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(57) ABSTRACT 

A proceSS is disclosed for modifying a parent ligand by 
attaching to the parent ligand 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 the conjugation agent and the receptor moiety. Also 
disclosed are compositions, probes and methods of detecting 
and/or quantifying receptors using the modified ligands of 
the invention. 



Patent Application Publication Dec. 13, 2001 Sheet 1 of 23 US 2001/0051348A1 

100 

60 

40 

O.O1 O.1 1 10 

N-Ethylmaleimide (mM) 

Figure 1 

  



Patent Application Publication Dec. 13, 2001 Sheet 2 of 23 US 2001/0051348A1 

50 

234 OOO 
1O 

Free H-NBMPR (nM) 

Figure 2 

  



Patent Application Publication Dec. 13, 2001 Sheet 3 of 23 US 2001/0051348A1 

NH2 

O O O N 

SMCC 

Cytidine 

CrMCC (Mr 462.5) 

Figure 3 

  



Patent Application Publication Dec. 13, 2001 Sheet 4 of 23 

600 

500 

400 

300 

200 

1 OO 

-- 

48 72 

Reaction Time (hour) 

Figure 4 

US 2001/0051348A1 

96 

  



Patent Application Publication Dec. 13, 2001 Sheet 5 of 23 US 2001/0051348A1 

193 

0.50 

24 e.g. 2600 esco 3900 323G 34oe 35a, 
WAWEENG in ra 

2.86 

B, NBMPR 
53 

1. Ges 

ose 

0-09 ----------------------, -u- ul-, --, -ul-L-Crs 
24.90 260 28toe 3000 32ee 340.6 35og 

WAVELENGTH in 

Figure 5 

  



Patent Application Publication Dec. 13, 2001 Sheet 6 of 23 US 2001/0051348A1 

Cytidine 

4060 
2O 

O -- I - I - III - i. ill 

0.3 1 10 100 1000 

Inhibitor (uM) 

Figure 6 

  



Patent Application Publication Dec. 13, 2001 Sheet 7 of 23 US 2001/0051348A1 

14 
50 M - 

12 - 

w - 

1S 
10 - 

9 
O. 8 

C 10 uM - 
S O 
d 6 
S 
Ot 
n 4 () - 
NS O 

C 
2 C 0 M 

O 2 | - 1-1 --- 

1/S (nM) 

Figure 7 



Patent Application Publication Dec. 13, 2001 Sheet 8 of 23 US 2001/0051348 A1 

500 ---- it -H-I-ii i---- - 

Cytidine O 
-N 

400 O CrMCC r S 3 
O 
s 300 

g 
|- 

CD 2OO 

d 
O 

100 

SMCC 
O - - - - f 

O.O1 0.1 1 10 100 

Inhibitor(uM) 

Figure 8 

  



Patent Application Publication Dec. 13, 2001 Sheet 9 of 23 US 2001/0051348A1 

1 2 

1 O 

6 

4 

2 

O 
O 2 4 6 8 10 

Time (min) 

Figure 9 

  



Patent Application Publication Dec. 13, 2001 Sheet 10 of 23 US 2001/0051348A1 

- -- - I- - T 

g 10 -- C- e e T - Cyd 
G -- -ka- -g + Cyd (1 mM) - 

O - 

E g 
6 - 

? - -- 

O - 
O 4 
2 5 - 

2 --- 
O 

Dissociation Time (min) -- 

O - - i -l -l 

O 2O 40 60 80 

Dissociation Time (min) 

Figure 10 

  



Patent Application Publication Dec. 13, 2001 Sheet 11 of 23 US 2001/0051348 A1 

100 - - I - -- t- - 

80 

60 

40 

20 

|--|--|- 

O 100 2OO 300 400 500 600 700 

Free H-CrMCC (M) 

Figure 11 

  

  



Patent Application Publication Dec. 13, 2001 Sheet 12 of 23 US 2001/0051348A1 

12 I 

10 

6 

4 - 

2 - -- 

O - -- 

8 7 6 5 4 3 2 1 

Figure 12 

  



