'%’“ﬁﬁ%'gi’é%’% or

modi fyi ng a pdF¥five Withganelietycd msareetireesptor tenwhich gaitl pareni Kapa binds, | i gand: a

conj ugati on aggfike; ' Ve, W.t noi ety of target receptor to
whi ch said par ente"‘tlp‘glglrllgﬁgp%%gﬁsgaﬂﬁg}ngfﬁ‘&ﬁé‘?‘f"’%tﬁ‘lyﬂc éﬁ’éﬁl?‘)q igfasmedi nds to
the receptor debtesealsaidtcohjnpationngbmtran® caid mok@y.ween sai d conj ugation agent
and said noiety, and wherein the.parent |igand binds specifically with a
nucl eosi de transpo 8?‘?p?&%ﬁ&ﬂ%@&‘“@%gﬁim@({%ﬁ@1$B°qiiﬁmddnd1w process
for nodifyi ng ligadste Positiol iRk Bomts el id parept |igand
a sul | hydryl g;%qup speci fikl?wgg)rﬁ%%l?%wagenﬁ#%’?%@?%ié??'ﬁ@%ﬁ?h a

sul f hydryl grMe%Pfglett@FEg@chehmotheopfeﬁmmdienfbodhiait,pwlemptdritgand bi nds,
wher ei n when - : <] I.hds.to the ,receptqr .a covalent bond is
formed bet vveeﬁag‘gll @g(i:lgﬁfduﬂd%%ﬁg%lgcélgﬁf'tea?faocéﬁ?%“mﬁ i‘%éqa‘i%‘?:ﬁ&?%@g Adap, and
wher ei n tthe pasceptor is, faesarhpladscetinadhdeiré@plor. Thé binding OF HeWddised €CEPLOr. 1N
one enbodi menitg td(’uertﬁ. i s pravi ded podi f1 ed | i gand havi ng the general
formula: 5 L- PERYP e{ﬁﬁ@ﬁ%“i‘ﬂ"@?@ Batanasseqigtedhwith aliered activity ofdei fi cal | y
with a target tirgaesdeplor. COMpri sing a nucl eoside transporter, wherein Ais a

conj ugation agent that is reactive with a noiety of the target receptor to
whi ch the parent | Ity#sthesprefisredsmblodinivat, theyewers lipahdoatienteckpigpag 10 bi nds

L0 5 L RS SR, BB AT L o o
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



I n anot her enbodi nent, there is provided a nodified |igand having the
general fornmula: L-RI-A (1) 15 wherein L is a parent ligand that binds
specifically with a target serotonin receptor; wherein Ais a conjugation
agent that is reactive with a sulfhydryl group of said target receptor to
whi ch the parent |igand binds, such that when said parent |[|igand binds to
the receptor a covalent bond is forned between said conjugation 20 agent
and sai d sul fshifaydyyl gpoup. pudfhergindhe parent ligand bivels Riecifically vagitd serstbninpacer .
The di scl osurrgcegioral | patents, patent applications, publications and
publ i shed patent applications referred to herein are "ingQrporated herein
by reference in thend emstridimerntytheidSs Bfovided e REET ligdNdBavibigthd RANINGS The
i nventi on, a% ]ﬁéﬁr{pl ified by preferred enbodinents, is described with
reference to *PH™ %ol | owi ng drawi ngs in which: Figure 1 shows the NEM
inhibitipn of equilibrativey3bpuriadi ne transport in {r/}.lri ne nyel oma
SP2/0-Agl4 cells. 30 Figure 2 shows the effects of I\E on the kinetics of
3H NBVPR equi | i brvhgreiml dsia parentrigand thatbimiespeei{icaiPp ivith Agdrgetretdptor Fi gure 3
shows the ge L,on.schene for synthesis of CGrMCC. 12 Figure 4
Birishg REbPRIRTRSRer

shows the ra Meh gure 5 shows the |ight absorbance

profile of O MC arereNBNERa corfuifion abert HMSs reh@Rveivitt Dinbiedpofthe 3H NBVPR
bi ndi ng by C-MCC, cytidi ngi and SMCC i n_ hunman HL-60 pronyel ocytic | eukem a
pl asma membr dA8SE reesblor iq,which thapargnt digandsbinds, sucly that when sgid pawasit kigansk i cs of

3H NBVPR) bi nhdaGo 11 réd G £ By 1,3 nenbr anes.
Fi gure 8 shows th_?a ef_l'-f eﬁa?&%&?&, c%ﬁgﬁ-e a%%tgé%gﬂg%agro eq‘r:of HL- 60
cel I's. Fi gurénd saifl owiety;trad Ry isarceptiopel sphcegH- Or MCC bi nding to human HL- 60
10 pronyel ocytic lIE %o?lqgraenglo ng%t,nt}?erl@ fsa;)r}g%dcdamodiﬁed 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.

12



Fi gure 10 shows the dissociation of 3H C MCC and 3H-cytidine fromthe

bi ndi ng sites of human HL-60 pronyel ocytic | eukem a plasma nenbranes.
Figure 11 shows the concentration dependence of 3H CrMCC binding to human
HL- 60 pronyel ocytic | eukem a plasma nmenbranes. 15 Figure 12 shows the
effect of pH on the dissociation of 3HCMCC from its binding site in

human HL- 60 pronyel gcytic.l eukem a plas nbranes. Figure 13 shows the

i nhibition of 3H Q%ﬁ%ﬁéﬁt@eﬁgﬁ%%ﬁgﬁwah% onyel ocytic |eukenia

pl asma menbranes. FfigueS Mwmw&htmoﬂﬁﬂ&'ﬁ@ﬁig%mﬁu@@ @Iaﬁ? dryl
ocytic

reactive 3H-cytidine 20, analogs to hunpn HL- pronye ‘eukemn a
pl asma nenbr anes. ﬁlgmeésbswg vighibitien of/ TRbEBVIPR hodingr byf CMCEY cytidine

rever sed- phase,, cdig -6 romyel ocytic | eukem a pl asma
nenbr ane IOpr o?aenl ns. e%ﬁ?@%?é@&@%@“ﬁ%&?@&&?%@”#B‘?’F‘F’&S-of P
rever sed- phase 25 cFigaedtshgwathe\effoét dfOMRICC-bn (he kireticy/sf *PENBMPR euken a

pl asma nenbrang djgrgtﬁl' ns.%ﬂéure 1 shogl t he (I:oval ent_ bi ndi ng of

sul fhydryl gro peire Lo DIRYSpGyHe 5?%&?@@%‘?!’%—60_ o
pronyel ocytic | elUkeijpare8 showsHERABERBESMCE wd&e%ﬁd%mghg?ﬁ@%b' tion

of 3H-5-HT binding to nurine brain 30 nenbraries by variou anal ogs.
Fi gure 19a sholk-80elleheni cal structure of LBT3001 (1-[2-(5-hydroxy-

| Hi ndol - 3-yl) - et hyt:] - z i 3y B gure. 19b, shows t he reaction
scheme for synt hes%@?»%g#%ﬁlﬁ&glﬁgﬁ%éf%’ﬁs@ﬁm&ﬂﬁ%h‘é‘ﬂ% '@ ructure
of LBT3080 (4-gremyeldcyicdedkemiaiplaynt memppranes. - 1-yl ) - N-[ 2- (5- hydroxyl -1
Synthesi s of LBT300E%8 1Bsftbb disseetis oL IUATMLIC S Hestcncon 8ro00a
(3- (2, 5- di 0x0-binding Sitd3 o8 hEmRY HL.¥0- ic Jedicern Vihe

H i ndol - 3-yl) - e?hy% -p 1 d )ﬂroﬁﬁk%lg%%lb ?h%%ﬁt{ g';lP?g?:st'i on schene

ropi onam de).
for synthesis of L 41 shewsthe eorpentrativg depentience oé MG bindingrte of

LBT3005 (4- (2, Rinfin31066 promyelocytic ieukemia 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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di hydro-pyrrol -1-yl -methyl)-cycl ohexane carboxylic acid [2-(5-hydroxy-1 H
10 ..., indol-3-yl)-ethyl]-am de). Figure 22b shows the reaction schene for

synt hesi s of LBT3005. Figure 23 shows the structures of exenplary |igands

that can be nodified to include a conjugation agent. 15 DETAILED

DESCRI PTION 1. Definitions Unl ess defined otherw se, all technical and

scientific terns used r 20 hav he ani nmonl y
under st ood by tho@gmgflgﬁpﬁq%%r%aﬁ ?rllsﬁthﬁ ﬁ@rsyg%s P&H’ﬁﬂﬁfhe i nvention
bel ongs. Althoughhgﬁeemummawenﬁwwah&@LrBTmoz(mczsqﬂoxoatsnt to those
descri bed her i n can be used_ in ta@?‘practlce or testlgg of .the present

i nvention, pRBYdeMYEOkoRRid24Adydexer! Aindal3cyBeethyl]- i8¢)- t he pur poses
of the present |ny %‘%Bysh&ﬁﬁ%%ﬁ@cﬁ%%eﬁ@r ﬁ&:@%ﬂﬁ?ﬁo@f' ow. 25 The

articles "a" and n are u reintore to one or to nore than one
(i.e., tho at | easFigoreediashowshehemicahstmdtare of. bBJTée(M G2 hdioxpiZ®l e. By way of

| e, | | |
Tt tached | SRy e-FIRERAPUE ASnBRTE HepaRE St BRBiRRRREY on” agent
toaligand in SUElguﬁmrsﬁ@ﬁsmaréaaﬁéxesdhamesmmbh@afnlamm conj ugation

agent 30 fromthe | |%and under normal physi ol ogical caonditions.
Accordi ngly, the Figne 2&#1’%'@!“%“@@?%@@&39@5 VQI?W%SHS scope

one nore ionj @b val ent bonds
or conbi natlgﬁg t reogw%{lf tihjé‘t:ﬁ?ﬁlq et vveg ﬁc%&@tog%’ tlo%?ggent and the
:lgang r bemdebB\-yBFathyll-amde):l ng spacer and the conjugation agent an]g t he
i gan respectiv ation on agent from

the |i gand S resf@?dﬁgﬁg% 8???& o‘bﬁ‘%'g?%lf%rgﬁy@ Sls8gﬂg*§®)§n 5 Thr oughout

this specificati 0ngut6‘ﬂ3€s‘ﬁ6w§ﬂﬁsﬁﬁé&&%bf&ﬁﬁhﬁli@ﬂlgﬁﬁdh&hﬂ@ﬁbciﬁtﬁlﬁﬂor ds
“conprise "conprises” and "conprising” will be understood to inply the

i ncl usi on of oingluds aeordugaonpgetenent or group of steps or el ements but not
the exclusion of any other step or element or group of steps or elenents.

15

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

14



By "conjugation agent” is neant a noiety of a nodified ligand that is 10
reactive with a noiety of a receptor that binds a parent |igand from which
the nodified Iigand was derived wherein a coval ent bond is fornable

bet ween the conjugation agent and the receptor noiety. In this connection,
t he conjugation agent nay be sufficient either onits owm or in the

presence of ncillar at i on agent to facilitate coval ent coupling
with the recgﬁ?g?"ﬁ%?tgfél th‘Fﬁ Jﬂ at'on&E@FtlaF'ﬁﬂgﬁ leﬁmépr hgfwagem mtmyeﬂmg an

enzyne that csphcryidthe cofijuddlionGlsk t tlon of a
coval ent bond fbet ween thél %{)hn %aﬁgﬂ%d%qgggﬁs <Al rec%%t[sgp ty By
"i sol at ed" i LftEfAIURAten aggnt Mtﬂlﬁ gaodisresisteid andgr rmhnelqﬂgsiblogiday free
from conponer};oﬁd,hg{ig normal |y acconpany it in its native state. 20 As used
herein, the term"ligand" refers to an agent.that binds, interacts or

ot herwi s& associ atldsoughout thia spevifietios, &ﬁ&ﬁﬁ&&coﬁt'&ﬁt:%@ﬁfésmbqﬂ t.he target
receptor me'lv&r&se‘ tor,is.inits native confornmation, or when it

ar get ,, r.ec
is partially or t% t"ff?'r‘ ¥ -uff ?ﬂgﬁé‘ﬁ "3rd deqramrinieg) Wﬂbwﬁﬁyoﬂdouhpiypresent
i nvention, athéhghﬁdnbﬁaﬁtﬁfedlsteﬁlo}gﬂnfeﬁt&%r&&e éﬂg%he m?ﬁ%r‘% ni zed

functlonal gl on. of the 25 target rece ding site
of a receptor® CIHﬂB“E’ ﬂqﬂmﬂepwrebmntorcgrmg)aﬂmeppmelenienﬂsnvent|on a ligand

can. al so be an ag rface or uences or

conf or mat i onal i ns o% 'ﬂ"ﬂ%%ar géfne?}écaerﬁ?lﬁy °faﬁ%$é?§h3 é‘i ligand is a
mol ecul &0 af f é@ﬂchmwphymmétpgfaaéceﬁmml mﬂdsmpd:aﬁurggn&ﬁoﬁrmch tge igand can
al so be an e%j%%e clkgs é‘wgsa‘g a By ."obtained from" is neant that a sanple
such as, for exarﬁr)al an Sipvied o e%??‘?i%@@’éé@ﬁt@bb@¢@¢hat ed from
or derived fmoﬂugzﬁloﬁagéﬂt@bﬂﬁkr fo‘f?noxé’f? ﬁ:”tﬁﬂc%ﬁn l'tfm@?clmguc or. tissue

source inct usi ve-of human, anima m Cr 0 % he term

"patient" as g% agent gay be spficient either PIé)lt&ﬁVngr@ahe prcscntcnﬂmhadilﬂmy apy or

prophyl axi s @pnj tor is deSired using the
YRS SRR Bk o G oo 6

5 met hods of the i nvenhtion wever patient”

does nol3 i n’ﬂn%lﬂftrhgoulﬂtpmagmmarte apreﬂﬁ;mmmaﬂ'&mp@gl@@h amt,hgg @nftore
i nclude a m (ﬁ{ F aé [ %ferabl , the Patlent human or
ot her mammal es, formation o acova ent bond between the conjugation agent and sazd

_ 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, a
ligand is not limited to an agent that binds a recognized 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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any individual it is desired to exam ne or treat using the nethods of the
invention. Suitable mammals that fall within the scope of the invention
i nclude, but are not 10 restricted to, prirnates, livestock animals (e.qg.,
sheep, cows, horses, donkeys, ..pigs), |aboratory test aninmals (e-g.,
rabbits, mce, rats, guinea pigs, hansters), conpanion aninmals (e.qg.,
cats dogs) and captive wild animals (e.g., foxes, deer, dingoes). By
pharmaceutl cal | y acce abI e carrier.” is meant a solid or liquid filler,
15 dil uent or SEREaPEY pllorsisprarsawee inchisive pflumpa, animal, plartoed i n t opi cal or
system c adn},ﬁ@,@g,ﬂa,hgg,n. The term "pharmaceutically acceptable salts " as
used herein refers to” non-toxic salts of the nodified Iigands of this
i nvention, which alis tgah@rteiryas usedhnsein triery toasy orgapigmiin @hichdherapise with a

sui table or gaﬂiﬁoﬂ{yldx&fog@&cﬁtx&%gma%g“E)@Lparr@& {&%dﬁ%&(ﬁ@#ﬂ%%el ncl ude the

followi ng salts: acetate, benzenesul fonate, enzoat e, ar bonat e,

bi sul fate bi Mgthesatdhe lsvﬁna% Honyewen 1 ill bamndersiood that Spatient” dosasgl at e,

carbonate, chigg %r@ﬁts Snt. Citle/paficht nﬂ&gﬁé&?&gk}{cﬂlﬁég‘ﬁncr%et ate,
uconat e I ut anmat e,

ei syl ate, estola Iate umar at e, gl uceptate
gl ycol I yl ar saﬁ]aﬂtﬁf@“ﬂﬁgx%wﬁc@bb’r@?ﬁmeét’Shmgﬁﬂﬂm@ﬂﬂﬁwm
hydrochl ori deanyzlﬁdlbmgﬂ%yaé%@ﬁaekﬁtrmb infrgﬁuswkme%ﬂg&' éiﬂ%nﬁ&?

| act obi onate, l'aurate eate masy

met hyl br oni de SuitAblermammals thatfall withimtheseppeafahe invention @Cluda@%r%m@ nitrate,
ol eate, gyal a}e@mcfeamagmmpmm&cﬁfaﬁmaaa@gh%eﬁ,g%&,9,hors&fmam et di phosphate,

pol ygal act ur onat e icyldte, stearate etat’e, Succlnhate, tannate,
tartrate, teoglesk sborplonytestpaimalsi(y.at rabbitii tice, sats) ginca@igsGHEs)L er m

"receptor aschisgion Shla ¢ %éab@%f&;&@éwﬂ@a,ﬁ,ﬁa&@f}g & geBp ecule or a

cluster of nol ecul es that specl one or Wher ei n
bi ndi ng, int efiggedshn or ot herwi se association of the Ii gand(s) with the

receptor 16 et ectuy <ohangeaAlly MbLH: 3! HIRMANA ol EIARSPT OF . The

receptor_is prefera but not exclusively, roteln resentative
recept or ¥ i ncHilugat OTBB?aPM@HEévbMPFQﬁ’%@FYt@ safghy qsq:@mwmcai et%fﬁ@rmc epi der nal
grow h factor adiRBRRIRS, V- am nobutyric acid receptors, ni.cotinic

acetyl choline receptors, serotonin receptors, a- and S S adrenoceptors,
doparmi ne recept or sIhefst Fkprmaceuticalin enceptalie salts A pvised hesein pefors to

non-toxic salts of the modified ligands of this invention, which are generally
prepared by reacting the free base with a suitable organic or inorganic acid.