Patent Application Publication Dec. 13, 2001 Sheet 13 of 23 US 2001/0051348A1 

14 
CD 
sav 

9 12 
O 
C) 
E 10 
S 

2 E 8 
ne 

2 S 6 
O 

c 4 
O 

2 
° 0 g g g g g g 

5 e i 3 3 2 
es c S 

Inhibitor 

Figure 13 

  



Patent Application Publication Dec. 13, 2001 Sheet 14 of 23 US 2001/0051348A1 

22 
s 

2O - N-2 --- 

18 y g"; 
S : 
O : 

6 : 

to 5 
S 
o 4 

: - 

2 3 
9. - 

is 2 - 

C - 
1 - 

O 
Control MPT PDP EMC MCC MB GMB MPB AMA 

Covalent Arm (100 uM) 

Figure 14 

  

  

  



Patent Application Publication Dec. 13, 2001 Sheet 15 of 23 US 2001/0051348A1 

80 III ITTTTTTTTTTTT || || 
1 OO 

70 - 90 

SS 5 50 70 

S 40 E 60 
50 5 

30 40 O 
O E CC 
C 20 E. 30 

20 
10 

10 

O O 
O 10 2O 30 40 50 60 70 80 90 

Fraction (ml) 

Figure 15 

  



Patent Application Publication Dec. 13, 2001 Sheet 16 of 23 US 2001/0051348A1 

1800 TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
1 100 

1600 90 
S 1400 

1200 70 se 
9. Ye 

--- g 

g 1000 60 
800 50 

O - 40 C. 
i 600 CC 

30 

400 - 20 

200 r 10 

O . Yes X | | | | | | | | | | | | | | | | | | | | | | Ti O 

O 10 20 30 40 50 60 70 80 

Fraction (ml) 

Figure 16 

  



Patent Application Publication Dec. 13, 2001 Sheet 17 of 23 US 2001/005.1348A1 

10 

S 
F 

5. 
O n 

S - 
O - 

Ne 1 it. 
O w is S I , ". 
O H-G-ch og 

? 4 k le, 
C) lo 
S k 

S. D 2 
C 
<g 
d 

O 
Control MP PDP EMC 

Covalent Arm (100M) 

Figure 17 

  

  



Patent Application Publication Dec. 13, 2001 Sheet 18 of 23 US 2001/005.1348A1 

an 120 ITIT-T I ITTTTT-I I I ITTI-I-III ITT T-T III - IIIT I ITT III TTTIII - 

cs - 

t 
5 OO LBT3005 - 

O -- -- 

80 - 

S - 
N1 - - 

2 60 - - 
3 LBT3002 
n 40 
H 
C 
th 20 

co O -- tiltill ill ill-i-Illil 1, it till lllllll-l-l littl 

0.000 0.001 O.O1 O. O 100 1 OOO 

Inhibitor (uM) 

Figure 18 

  



Patent Application Publication Dec. 13, 2001 Sheet 19 of 23 US 2001/0051348A1 

O 

c t N O 
N 
H 

Figure 19a. LBT3001 (1-2-(5-hydroxy-1H-indol-3-yl)-ethyl-pyrrole-2,5- 
dione) 

O 

NH2 O N \ 
HO & HC Q NaHCO3 HO 

+ Eto-C-N N O 
N N 

O H 

5-HT hydrochloride N-Ethoxycarbonyleimide LBT3001 

Figure 19b. Reaction scheme for synthesis of LBT3001 



Patent Application Publication Dec. 13, 2001 Sheet 20 of 23 US 2001/005.1348A1 
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NOVELLIGANDS AND METHODS FOR 
PREPARING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application Ser. No. 60/178,756, filed Jan. 28, 2000, 
the disclosure of which is incorporated herein by reference 
in its entirety. 

TECHNICAL FIELD 

0002 This invention relates generally to ligand-receptor 
interactions. In particular, the present invention relates to 
modified ligands that bind irreversibly to their cognate 
receptors, and to methods for preparing Such ligands. The 
novel ligands of the invention have utility inter alia for 
investigating protein function and as drugs (in healthcare, 
agricultural and environmental applications) for more effec 
tively inhibiting or Stimulating cognate receptor function. 

BACKGROUND ART 

0.003 Pharmacological receptors are intracellular or 
membrane-bound proteins which produce a pharmacologi 
cal effect after binding with a specific ligand. In this regard, 
a pharmacological receptor has a dual function to (a) detect 
a ligand Signal by forming a ligand-receptor complex and to 
(b) conduct and translate the signal leading to the pharma 
cological effect. 
0004 Drugs can replace endogenous physiological 
ligands to interact with receptors. A prerequisite for Such a 
drug-receptor interaction is the formation of a drug-receptor 
complex, just as in the case of ligand-receptor interaction. In 
contrast to physiological ligands that Stimulate an effect after 
binding to a receptor (receptor-mediated effects), drugs can 
be classified as (a) agonists or drugs which stimulate an 
effect after binding to the receptor, and (b) antagonists or 
drugs which do not Stimulate an effect after receptor binding. 
0005. Several types of molecular interactions are possible 
for drug-receptor binding including ionic bonds, hydrogen 
bonds, and hydrophobic bonds 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 drug-receptor interaction Since these bonds 
have the greatest or longest range. After the initial interac 
tion, fine-tuning takes place involving dipole-dipole-bonds, 
hydrogen bonds and hydrophobic bonds. Although all these 
interactions also fix the drug molecule in the receptor's 
active Site, the bindings are nevertheless reversible, as the 
force of interaction is very weak. Hence the pharmacological 
effectiveness of any drug is often affected by its own 
concentration in the plasma, as a decrease in plasma drug 
concentration will increase the dissociation of drug molecule 
from its receptor. 
0006 Several agents are known to inhibit enzymes irre 
versibly or pseudoirreversibly and the precise mechanism of 
inhibition gives rise to subtle differences in the inhibition 
profiles and the duration of inhibition. 
0007 Many inhibitors of acetylcholinesterase react 
covalently with this enzyme to form an acyl enzyme that 
deacylates more slowly than the acetyl enzyme formed with 
the natural Substrate acetylcholine. The acetyl enzyme forms 
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rapidly by attack of the active Site Serine on the Substrate. 
Transfer of the acyl group to the enzyme occurs through a 
tetrahedral intermediate. The acetyl enzyme is rapidly 
hydrolyzed, with a half time of 10 usec. These rapid acyla 
tion and deacylation steps give rise to a turnover rate of 10 
Substrate molecules per enzyme molecule per Second. Cho 
linesterase inhibitorS Such as physostigmine and neostigi 
nine form methylaminocarbamyol and dimethylaminocar 
bamoyl enzymes, which have half times for deacylation of 
Several minutes. Thus, by providing the enzyme with an 
alternative Substrate, catalysis of acetylcholine is precluded 
during the catalytic cycle for the carbamoylating agent. The 
kinetic constants for the respective acylation Steps for the 
acetoxy and carbamoxy ester Substrates do not greatly differ; 
hence the longer residence time of the carbamoyl enzyme 
conjugate is an important factor in favoring inhibition. 
0008. Several other enzymes are inhibited by covalent 
attachment of the inhibitor, giving rise to irreversibility. The 
hydrazines (phenelzine, isocarXazid metabolites) and the 
acetylenic agents (pargyline) are oxidized to reactive inter 
mediates 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. 
Hence the inactivation process is mechanism-based. There 
are now many examples of Such Substrates, activation of 
which by the enzyme results in covalent modification of the 
enzyme or of an associated cofactor. Often this occurs by 
conjugation or association of the enzyme with its Substrate 
followed by a neighboring group attack. Several of the 
targets of Suicide Substrates have therapeutic Significance. 
These include the penicillinases and alanine racemases in 
antibacterial design; GABA transaminase inhibitors for anti 
epileptic agents, lipoxygenase and cyclooxygenase inhibi 
tors to control leukotriene and prostaglandin biosynthesis, 
respectively; aromatase inhibitors to block formation of 
estrogenic hormones, ornithine decarboxylase inhibitors as 
antiparasitic agents, and dopamine B-hydroxylase inhibitors 
to control catecholamine biosynthesis. Many Suicide Sub 
Strates Serve as antimetabolites and are potential antine 
oplastic agents. The effectiveness of these inhibitors depends 
not only on their relative dissociation constants or K. Values 
compared with those of the endogenous Substrate but also on 
kinetic competition between turnover of the Suicide Sub 
Strate and the inactivation event. 