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

- edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate,

.glycollylarsanilate, hexylresorcinate, hydrabamire, hydrobromide, hydrochloride,

25 ‘hydroxynapthoate; iodide, isothionate, lactate, lactobionate, laurate, malate,
maleate, malideiatc, mesylate, methylbromide, methylnitrate, methylsulfate,

- mucate, napsylate, nitrate, oleate, oxalate, pamaote, palmitate, 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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adenosi ne receptors, cyclic nucleotide receptors, glutamate receptors,
cytokine receptors, atrial naturetic peptide receptors, and the
prostagl andin receptors. The receptor can include transporters such as
gl ucose, am no acids transporters, sodium proton exchangers,

chl ori de- bi carbonat e exchangers, sodi um punps, 10 cal ci um punps, proton

punps; channe e S ot assi u channel s, calcium

channel s and %:l?ﬁc?jérfigﬂe écigﬁ%gw;@;scagfﬁgé}?%sdf lfclﬁc?ior' %FWB@G&RS gbly, -

t ransf er ases, bityot etchseely, laypastemn, R@mmtm&&ecegwis Inclas St arciiRpeVEr, it
wll be underlzéeﬁ%g that the receptor need not be a protein and may

i ncl ude, for o 32 1psplin regeptor epidermal gravith fackns regepioss, yraptipotiutyrizd on
adeni ne, 15 gaadidtepaRd b 0S| : a_conj ugat i gn agent
accordi ng to the %vehﬁ%ﬁ@émgﬁ%{lﬁ%‘%a&f%&P g%‘éﬁ?e f"%@aﬁ%ﬁa

car bohydPat e fdsenpeeptars depamingueaspionsghistambeirycbpaiS proseumeid ra&pdraophenyl

ohaepnol o g eRosibEtsbers byl hiiE e pERplof eBirERte Reentom. GHaie nore
anino groups tebeptomspatridlamatnetipeptdditcaptd, HRAMhHBELSRNE Rpto el €POT ter
a

mol ecule " as uspﬁd in.the present specification is neant nmol ecll e t hat,
by its cheni daf® %ﬁ‘iﬂ?é?‘?l“dﬁrffﬂmée’&ﬁ“‘f&ﬁalglllcp-‘iﬁaam}miadnlﬁttﬂafm'pahbs, si gnal that

al l ows the dejodiinh-BfbtéH )&hEﬂEH-H O ) S nd_and its cognate
receptor, The ter r;?"r'e'p%rter 110) egﬁﬁgwc%ﬁ%g%g%%cé%%r%805{3'%[81’8*"1’5’@I
aggl ut i A8t i orfalum Pumphiisoton pRmps; chgrrelt sunk s sdivenl clanaels Rekskigod cel |'s on

n

| at ex beads, e qdike. The term "sanpl e’ as used herein refers to any
sui t abl e"sanpi e %ﬂgt%alﬁ%%/n Ch%ﬂélﬁm‘f?ﬂﬂ‘}rﬁegcggm}e&'é’b@@ﬁ B3 ding to the
i nvention. ThedidmaehicesenytaisferasytHydedlads, Iyiaks, 9dhRhsed Eﬁ'@figgcs.di luted or

or

concentratedfrom ang sl | tabl e squrce an may contain on nore cells

and/ or cel | - menbr ahdEW! iIIP‘F'\'-J‘“§'£ od that $herspapigraceBuptbh @l peoteinland magenat ur ed

cell's, cell uliagude T exARPIeOs nRAEik Scill th b Lvel the. sanpl e may
Siita Pﬁr th Pg?&r'f‘gﬁ%%&r%]r? B9 7 cells

contain gm i sol ated receptor. Suitably, the sanp
obt ai ned f r orEUanINE 38 eyipsiegmgy batargat ¥ aeinjygatiieageangidcordinptodbpr i-se cel | s

or cell Iineqnvémbﬁ.h%m%g- cultyred in vitrg. -The term. "spacer" -as used
herein refers to a chem c%?e? ’irhrll I_&eéfé,plf%rowan% a car g{aﬁefe(e&r(?mt‘% | i ke that
spatial |y sepanriaineg ¢dieohydritasgath aansgeptienyl @ybokiaes) ot 8 GPR (e.g., present

on the phosphate head groups of some phosphelipids) 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-agglutination or

25 inhibition of agglutir_latioh such as red blood cells on latex beads, and the Iike..

7 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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5 Preferably, the spacer is selected such that it does not interfere with
the binding of the nodified |igand to the receptor. By "therapeutically
effective amount”, in the context of the treatnment of a condition
associated with a receptor, is nmeant the adm nistration of that anount to
a patient in need of such treatnment, either in a single dose or as part of
a series, 10 that is effective for treatnment of that condition. The

ef fective anmSelioblgined fyom g tisswebionsyn§ltemetivelighé smhpla meaycopipyise calls
condi tion of.uf Bey fifadiwil; ﬁﬂvetbg?ﬁ)gﬂﬁj?&frh%g t he taxonom ¢ group of
rmulatio

i ndividual to be treated, the To Bf the conposition, the
assessnment of theﬂm&hnakpcmiet’tlailisemheraiﬂd-cmhdhehﬂéa@uhkér,aﬁ(s@ﬁﬁr, It is

expect ed that tbﬁg a u&@(ﬁ%ll fall in a relatively broad range that can be
15 det er ni nedR 8&5??6 hEPAIAYY pparates theseryugation apep feosn thedigendsent
i nventi & r ePred@sblyathe ktddtis sdled¥@l $uch kit ithﬁe§h§tﬂﬁtbﬁfgl%%\6ﬂ¥ glr%%\ﬁgflﬁr/ﬁ)%é hat a

conj ugation a_?ent .can be attached to a parent liga I fied
li gand t hat Hiedeedified kigasd & theyecepton t ar get receptor to which the parent

| i gand bi nds 20 rgyepsi : | rL.reyversihl.e binding of the nodified |igand
to the receptor igy @#@ﬁ%“&ﬁ'g%%‘r"%ﬁ PEH ’#%@WB&’%@HW‘%P en the
conj ugat i on egslitioncassbciatedwitieh yecpptos & et thd WIniBIRANEEH of thhY fbubbto
preferably one :or. mr & f]ungtional amnQ acid side chain groups (sonetines
referred to REPESIRIEeed psiichitigafnient; ethesdn a singledose gyag past o es,s fornmed by

associ aili o0 . eHat iskREfes®Bifhi BSuhéf 30 thatbdnitidne k’l"l%%?f?ﬁﬂe acfotnt Sl Q459 BY

nei ghboring reactive functional group attac e.conj ugat’ion- agent.
Thi s i rrever 4¢nspding ppes the health anfl physicaloondifienof the imtivididlto bl ereated;ept or

results in eh{e ; Onglﬁf%&?ﬂ]éfihﬁmd itthg,g%r%%%é’.tgngant ?a%gﬁiqﬁh)eoor stinmul ation

(for an agonis e‘receptor n or activity of
the recept or compwsitivasthe nisyssafehes themediealaiusticn, ai®om¥eiRahZ@acors30 Par ent

| i gands t hat ;.can be dified:-include |igands that are interactive wth es
nucl eosi de d‘é%%’%‘?@ﬂlag{f}aﬁwwﬁ Bl mesrelativelydrpatbmpge theberade- sensiti ve

protei ns. Twdettipingd thfoubl duBiastrfids.t r ansporters are classified based on
their 18 sengitivity to inhibition by NBVMPR (nitrobenzylthioinosine). See
Giffith et & Modifiedfigands Bi ophys. Acta, vol. 1286, pp. 153-181 (1996).

The group of trangROLL&hSinvention resides, at least in part, in the surprising 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



sensitive to NBMPR i s designated es (equilibriumsensitive), and the group
I nsensitive is designated el (equilibriuminsensitive). In one enbodi nent;
5 conpounds are provided that have differential binding to es vs. ei
receptors. Conpounds are provided that bind selectively and irreversibly
to es receptors. The expression of es receptors is positively correl ated

with the cargin n e A bhe, nynmer.ous, reactive
functi onal a?ﬁnﬁgg]g%# dngﬂ%ﬁg)nﬂalﬂﬂ&@& ﬂftﬁ@ Eﬁyq&i‘gn‘?fﬁﬂﬁ) eggq é@gﬁ’ porter
prot ei ns t haBicehim. ma;pky.eohcimachm PPLIS3LIAOFY)! Thé BRup e trhiipeiy group of
cysteine residue is § robably the nost. pharmacol ogi cal and bi ol ogical ly

i npor t ant . ESOsiive t &'EPR)FF designated @'(,(PQ'@flb’é\!ﬁlﬁPW‘Ws and HeBTOP on
nucl eosi de tfn@éh% Es&é&%@l’ ¢ &IiﬁﬁHn%n%Qn? urerg {ﬁr: & mar ked

i nhibition of uridine a variety o (Pl agemann &
Ri chey (1974§ompsngs m'cnvwmdealthq.lﬂlsve &ﬂeae,nuakhmdxﬂgﬂq espis. ez?&&pﬂﬁﬁ Pl agemann

et al. (1978 Cell P : Pl agemann &

Woh! huet er }I-B@B#m erpro‘?SﬁYﬁ’ﬂg%‘? se\iecﬂvgﬁvﬁgd “Q?/"ﬂs‘b‘![ié esptﬁc'%ﬁg 230; Belt
1983), Blocm‘bm R08 es 186EptorC R PO RivelVdrelatedWith the carkinbpéma It
E19833, Mol . erErréasggl b;sei/ol t%4 pp. vff% érlrgf)t Howg]\%gr rmst,Stgfﬁe't he

earlier studP §vtare directed- tovvard the total nucl eosi de uptake and 20

littl ttenpt i t
towar s sl Lhydrapor agemSﬁ%&%%g%egﬂlgg@mgﬁ&%ma@émoﬁ% ivity

transport systems
Fur t herl®or e, nmdiwmdsmdahsppdmypromghaitcan beamhdvﬁermvahnrﬂtguchﬁem;tganoner curi al

conpounds, h m)nstrat 0 turb sma structu at

concentratlonlﬁl Wf%W“BS %%‘Meflggﬂs g?%#{ @8@55"“ i)‘@‘n‘@ﬁﬁ“ ., vol .

232, pp. 681bmcallﬁﬁnp¢rﬁmﬂo§m54mlmm!heeﬁaﬁbmﬂﬂayu@m&ged@oﬁI gands t hat

bi nd to seroto (5=. hydroxytrypt am ne, or 5-HT) receptors. 5-HT
‘E‘EP@ Fidp anyp

receptors i nBY lafl@e%wrshgwawmw%r@dt%bmw CNS
Dr ugs, (1995Muﬁ{9ﬁetﬁ>t£l§qﬂﬁlva&é oP&ﬂuﬂ-@T gé?l%é}’la %&r}\ﬁb%ﬁ?&f?ﬁm n of the

5-HT3 receptor, which is an’io chann et a ture,
(1989) ,15vol . Bighim. Biorhy.o81 ¥0h 346 Hpel6H304r H@emanaemlbﬁ%&g.fterﬂt he 30

it ensL e, aBicloshyh, AP e SRR LTSS A RO T
neur ol ogi cal Jrdodys, valsii pp. 265+ 230Belt (YO88), (thﬁ:ﬁé;demmphys nkésud'bmgmm @slai ne,
anxi ety, 110, pp. 417-423; Belt (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 made 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 uM (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,
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19 depression, schizophrenia, obsessive conpul sive disorder, psychosis,
aggression, hostility, eating disorder s, gastrointestinal disorders,
hypertensi on, the maintenance of the circadian rhythns in the

sl eep-wakef ul ness cycle, sexual activity, conpul sive behavior,
tenperature, enesis, and cardiovascular and notor 5 function. Drugs that

target the 5-, ptprs thus have. wde clinical, applications. Ligands
that bind to @#ﬁ%@é@%‘@%‘ﬁﬁ%&%&%ﬁ‘e bvcwmeﬁdﬁg@“’f"(ﬁggm&%pl e, to

t he car di ovashstility, Gatﬁlgeﬁsorthﬁ@@i&ﬁﬁﬁtestﬂﬁﬁdié&ﬂ&kﬁﬁk&%ﬁowﬁgt, and the

brain (Erspaner, V., Ed "5-Hydroxytryptam ne and Rel ated I ndol eal kl yl am nes

Handbuch der BRBRARS: thecgir HEyPD i e sioen-wakefulnessicyelgeaexnadr | ag,
Berlin, 10 (d%9Ry,coRpulsivddehBidr, te%&%m%&?%%&&%m&%%&?&llT may

be nodified as disclosed herern.  Q'her |iga can I'ed
i ncl ude 8- HT fypetion: Jyugs thatitargetHthe Seld € peceptorsihunbat svideelirdeat agoni st s known

in the art. el u the or 5- hydroxyt.rypt ophan, I ch has
been used as Eﬂ}%ﬂg%l%%e%}gea%‘gs:th?&d?‘ﬁ@?ﬁgﬁﬁﬁ?eﬂ?oﬁc g’é‘ﬁ? g&%&@“‘gg& or

tranqui | i zer sexangleats theypdidvassiar @?s'terﬁ,%&él&s?%a%ﬁoﬁ\te%ﬁxm%é Véhdihe HT1

recept or agor\i)s.t, used fqQr mgraine, 5-HI2-antagonists such as

met hyser gi de, PrREEPager. K.oidi AdDidrerphypianing %ﬁdﬁe%weﬁed&b@miM’ur
syndrone; 5- Hidad. 259 ef | sgd- 1o 1 r e bl ood
pressure _in h perbtagﬁlsiveﬁ%g%?%%?s%ﬁ@&@%(ﬁa{\% %gﬁ%g%ﬁé'gg%qb?ts used to
treat cyPost afP26), pnd32d@ikti on 20 i nduced enesis. (Beasley, -CM, et.al,
Psychophar macol ogy, (1992), vol. 107, pp. 1-10;- Bol den-Watson, C.,

andRi chel s6n, E., ThusefoSexapupleshe igma3)HT nedy. beaodifigl as disdRsed28n; Koe,

i gands whi CrOBsBo it dbe bt miee s Wb brspapunand SRR or der o

such as anxi elggnissaed s HIENZ RAWAZRRKORS. Eimbied RAMEDichSor 5.25 Such as

buspi rone, gepi rone, ipsapirone, fl esinoxan. As anxiolytic agents, they

and f .

possess advartYSHEdt3ntephase whishibas besnsed panantidenressyntidmegs 5iHBasedat i on and
dng. depgpdencgohisaliisdd i i ?g ? 'ﬁﬁ??% RSy t ) B, .and Vanover,
KE. , Psychog‘%ar macol og;‘ﬁ??%% , %@g . , plﬁ),gé%%&’%%gfng% otonin

bi ndi ng | i gddBerereptdnagenistused fdemigraipe 5-Hs-attngaiistesnich af methpsepgside,on, such

Rl f : le f1l I ne... h | h h
21‘Sf iS(?acf/ i noixﬁgé)fo?)ﬁﬁ%n% proﬁh%r)faexris! a%%mcasrgﬁlmsd et s%(n Ombc;eg-?lflsr own to have
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



treatnment of bulima and obsessive-conpul sive disorders and may be al so
useful in treating obesity, panic disorders, prenenstrual syndrone,

di abetic neuropathy, 20 chronic pain, and certain cognitive aspects of
Al zhei ner's di sease. Other useful antidepressant drugs which are

relatively potent ant agoni sts at 5 HT2 receptors I nclude tricyclic
anti depr essang H@Hﬁ% and ef 9(‘{) n, .P.J.,
andAnder son. l\ﬁ’mé gr oXY rﬁz}’?ge oty seases (Mhespsefh  copper,

5 A, & Har nentideBesshutsirigs Whiélomé rdiitivedy pdtént aﬁifhgﬁxﬁsts MESVHYO kdeeptdR 1)).
ngands I ncl.ude cong unds. ,devel oped for the treatnent of “schi zopr eni a,
i ncl udi ng themcgﬂet% éi @'Sﬁ%‘ﬁ?@@}%“z‘&ﬁ’ droe ap d ¢fazadene (CowandPel. anzepi ne,

(Wi | - Mal her Qﬁszﬁdersoﬁqu (0] aﬂ&? R rvous
System Vol , Serotonin ?J ?an%y ( szrreéﬁﬁﬁ\%}J 'll}le

Spect r un? Publ4 chtiianet, § Kds.), WMIWGWWR&QJNW Yprk (Z991))243andd i gands
associ ated w a rs can be such as the
SSRI's and fe l%’flﬂerhgmn; {]—'{;%fq 19 m%ﬁréhe% pr PR ’t“ﬁ]élldﬂg % nent of

ot her di seaswnpswhﬁnmemublo&npm@mﬁﬁn&hé uzaﬂ oﬁhﬁﬁﬁWeleB@W af fective
di sor der, g¥£ attentign deficit $ord r. ands_associated W th

al | evi ation oY Y& apd schizopfrenfa. “1: Brvgus System. VelidnSexatosimdans et r on

and 15 grani SetHeaNk ol Didai” SEXSES, WrBt AP cSliohs O N i nduced
emesi s _assocjated w th cancer chenot he%p an %Yg'rc ;mrrg J!E‘I'J(gr’zl\jltﬁ’ng t he

nausea &Rd Wk V) awe B3 E-290). rhgandﬁgassm«bwuhthmgw&nﬁbatmgest hesi a.
O her 1igand ands used in
cont r ol gf tfldés S(Fh%e&%be éc?%{xﬁxgaggﬂ%g@fda %ff@ﬁ“%ém Fena GRS

nonsel ective @eﬂull‘mage)mammmf o&;ei—msa@esa@mow@laum sﬁﬁal%ﬁﬁcﬁ&ﬁ@“ n may be
used (for a reV| and _ Dugovi c, Y. Acad ScL,
(1990), vol . &H%""M\'Qa %’g%f a“éaﬂé?t‘qnld@glﬂ&g‘s"rﬂﬁ%IId%ldé?%fﬁ%#eﬂhﬂﬂla 5- HT2
receptor ant a@eﬂhﬁénmguaﬁtem&érh&awma%uag afPnsi derations

rel atingsto protein structure reactivi 25 Peptides an prote| ns are

conposetP of EHHETGR; Haich ﬁ@l‘l?‘?ﬁbmlth@@eaﬂogﬁpﬁmdlatmh uuiugfbﬂ ¢rhesist or.mat i on of
peptide (am GglocRRAAGith %@e&ﬁ&hbﬂ%@ ndg gor%%lchoraEm% thfgo rau”%géﬁ@ backbone of

pol ypepti de structure. ere am no a t hr oughout
nat ure, each vobwing oncmgmgrdundgrm:ofe;y frgmsgedaabdmsthesixaf, Oihed ligmlar chem cal

strueture, chigigf b pasRe 0L EX 3Bk S VSLSPEFGL LY (O

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,_hycirophilic_ity (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.

23



30 hydrophobicity), and reactivity. The side chains do not participate in
peptide formation and are thus free to interact and react with their
environnment. 21 Am no acids may be grouped by type depending on the
characteristics of their side chains. The nost significant am no acids for
coval ent conjugation purposes are the ones containing accessible ionizable
si de chains such as aspartic acid, glutamc acid, |ysine, arginine,

hi stidine, cystei nmingradids yray e geoupkdbi typeideperdingeh the gharegtbasticalof o

cont ai ni ng i QR | d hai.ns, .Rowever. they. are not easily accessible
as they are 8‘2’6’;&% ur éﬁg&é“égs'%@ﬁ?@@h‘?%‘%m%@m?w 2 of
recept ors duepurpostdiart thelones cyaltaibing atrbdible iorkeible dddéetainsGuaings Mpim c aci ds

contai n carboxy] ate groups, that have .ionizatiqgn properties. Carboxylate
groups in pr oﬂcﬁs ﬁi;‘l@gﬁ aﬁ@ Iyeins. arginipg.histiding, gysicing apd frrosige. JMethientee bond

form ng ggentmadfypidphat g &{ﬁid'iﬁ&ﬁ%ﬁﬁﬁﬁme%iderc%?%&,iﬁbﬁve@@{ g%p%e ndt'dh§lyTedi at es.

Lysi ne, arginine,  and histidine have Ioniza am ne ¢ontai hing si°de
chai ns. Thes eacaessible asdheyaireigvglly bakiedaleap insideyth malecylapstencbupoed on t he

surface of %9&%@r§ﬁueatggl%egrraﬁ]y&?({e%gﬁi%al\é tized with ease. The nost inportant

reactions that can o esi dues are al kyl ati on and

acyl ation. Cyst ei rBoth sspufiie 288 glatdhic acide corlaif @abakylaReGréupz\thdt Mok Y| gr oup.
The nost inportapnt reaction Qf cysteine_ groups in.grotei-ns is the

formation of 'GERHamRIRPerties  Sathoxpirts erpums idRtototasy may be derivating] beengh.
Cyst ei nggsul ftﬁé’ﬁié’dﬁnﬁdb%oﬁé{%ﬁd?ﬁ% a&f.égmhgg@.&‘a% }e&& &%&dﬁ%g cérﬁaigﬂ“es) may
rcl.udi ng 20 or m

undergo a variety of reactions, -alkylation to abl e
t hi oet hef derihtgamnédigdes. acyl ation to formrel atively unstable thioesters,

and a nunber of oxidation and r.eductiqQn processes.. Cysteine .and cystine
groups are rel ati v)i‘gls'ﬁle’r-\aﬁff‘glﬁh%'ﬁli Sq‘éﬁ}i?ﬁggtﬂ'wg%ﬂﬂﬂ%’?ﬂmgﬁﬁ@ core of a
protein. It ichainkl ¥hesdhinfrieciohfaining décaamsttisicAl dbythortd & AieRErfRde | ar ge
pr ot ei ns vvitr}.out the presence of ci;‘ deform ng agent or a "driver".

Never t hel ess, IPIRIANS gk Gap bogemyatiged;yith eafse dhe mpst kmporapt reastiony thagr oups a

| eadi ng1849e dafl 088k Sttt YesidlBsre alk§1atiBh ST Rcyldlfon! UNCti Onal reactive
sul fhydryl group. situated deep into the Iigand- binding site, wthout using

def orm ng agents, G¥steins isithe onlyeanine agith gentaintngiacwulthydrnybgmup. The thostys t o
direct the copiuna: QAP ys@ihe Bduph th 625 1PEY hiQich ¢ alifiye Structure
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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of receptors. It is possible that irreversible binding drugs that are
targeted at the. 30 sulfhydryl groups is likely to have a | ower |evel of
non-specific binding, in <clinical term"fewer side effects”, than any

ot her functional groups. 22 Tyrosine contains a phenolic side chain.

Al t hough the amno acid is only sparingly soluble in water, the ionizable

nat ure of the phengli L . kes it,appear .in hydrophilic

regi ons of ‘a prot eﬂrfb@n%éﬁld '| ygﬁengﬁgﬁgggh%e%?&@é@?m“ﬂ? 14 3 eplye

cystei ne resi shasngly goloblerin welter,i thieionizable @anpé 6fMme ghentlit Reotip sdelimgeed 5 for
def orm ng age open the prO?tei n structure. Tyrosine may be

ﬂ‘t?f t.‘o furt.hﬁr .
targeted speclPrEatRperdp hydraphilic meiqns of g Prrtein - usyalbhatos neardheswrfee. by

acyl ation. | ThUBTRE Yysteik re4ihd) ABHRC 4 RStz on %@%Mfﬁ’mﬁi}hu% REegdm NO
e chal ns. ,

acids that are readi|y derivatizable at therr si ese nine

r esi dues “cont 3¢ Aeferamg agents todiaythar opemiheipootein symetures Tyirodinsmby bei ent
reactivity fog il CAtld ' .10 They. are the guanidi nyl group of
ar gi ni ne, yt hce)(?fé%gébf g cal? g%l{(ﬁ;/ﬁ%glr:ag{&%smr 8?%%%&0%’?%%% %\“rthu@néci gs, P
L_esp_eg_tivel y,h t he In!shmtxgatbr,pfotg’?ﬂuﬂemil : eswth‘ﬁh&ﬁmﬁmh l'néﬁhﬁ%%@id&]'cthagr oup of

i stidine, the c- o.qgr.oyp of lysine, the thioether noiety o

met hi oni ne, t?{8.r'?aﬁg%awgg?%&patéhelg?%?%aﬁhﬁm@ﬁﬁsﬁﬁmm%ﬂPiglﬂ oxyl group
of tyrosine. prifciifabfuiBlidHaPHoBR mﬂSﬁﬁibﬁ@Bﬂ@E@ﬂﬂ?gﬁ r?&ﬁﬁﬁﬂib'n)fezi?:ﬂ@ﬁs?d in the

interior of 15 proteins and are thereby protec rom conj ugates dissol ved
in the 48 ventheytareihe guanidinyrgrqupsefiaeginink cthe goandehredrbasofl groups bt act
proteins. The 1,oni zabl e, groups. .are normal-ly either. exposed on the
surface of pr%ﬁ%ﬁéangras cﬁcédsgﬁeég‘g?gﬁly ' ﬁ“lp%%rylr%‘?‘f? Jreydleingrthit ng agent s
or "drivers".imiteylydfRup bERSHARE tlﬁé”@axﬁﬁa%@&@}i S8 sind, Me thi e}’ﬂ;gfehg‘gr _

st de “20 chai ns

However, anpng the_ numerous reactive functional am'no aci _
on the prot ei’fgthionine. taindslyl groun of typtopliral andghe phvaokicihydrgxid grougresup of

Tpor tant. 11 oy SRS e Rt A phobRl B Rt e B eppge 0 St

| east odé capyteiss andarctierebyqubtbétydifryin @hjtghtes dissslvalinahe solveat, @gd to the

| i gand bi ndi N8o iotnfs of rget pmacr.onol ecul es. . ,Eesruptii on of this reactive
sul f hydryl func?’i oﬁaﬁonﬁr%{'f%eggeaﬁ?wgdwmmm%d ¢ offerigaizalie BdPHeen shown
to affect thearé normiallpeitedriekposed 6 theRRNFaceBFHABME BEHNTR aclested MRl RLT €5 Of

receptors permttj conj ugati on .
P P! hqa]p otj drg:?ormmgJ aggnts 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 Einding sites
_of target macromolecules. Disruption of this reactivé- 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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The sul fhydryl noiety, with the thiolate ion as the active species, is the
nost reactive functional group in a protein. Wth a pK, of about 8.6, the
30 reactivity of the thiol is expected to increase with increasing pH,
toward and above its pK,. 23 In the process of nodifying a parent |igand,
it is advantageous to capitalize .the presence of this big] by reactive
sul fhydryl group, which is typically situated near or at the

| i gand-bi nding site of the receptor: Drugs or physiological |igands can be
chenical |y nodifi eﬁ‘@"o!"i"%ﬁ GWO%GWﬂmmﬁmdaigismﬂvmeous&maphaﬁzﬂst er with

.5 the thiol geqi@cidddn thisa¥ 1P tdABkve's! gﬁsyw Upon
associ ation of e?ﬁl g npdi f i %d9dr ugvewnﬁt %Jug %‘%hg ydr yl group
di rected conj 3&59&%@“ QF@H’BW&WSW‘?MM%Q*M@WM@& t uat ed
to 1ts 'rte;eifg Y ‘”“g Lt e B RioB A Bl e R DR "0 ey
highly reacti thigl O%F%ﬁyepﬁl@!ﬁenﬁgmpi ﬁamammcnammfﬂss de chai ns;
whi ch can be €logificd ah s.gﬁlp eac ve to these

functl onal Otr.dgﬁ Wi | e d| scusse ents 2.3.1.
Sui 0 spec °‘Egb#t1%8@5temﬂmnsmmm1momm&y;ﬂms Mal ei mi des

are conSI der eehufséyobwen‘wﬁain o?thte & its Ridbdlydryl group, especially at pHs
bel ow 7 where. ot her nucl eophiles arfe pro onat ed. In acidic and near

neutral sol uti ons,m@ﬂ@“?‘b‘@éﬂlfhﬁﬁwlxr@pyﬂmhamalsploﬁxerhxghlg&aacu& about 100-fold

faster tian Whkbid Re%&ﬁ@gh{égmﬁ ?I rate
~increases with ‘E‘lfj g@rsgach on Wt MT%E(FSém no gr“g‘lljc g%g‘f %@Xomes

si gni fi cant af® ugatphélabqrheqactmtmhemmmmgmmwﬂlm is the
hydr ol ysi s Of:dlm&kﬁalgblg@_s to mal eam ¢ acids. However, at pH 7, the apparent

rate of 'hydrggysis i,s only 3.2 x 104 mn "' in 0.1 Msodi um phosphate
buffer at 20 0 ngl ow to interfere with the reaction with

sul t hydryl graBps.Su Sk i becones significant only at
pH abov 7 45 Mreactlon with maleimdes to

neutrar |
yi el d e>e<ltsl usi vel y 1%‘ P@’%Mﬁé’t—’”‘f"&"méda!@mmeem{cmeﬂereaﬂfarly guificitagiet hi oet her
bond i S very SBRdrfl g2\, &REGALY 2P BHELAGY 9 JrdHer nucieophiles 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 P, the reaction with the amino group éiso -

20 becomes significant at high pHs. The other major competing reaction is the
hydrolysis of maleimides to mateamic acids. However, at pH 7, the apparent rate
of hydrolysis is only 3.2 x 10 min™ in 0.1 M sodium phosphéte buffer at 20°C,
which is too slow to interfere with the reaction with suifhydryl groups.. The rate
~of decomposition becomes sxgmﬁcant only at pH above neutrality. Thiol undergo

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

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

Disulfide reagents. stu]ﬁde 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-nitro-2-
pyridyl disulfide, and methyl-2-pyridyl disulfide. The protein disulfides formed

are readily reverse in the presence of free mercaptan such as 2-mercaptoethanol or
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physi ol ogi cal conditions. D sulfide reagents. Disulfide interchange occurs
when sul fhydryl groups react with disulfides, Sone of the nost conmonly
used disulfide reagents are 30 5,5 -dithiobis-(2-nitrobenzoic acid),

4,4' -dithiodipyridine, methyl-3-nitro-2- pyridyl disulfide, and

met hyl - 2-pyridyl disulfide. The protein disulfides formed are readily

reverse int ce, ' of, free r.capta uch .as 2:nercgptoet hanol or 24
dithi othreit W@e%&ﬁ%ﬁ“%“ﬁ%‘?‘é‘i#“@‘? Piltfé’fﬁé’fﬂggsq dgl pgiiAal

sul f hydryl grliops thelprete tb Reaiied fhdticns. TRERirfevedsibld BiRdhi RSs of S
irreversible binding drugs of this category provide additional safety
mechani sm t o “AG&Y &0 Jitonehafety msehanismtoponpienyarions themphutics

over - dosi ng, chipRkatioRAhich a8 ovdtldosing, Bl Ractfi B9 97 OUP speci fic conj ugati on
agents The am no group i s another Strdng nucl &ophile in the protein.
However ,> bedalé e ABfnd group wpevificrvonjugatiorosgentsr esence in proteins, and the

relatively high . .of the. a ni umion pst.of the reagents that react
with the amno gr g]l}g%’%:né)rgrﬁlf%’(g apné%%&sldiﬂfg H“‘g?cfri’g‘ﬁc f"lf}?EPT%ﬂ%l }a-lg}vgge_r, Thus, it
may not be abecaisndf itsaibgpdantOindldmiiprbsdrcs th proaRdsmdaRs R High t he

i nventi on, unggs the critical cysteine residues are absent ffomthe
dr ug- bi ndi ng P&p PEthe gEwngniym fons mostpfithe reagamtsethatacachwith thepmidograypar e stil |

and onl y f Or &t felctvith Gk YandlicRbtRtes. T, Fidy SR ERRigchRRGH RS OF am nes

are al kylation and acylation reactions. € I mpo 5l kyl ati ng
agent s that &wdified ligandsrascordingdo thetiovdntigmnmiess thectiticad syasine residaed oacetyl 15

conpounds (e.,g. cetate,, .hal oacetam ), N-mal ei M de derivatives,
aryl hali degg(ag.s%?,h%%tﬁ?%"@FW&%P%B‘@%Q@W@%E‘?%SHPWYO%&%M ¢l fonate), .

al dehydes ( epmpducts giestiiagll a1y yored Witk ARMYE @buR THE A ROEShEn 9-

pyri doxal phos gat gl)g. Acyl at i .agents include, but are not restricted to,

n
i socyanat e, FPS"B PSS et are #kﬁqmléﬁgxlanwrﬁwiow@m@ﬂtm immbylaniest er
-ni trophen : ' Sul 1l oride. 2.3.3.
Car boxy) . gr ot muat sgeEothaciclh 8 i Srmo Rl ) 0N bkl B ¢ BB cal
modi fi ck i oncempandsfrsg. Hialametbiexiydloageambdes), M-inklcknide Hérivatives, aryl

carbodi i m de Lat ed..process. Wth proteins, the optipum pH of the-
reaction i's h%g‘%% ?eﬁg’ R “P%’bE‘fZF?‘f:HEWJFOlB%Z%{}?ﬁ‘f]gW@eiﬁH%HCS&h&s’i ol ogi cal

condi ti ons. -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 reactions 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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25 Ot her reagents such as di azoacetate esters and di azoacetam des can al so
be used to esterify carboxyl groups. Simlar to carbodiimdes, these
reagents react with high specificity with carboxyl groups of proteins
under mld acid conditions. 2.3.4. Tyrosine specific conjugation agents
Tyrosine, histidine, and other aromatic residues of proteins are rich in

30 electrons, These resjdues, undergo.el ectrophilic, subst|tufion reactions
at the aro %fé?‘e%emﬂ%‘%_&f‘?s F“é&t‘fe&fﬂPEy@ﬁ’M‘{‘?@%si ne and
hi stidi ne i nreagin®d @h'Be répafiediad BB M BeRRERO WRSonifh 16ds £& BéeilyCOTponent s
such as lysine, 25 tryptophan,” cysteine, and arginine residués react very
sl owl y, suchusstable ayer ainental pH asbeaximugwisadionwituthe proteins isytypieallye

sel ective. D ' | r ral _ t .meutral pH and
raxi mum r eact oy RRE P, IdBRERL gt BIDAR AsEHAR B, 1, P o
The phefol at amino groips topvard adydatinlg Sgente adbwewr,the Brosybgioupid geneglipups toward
acyl ating agents. However, the tyrosyl_qgroup js generall percei ved as
having a | QM@FQ@P*‘%‘P@?.1°Wﬁr§e"}°§‘_’1ﬁ%tﬂg%§§dl%geqaﬂ@tgﬁ? 0 %’Op_é'ﬁ‘; has | ower
nucl eophi | i Ciohér mtiophIbieRy Hat bocais! sih_@?ésﬂ!&‘é&:éﬁudﬁ?%ﬂe& irpé’?ﬂo%' n a
protein and are, therefore, generall] é | naccessi bl e for reactions due to

t hei r hydroptrddreithepeforep ganegally Anagaessible foprartions dve bq theinthiydvephahicitys 10 A

pr edom nant ton.of 1t uani di nyl ety of arginine residues is wth
1, 2-di car bo 233 Ak ef Loz o2 aqmnx' e"qpci nal di ketones include glyoxal,
phenyl dbyoxal , 2-8phdombedi eacicand thk, ghanidilydheictneftirgintne résiduds is H st i di ne
specific conj utgi;t;:_(gn l§1gepts Whi | e a nunber_ of, a} K%I.ati ng.agents react with
the ini dazoIJSYl earbatpy! repgents. Seoramamly uped wcipaldikgterss inddedegdyaxah i er , the
rate of thesgheh@RflokANS-3ithtAEMBhShldV1 2 L1868 BhedidheOt her nucl eophiles. Even
wi th a-hal oacetate, N-carboxynethylation is generally slowin conparison
wi t h sul f hyd2-Ji6. gHistidiae spdoificreniugatfoeresentsh reactive a-hal ocarbonyl group

is incorporated i finit _ -t %f phenyl ani ne
chl or onet hyl ket on@m%géﬁ%l%é@%ﬁ*‘?%%?‘f%%ﬁt%@%@%ﬁ%m ) ]Ir%e}%{%r?z) , specific
reacti do nayhistidinessthaes/lesin refeed Wecatlieh ahomecdfithesy readtions iogheirallyl Kyl at i ng
agents are npt as reactive towards histidine. Wth acylating,reagents,

hi stidine fo %5 ‘E’é’&"lﬁi’ﬂﬂlﬁﬁt kvanpath gihgloacetate, 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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general ly unstabl e and nmay undergo spontaneous hydrol ysis. The nost

I nportant acyl ating agent that has been comonly used for the nodification
of histidines is 25 diethyl pyiocarbonate 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 wth
hydr oxyl am ne. 32,3 7. N@thlonlne speC|f|c conj ugation agents The naj or
cheni cal nodi &2&at BRIPES nagere i s al kylation. 30 Because

fends o provide. ho é*‘*d‘e%ﬁ""g Ak P%Pb*bﬁfgzié%eﬁa‘iv%%%ﬁ?ég%p?@%‘%hﬁée' T that
are coupl ed infericie piotrimsd I rppteplac cesidueb ban Beombdigs@wamyed met hi oni ne

resi dues. 26 gro ﬁgaggh peC| fic conjugation agents Due to its

hydr ophobi ci ty, OrSS}%fDd'éﬁ{S Y a‘i“HO'g@ﬁb'rbIDm;deblﬁ distingtmeagent, pi nt eri or

of proteisns. Mpﬁ@@lﬁﬁﬂﬂfyﬁmgﬁ?h%‘%& G%fm?‘l ?-%F%LO e#t\il'h lﬁ]rdgmsucm ni m de

and 2- hydroxy-5-nitrobenzyl
ni t r ophenyl SUW@WIW@HM@ selegtivefortryptopteinfand cymethé kesafue@n of the indol yl

noi ety, The rgg(gtl_g%npeg esc(;#ectlve f-or tryptophan and cystei ne residues.

2.3.9. Seri s Many reactive reagents such as

di i sopropyl fl uoromdanpfeaétﬁrnreagbﬁam%ﬂﬁkwyﬁ bitodpiidrgle and ot her
to.r

acryl sulfony ri dz ? been found eact" wth the active-site
sine. Care shulff yewu “ﬂﬁa'lils@h@fﬂcs’dﬁslﬂfonﬂdy@ndss hoedesefmihdt he
strong dOnpet fotreate wi - l.gn of .nodi fied |igands
of the invention Theﬁ?g/dgﬁg%tmeb%ﬁﬁg Cﬂ(‘,ﬁ}% |u(1)dng c’fevﬁé%e gl‘f@e ?I%%‘Fgl ed |igand
and the recep‘ieégemsc,l&ﬁalﬁeﬂﬂécaﬂrw@dnipyHMMnofajat&e@si@y activating agents,
or facilitategiby phe, Ty comugation 1eqgent on its own. The covalent bond is
preferably formedwt uated at or near the

i gand- bi ndi ng si tﬁe@bvmmw@mmmonbw&ntﬁém&ﬁmhg%@%ag@&ef% g as it

ensures a hi ecificity. The design of bi ndi ng
| i gand depen%g’ﬁ%?tﬁ& ‘?{r@’rﬁp es, cqyisedl bippctiaptingagenss) @(fad:xatatqnibymet i es of
both I i dand mjdg@l@cﬁﬁg@ﬁtonllﬁﬁﬁchhbwﬁ&?ﬁo% %réfaggﬁrqnhn LRl agent to be

i ntroduced ontfo fhe chem cal structure
ctional 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 regard 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 L.