0009 Omeprazole (PRILOSEC) is another well-known 
irreversible binding drug that has been released for clinical 
use. This drug inhibits gastric acid Secretion by binding to 
the H, K"-ATPase present only in the apical membrane of 
parietal cells. Omeprazole is especially useful in patients 
with hypergastrinemia and may be valuable in those whose 
peptic ulcer disease is not well controlled by H2 antagonists. 
Omeprazole contains a Sulfinyl 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 neutral weak 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 thus be considered as 
prodrug that needs to be activated to be effective. 
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0.010 Despite the availability of several agents that bind 
their targets irreversibly, there is a dearth of methods cur 
rently available for rationally designing ligands to irrevers 
ibly bind a target receptor. 

DISCLOSURE OF THE INVENTION 

0.011 The present invention arises, at least in part, from 
the unexpected discovery that by attaching a conjugation 
agent to a parent ligand that reversibly binds a target 
receptor, wherein the conjugation agent is reactive with a 
moiety of the target receptor Such that a covalent bond is 
formable between the conjugation agent and the moiety, the 
modified ligand thus produced is capable of binding the 
target receptor irreversibly Accordingly, in one aspect of the 
invention, there is provided a process for modifying a parent 
ligand, comprising attaching to Said parent ligand a conju 
gation agent that is reactive with a moiety of a target receptor 
to which Said parent ligand binds Such that a covalent bond 
is formable between said conjugation agent and Said moiety. 
0012 Suitably, the conjugation agent is attached to the 
parent ligand through a Spacer. 
0013 Preferably, the spacer is covalently attached to the 
parent ligand. 
0.014 Preferably, the spacer is covalently attached to the 
conjugation agent. 

0.015 The spacer is suitably radical selected from the 
group consisting of alkyl, heteroalkyl, cycloalkyl, heterocy 
cloalkyl, 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 of the Spacer arm is Suitably 
selected from a range of between about 0 A and about 20 A. 
0016 Preferably, the spacer is a non-hydrolysable radical 
under physiological conditions. 
0017 Preferably, the conjugation agent is selected from 
the group consisting of a Sulfhydryl group specific conju 
gation agent, an amino group Specific conjugation agent, a 
carboxyl group Specific conjugation agent, a tyrosine Spe 
cific conjugation 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. 
0.018. The sulfhydryl group specific conjugation agent 
may be Selected from the group consisting of N-maleimide, 
N-maleimide derivatives and disulfide reagents including, 
but not restricted to, 5'-dithiobis-(2-nitrobenzoic acid), 4,4'- 
dithiodipyridine, methyl-3-nitro-2-pyridyl disulfide, and 
methyl-2-pyridyl disulfide. 
0019. The amino group specific conjugation agent may 
be selected from the group consisting of alkylating agents 
including, but not restricted to, C.-haloacetyl compounds, 
aryl halides, aldehydes and ketones, and acylating agents 
including, but not restricted to, isocyanate, isothiocyanate, 
imidoesters, N-hydroxylsuccinimidyl ester, p-nitrophenyl 
ester, acyl chloride, and Sulfonyl chloride. 
0020. The carboxyl 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 diazoacetamides. 
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0021. The tyrosine specific conjugation agent may be 
Selected from diazonium derivatives including, but not lim 
ited to, benzidine and bis-diazotized 3,3'-dimethylbenzidine. 

0022. 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. 