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 elicit a 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 rechstoroneith the fngnoleechd iwil bR Ninked. OTIRE e OaSIbRBI RTINS OF
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’!“%"ggﬁ3@/?‘59@%9%%% Aarri no acid
side 27 chdrepplordep bpdiophobi¢ érivileemdnironyimaquire a hylephobac ligdvidlto reachf 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
parent _ | i gamuit bé installeb®) predhhptisitatiohs HRE 6Vefr-dRmMRAM: T8 cadlShe R dfnstal l ed to
pr eenpt Sltaﬁ)‘%‘ﬁ? s li ke over-dosing. In this case, the use of cleavable

. 1.ng > )
conj ugati on ¢ (Prnsation pects will enshledhaconyngation febe reyersedsid | f
conpl i cat i OrgolisARy L ' HIRY, _ ed for this
15 pur pose. '{I)'ﬁ?sfe i ﬁﬁtﬁ%@&ﬁriﬁgﬁgﬁ%f&n@?ﬂ ne, #e?@gg?ya group,
vi ci nall® gl y @grpose.gFhese inghido disul fistetbonds pehidine, onsrcwial giouwpaviemal glycdihi s

Cons Ugati on o antH b Al lhends Fakerndt FrErEeR; BASIVERISAIEY spacer, the
spacer. may liself magbebleavabléwr, e eonjigatibh hgent Bgatached 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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can be selected fromthe group consisting of (N-succininmdyl 3-(2 20

pyri dyl di t hi o) propi onate, succini m dyl oxycar bonyl - a- net hyl - a- ( 2-

pyri dyl dit hi o)tol uene, 3-(2-pyridyldithio)propionyl hydrazide,

di succinimdyl tartarate,

N-[ 4- (p- azi dophenyl azo) - benzyol j - 3- am nohexyl - N - oxysucci ni m de ester,
4-4' - di f uoro-a, 3' -dinitrophenyl -sul fone, 3-(4-azido-2-

ni t robenzoyi & Xﬁ%?ﬂ‘?‘ﬁﬁt%. g crystaiagmphyremuclear magpetid ngsonangSandl. S ze
and geonetry tpdy; IRINT:T : : {he.  canjuygation agent
on a nodified I]ilggegﬁ%xﬁﬂuﬂst pe%ﬁﬁ%ﬁ@gﬁﬁpﬁi@pﬁg?@étﬁ%ﬁ]tnég%"rl@'mgeceptor.
Upon bi ndi ng the ree¢ptormeletyite be tonjegatedtamdtin seleatingphd confifigingahé ugat i on  agent
must be in cl im.ty to.th ecept or noi so that conjugation is
effected. A §| gﬁgééuoglégﬁ%?éi Olé@l"‘fi ﬁ%‘i?”r‘?&f%ﬁgmﬁeq STSEERIQY PRGN ke

conj ugat$on Phesentdn theiligand-binding!si¥ ofike Yedeptok NPreF@EBIP! BE réRbRE Yhoiety N SUCh 2
case, the length of thgﬁ spacer w |l be dependent onh the di stance” required

for the conj dQEFHhoutsds thedigand-binding site ofithe gecepton- Hithout being limited ton

adj acent to tLhetHe8RLHY ' thi l.s. of .receptor using
X-ray crystal |§-ra%ﬁy;%"jé‘?‘gg‘&*%g%{e#f%ﬁﬁfg%gﬁ%ﬁ&%gﬁﬁﬁégﬁ%sﬂnﬁ%ﬁ conbi ned
wi t h nol ecul &0 predikelydo preyentfdiamptiont afmecepion firtdoh ubyn biadinghet ecept or
noi ety to be ' d and in. sel.ecting,and,.configuripng the conjugation
agent on the tﬁeﬁggﬁg%ﬁ%%ﬁtg}nt&s%m,&pg&? ﬁ%ont‘%k%ﬁtt%r'n‘h‘ggé‘% fuchdhatple 5
present 10 n: t lomsklirga ndthliiseopiiage febitorab tidiby @GR REnuds Slifhdlof oft Ne

recept or noi et |§Epr_es§nt outside the |igand-binding site of the
receptor. W T Brtien (“TeseRterfumoon Jnhlternativaly; a parerit antagenistishay béhat t hi s

| atter approasdaifERyas, A Y Lta be re likely to
prevent disruption of r gaclg%%%?ﬁ%ﬁ]ct??tg%g%dggenm%&g%ﬁ?\gwﬁ H4%%e nodified

| i gand: . On tARtnupusinhibitionof thentceptpy fstiong{tbeprpdirhioff)such .that it 10
crosslinks wat hnj ate receptor to thereby cause conti nuous
stinulation gf rb#’%’i"égﬁ’%? function ("receptor turn-on). Alternatively; a
parent Hht agoni st Theiavestionrdicht@mpassish dohfpbsitibn 66MpAdihg e Mbdifled t S COgnat e
receptor to ﬁ}.hercﬁqt;y Ca.g%ia conti n‘Fous_ inhibition of the receptor function
("receptor t UBHRdssescribed hesginigariheryrith a pharmaceutigallst acseptable gawistorpasses a

CONposi ti on Conpr iThé Aertidf alfBdedtinesa nletbae RSl & hrBslIGE ¢4 toget her

wi th a pharnmaceytically acceptable carrier.
- condition associated with a target receptor, comprising administering to a patient

s O

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 derivatives, malt,
gelatine, tale, calcium sulphate, Avegctzib‘le oils, synthetic oils, polyols, "alginic acid,

25 - phosphate buffered solutions, emulsifiers, isotonic saline, and pyrogen-free water.
Any suitable route of administration 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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The invention al so features a nethod of treatnment or prophylaxis of a
condition associated with .a target receptor, conprising admnistering to
a.patient in need of such treatnent a therapeutically effective dosage of
the conposition as 20 broadly described above. Dependi ng upon the
particular route of adninistration a variety of pharmaceutically

accept abl e carf in the arg bhe used. These carriers may

k
be sel ected f"? ei%&a ese e %’%ns'B@f?lﬁ?Bg’B‘déhﬂe‘f%%é‘FP@%ﬁﬂgves mal t,
gel atine, tabentrobial ﬁdléugin'gldepi&éé Busighel ShRBLAIY rdrThis PhfHGELd Ginithins POI YOI s,

al ginic acid, 25 phosphate buffered solutionS, emul'si'fiers, 1sotonic
sali ne, and B@WH’@@WPP@’@% aqt additiopglly inghis fashion; Glontroldéd rel¢nserifat r at i on may

be enpl oyed ﬁé“tﬁﬁﬁ conpesi ti of..the invention.
For exarrpl e, %ﬁaﬁgﬁ a y Be par ent er afmgﬁ% s%u %ﬁé]‘é’a‘l"th i ntravenous,
intra-adti cuhﬂhﬁ)phubw:mlym&suﬁmdmg aﬁrylmtiemsmaxes,ﬂﬂmhﬁgﬂﬁws]co}imal ati onal
i nt raocul ar n erjton I nt,rac bl:o i cular, 30 transder mal and
the like nayf"f}%fag‘h‘g?"é{lé’ %ﬁ?ﬁg"@'@ﬁ? Fﬁjﬁi"s" flepiyaives sugh aper si ons,
suspensi ons, hydBgiropyiaethyBéldidse. N adﬁﬂdﬁﬁéonﬁo!l@&%se ﬁ'@? B

supposi tories, aerosols, transdernal patche 29 and t R e‘fihese dosage
forns may al byusing piherpal Yinesanatriges Hipsepies and/ogmicrospheres.| ed reI easi ng

devi ces desi gned ] ME; r for i npl ant s
nodi fied to act aggﬁfb%ér'l&%l y |r]19ﬁ€°p'h ’§#§PT§E§'W%F§%“%F€N; of a -
nodi fi @ I|gm&nmsﬁscﬂémts@ﬂcbysmaﬂeﬂgadhhﬁoﬁmwé&hc&ﬁﬁﬂlﬁb% with 5
hydr ophobi c EISP%FHS i.ncl ud| acrylic, resins, waxes, higher

al i phati c: al C&h OM%PWP'FC"EW ofithe myention; ag 21
cel I ul ose deﬁdwﬁbygx%nﬁl%&:@ﬁasom%i‘x% 'a ﬁé%dsgigﬂﬁha{,w addi ti on,

control led rel ease may be_effected by u5|ng ot rices,
| i posomes anfAUEPUSHqu %ﬁérléé”ﬂtmé%ﬁm @mwamrm—ab liguid omutsrcml Sach par ent er al

adm ni strati g R¥ioRE g, S S 5 capsul es,

sachet's or t ablﬂeytgs Oeaml%g) | n| n a2 Oflhl%%éqﬁ%dsrﬁ?ﬁm%ﬁmaﬁof one or nore

i mrunodéni c mg@n@smdfudeﬂm stap\uf ibtinging ite aﬁocﬂﬁwﬂﬁlﬁe Sim@eavdifed or as a

sol ution or L n ous, liqu -a,.non- aqueous |iquid, an

oi | -i n-wat erﬁ%anH‘T Jo] r@?cdﬁgwgﬁﬂﬂ’ﬁ chrferI"‘qu‘Eh Pnstifes PRTOT MPFEh  conposi ti ons

may be prepaiceesshy iagydiohts! hegdRidlQHS cothpdting BfeYpriptreditly uniformly '
and intimately admixing the modified ligands of the invention with liquid carriers
-or finely divided solid carriers or both, and then, if necessary, shaping the product

20 mto the desired presentatlon

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 theﬁpeutically-effectivc. 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 conditiop thereof. In this regard, precise amounts of the
30 modified ligand(s) for administration will depend on thé Jjudgement of the

practitioner. In determining the effective amount of the modified ligand to be
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15 nethods include the step of bringing into association one or nore

nodi fied |igands as descri bed above with the carrier which constitutes one

or nore necessary ingredients. In general, the conpositions are prepared

by uniformly and intimately adm xing the nodified |igands of the invention

with liquid carriers or finely divided solid carriers or both, and then,
desj.red presentation. The

I f necessary, Lbng,th roduct 20 intqQ t L[ k.

nodi fi ed |igands nsatf}%gén %'teﬂ‘g’efﬂbf’rrﬁrf}?hy %ﬁ%ﬁtﬁﬁﬁmq%‘eﬂsﬁ%?‘%m B8l e salt
as is known i narghrgecepior, (e PhySiaMPmap i hiapfssiB ofific BsHliSt ered in a
manner conpatible with the dosa?e formul ati on, and 1 n such anpbunt as is

t herapeutical |y ef Ry qvsnt, those pf skill irsthe ay apay, readiiy datssminefsuitablti f i ed | i gand
adm ni stered lggsidePSethe £LGl.ent ffect a.beneficial
response in thesa%gt I ent mgséw?#grqrne&%?tfc l&g&eﬁﬁﬂé%‘%%ﬁ%qs&ﬁay&em e condition
to be tr@at edordenef spragtamsyto ofilligrensafithé medified figadis 5F tHedmkatiomdni ni st er ed

may depend on th bj e to, be treated j nclusive of the age, sex, weight
and gener al h‘e’él?ﬁgézibéﬁc?ﬁ‘f'gﬁ”teﬁ@r"gﬁﬂnsf "'t‘fﬂcgﬁl”gg%ﬂ’ﬁf“ﬁP@@F’gGEWnts of

the 30 nodi fied | i UheHvehtidiisoaiaRs Sirhathodat dbtdoling BRIALeRR of RGNt

of the practitioner. In determning the effective anbunt of the“nodified

ligand to be TY%GPIQE Hiestsample. iThe mpthadcomprises copiactimgthi garaple withfa t he

condi ti on assgfdftcadiou - : : e i-ci an. eval uate
progressi on of theeg gg‘#&é%%é%&?eﬁqggg&g\q}%?‘m E@#&é@%@@%ﬂ‘@‘ﬁﬁ”&%@%rt may

readi | y et er trget repapton snd detdctinagths preferich of avsthplee dorhprisipthaidihodikied

I nvention. Su S may, be jn the order of nanograms to mlligrans
of the nodifi ggﬂ%%ﬁ%%?’ﬁf%é“#‘ﬁ\%ﬂ??%‘i? ?C'De‘t-ect i on of target receptors

and cells or cell Thobranks AR ¥nbiipRSesTMBhod HEquahi§ el B pRleage feat ures a
met hod of detecting the presence of _a target receptOr in % test sanple.

The net hod -coff#St SEEPteh I aiettisagplen d hs meshad amprises comadiirig thelsdmpand as
q Cag SES . . IOV ! ey .
escribed In Sa6lirAfifed HHRAGK Broddhy btk bbdlel LAAD] nugé ;ﬁgaagaé‘g%qng_ ar ge

receptor, and detecting the presenCe of a conplex conpri si nodi fi ed
ligand dRd saPbiads saidiarget ricaptoh encasuringdbechrsentpition offieomplue cdrhisil SO

Cest Sampl 0. HRe el B etectior PEB RS Ceagipin ped b e P O 11 ©
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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with a nodified |ligand as broadly descri bed above, wherein the nodified

| i gand 15 binds said target receptor, neasuring the concentration of a
conplex conprising the nodified |ligand and the receptor in the contacted
sanple, and relating the neasured conplex concentration to the
concentration of the receptor in the sanple. The invention also provides a
nmet hod of detecting the presence of a target 20 receptor on a cell or cell
menbrane. The nmethod conprises contacting a sanple containing the cell or
cel | menbrane wi t hThe medified ligands egarbd uged 45 aderl Ity 1dgeiify thercgual digve, wherein
the nodified Pickehed dhigihitslinghecatonrtigateeper aiplediiles. Bifkcedns Bialdinpardbe pPresence

of a conpl ex g kB -mdified |igand . and the cell or cell nenbrane
in the contact gﬁﬂé%%ﬁggsgo?%“% B Bl eﬂ’elﬁ‘(}t"?llfétegﬁ\‘/@ﬁtdﬂgﬁ is a nethod
of nguantif)II_LW@WQWI&mmﬁﬁOﬁhiwmﬁW}kﬁm&%dch% ﬁell .

menbr anes rjses ontactin sanpl e containing_the cell or
cel | menbr ane‘I ?\}?E %ﬁ@ﬁ#éﬂ%?‘c@%ﬁ&wﬁ“gvﬁ%ﬂﬁﬁg F Pirddo idsBifE,  wher ei n
the modi fi ed Mplgeuies thit bitd tes ahatiparéicuge drugrpdei@pt or ., The concentration of a
conpl ex conprisin nd.and_the 30 cell or cell nenbrane is

. ified Li )
then neasured in ?ﬂ%@%ﬁ%& %ugg%%%??“ﬁ‘ﬁ%f%“%%ﬁ@ﬁ’ﬁm@(
concent r at i oriised Fazleznayde,  enddified tigidenédidihg @ th@invefiRn/REBRLOT Present on
the cell or q@é&nepﬁggg DE c3]t TtFle m%,g'fi ed Iig nds can be used as a tool to
i denti fy the actual grug > podrbpersp: #sﬂﬂe‘ﬂ?‘??d edjtodireimasa, prabedept or
mol ecul d8.  Simayebetutidisddiin diynspitatile dsbad@ownnrthé ki thrlde@amtiSntia, t heir targets is
irreversible, tﬂa.:ﬁﬂ'yﬁgiigaléﬁi te that the drugs interact with can be
i dentified on'the receptarsPisRAas; &g e"%’é‘@ﬁrﬁ"éﬂ%‘é"@lﬁﬂﬁn‘&ﬁﬁ pepti de
finger pri nt iastpradéogrphypisroSpehy, fiﬁh’icstohﬁﬁ'ﬁwk;ieeﬁoé‘ca%@ PoMdseRket 0 i dentify
nol ecul es th%heéy’ ch) %hgh?t .particul ay drug pocket. Any suitable technique
for determ nihg 1or RACIOR OPIERACE BIRsng cehee micresgopy-6enfesghnpl e, a
modi fi ed | i gamidoasempprelticron mixrdstepy] Y RAY bomed hbMisRepadl. ' eporter nol ecul e
associ ayed t her ew times reterred t erein as a "probe") 10 nay be
utili seggi n any \émt}?’?%é?e°faé’§%§‘°mxfkﬁaﬁs%' W’Q’H""PBYS‘E@PIE@Wﬁ&hﬁnd/ or

quant i fyi ng Imegified-ligewbiptloding the edri@iiienpentz0d tRXp4RE, & indiGdaat i | | ati on

-

counti ng, Preferably association of the reporter molecule with the modified ligand is
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

anﬁgen—binding molecule may include the following:.
direct attachment of the reporter molecule to the modified ligand;
indirect attachment of the reporter molecule to the modified Iig‘arlzd; ie.,
. attachment of the reporter molecule to another assay reagent which subsequently
25 binds to the modified ligand; and |
 attachmentto a subsequent reaction product of the modified ligand.
The reporter molecule may be selected from a group including a
chromogen, a chromophore, a catalyst, an enzyme, a fluorochrome, a
chemiluminescent molecule, a lanthanide ion such as Europium (Eu*), 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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aut or adi ogr aphy, fluorography, flow cytometry, Wspectroscopy, fluorescence
spectroscopy, chem | um nescence inmaging, fluorescence m croscopy, confocal
m croscopy, electron mcroscopy, etc nay be used in this regard. 15 The
reporter nolecule nay be associated with the any suitable part of the

nodi fied |ligand including the conjugati on agent and the spacer, if included
Preferably as%%ﬁiati0ﬁ of the reporter nolecule with the nodified ligand is
sel ect ed such. P 3 13X % @APAtoms; OF etherokesiclesoniaiving 4 sigmalwi t h bi ndi ng

of the -nodifimeddcifgibsthfte bh®tHeqkept or - ~20 It will be appreciated that the

reporter nolecule associated with the antigen-binding nolecule may include
the fol l owing:. di relargesumbenofenzymes suitable durarst as reportaandleclé it he nodi i ed

i gand; indir, he L epprt.er | le tQ the nodified

li gand; Le., ﬁﬁ°ﬁ%ﬁ@@%‘%@$@$§?ﬁﬁ%ﬁ@- ggg@%h&-ﬁe‘hs‘h%@@y r eagent
whi ch sub%equend LS. LBKA38d Siitablé bieryneslideadn tHegadan iAGuah LaRHTEN to a
subsequent reagti.on product of the nodified ligand. The reporter nolecule
may be sel ect é’g‘ahfl% Qépmﬁﬁ‘qf??&déﬁl}imgﬂéﬂas%Hﬂgﬁ%merﬁ-gdamdmidmamo@e a

catal yst, an eRidase} B4 hem | um nescent nol ecul e, a

| ant hani de i on such_yasgz;é%#g{n_un?% Euiog&fséﬁnﬂﬁﬁg%'ﬁeﬁamﬁs@aﬁe el, and

a direct vi sugloneabisl combinatine withsseafdangimetiat ipsdhidnabel , use may be

made of a coll oida aklic. or non-netallic particle, a-dye particle, an

enzyme or a substr§P@tleah“‘5?‘aﬁ?ﬂ‘%“§%“‘g‘gla’9‘rﬁ?PO‘élm’&dé%fﬂjmr@Sb@;ihe; a |iposone,

or ot her1&esi ddothiceyahaé (FITQ),3 WMOMUEB%%%&@%C@% the like. A
! C Ul

| arge nunber %}} enzynes suitable for use as repofter e sis
di scl osed in UfY§ ﬁ%@?@mﬂé’m&sﬂf@ei%@mb@mﬂ@m@ﬁ& iddlide U. S.