0023 The histidine specific conjugation agent is suitably 
Selected from the group consisting of alkylating agents 
including, but not restricted to, C.-haloacetyl compounds, 
aryl halides, aldehydes and ketones, and acylating agents 
including, but not restricted to, diethylpyrocarbonate, 
ethoxyformic anhydride, isocyanate, isothiocyanate, imi 
doesters, N-hydroyxlSuccinimidyl ester, p-nitrophenyl ester, 
acyl chloride, and Sulfonyl chloride. 

0024. The methionine specific conjugation agent may be 
Selected from the group consisting of alkylating agents 
including, but not restricted to, C.-haloacetyl compounds, 
aryl halides, aldehydes and ketones. 

0025 The tryptophan specific conjugation agent may be 
Selected from the group consisting of N-bromoSuccinimide, 
2-hydroxy-5-nitrobenzyl bromide and p-nitrophenylsulfenyl 
chloride. 

0026. The Serine specific conjugation agent may be 
Selected from the group consisting of diisopropylfluoro 
phosphate and acrylsulfonyl fluorides including, but not 
restricted to, phenylmethyl-sulfonylfluoride. 

0027. The parent ligand may be any natural or non 
natural ligand but is preferably a biologically active ligand 
inclusive of known drugs and naturally occurring or Syn 
thesized drug candidate compounds. 

0028. In another aspect, the invention provides a modi 
fied ligand produced by the process broadly described 
above. 

0029. In yet another aspect of the invention, there is 
provided a modified ligand having the general formula: 

L-R-I-A (I) 

0030 wherein L is a parent ligand; 

0031 wherein A is a conjugation agent that is reac 
tive 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 

0032 R is an optional spacer which preferably 
comprises a non-hydrolysable radical Selected from 
the group consisting of alkyl, heteroalkyl, 
cycloalkyl, heterocycloalkyl, oxoalkyl, hete 
rooxoalkyl, alkenyl, hetero alkenyl, aralkyl, hetero 
aralkyl, aryl and heteroaryl radicals. 

0033. In a preferred embodiment, the modified ligand is 
interactive with eS nucleoside transporter and/or nucleoside/ 
nucleotide/nucleobase-Sensitive proteins, wherein Said 
modified ligand has a general formula Selected from the 
group consisting of 
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(II) (V) 
A. 

l 1. 
Z. 

Y 
R2 

(III) 
A. 

l 
1. 

N21 N 0037 wherein R is 4-N-methylcyclohexane car 
ls X-z boxylate, N-m-benzoate, 4-p-phenylbutyrate, 

Y s N-y-butyrate, N-O-acetate, or N-e-caproylate; 

R2 

(VI) 
S 

0034 wherein A is N-maleimide, 2-pyridyldithio, or 
halogen; X is NH, S, or O; Y is H, halogen, NH, or -Rs NS2 
O; Z is H, halogen, or CH, R is spacer arm HN 
comprising a non-hydrolysable radical preferably 
under physiological conditions; R is H, B-D-ribose, 
B-D-2-deoxyribose, or their 5'-mono-, 5' di-, and 5' 
tri-phosphate. 

0035) Suitably, the modified ligand inhibits said es 
nucleoside transporter and/or nucleoside/nucleotide/nucleo 
base-Sensitive proteins and has a general formula Selected 
from the group consisting of: 

(IV) 0038 wherein Rs is 4-carbonyl-O-methyl-O-tolu 
ene, 6-O-methyl-a-tuloamido-hexanoate, N-3-pro 

- A pionate, or 6-3'-propioamidohexanoate; and 
O N O 

R4 1 
HN S 

frn 
R N HN1 21 

21 N y 
s N 
O 

H 

H 
0036 wherein R is 4-N-methylcyclohexane car- OH 
boxylate, N-m-benzoate, 4-p-phenylbutyrate, 
N-y-butyrate, N-O-acetate, or N-e-caproylate; 
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0039 wherein Rs is 4-carbonyl-O-methyl-O-tolu 
ene, 6-O-methyl-O-tuloamido-hexanoate, N-3- 
propionate, or 6-3'-propioamidohexanoate. 