¢ 545,900., Sumalabl oty o AR BB D HpelANL ", BT
(i - gal act osi dBeErenge alsosmay be xiadesethe Fysozyomes RbAba il ey dupgenase and the
i, e e o T OB SIS s 03 ™
to, fl uokescebamade to the fluorochromes described in U.S. Patent Nos. 5,227,487,5,274,1 13, -
3,405,975, 5,433,896, 5,442,045, 5,451,663, 5;453,5 17, 5,459,276, 5,5 16,864,' .
5,648,270 and 5,723,218. -
‘Preferably, the reporter molecule is a radioisotope such as *H, '2°], He,
2p 3p and 3, - :
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 plasma. In’
25 other words, the drug effect is likely to last longer than would be prcdicfed ﬁ-o;n
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 metabolifes. 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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10 i sothiocyanate (FITC), tetranethylthodam ne isothiocyanate (TRITC), R-
Phycoerythrin (RPE), and Texas Red. O her exenplary fluorochrones include
t hose di scussed by Dower et al. (International Publication WD 93/06121).
Ref erence al so nmay be nade to the fluorochrornes described in U S. Patents
5,573,909 (Singer et al), 5,326,692 (Brinkley et al). Alternatively,

reference ma e to.the fluor ones._dgscri in U S Patent Nos.
55257 ag7, gt o Gn bl el ki, ST IERE e hpng 1

5,453, 517, 5retidéred highlyradidactived it may e, 6@ a2d thepapautic o2 SpedilfttallyPkitligy abl y,
the reporter nplecyle. is a radioisotope such ?s 3H 1251 114¢c, 32p, 33P, and
35S. 20 S. AFPISReanngihe comaterseentoror maybesed fordmagingangs of the invention,

whi ch preferabl y pighiosAs Andihérapplickibh of Hiskna niditiol tBndiofsisant i al
advant ages over conventional reversible binding dr ugs. Firstly, the
dose- r elsat ed t9 ffhpi elucidate varicusireasptor isehpopulatibes thatresh be tatzdtedhig reliaver t he

drugs di sapp asma. . ln 25 o rds, t 4 ffect is
likely to | ag?g q'l%é#ég% }qnﬁgﬁimvﬁ)ugl%amggexﬁhﬂ%@%%yﬁ?g%m 5t s°‘g I;%gonrgangﬁ m nati on
hal f-1ife. Sdmancdified ditigs bltow an@adevbiophidengifyflinitabibauls that 4rb Edaficient”
irreversible,binding drugs ,&gn be adm ni stered | ess frequent|ly and at a

| ower  dosagd cerRnERRMtpmHWIkeutLIndersomedergthys tedieys agd GomPRAE) ~ cunul ati ve
toxicity in%bﬁﬁ:, : r EA4 L jtes. Thirdly,
since the bindi ngl%\élgh(??tﬂtétgggﬁg:}gver siy'b gwgrﬁic%rﬁﬁg%pﬁ%@@@ecept or is
per maneHt , t mechinispisoand foctiops efivasious resspforsse “ieal-hifst’ siteatiges can beonpet i ti ve

o TRl KOEESERL S AR A B SRR R
recept or. -FurdcBpiorstire intérfinktddemdDiiiicnesl By @ihditief's firktogy. €khehi ghl y

radi oactive, it, be used as a therapeutic for specifically killing
celI's beari n@v?hgﬁ%bgfﬁFEaF'BEéWQ?ISb‘Pu.ﬁ’éyeB@’l‘ﬁ%GS%PW W‘i’é.‘mﬁl .
Di agnosti c. pRRINRErapditic obitbies offariolls arulg!sS?QﬂmmﬂéstﬁQﬁb&ﬂlgtlﬁﬂBgﬂl ogy is
5 to further elucidate various receptor subpopulations that can be targeted
to relibve asespignpenudations of mieseskaThusuthe possehtdrvesitipn casl bajised to profileesses.
More inporta : LL . I jdendify ani nmal
Rl el érmﬂg&méggﬁggﬁogﬁggeh% SEHPR il RinYSishl, SE4E bOR/ste lch

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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in certain receptors w thout undergoing | engthy, tedious and conplicated
mani pul ati on of the genetic materials. Hence the conpl ex physiol ogical 10
mechani snms and functions of various receptors in ‘real-life" situations can
be studied and anal yzed. Furthernore, one can al so study how the vari ous
different receptors are interlinked and influenced by each other's
functions. The availability of such %gggggggﬁfels w Il also enable
investigators to predict and reveal t c outcones of various drugs
by sinultaneously blocking nultiple 15 receptor popul ations of interest.

Thus, the erJgﬁ(mtlon can be used to profile different receptors
present on a as ina tissue, organ or system Such receptor

profiling can be [ERGsdKBahARRREDIIE dnhdlRMMER tve%ﬁﬁhsi%ﬂﬂaéb@ﬁgﬂs’ to

predi ct the possi bl'é Sidé-efTects ol drugs and to geternrme—fow—vari ous
cells mudtagRednygloma SBYB-Agldeells.t heir state of health, and whether they

d 20. Th
[EPOT €0 20, o Ral ANl o BRRl gl "
exanples. 34 isxVeRaEDusi pddifictolhe Rilftediy gobipNegiting o) Withbd@ion the

equi l i brative _nucleo ransporter in routine nyel oma SP2/0- Agl4d
cell's. ExenplP&F%S kfﬁﬁ#g’fdtwlc%mﬂ’éPP\ﬂ%ﬁlPWWF@n&gé’es%@e§01‘§H¢¢ﬁl§/dryI r eagent

that is advanlibigions)shd &daqﬁhé&a%oh@malaalssdﬂeftwﬁwsh é&‘iﬁm&&ﬁ%&' ng only

with certain acceSS|bIe sul f hyd groups onthep terns ing it
possi bl & f or cemgeynd. NV-Ethylmaeindi mﬂemdmagdntcnpabﬂel s-due to

the unchargegds ) ound Is the
snal | est mal e| g gﬁe@éewcge%% COFAgE Ay o §B°f"é’s'f’ 1'8£ USt € with the
reactive sul Sénsitivty oge.mmﬂ&inﬁclarshieﬁidhﬁpmtT@etenﬁ%wﬂrﬂéNEMw@‘ es and ei

NEM was denpnstrated. Various

nucl eosi de trans t.ens r

di f f erent ceFFmP%i@ dvéﬁ Oﬁss@wﬁo‘ieﬂ %qi}dwef W5t @ﬁ%t%%ﬂwltbqt\ﬂﬁsyn&@ﬂtmucl eosi de

transport sysf sudéoside @AsHdrtNENEIE) Boveted RIEM i \h él% tr},gl P
. ous st udi

restrlcqtsed to certain cell or tlssues types. es of ‘the es
de t Feststest tosertaiy selbon tissupsdypesn et al .

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

nucl eos

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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(1977), Mol. PharmacolL, vol. 13, pp.114; Gati et al. (1983), Mol.

Phar macoL, vol. 23, pp. 146-1520) suggested that the sugar conponent of
nucl eosi des was inportant for binding of a nucleoside to the es nucl eosi de
transporter site. Thus in 20. the present invention, that |inker noiety was
attached to the pyrimdine/purine ring of the nucleosides to avoid
destruction of_effective inhibition for t £ ucl.eosi de apsporter to
provi de novel E%‘lrlo}f)rglgv‘?%ﬁmw{g{mqaf‘gﬁ@ﬁ%ﬁ @%%M?{/%W‘gm &fh’@ppr esent

i nventor has tencestrdiioa5S0uMOM Shuriie Ghieldrha SPTO.2QH4d¢eEs wayinhibited by
4-[N-maleimd %cycl ohexane-| - carboxylic agi d (CrMCC) and derivatives
25 and anal og aparenthiyhasicraangss- | Abapt 668-7074 ganspertaghyityi Wasng t he
es nucl eosi de; NN i Wﬂd, ai%iﬂg Jeapid
synthetic r ou?gﬁtg%gyt 0 g@ﬁjﬁgg%@%ﬁér \ or'oﬁﬁ(4 rim 302809 of

1- [ [ 4- [ ( 8- ami Henspoxt 3ctyityi viosfgradually sholiglictt by NBW atrconieotrati@arabove3 inM.

cycl ohexyl | methy: 1 pyrrgl.e- -dipne, .is.set qut.in tgure,l. 30 To
dermpnstrate t §g1¥1£% ??gﬁhf’% W’@"ﬁ?ﬂzl@gb@%wﬁ alﬁ%'?sé%? b‘éh‘fr?ad?gtj%#btmgyst ens to
NEM various Hema@MGH7 eéls| which pessesitt heat sl evitkaRspon sykleths¢ORGR QL ati ons
of NEM from 30 MM for 1 mn prijor tranf‘%ort assay. Figure 1 shows the

t
35 equilibrat ?4?39)6 Biachipe Bionhye Lsig ¥al. 4268, pp. 268:208> ForceHy thaf passesst ur i di ne

(final conce R ' . - ; S was
i nhi bited by G B i %ﬁ%ﬂ?‘%@%ﬁ%@%ﬁ?@?@ﬁ#ﬁ%% of the
t r ansporl® .act mpneghasis SH-ridieltianspbrbguredslih NEM do@S@spoabaexpefimdntt Weed! The

r emai ni ng .30- 40% of transport activit. s.qra N bql.i shed by NEM at
concent r at i*onégsgg(ﬁg‘e%c@PVglg?sr’??’?rﬁfipﬁ’f)ﬁ%}fémﬁ%oﬁrﬂ?ggﬁ‘P&P%ﬁﬁéﬁ s al so
observed in hMonis H7768118 RékpediivBN mrzsmﬁlsh%amhmhﬂﬁmﬁchﬁkfbft he es
and ei transport ;systens (Lee et al .@1995), i ochi m Biophys. Actor, vol.
1268, pp. 200toRigH-uridine trasppost gbserved BNEMdOsemgsporss egpariments B12- 4 cel | s) or
only ei (rat Myegd SR s 210 . MEEE i e 3H uridine
transport curves tiion%%éﬁ%f?ﬂ%é%]espo%%%g(%@rl}bn@%guﬁé% 0 séér)r\?/ed._ The 1 C50
val ues ére apystems imthast pell3. ThahEM-sénsitiviefcompshent istheles thorspors syslhY cel | s,

respectively. sults.suggested.that.the biphasic.curve of total
3H uri di ne tr%%@%%ri{g OBEEPSIL GOHPR qéfo %?‘rmgv%%gﬁwﬁ?ﬁwg%
reflection of akiiaghisssasitivoio KEM idhibitioncéantpdhibitedait hiphenucl eosi de
transport

<

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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15 systens in those cells. The NEM sensitive conponent. is the es transport
system and the NEMinsensitive conponent is the ei transport system The
ei transporter, although less sensitive to NEMinhibition, can be

i nhibited at higher concentrations of NEM or by prol onged exposure to NEM
This observation is in agreenent with the general notion that sulfhydryl

f [ 0 ' bl i ati in thei tivity,
g na T om Y o P00 2ol and TEBOGT 15000 Gicast Tor NEM estaimss s 1o 11 e
and bei ng | ntioates bl Rapdcivel, e bl SHAHARTRNTEA! Tpbldkadie T oduct i on

in uridine infl % gx .8s transport systemis nduced chem cal
modi i cati on BfRVpadditienal evidence that a crifidal disuldkyssddwed s lpcaiéd per ofl t he

transport af fijpdetey ;f,ctgm '!; notion.that the 25 changes in es
nucl eosi de transppFl%ﬁqﬂél!lglte|&é\3(|i y C nﬁggﬂ g"g%nsétf Pgih&fs BonspRe ystem; E%’FI— NBMVPR
bi ndi ng Abi | i foymatinmrdf disulfiyalrgh twn SRALNEY Ldfeee hetratispirt i oftteh oOF

wi t hout 0.3 NEMJfor | mn were assayed for the availability of

hi gh- af fi ni t%&%ﬁﬁgﬁﬁ%i‘%%%’gﬁéﬂ Yikylgzowp omthses rarsportemyur e 2 shows
that the Kd praielteis pRobablg tdcafbd o EloSORBHPRGH diithie Rididhsi@ deternmined in the
presence of 20 M of,b?g_ I\!gTGR) for 03|—|— NBNPRJgit[ri\%I%géHvsvaia; changed -

si gni fi cant | yraRsPqréag/binding site ingiraived feom therabserghtionsithat NBMPR Idilazep,0of NE
exposure, theg 48 &0 4.n s conpared.fo 0.16 +
0.02 nM for urﬁEr eat e%taégﬁllﬁs@ Eﬁweveerz,& 1?@%@’%@%#@%?%00 + 2,600
and 41, Q@Ol + sulfbpbykgrowysirom [NfEMmodliiEMhdbxllci fa&beﬂa@nﬁ?ﬁwwﬁdhﬁhﬁﬁbﬁy&l s, .
respectively, ,were, | si g an erent .--These results “provide
addi ti onal e\ﬁcé"eﬁ’gleg?#g{’f’r?bgﬁo%}-cé"ﬁ/tﬂlggNE%MW@CU%W1gh1b1j@mf@g near or
cl ose ‘to the thmspoeRspdtid, IG5 ERR dodREoRE B QiR ; ansport
system where 5 formation of disulfhydryl boh@dv&\ﬁﬁgrﬂé%ﬁg ctS'the
transport affinity of the carrier. The suggestion that the. critical

sul fhydryl orpugm@igetie es transporter protein is probably |ocated or
close to_but not on the nucleoside transporting/binding site is derived

from t h& obser vat iSyntbesigand cBkBRizatiohaf EAMCAi pyri danol e at 30 pM and
uridine at 10 nM e lncapahl e. of .protecti.ng this 10 sul fhydryl group from
NEM rodi 1 i cat i oo BEHCRI 5?“%”8@9583%“‘%&@%?%&%6&ﬁ§@ﬂﬂ Peotean isvo1. 1268,
pp. 200- 208) to AltdchauerstiNedoins et HT (dovVaer birdfing Jgehbcnﬁé%imﬁﬁeP BPa dlivanSpor ter
protein, it is toxic and should be nodified for therapeutic purposes.
del
. 50 that 1t 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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EXAMPLE2 15 Synthesis and characterization of CMCC The strategy to
selectively irreversibly inhibit the es transporter proteinis to attach a
reactive group specific coval ent binding agent (naleimde) to a driver so
that it can deliver the coval ent binding agent to the desired target. The
nost suitable driver will be the physiological ligand itself (nucleoside).

Cytidine, a i dine nucl eosi de, . i,S. sel.ect ampng ot her .physi ol ogi cal
nucl eosi des %8%&%% rg%‘?g@mﬁ%%gﬁa&asﬁﬁg}epk& ght‘t ﬁg‘gn{%‘fﬁ%ﬁ?%&mﬂbn speci fic"
drug bi ndi ng ratidsoffSMCChetiding &t the nhiktoré Was 010 M9, 15V withl 51 715980 he
cytidine, a c c.ohexang@tl box Iei acid is chosen for I;tj)ﬁill_ot s%rgté]ikes. Thi s
confi gurati off O‘f?%@e‘l 4gﬁe§f¥§p was-fgund inthe rpctigamixturepadiean 5p) .

Fur t her nor e, beblRFat@PoRIHEES e hhdk gxggxgwa b;qg}e%r%yd.gﬁasé %%%Qﬁoggc

cycl ohexane) and stability (provi y~ carboxyli ¢ acl are a © taki ng

into corsi deRAC, Bharmagiappasated on agiRLG (AK Tt Pizifien Rharmada) usimgalyert hesi ze

Cr MCC | - - - «qe
ani no- fr p- D[ rL'llé oglgaéfgwgg?l?qgﬂ Pf??%’!‘ByPVPri“&F e Fraed s AMOTR Wateridyt | net hyl ] - 1
ol ma o w1 st

-[N: el ei mi ¢l ohexane- | - car boxyl at e and cytidi ne were
di ssol ved i nqm%ﬁﬁmﬁﬁwBfkpﬁgcémtcfgt@p%?@?)}iq&{ﬁwiSr eaction.
The react | on idst aiah @he WSIICAICA Gl bEEHRCL TMAER itS ot 13tifhnith 2ROOSE

tenperature and shielded fromlig nol ar concentration ratio of
SMCC: cykd di. nérsi of reagombatweere SMCC andicytilting at 3294%G (Rigyrel4).. TheBarla i n t he

reaction sys R 0.3 0 MCC was found i:n [ iop mxture and
can be sep'aﬁlg(ggégye\: r om“’c“ﬁf‘iga‘?'ﬁ‘égré’ﬁ’&géﬁeepﬂg?fa%ﬂé’? bgﬁgpgﬁgivﬁﬁ?%’e col um
(Resource. 5 B®, Pharmacia) operated on a HPLC ( AKTA Purifier, Pharmacia)

using the absorb wayvel ength of 300 nm Cytidine was el uted by 100%
water and CrMC Qﬁﬁ%smﬁée ek weelyophilizebbnkezenining. The siivdYef i th the
flowrate —1CBVUC Widlabllfordy RaqRReBhihin ifh vik Mofedlap PEgh 67 than that of

cytidine but is less than that of S Formation o reached its
near mebd munfiesiecator.4 The mofecnler weightof CiMEGC tyets determishdy BEMSyt i di ne at
22-24C (Figu r er eak was calcyl ated using a conputer
or ogr am UN C@ \)/'er glg%ﬁ (,erﬂ/IC(‘i' Qv%s clu&eh'fou?o aCig revcrsed(-:ﬁhase column

(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 CrMCC 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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2.0). HPLC purified O MCC was | yophilized by freeze-drying. The activity of
CrMCC was stable for at least three nonths if it was stored at -20Cin a 15
desi ccator. The nol ecul ar wei ght of CrMCC was determ ned by LC M5

(Waters). Briefly, O MC was eluted out of a Cs reversed-phase colum
(Resource RPC, Pharmacia) by 20% acetonitrile in water at a flowrate of 3
m/mn. The capillary voltage of m cromass nmass spectroneter was set. to
3.0-3.5 V, ‘and the cone voltage was set at 20 V. N2 gas flow was at 700

L/ hr and 20 ekExammyppay was negative. Mass spectra were .gathered under a
full-scan operation, scanning range 1- 1000 m z. The nol ecul ar wei ght of

Cr MCC was determEﬁQ@f&ﬁfG‘rMﬂ(Eonlhed)mdleg_gf d1-DIBMER iminirean #1B460i on, and was

simlar to t mVss glﬂ( val e of 46% The purity of CrMXC synthesized

was consi ste | i ght absor bance spect rum of

Cr MCC wa$ rreasurecrdmnmesmﬁ{ CIMICC, rafibakios ey &di meﬁl\{/%ne there are
nce spectrumof Cr One of themis at

two;<m's forg.th t absorb

254" nm (si i IR %Bgﬁ%@cs?*{a,ﬂppnguhmtpam%ssestaamdmw one is at 300 rim
I tot f OGMCCwth

(simlar to {ffmiosinlcyiibichvas BHEfhif @%@g&%@l gurgp‘é@f““ S8 wi

two Xy 's is very simlar tot Thi s indicated
that Cr MOC cdBsesiration ratio ofi 191 pnodﬂomcannluut}dhdﬁéb(m@mp@sz)on its

chem cal st.ructur t structural stu S usin confirmed this

finding. 38 EXANP?E"@EQ?}?“ g&f@a%?aﬁ':w&@“%mls %&Hﬂﬁeﬁﬁ‘ gfb‘lgj&@lﬂm in human

HL- 60 @ ony e¥ailiyd.0zM Hunems,q,}pmmrmswawm@gﬁee@eeﬁ&aﬁ%ﬁ&% oftt O MCC,

radi oactive c&él di }%{; t| dine) was used.:- Si- ncg concentration of
C

substrate-in r@dgg ot MR PrigreRpesed dn di (G uVdér was
pre-m xed w taﬂdﬂx@ﬂdl@@@ﬁxhv%gl%aﬁﬂéﬂQ%Fﬁlﬁg?dbg%%r at 0 of 100:1

prior to reaction with SMCC (see Exa
menbr anes sudfesd Wﬂfﬁﬁﬂc&mhemuﬁ fvel. 2¢9 p}:GSM-.‘J'cﬂ) maéiﬂlata@hdiﬁMnM NaHCO8, pH

7.0) were preingak %ré"é&tﬁc%?grerﬂm-s%g&ﬁn%mﬁt I Oc{.'e%emuned in the presence of 20
15 MM of NBTGR. Figure 6 shows the specific of >H-NBMPR to HI.-60 unsealed
plasma membranes was inhibited by CrMCC with ICs, value of 10 pM. In
 contrast, the ICso 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.

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 mtrobenzylthloguanosme (NBTGR) a

non-radioactive competitive ligand. These results suggested a non-competitive
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cytidine, SMCC, and CMCC for 5 min prior exposed to 3HNBWR (5 nM for
additional 30 min. The reaction was term nated by nenbrane filtration

nmet hod (Lee & Jarvis (1988), Biochem 1, volL 249, pp. 557-564). The data
shown in Figure 6 were corrected for non-specific binding determned in
the presence of 20 15 Mof NBTGR Figure 6 shows the specific of 3H NBWPR

to HL-60 unseal.ed. pl r.apnes I nhipi.ted by Cr with | C50 val ue
of 10 M In ’E‘%‘ﬁﬂ}%&f?ﬁmﬁﬁ’@ﬂ“@ﬂ%ﬁ@%}"ﬁ Szfr’rﬁ%‘a‘?t FRPISLEHE i nhi biting
3H NBMPR bi ndinegersibRaatabfisidl and >1 nmM ' respectively. The Ki val ue for

CrMCC was calculated to be | pM 20 To analyse the effect of CrMCC on the
bi ndi ng ki netics chnyzgimgailpmse g5 e hpye life pr ae pyiotexiaity st theinner e

pretreated w ; g;&/{gg : gi?’\.a’ﬁ} [ Q. d ated with
gr aded conpentPé}g. ?ug%go%%@%wﬁﬁu N mg rﬂvj or gtrod(?ﬁfuldgjr:a 30 min. A
doubl e r&ci prdsosity of Tt 1@ celliml ieBBMI sedium porgainingd0% FBS vare exposediioe | i nes
of the plots we | ntersecte e ahsci ssa, | ndi cat.i hanged

val ue for B. _grgcif? %ﬁcﬁﬁé%%ﬂ?d’gM@mfg%Raésﬁﬁfﬂ@ ﬁ?’@@é’h@gﬁngf‘fa&?m For
t he data shovlhe deﬂ@leﬁi’hgaﬁ@%uﬁ@d usihg@beledtronlt PBAGIR il At (Sysmibgy.€ 0. 36 +

0.04, 0.31 + 0.03 and 0.39 + 0.05 nMwith B;, values of 1.56 + 0.05, 0.59

+ 0.01 and 0.Hegure 8shows et IOV G anst eiidine had fitlenr aeeffeet-ankibbOgelln 0. 10

and 50 pM of VG HE&; V2 r - - ific
bi ndi ng 30 de%r m rﬁgé&?n t dé’gg‘l?%' e%ieébo -"3%?/1"%%0%*%??%%%%;@'&?% oguanosi ne
(NBTGR) 10a  rBMCCadnoafthé paenteomebdirds\wead dxgramely tdkie seHLe6bdlls vithggest ed a

non- conpetitiye 39 inhihitic ' H- NBMVPR, bi_gdi ng .b . This is a

uni que fe'a't’UrIgﬁ‘bYﬁ‘fﬂrg]eﬁSMf‘] Eﬁ)‘i"b"eyrﬁ'%ﬁ@n i@ﬁf‘”ﬁﬂ@y@%h%gdﬁ P?“%E‘ful dr ugs
nust have Lj ttblig n@ﬁ-mim&wsbﬁwit}s-eaérytab@ajsﬁbletsﬂﬁnﬁﬁﬁ;gxbﬁps%iﬁgeelrsange-
HL-60 cells in |ogarithmc growh at an initial cell density of 5 x 104
cel I s/mi in RPile eragiiniibition oarell srgwilnby mpidineds expested ae this nuclepsideds)

concent rat | ol <Gty @t il illes Al ALkl ol el BhTuBLS,  The

cell density was counted using an electronic particle an Sysnex) .
Fi gure 85showestgbt h Cr MCC and cytidine had little or no-effect on-HL-60

cell growth at concentrations as high as. 100 Mafter .3 days of exposure.
In contrast, ' S ’
EXAMPLE 4 . ,
Binding of *H-CIMCC to the human HL-60 promyelocytic 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 ;hows 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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10 - SMCC, one of the parent conpounds, was extrenely toxic to HL-60 cells
with [1C50 value of less than 0.5 pMon cell growh. The toxicity of SMCC
is attributed to its non-specific interaction with every accessible

sul thydryl groups on the cells. Little or no inhibition on cell growh by
cytidine is expected as this nucleoside is rather "inert" and does not

i nduce nucl eot,j | mbal ance, at congentration range 15 tested.. EXAWPLE 4
Bi ndi ng of 3 X %"e‘iet’r‘éc“ﬁﬁ‘ﬁﬁﬁﬂ‘%&aéé“ﬁ%&ﬂ% ford Ojreink dftes whighas ma
menbr anes 20 thc'ﬂiiﬁhﬁesairdra&iﬂﬁtédlz@foid@ﬁh@ﬁ&&iiu}f@dxﬂx?@%%‘ sl Mrbgdmmakes it

0 on the es :

possible to.  stud t?e bi_.ochem cal properties

nucl eosi de tr}fﬁg’ﬁ@%{r@ or viripus tips itarvaleteralipwadissocidiiant ecberur. iRigwestidgat e t he

rate of 3H Cr Mews 1RiGH 133 d«Qeihd: SEA | a mbranes of HL-60 cells.

Frgure 9 shove oot idsBeibdh of PRERMCE ol Ay Rk Siit arured Foas 1 o

puri fi edSHL- 6l52gI68eria aftend2tafobd dileion2 Evenl RV of bk présdicdidme of 5 minis

needed to achj . maxi.,mum hi ndi i e of 12 nnoles per ng of HL-60

pl asma menbr aﬁ@ﬁ%%%*{'"%fw ¥"1"§?§° ‘?‘§Pq6“r?| g‘k@\'ﬁhé from ftebindingssites\iarcontast

ant agoni st s - sthefbingFSORM df THLL/ SRl RB0 phA ARbratRivell 11 gnf! Nl Ng was
m nute o

known to be rapid and nmostly conpleted within first _ I'ncubati on.
The bi nding r@gﬁ’ﬂa&#rﬁmdlwag fempletglysuponditution Gusebhg/ HeunedOhr Flde filtration

met hod and th - £ lL.ter. bl LIS jnportant to
confirm.the bﬁ%lﬁén%g%&fﬁ&g\ﬁ-ﬁ%ﬂlkﬁ@ t%%n %ﬁ%“;ﬁﬁ'{shé%'%oﬁ&tg@mé’é?#é“g%hbr anes is
i ndeed itPr eveFBVMBCAFighur?) sugnistod tedhtesictibn HCIMES iRitdPindRERIEIRS Wer e

I ncubat ed w’tﬂ §c%i1'-\r/|\9ef @I—I—ﬂll\/gc for, 10 m.n. /After which the nmxtures were
diluted 20 foPgedirevesible. T figtportion fragtion showndn Figyre Hywas termaimptedat ure f or
various tine bymembahsfiltatiah eiodansdeidata ' 10 shows
little or no dissqgiation of 3H CrMCC frorﬁ}%g&gﬁ&n ?%Bﬂgérggéﬁ%bcurred for
at 5 least 60 mn lgrmipethe soncentertipn dependeree of "H-GrMQE bimirigdbite pr esence

in the dil uthj ' ' i MCC framits bi.nding sites.
In contrast, ﬁlgﬁ%?@rs], i ng gkﬁ%gfe% é@k@%ﬁ?%’%&%@%wﬁﬁ%ﬁ’bﬁ%géﬂﬁ’ membr anes
was | owlénd &mdpdsoncentationaf HHGIMIOO (X n30l0aiM) for B0 afin dhd tHeir@tibh NS et

of Figure 10). [ Ettninated 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 blanks. - 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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finding together with the non-conpetitive inhibition of 3H NBMPR bi ndi ng by
to O MCC (Figure 7) suggested the interaction of G MCCto its binding sites
is indeed irreversible. The dissociation reaction shown in Figure 10 was
termnated by nenbrane filtration nmethod and the data were corrected for
filter blanks. To determ ne the concentration dependence of 3H—CrNCC

binding to i bi | :dl ng,sit ur|f| seal ed HL-60, pl frenbr anes
wer e i ncubat tet%nﬂﬁ“f gdlﬁgﬁﬁ%ﬁf@Sﬁﬁﬂﬁ‘t 4]‘30%"6?0%??}56 ’5 oo M for
10 min and t MEMCERHiRDtOMS sdnf SicBAQIERYbIRBT MANRe bidskhRt RpfARd fpd
(Figure 11)m3 glﬁg&wa( can be resolved into at |east two conponents, a high

affinity co actionBeget al X19935)\Pioghitn. Bivwploisaddtamol. U268mpod@t (i nset
of Figure 11)208)-@11%1?' m@ﬁftﬂg&sﬁéﬁﬁmme{géﬂw&fbﬂﬁﬁﬁ%ﬁ ent cannot

be estimated with t | ng concentration range o
al so pos®i bl shewal ntMDﬁphml@:talmublpomdcqielgenyndme aridiie; adbpeﬁnémﬁl 3H— Cr IVCC

bi ndi ng site. r 1 we correc filter

bl anks. It i énosﬂt%& g%? "?ngﬁ fﬁc’gg ?‘ﬁ@ %"t‘%‘ﬂh 1 Ee- gﬁg‘é drecept or
conpl exes i mnpmimu&) pide€dfatled tomBibitthe bindngk dﬂiwetmédtbo B Bhasma
menbranes were 25 i ncubated_wi th 30M of 3H CrMCC for The reaction.

m xture was Pﬁewnﬁéﬁqmt%@eiﬂ-ﬁ@pmmm@m& dhcmtfﬂSErl mMQfaNEMLEaSpH val ues
H 0.85 t b
(Pt onone%fﬁ%‘%icnxgﬁseogeﬁﬂt SREEMOE i FRRRS e Biadib BT REETACYY HRED 217,

shows 3 Cr MﬁndmgcsaggeswdcthmwmasdGnMGCmcgedm thel sama sulfiipdyidrogp il  pH.
However , the nd recept or exes 30 began to.break down at pH bel ow
3.5. Early stu é’&“’tﬁ? g Eﬁﬁ’ﬁ'&ﬂr}s? Feagent NEM had suggested that a
cysteine reS|due is probably situated very close to but not on the

nucl eosi de 4;1 Erans&orti ng/ binding site of the es nucleoside transporter
protein. Thu SoMXCis bi nd to the sanme site that NEM bi nds, then

the substrates th%ﬁfe{:@'okﬁgef&!g;t; -NEM At i ¢
Bi ochi m Bi ophys ' B6= 5
little no %ﬂggmotmuteﬁp EaMﬂdMHpmmyeEcgm Eu]télnﬁ }ﬂm&nhf%&f
phyS|oIog|caI nuc si des t|d uri.di ad e and inosine),
and 20 pM of es nEtc aesosgl é’f‘?ﬁﬂ%‘}}%ﬁ“ﬁ i E'TKHI e eea ARy

reactive agent, linked to cytidine via a cyclohexane carboxylic acid spacer arm is

effective in irreversibly inhibiting the binding of 3H-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, *H-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 3H-cyt1dme 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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di pyridanol e) indeed failed to inhibit the binding of 3HC MCC (30 Mfinal
concentration) to the HL-60 plasma nenbranes. In contrast, 1 nM of NEM was
as effective as 0.5 mMof C-MCCin inhibiting the binding of 3H CrMCC. This
10 finding suggested that NEM and CrMCC reacted to the sane sul f hydryl
group on the es nucl eoside transporter protein. EXAMPLE 5 Effects of other

sul f hydryl r bV & GOV nt _arns t, 1ndi ng, of .3H 15, cyti di.ne

mol ecul e to ﬁgﬁng%yﬁ_ﬁgﬁ%ég%“r?ya@y 8189&%8 P‘g ca“%*°§§ ﬁﬁ%rfﬁ%r@ﬁé?‘mﬁ was
successf ul | y veis eomdvated tBnéhbianeBltRikioh dfthddl. FiEdB Y sNdwINQUP reactive
agent, |inked aﬁQ ¢cytidine via a cycl ohexane carboxylic acid spacer armis
effective in® ?@t‘é@%}%f!ﬁﬂim hepvalest arompromptesthighesiNBrRsible t he es

transporter pidteedfitE-d i F?#} " | N C il ity of

3H cytidi ne nol ecul e tﬁfﬁg@&%ﬁ% p asr?ﬁagﬁbé%%?ﬂg&%ﬁyﬁt%ei ng linked to
the sane or gyfidyddighko]psapidrtiy akig (PDRiX dﬁxpwdveﬁ,d\tf-bw&gﬂdﬂcayﬂoﬁ]i@lma erent spacer
arns i s conpare to provide an indirect indication on the suitability of

the spacer a - sRFoizaci¢ EMBy. Neyanaliplidotatyrylicadid SMBY t r ansport
i nhi bi tor.. Thy$4- 138 kid ﬁ“’ﬁh ) la(tl‘ BTN .ncorporate

vari ous sulfhydrﬁlﬁl; eactcﬁ/’g&lﬁﬁe rf%rsgcgn 0 ?ﬂ&gﬂgﬁgﬁnﬂ%&gﬂﬁﬁ%n of the 25
pyrimi di ne r coxplenChrn asabmpasedd Nomalkeimidbineiyl cydlodkne: dafbokyli€adid '

mal ei m doben «N= hydr oxysuccj ni nj.de ).,. N.-succinimdyl 4-[p-.

mal ei ni dophe%lﬁ@%&?@“(my&“ﬁ%ym‘gﬂﬁ?MBmW%@ i i de, 4
succi ni 19 dy| ey LAsReRYveAS infFibare AN rbsl¥idnil Qhiigluene (SMPT), N

succi ni mdyl 3-[2-pyri d‘;l d?@h‘?’%‘“ﬁ‘%ﬁﬁ%@%@gﬁﬁ% succi ni mdyl 30

mal ei m doacetate (AMAS), and N-[c-nmal ei m docaproyl oxy] succinim de (EMCS ),

in addition %HES ni m dyl 4-(N-nal ei m donet hyl ) cycl ohexane-1 -
car boxyl at e . Purified HL-60 plasma nenbranes were incubated with 42

100 M of these chRientifiddtign oBTHICIRICC bindinkipdoteis ahegsHi.®o 5 nin. The
reaction was_term nated by, r’r?rrbrane filtratTon nmethod. Frgure 14 shows
N-a- mal ei m §EERe G ICEXCIUA PIASRMCg8Sent ar m pr onot es hi ghest

1 Geris e b napatinGad e o AR RRR e 1011 0ve0
N-s- mal ei mi dibs! HECEMCE. "H-CtMCC (20 puM) labelled HL.-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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(EMC), m nmal ei m dobenzoic acid (MB), N y-maleimdobutyrylic acid (GvB) and
4-[ p- mal ei m dophenyl Jbutyrylic acid (MPB) were equally effective as

coval ent arnms as conpare to N-nal ei m donmet hyl cycl ohexane carboxylic acid
(MCC). In contrast, a-methyl-a-[2-pyridyldithio]toluene carbonic acid (M)
10 was | east effective. Synbol X in Figure 14 represents cytidine. EXAMPLE
6 ldentificat,] nlféf 3H Cr MCC bi nding proteins in human HL-60 promyel ocytic
| eukem a pl a ﬁ'g:r%mes 15 Attenpts were nade to identify the plasm
)

menbr ane pr ot ei nsb MEHL @Qﬂiiﬂ@%ﬁmﬁ

| abel | ed HL-60 pl STH METbT are—prote ST i S \iere | 0aded
onto a G g rever s&rviswafdhesicosss of (iRating irrceersible, inkbiiomafes ahngiogent ed on a

FPLC ( ATKA FI . Phar a) Wih, the fallow ng.conditions: cqlum vol ume
(cv, 3 nl), %"E‘Pﬁ“ﬁ%ﬁ%ﬁﬁ%ﬁafee%w%w & myention eambe repradugeddy 0. 065% TFA
in acet dni tr iitaching'd ewaleat &m( {3 dthérphsiologiel Rlebsife 52BG%s AMnos@b Ut i 0N (0% B
in 3 CV, 0-5%B i % 5% B in 5 CV, 5 100%B in 15 CV, wash-out 100%
B). Figure 1@@%@3% Adenesing wanrhemycally suodified) to anpompasate varigusof i | e of

HL- 60 pl asna spRyYarARER j : - i.ng a.Cog

rever sed-phage col'um. %g%a}éﬁgmmoﬁﬁ?%ﬁcﬁ&g%%ggﬁétggp e the

prot ei n peak8gcaonding tocthe gaeall frecedbre setoubidFigufe 3 hnd usiog Fieghamicd) . The

el uents weregcoltegted.a in and the radiqactivity :was determ ned by
a liquid scf‘%@%‘ﬂ%& e%b%ﬂ{%‘éfﬁaﬁ%&e@ _ e§W6WS‘n?“}?é?°9“éﬁbw§tl‘Mé‘£st t hree
maj or  ¥adi odwkt steniedlymbdified Yiladénokinad ahilogs o5 REA STHSrAGionWss20: and
57-59 of .the, echromatogram The sharp radi-oacti ve peak at fraction nunber 6

i s due to 30'<IRytaldhy Bemprapefliratign method: Wigyre 17 shovaid-bpyt i di ne) and t he
non- speci fi ¢ yhildistidagh bﬁ[lghéﬁ'l\ggﬁ |.inLds. 43 EXAVPLE 7
Devel opnment of ir [dg\ge?@?]b ndi n@@d‘éj{}'g}gmgﬁp%%}%%%?tﬁﬁﬂ]ﬁF in In view of
the success #feversihie bindingrof SHexdsidsire (R0MiM) tothediL-66 plasma apaibigfes Pr ot ei n
usi ng cytidi as l,ead coO und,, the [nventjon can be reproduced by 5
attaching a gog{?é‘fcgg’?{ @PW%S%&%Fﬁ‘bW‘i[‘%%i E'iéﬂw.eﬁ?fcg'é%?m@’lé%ﬁ]‘as
adenosiI®e  propionic acid (PDP), N-z-maleimidocaproylic acid (EMC), m-maleimidobenzoic

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.
20 '



(Figure 17). 3H Adenosine was chemcally nodified to incorporate various
sul fhydryl reactive covalent arns onto the 6-am no position of the purine
ring according to the general procedure set out in Figure 3, and using the
chemcals listed in Exanple 5. HL-60 plasma nenbranes were incubated with
100 M of 10 these chem cally nodified 3H adenosine analogs for 5 mn. The
reaction was term nated by nenbrane filtration nethod. Figure 17 shows

4-[ p- mal ei m dophe ] g‘#%l ic acid (MPB) coval ent ai m pronotes hi ghest
i rreversi bl e bindi denosine (100 M to the HL- 60 pl asma nenbr anes

fol l owed by N a- rfﬁhmwﬂ@ﬁ’&fﬁéhﬁﬁtéiisdﬂé i o on e gl Lol 15

pr opi oni ¢ aci d_{ PD T
m r nal ei m dob&h#h Ionurgapan membmagsal ei ni dorret hyl cycl ohexane
carboxylic acid (MG Is{sy | esser effective as covalent arns. In
contrast, N vy-nal id (GvB) and

o ety Jac [ 2 pyr O ““‘“‘““““‘ "‘%“@‘?ﬁ Fw‘*f*?’%fz‘“’c%“”‘““aﬂ el er act
effective. ibi-tory effects.of .irreversible interaction
5-HT anal ogs SH<RRe ‘ﬁﬁﬁ& 1 ?Q‘P’ﬁ—'lhﬂi/f “1 H-ipdeli3ng)-sthalTrpymoleb?, Srdimme ).
CoReounS, oy DBT02N X0 -GamRa ity ROl 1 D1AYS fngdiey iffmatia o1 222
(1- [ 2- ( 5- hydr ¥ ythylhuggamide), ;lﬂi)’l?s'étows-{z wrmtzas-auﬁmm)- i)

Q82
§/|4) ( g}t ﬁyldi O)l:() ﬁ%&ﬂ?é%ﬂﬁ%—é@@%}d -pl)()plonam d%) a.hg' L@i‘%&( etlll-(_2|5'_-ldrl)po-8 I5- ?_)_
(3-(2, 518 oxodxnycﬁoq;yhyulgamﬂm}cjclahleimi&rh%okﬁlc acid {2 [B g-h drox 1 |
hydr oxyl - | Hi .na 3 PL’Q propj onam de), and L 55 {{2 5-di oxo-2,5
10 di hydr o- py®™ @r 'Y‘)f J’.‘Jetlﬂfj/‘Fi respeqiyRiy X deraonsiraied gificacy @sorrgversxble
[ 2- (5- hydr oxybihding b&ﬂ%l)un’agy PRSI gxaﬂlghegg,}-mogﬂﬁgqum&/sgi, glrgrmnst rated

efficacy as irreversi | ng conp oVl exanpl es of
modi fied | i gaRedighsdhl Wtomﬁmgélaa@sleﬁmpamagcmugmmrﬂagtg:td i gands

CRTbur o 190 s SehleaPadtf e WP ol BREH P PRISON i1 ¥ o0 i oi)
was di s48l ved-Hydwayuypamihes2H. Timg, 1.0 mmol) was dlssolved in saturated sodmm
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, 3%)
' 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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bi carbonate (25 m) solution at OC. N-Ethoxycarbonyleimde (177.6 ng, 1.05
nmmol ) was added under stirring. After 30 mnutes, the ice-water bath was
replaced with warmwater bath (30C to 40C). The reaction solution was then
stirred in the warmwater bath for about one hour. The solution was then 20
extracted with ethyl acetate (3 x 50 m). The ethyl acetate |ayer was then
washed w th_deioni zed ter, until, pH close to neutral (2 x 20ml) and then
with brine (9% C%F‘)".la \éﬁm LRty using & eradiest sohyant efpent §0%ite 3%amathanelus MySO4.
The sol vent u@ageth ; Eﬁ%ﬁﬂng 0 ain a crude product
in yellow oil.. Pu?l???eggﬁ% t ernough asﬁsgﬁﬂﬁam?bg% )hy (30% et hyl acetate
i n hexane) af f or d&be reagtionischemecigrsymtiesisaf LBIB0M Figwe 2h)ds as fdlost: ( 187. 2

oo o e SRR P e S g LT 200 e
3- mal ei fi dobmbleiridopwpiotlic(aéfdl (37.26ug, 0.2%nf6h) Werd'\isperdled RENARA in |

2-met hoxyet hyl. . ether (DVE). ~To the solution, N-nmethyl norpholine (NMM. 25
|, 0.22 mol e‘é'ﬁﬁyefﬁid ethgr @Wbmméwpbtamdﬂmemya@wemam ﬂ@&m@ ph. 22 mol )

wer e added. ) | | QF o 3 e at t room t enperature.
The product ggg“%’ﬁ‘%‘?’ 1‘@@3g§@§gﬁﬁgcéﬁgg{#%dﬁa ogr’ggﬁﬁn%i PRl ety a

gradi ent sol adend. FhesoluticnOf4aststirrddforstHoarsalt thei rbormétpyeratar:. CTHeGrodiR} to
generate browni sh.oil (4Q.7 .my, 60% . .The reaction_scheme for synthesis of
LBngogo( Fi ?t)o ﬁ;%@%w@wﬁwmgw ﬁ%“’ﬁ}}(ﬂ‘!ﬁ’&h{%i de (42.5
ngy, 0. 20mol ¢ 125% 18 5t SloMaah PRPhOMI6ri ' &%m{p’m wer e
suspended in | m net hoxygt hyl e{qher (% { o--t%e-— gg?nt#io , - N- et hyl

nor phol i'ne- (@RIOM0%). 0. 22 nmol ) and 1, 3- di cycl ohexyl car bodi i mi de { DCC,
45.4 ny, O. " o ' tirred for, 3 hours at
the room t ezn'g%e;ggf%t)rog. e f%?%gigfg%\%‘g?%% (??%‘%\@%Zyb%ﬁ %‘sﬁﬂﬂxr &rat ogr aphy

di rect |y usiAwinmongatidicgcibhexahacerboxgicteid (2(83%, 18.0.mmol) én dathdeeio 5- % net hanol

i n methyl en ri to generate an orange crystal. (46.0 ng, 70% . The
reaction scﬁéﬁﬁbﬁaﬂ%&lwg%mm%%ss?éi Tethe sobpniN- a5 fol | ow. 4-
A nomgs hy| - aiexyeh8y gy L 2(p2- , .Q,ag’?ﬁ) | ks rat ed
NaHCO3 (80 ml) was s%ﬁ?ﬁ% Vi élgrggol}%l%(ggt%(%qs%g]%ﬁ% SO u(!el)dcﬁr?puﬁa&p

- 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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15 et hoxycarbonyl ei m de (finely grounded, 3.05 g, 18.0 nmol) was added
portion by portion. Wien the addition was conpleted (c.a. 10 m nutes),

dei oni zed water (80 n]) was added and the m xture was stirred at room
tenperature for 40 mnutes. The resulting m xture was bought to pH 1-2
with 1 Mof HO and extracted with ethyl acetate (3 x 80 m ). The organic
| ayer was washed with deionized water (50 20 m) and then brine (20 nl).
The organic phase V@et-Hddeesptar binsinscomnonnds such as thesecshowain Figues23inder

reduced pressupg bk SindiBRS" , t. Purification by flash
chr omat ogr aphy_ (hexane ! et Ey@%ggﬁg?lg{b?ed%'%‘(&a?ggqg‘sﬁr&rg%t(’}.‘t%‘“’.";/&?m&f afford
the product asheresetianschanédilagtrate@%i) Fighrds\éb @x32b,ypt ami ne hydrochl ori de

(42.5 ngy, 0.2 mmlﬂ nd mal ei nmi donet hyl - cycl ohexane carboxylic acid (52.2
ng, 0.22 25 mmol) we-r&s—z%spended in 1 m methoxyethyl ether (DVE). To the

sol ution,5N- net hylFigme p showrahé MMVitoRPefRicts 1&1%9{. [ ioh
1, 3-di cycl ohex&!i car b%(g‘i&i m. de DCC, 12}) .4 _ng,oqg.g%% nmo )aﬁ%gseo%gngéu. The:
sol uti on was Pinging ofHy tognuninefyainsesmbrengse Patifieemufihebpimduct was

rified by flash ' 1 USi 30 i ol el uent
ot hyl Cacet at creia IR Recfiod Bt (0. 4 RECE g 3 MeblcG T, '
ggngr ate a | i gyare pretreatedbwith gﬁﬁeﬁcor:gantﬁyoﬂﬁfLBmgéﬁ(hﬁmﬁgﬁ@ (.g)gfapt f)r
i ndi ng conpo as i igure. can be simlar .
modi fi gd ng ' H%9y§%@WRZ‘f$§@PPH 5?)@?@{5“!%&%&5%1‘@%%? t he
react i onl@&chermscentrhtith) fortagditibial BOGAE Thd RAchdh @%chﬁn @R?nﬁ e 18 shows
rgh’ "a

t he i nhi bitor% effects .of various 5-HT anal ogs on the ity
bi ndi ng of 3HY8SyYm filfration method, Fhe dateshewmwere dmested fut monsspedfior ai n” |

menbr anes susi keld Al 13 M Na .0. H pH 7.0)

were pretreated W h&gragegﬁglgﬁcr:%ﬁéércg)?ilons ngloféal"g?ﬁﬁv? Q%MLM&( 0),

LBT3004 (o), & plemabDasingt donfrolbisding detarmined iexosbseetod ilibitodT (5 nM

final 10 concentratﬂigﬂ% EotE aﬂﬂ%ﬁ% f’s ' The, reacti on was tern nated

by nenbrane vacuumFrTEF HPB , OITRe -t 19 i braip membsanesct ed f or

non-specl¥ic Wa'shﬂﬁb‘i@d@ghﬂhﬂélﬂ@bﬂsﬂlﬂ‘hﬁﬂé@%ﬁﬁ?ﬁgﬁ&iéﬁﬁ})ﬂﬁj_ non-radi oacti ve
it

5-HT. The results %58 péot'ted agai nst,  contro inding determned in the
absence of i nhi bi t BPS30% (ued>-hydonyid-indel-1ybethyl-myirede-2,5-dibne) cannur i ne

brain ne rrpr an@galog 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. _
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15 was inhibited by all analogs of 5-HT in an apparent biphasic manner.
LBT3001 (1-(2-(5-hydroxy-IHindol-3-yl)-ethyl]-pyrrole-2,5-dione), an

anal og contai ning no spacer arm between the 5-HT and the mal ei m de

nol ecules (Figure 19a), effectively inhibited the binding of 3H5-HT to
its high and low affinity binding sites with I C50 val ues of about 0.001
and 50 M respectively. 20 LBT3002, an anal og contai ning 3 carbon nol ecul es
in the spacer arm+(Figure 20a), inhibited the binding of 3H5-HT to its
high and | ow af f i riiheynticriiiclogures bfall pablichtionss patviith WS patbntalpplidatiOnd 0003 and
200 M respec.%%%ll . LBTSO%é, an anal og, containing 2 carbon nolecules in
the spacer anhvc egein greiceby incogpqratgd PR aelepnggli ng of 3H-5-HT to its high
and low affinity [hisligheuth ' i LGS : nd 50 M
respectiyely. LBT3005, an .aél%%f)%k%ﬁ(})rﬂ%%iﬂng cyc?gig%gﬁgp&g?f%%%fi o

mol ecul e n t9wbodisasats of sherinyentign vathepblimitingthé inventionte apyodeng of 3H 5- HT

to its high h&eﬁ!.’ WaJ® h Do ifes w.th | values qf, 0.5 and 300
M respecti 3"‘@?’9 gélfegprg%l?é F@%f’@%f%@?fa%ﬁ?ﬁ&é%%&?‘am bi ndi ng drugs
can be desi gppeiciatitha, inflight dahﬂhisagydidtfissiﬁé,b@ﬁouﬁﬁdﬂiﬁb&ﬁtﬂﬂswd t he

t echnol ogy is,30 appl.icable to many small pol ecul es_and can be applied to
further inpr gﬁﬁgﬁl ‘&W&?&E@%@@Fﬂb@dwn&iﬂewhﬁﬂmumg

di scl csures cﬁoﬁﬂ{es&ﬂgl i @it : t %ﬁ&' : i ] referred
to herein are hereby iﬁggrﬁgio%gtﬁtelgp%{foﬂe e?gea%lée. r(t)lug zs(§1ut tra%%%m :

speci fi &4t i ornterdeddd he inglndpdwithindhelscope pHthetapperslanf daimsd 5 enbodi nent s of
the invention without limting the invention to any.one enbodi ment or
specific coflection of features. Those of ‘skill in the art will appreciate
that, in light of the instant disclosure, various nodifications and .
changes can be nmade in the particul ar enbodi nents exenplified w thout
departing fromthe scope of the.present invention. Al such nodifications
and changes are 10 intended to be included within the scope of the
appendant clainms. 48 LLOYD WSE CLAIMS 1. A process for nodifying a
parent |igand, conprising attaching to - A
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said parent ligand a conjugation agent that is reactive with a noiety of  a
target 5 receptor .to which said parent |igand bi hds such that a coval ent
bond is fornable between said conjugation agent and sai d noi etlyOYR WISthe
process of claim1, wherein the conjugation agent is attached to the
parent |igand through a spacer. 3. The process of claim2, wherein the
spacer is covalently attached to 10 the parent ligand. 4.. Thee process of
claim2, wherein the spacer is coval €balyvsattached to the conjugation
agent. 5. The process of claim-2, wherein the spacer conprises a group
selected fromthe group consisting of alkyl, heteroal kyl, cycloal kyl, 15

heterocycl Oal kyl ,1.oxoad bwcesshaiﬁb@m@ﬁghw}em @gaﬁerwm ri%ﬁ{gea't@c}ﬁhgﬁ,nyl
ar al kyl , tel'o argl kyl, aryl .and heteroaryl ra |caI s. 6. The process of

claim4, wheidil pprent Heaidha %@waaaﬁn agfahthat jsgedgtive withiaraeigy radupespeci fi c
conj UgaB' on 110 %hich¥RidPaR5R Bgardf bifidSduth ﬁxat X"@Wa?én@b&ﬂﬁs?&ﬁla%ﬁ:at ! Onagent
is selected 20 fromthe group consisting of an amno group specif

conj ugat i on kegeen, Smémnmgammandgm@mommm f| c conj ugatl on agent 8. The

process of claimyl tlon | ect ron1the
o7 oup consi sting i a St g1 aPLh el e FRln ARG Ao |7

am no group Lemm:paiemhgmduhgmgharspag:ent a carboxyl group specific

conj ugation 25 agent, r osi ecific.c nj ugat | on ent, an arginine
speci fic' conjugation ﬁl’ﬁd% SS%ECIIWE&% gihgeein (?P?‘ieﬁlsccﬁﬁiﬁg@tg)ﬁt@%heélé%nt , a
met hi onpne aﬁep&%mquﬁﬂnjugatlon agent, a tryptophan speci fic conjugation
agent, and a serine specific conjugation ent. 9. The process of claimS8,
wherein the sul f HydryThGrsRAsssHe 1!*17@“’}*303“!: jSDRsAT Issavalgetht atiagheddp ect ed
fromthe groype ki hgkht Of N-nal ei m de and N- nal ei m de derivatives. 49

LLOYD WSE 1.0. e process of claim9, wherein the N-naleinde
derivatives are 3. The process of claim.2, wherem the spacer comprises a group

selected from the group consisting 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 égent,' , | |
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 cbnj ugation agent, an arginine specific' conjugation
agent, a histidine specific conjugation agent, a methionine specific conjugation
agent, a tryptophan specific conjugation agent, and a serine specific conjugation
agent. ' A |
9. The process of claim 8, wherein the sulfhydryl group specific
30 - conjugation ageni is selected from the group consisting of N—maléimide and N-

maleimide derivatives.
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selected fromthe group consisting of disulfide reagents including

5" -di thiobis-(2- nitrobenzoic acid), 4,4'-dithiodipyridine, LLOYD WISE

met hyl -3-nitro-2-pyridyl disulfide, and nmethyl-2-pyridyl disulfide. 5 11.
The process of claim@8, wherein the am no group specific conjugation agent
is selected fromthe group consisting of alkylating agents and acyl ating
agents. 12. The process of claim1l, .wherein the al kylating agents are

sel ected from t ht0.gr odpeporssstfickgmdt whekal hadétpleindrpietvaliyes aey |

hal i des, ald ket ones. . e_process, of cl.aj. 1, .wherein
the acyl ati ngé%gegﬁ?ggg?eeé g‘é’f g%:‘fsésgng#%ﬁ]i‘%a%r%% mccgﬁéqgs# fdr\@oi’fg'fzs'ocyanat e,
i sot hi ocyananirobénvoitoreiit)ed,d’~-dithiodipghtidiyes Insdileyd+ PnhidodpyrBl disulfidevindr opheny!
ester, acyl chloride,. . fonyl .chloride. 15 14. The process of claim
8, wherein t%@%ﬁ%’?}‘}?ﬂﬁﬂaﬁﬂaspeci fic conjugation agent is selected from
the grogp consisting oThépob&diot Hafes, viR&lein 3¢ BAMY|orélippBcifst eri fication
reagents. 15_ The process of claim 14, wherein the carboxyl grou

est eri ficati BMuugaEgpagnd igselected from b eroupronsisting of plkvdding agentagndf

di azoacet at ea@?étﬁ@%g@xﬂﬁ 20 di azoacetam des. 16. The process of claim 8,

wherein the tyrosirne specific conjugation agent is a diazoniumderivative.
17. The process ol2.cl afhe friécesh ef daim 1 hovivireia threi alloylatangiagants we sekectedel ect ed

fromthe gro nsisting.of benzidine and bis-diazotized 3,3 25
di ot by bansRmIEE Expgp cqikiste o Batetgpetyl CmpoNRis,ABH SRIE HIIEN grs inde
speci fi1Q0 conkétgmdsi on agent is selected from 1, 2-di carbonyl - reagents. 19.

The process of claim 18 wherein the 1,2-dicarbonyl reagents are selected
fromthe group cohyi st ifhgPercess of slaim 1 hrwherrigl thesctating 2gentpereselaetdd one 30

and 1, 2- cycl gBgXRO8-HE B6nsistg o ¥R MhteHsothiocyanate, imidoesters, N-
| hydroyxlsuccinimidy] ester; p-nitrophenyl ester, acyl chloride, and sulfonyl

' chloride. -

15 ‘14. °© The process of claim 8, wherein the carboxyl grdilp specific
conjugation agent is selected from the group consisting  of carbodiimides and
carboxyl group qste’riﬁcation reagents. A ‘

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 arid 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-dicafbony1 reagents are
selected from the group consisting of glyoxal, ﬁhén_ylglygxali 2-3-butanedione

30 and 1,2-cyclohexanedione.
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20. The process of claim8, wherein the histidine specific conjugation
agent is selected fromthe group consisting of al kylating agent @rﬁi
acylating agents. 21. The process of claim 20, wherein the al k;'l' WbSE
agents are selected 5 fromthe group consisting of a-hal oacetyl conpounds,
aryl halides, aldehydes and ketones. 22. The process of claim 20, wherein
the acylating agents are selected fromthe group consisting of

di et hyl pyrocar bonag®, erhoxpéansfa Vel o H: SO -S| j gcyanat e,
i m doesters, N bydroyxl|succinim dylaﬁpegs}%«gl?%r&%?l?H‘%ﬁ%ﬁ?‘%@ﬁ%@ﬁé@gger, acyl
chl ori de, and2283tSristted fosy the group gonsivting of alkalating hgentsandiaBylatiger ei n t he
et hi oni ne spggdnfsi C conj ugation agent is an al kylating agent 24. The
process of clalm 23, wherein the alkylating agent is selected fromthe
group consisting ofl-a- hEheraeessy bf dainp2 vdsreimthy lalkyddting agenteddebigctes and 15

ket ones. £25. of ..cl a.m.8, wherein the tryptophan specific

conj ugat Pon a%gﬁtt% gr %gé?%%sf%&gf)k gihaloree Y SmpoRRtis 11y Eﬁ?@‘gs aldehgdes and’

of N- br onosuccketomdsde_,  2- hydr oxy- 5-ni trobenzyl brom de and

p- ni trophenyl sul fenyl chloride. 26. The process of claim8, wherein the
serine specific coﬁ{ugaﬁ"dﬁo%f’%@ﬁﬂq’@hs@lfe@%@ﬁmm@t?ﬁeag?rsquotedonsi sting

of diisopropyfrbmurs QB?%E&Bﬁiiﬁg éﬁﬁemgﬁ%’%ﬁég%?%eg}%ﬁ%;cdgﬁy dli% s~ The process

of claim 26, wherein t'he serine spe age
phenyl net hyl -50¢yroag,isdthioryadate, 28doestersy d-liydesyxisugeinichipyleduggd by the

process igf clai o1 .20..29.c A.nmodi fied ligapd having the general formula: L
R1- A. (1)9 vmlgbg%’}?]enﬁl? e cyLohlorde; ?‘{jﬁﬁ‘f&éf’”)aﬁglr"égﬁ A is a conjugation agent
that is reactive @%h dlteprédegs offclaim & haRiin @6 aRiNbnLOspMdisch t he parent
ligan binuJd d_ suchu' vy.., i@ﬂ%~" ycuci i~ ias~uau vua ~u~ d-iat a

C.WalCl It boWde? 09?%14‘33? BUPBEg@EN sai d conj ugation agent and said
noi ety; and 24.  The process of claim 23, wherein the alkylating agent is selected

| from the group consisting of a-haloacetyl compounds, aryl hélides, aldehydes and
15 ketones. '

25.  The process of claim 8, wherein the tryptophan specific
conjugation agent is selected from the group consisting of N-bromosuccininﬁd'e,
2'-hydroxy-5~nitmbcnzyl bromide and p-nitrophenylsulfenyl chloride.

26.  The process of ¢laim 8, wherein the serine specific conjugation

20 agent is selected from the group consisting of diisopropylfhiorophosphate and
acrylsulfonyl 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 haying the general formula:
L—R—A @

wherein L is a parent ligand;

wherein A isa 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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R, is an optional spacer. 51 LLOYD WSE 30. The nodified ligand of claim
29, wherein the spacer conprises an hydrol ysabl e radi cal sel ect ggdh¥DWiBE he
group consisting of alkyl, heteroal kyl, cycloal kyl, heterocycl oal kyl,
oxoal kyl , heterooxoal kyl, al kenyl, hetero al kenyl, aralkyl, hetero

aral kyl, aryl and heteroaryl radicals. 5 31. A conposition conprising the

modi fied || gand ofg cI ai ﬁ@l%oe%ﬁed?l'g%c%izc?mmtfw%ﬂéﬁeﬁnme Sgat&ﬁg&%ﬂ%?%t' cally

acceptabl e carrier. onposition conprisin ied |ligand
of cl ai m 28hydmlysitde mdi@J stlegjed frem the gloup cphrastimged aikiyt dietepoadicdept abl e

bt ophyl axi s BroUE o et o dEs. Sr el T en e b Var sk ForBebtSh. 3. A
met hod of deta8igl,iHegrd Bellplesenad Heterearylodagieslsr eceptor in a test sanple,

conprising: - contacting said sanple wiith the nodified |igand of claim 28
or claim 29, whepkin sAiCAMPSHIPT EAMPiganthepnoigedgand t%ﬂgaép%é&ept or if

present in éﬂrgzée%getﬁér@m&,ﬁam% caﬂﬁg&%gaaegc%ﬁ?mpresence of a conplex

conprising sald rfied Iigand sai ceptor iIn said contacted
sanpl e. 34. A netbdd of Uspeln ¢<fnypqsg10m¢errmrlwgmmnoﬂ1ﬁadﬂlgmgb®f degoeihor in a

| e h th d fied
| Totng” or P PLrfib s Pt ith 5 gf R ASHAR AR RR s e siteiRi Lol g

target recepf@metifcapesntheitfeaiiddrd of BSphylediBPK € comEastidsbgatehavith a
concentratlon of a conpl ex conpri sing sald nodi fied ligand and said

recept of0i nt&gHt&EBW-act ed sanple; and 25 - relating said neasured conpl ex
concentration to gfe Coﬂ‘}ﬁ&%@&f&%@ec%gt}%%gsehgé’&piﬁf e'tflecégt'o qsafesaor 035 A

nmet hod of detecting the presence target recep to el |
menbr ane, coampplesiongrising:

—  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
15  sample; and
— detecting the presence of a complex comprising said modified ligand
and said receptor in said contacted sample.
34. A method of quantifying the presence of a target receptor in a test
sample, comprising:

20 —  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;

— 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.

35. A method of detecting the presence of a target receptor on a cell
or cell membrane, comprising:
—  contacting a sample containing said cell or cell membrane with the

30 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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- contacting a sanple containing said cell or cell menbrane with the 30
modi fied ligand of claim28 or claim?29, wherein said nodified |loyawiski nds
said target receptor if present in said cell or cell nenbrane; and 52
LLOYD WSE detecting the presence of a conplex conprising said nodified
ligand and said cell or cell nenbrane in said contacted sanple. 36. A

nmet hod of quantifying the presence of a target receptor on a cell or cell
menbr ane, conpri si ngletdsting demrecheanef sacaaript eommmittiag suidmodidied lipgehd amrr cel |

menbr ane wiS igctﬁe gg%l fibedel.i ar?;d otf c%ai m118 or claim19, wherein said
nodi fi ed Iié fa BF Ras™SEH" é?gaé COPRARLPBIPIFf present on said cel | or cell
menbrane; - measgei ng Kheetton 6 LQidnai N tHRfprébe RN £irge PFARENSH Hifa S ¢

nodi fied ligand and said cell or cell menbrane in said contacted sanple;

and 10 - ref fleAdrans Elorﬁﬁrésé%:ed_ conpl ex concentration to the concentration
of saids recept or. PreaalinORsSAbE obfbihifkeld) JIRERHARR R iyl obe thal

covalently binds to a target receptor, probe conprising e nodified
li gand of chalifedd8zand of ckiml2%r hauini§, wherejpaatdenodifice tphel bindsaid atged

therewith. 15 ,[38. The ‘Déobe of . claim 37, conprising the nodified |igand of

claim30. "SGPOTHPTREAT ¢ 8 Frih el ldreebaieh 28 or claim 29 or of the probe

of claim 37 for_usendaBufiiiethstebflient b @RS MBMMBAN0cRIRYERY iaNmelifeandi ti ons
associated with a target receptor. 40. Use of the nodified Iigand of claim

28 or cl ai AeeYl ¥d 3id geleorseld meengfraneip saidgoniagtedspmpleeanst udy of t ar get
recept functi on. . g i fVvi . t 1 i sing
attac h??\g to said géai? té‘ﬁ% %?gge%%réa@éoo ] ggégﬁcgﬁtraglgogﬁé %%Otnc‘?ﬂg&%g%gls \}ée wth
a noi ety ofecaptoapgstntivaceptoet] droell wkinblargai d parent |igand bi nds, wherein

when said parent ,Ligand binds to the receptor a coval ent, bond is forned
bet ween sai d con?h’gatig‘rpr%ee t%agw glnﬁgfoquﬁ{gegﬁqe%ﬂgrsqurprokzﬂs t he parent

I'i gand bi ndsmpRgas teGRbdiviedMikihdeo kG eRSIrdeit BNSR Mt Llepordtd - mdiB&IPT Ocess of
claim4l, wherein the conjugation agent is attached to
associated therewith.
15 38. The probe of claim 37, comprising the modified ligand of claim 30.
39. The modified ligand of claim 28 or claim 29 or of the probe of claim
37 for use 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 of
20 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 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 between said conjugation agent and said moiety, and wherein
25  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
selected from the group consisting of alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
30  oxoalkyl, heterooxoalkyl, alkenyl, hetero alkenyl, aralkyl, hetero aralkyl, aryl and

heteroaryl radicals.
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the parent |igand through a spacer. 43. The process of claim42, wherein
the spacer conprises a group selected fromthe group consisti DQQ@J %ﬁkyl,
het er oal kyl, cycl oal kyl, heterocycl oal kyl, 30 oxoal kyl, heter oLo Ak ,
al kenyl, hetero al kenyl, aral kyl, hetero aral kyl, aryl and heteroaryl
radi cals. 53 LLOYD WSE 44. The process of claim4l, wherein the

conj ugation agent is selected fromthe group consisting of a sulfhydryl
group speci {1 ¢ COMLUIATHORBRRR! claifa1 WAl U SABG) by fIUART | o1
agent, a carboxyl group specific conjugation agent, a rosine specific
conj ugat i on &gaxthe geowp gensistingeof 9 sulfhyidrd grouy spgeific ennjbgatiperigengahi sti di ne

speci fic conpjgat. - i.oni.ne speci.fic conjugati.on . agent, a

t rypt ophan speci férgg%%%ﬁ%ac? %%an%ea%ét’ %ﬁ axyééqugp‘éébﬁgf?‘}’gg@é’ﬁj ugat i on

agle?th : d45i Th@npraayns@:gpeotﬁca@mt;ghﬁomk@neiaﬂ aféifn@@}%glf?ﬁidng{gﬁﬁg@nt is a

sul f hydry! grou ecific canjugation agent-selected from the group

consi st i%g o?gengé‘stﬁﬁtf?%ﬂe 1%8 cﬁ’gﬂ’f’?{f%ﬁg ki GEE@@HW?‘ﬁGQ@JHS@%e process

of cl ai m 45, aydagaiyptdphan bpetati RioRjuda geﬂ?ﬁ.:l\d@&rﬁ{e%pec‘iﬁé E&Ij@éj‘i{'—%ﬁom the
S_ -

group consisting of disulfide reagents including 5 -dithiobf

ni t robenzoi c2&&-d), 4, 4'-dithiodipyridine, nmethyl-3-nitro-2-pyridyl

di sul fide, and hyl +®s 1 i i - o [ ss of claim4l,
wherein the conj Hg%ti o-{iﬁ% é%%sq%égdse gi(fz"lék%?ej??%r% 5%51%%0%58%ﬁ5i sting of

al kyl ati ng agdfydrydgrbupespecific ngugption sgenti@lecedfraxn alesgrbop comibtihyiofig a

arent qlai gangs. i Sl at.t.aching. to said parent ligand a sul fhydryl

gr oup slp())legi f&cm%§%§36§?$gﬁn%8@ﬂ% éjﬁcﬁlg?mfeg’ r eacltoi ve W tg a sul f hydrgl ér oup
of a target recepd@r- tThedrocdsssbelainpéd, evlerdin gRrRMAmbildhdRie RAviRREgln When

sai d parent lil%ﬁe d. bi lr'}gls to the receptor _a covalent bond is formed between
sai d conj ugat§ %a%‘érﬁ SHTAUR SOMSIsURg phlide sz inglndingpédithiobis@- par ent
ligand bi ndsnﬁrlae&izf)icc@id)y4,mmim@di§ﬁme0'meﬂl 1-8GRIS-OLpyridPt difs Hﬁgia%hed l'i gand

i 1. 80, A nodified | (J ’

produced by th rocess .of claim difi i gand produced by the
process of CWSMQEP.Y“M 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 sulﬂiydryl 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 sulthydryl group, and wherein the parent
ligand binds speciﬁcélly 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 1))
wherein L is a parent ligand that binds specifically with a target
receptor comprising a nucleoside transporter; -
. conjugation agent that is reactive with a moiety of
30 . the target receptor to which the parent ligand binds, such that when said
| parent Iigand binds to the receptor a covalent bond is formed between said

conjugation agent and said moiety; and
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25 51. A nodified ligand having the general fornmula: L-RIA (1) wherein L
is a parent ligand that binds specifically with a target receptor
conprising a nucl eoside transporter; wherein Ais a. conjugati OHL%\@'IWISIﬁ’Iat
is reactive wiU a noiety of 30 the target receptor to which the parent

I igand binds, such that when said parent ligand binds to the receptor a
coval ent bond is forned between said conjugation agent and said noiety;
and 54 LLOYD WSE R i &ldnaoppti@nadtpasgacer. 52. The nodified |igand of

claimb51, wherein_the spacer ¢ ri ses . ngn- hydrol ysabl e radi cal sel ected
fromthe group coﬁ?-éi sti ﬁg‘e B?Odéfic’) fg,anﬁgf @@%Sky\pgerew § ShErgypomprises a
heterocycl oaiomydrcﬂ?@aiel@ﬁhicallfg%te@feaQma{}}éxgmli@édﬁﬁa_@b{h oﬂ%ﬁfé%,r Retélok®Ryy! . S

a S. .

aral kyl, hetero aral kyl, aryl and heteroaryl radica The nbdifi ed

li gand of cleaflenlbyl, hofiseacariaalkkyb oxerkdghateropxeadiont alkenyl.detnd alkpeirly| gr oup
speci ficzconj tq : T ggs'h i i gand of claim52, wherein

t he sulf ﬁyd%#gg%lléﬁ%"adg%g@r ?L?’ga%do%?%rga [ %)arq%glgslént is selected fromthe group
consi sting of N -maBei m d&e andificidigdndral elhin dé, wetréivialkd segugalibn addneistodi fi ed

ligand of claim51,. wherein.the parent |igand binds specifically with a
nucl eosi de tarsg&\é%y{%rp}lpg%qcﬁfhg Wﬁf%l@ﬂaﬁ and having the general formula:

L-R1-A (1) 15 whegei n Irhk ;icifRANAALd bf sl 53 hterbih IS 3 B0 G Eﬁﬁb! y with a
tar get ser ot onin re(;ept or; Whe;r ein Ails a conj ugat I' O'I’] agent t‘ qt IS
reactive wi tshedfiseqrymgagioplagenjrivsppecddd fserh dhe groge tonsistiag 0dV-maleihide nd he

parent ool Afe BHEh a0 vhen sald_ parent igand bins io the
sai d sul f hydryl gs6up; ane moRifidddigand eptlaminal -wispeiaelic parent ligand binds
specifically with a nucleoside transporter.
56. A modified ligand having the general formula:
L—Ri—A @
15 wherein L is a parent ligand that binds specifically with a target
serotonin receptor;
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
20 conjugation agent and said sulfthydryl group; and
R1 is an optional- spacer.
57. The modified ligand of claim 56, wherein the parent ligand
comprises serotinin or a precursor or analog thereof.
58. A composition comprising the modified ligand of claim 51 and a
25  pharmaceuically acceptable carrier.
59. A composition comprising the modified ligand of claim 56 and a
pharmaceutically acceptable carrier.
60. A method of detecting the presence of a target receptor in a test

sample, comprising:
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57. The nodified ligand of claimb56, wherein the parent |igand conprises
serotinin or a precursor or analog thereof 58. A conposition conpgysiyige t he
nodi fied |igand of claim51l and a 25 pharnaceuically acceptable carrier.
59. A conposition conprising the nodified ligand of claim56 and a
pharmaceutically acceptable carrier. 60. A nethod of detecting the presence
of a target receptor in a test sanple, conprising: 55 LLOYD W SE
contacting said sanphding sahl taheleadh thedodiifiga hdaraf ofadlains 15 Ihevdivesatd N sai d

nodi fied |igand.bjnds said target receptor if present in said. test sanple;
and detect W@#&l%@p@}g}f@éa@ft rée‘i:’i?ﬁ?ﬂt‘gr%%@ﬁ‘fﬂ‘il%?aﬁgteé%?aﬁlpirﬁ(ﬁnfii ed |igand
and said recept oeietriraihd pesdBhRGIRAEAPER ®mprishk saki MBAiKed 1i@indusant i fyi ng

the presence of a target receptor in atest sanple, conprising: contacting
sai d sanpl e sgidtrerepins iBrifl Foracted gpmle.of clai m 51, wherein said nodified

I i gand bknds sai dgttarge i f: LD sad ; asuring
t he concgnt rati on6t(1)’f a %o@rp&ﬁgggg %?Elf}g{l%gl%g%?gg&r?oﬁ:afd(fnté?{eféfgﬁﬁln%ltf)ﬂgnd sai d
recept or i nssapld, comprastiged sanpl e; and relating said neasured conpl ex

concentration to the concentration.of sai receptor .i.n ai“?jgsa lLe. 62. A
met hod of detecti ﬁﬁm?ﬁglgpﬁaﬁsséﬁgée Wftgéhetlaf)g‘g{sd ﬁg ‘?fiﬂ_lal 1_a Eeﬂnn?aé‘gnp! e,
conpri si ng: nidlifecATi el ibieis Saiddtag ety oM it ?retsélﬁ‘ iRgd fdseshnigigand of clai m 56,
wherein said nodified |igand binds said target receptor if present in said
test sanple; and MREFEE (AYCOHEN S ecoTiblex wompising seshppdidedgevul d
modi 11 edol ! 4ARGiARCLep R il PERRLRL Lfhfalflg contact ed sanple. 63 A method
of quantifying the presence of a target ‘receptor in a test 20 sanple,
conpri sing: cont aedlatig sid wessangl @nvdléhcdnbentrmidh fté e@ cohgandtiod oftdaid m 56,
wherein said o
receptor in said sample.
62. A method of detecting the presence of a target receptor in a test
sample, comprising;:
15 contacting said sample with the modified ligand of claim 56, 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.
63. 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 56, 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.
64. A probe that covalently binds to a target receptor, said probe
comprising the modified ligand of claim 51 having a reporter molecule associated

therewith.
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nodi fied |igand binds said target receptor if present in said test sanple;
measuring the concentration of a conplex conprising said nodifiedOYD a3kl
and said receptor in said contacted sanple; and 25 relating said neasured
conpl ex concentration to the concentration of said receptor in said
sanple. 64. A probe that covalently binds to a target receptor, said probe
conprising the nodified ligand of claim51 having a reporter nolecul e
associ ated therewbdth. bBebf O¥DMSH lighd oblskim® 1 tohef thedirbbead didigagad of
claimb51 or .o[htB_‘?dgpr?be of cl aifm 64 in the study of target receptor
function. 667 1K SHIE GRS TeeRAI AT binds to a target receptor, said
probe conprisingeshe madirbb&thal dgardlebingl ai m(@&ttﬂ&:\é?ﬂ&& @idseed ter

nol ecul e associated 5 therewith. 67. Use of the nodified ligand of claim
56 or of th&opPBHEEdie Bpafiad gand of daie X haineot repartgfancleede pisotiatednct i on.

S7 5  therewith.
67. Use of the modified ligand of claim 56 or of the probe of claim 66

in the study of target receptor function.
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