0040. In another embodiment modified ligands that bind 
to Seratonin receptors can be used. 
0041. In another aspect, the invention resides in a com 
position comprising the modified ligand as broadly 
described above, together with a pharmaceutically accept 
able carrier. 

0042. In a further aspect of the invention, there is pro 
Vided 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 the composition as 
broadly described above. 
0043. According to another aspect of the invention, there 
is provided a method of detecting the presence of a target 
receptor in a test Sample, comprising: contacting Said Sample 
with a modified ligand as broadly described above, wherein 
Said modified ligand binds Said target receptor, and detecting 
the presence of a complex comprising Said modified ligand 
and Said receptor in Said contacted Sample. 
0044) In another aspect of the invention, there is provided 
a method of quantifying the presence of a target receptor in 
a test Sample, comprising: contacting Said Sample with a 
modified ligand as broadly described above, wherein Said 
modified ligand binds Said target receptor; measuring the 
concentration of a complex comprising said modified ligand 
and Said receptor in Said contacted Sample, and relating Said 
measured complex concentration to the concentration of Said 
receptor in Said Sample. 
0.045. In yet another aspect, the invention provides 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 a modified ligand 
as broadly described above, wherein Said modified ligand 
binds Said target receptor; and detecting the presence of a 
complex comprising Said modified ligand and Said cell or 
cell membrane in Said contacted Sample. 
0046. In another aspect of the invention, there is provided 
a method of quantifying the presence of a target receptor on 
a cell or cell membrane, comprising: contacting a Sample 
containing Said cell or cell membrane with a modified ligand 
as broadly described above, wherein Said modified ligand 
binds Said target receptor; measuring the concentration of a 
complex comprising Said modified ligand and Said cell or 
cell membrane in Said contacted Sample, and relating Said 
measured complex concentration to the concentration of Said 
receptor present on Said cell or cell membrane. 
0047. In another aspect, the invention extends to a probe 
that covalently binds to a target receptor, Said probe com 
prising a modified ligand as broadly described above having 
a reporter molecule associated there with. 
0.048. In one embodiment, the probe comprises the modi 
fied ligand that is interactive with eS nucleoside transporter 
and/or nucleoside/nucleotide/nucleobase-Sensitive proteins, 
as broadly described above. 
0049. In this respect, the cell is preferably an animal cell, 
more preferably a mammalian cell, and more preferably a 
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human cell. Alternatively, the cell may be a plant cell or a 
microbial cell. The microbial cell includes, but is not 
restricted to, a cell of bacterial, Viral or fungal origin. 
0050. The invention also encompasses the use of the 
modified ligand and probe as broadly described above inter 
alia in the Study, treatment and prevention of conditions 
asSociated with their corresponding target receptors. 
0051. In one embodiment, there is provided 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. 
0052. In one preferred embodiment, the conjugation 
agent is positioned on the ligand at a position that promotes 
and/or permits covalent bond formation with the moiety of 
the target receptor. In another preferred embodiment, the 
receptor to which the ligand binds is an active site associated 
with a biological activity. The receptor is, for example, a cell 
Surface receptor. The binding of the modified ligand to the 
receptor in one embodiment is associated with altered activ 
ity of the target receptor. 
0053. In another preferred embodiment, the parent ligand 
and/or receptor are naturally occurring. In another embodi 
ment, the modified ligand is not a crosslinking agent. In 
another embodiment, the modified ligand optionally does 
not comprise a photo-reactive group Such as a photolabel. In 
another 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 
a moiety of a nucleic acid, and optionally binds to a residue 
of an amino acid. 

0054. In one embodiment, there is provided 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 the parent ligand binds Specifically 
with a nucleoside transporter. 
0055. 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 Sulfhydryl group 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 Sulfhydryl group, 
and wherein the parent ligand binds Specifically with a 
Serotonin receptor. 

0056. In one embodiment, there is provided a modified 
ligand having the general formula: 

L-R-I-A (I) 

0057 wherein L is a parent ligand that binds spe 
cifically with a target receptor comprising a nucleo 
Side transporter; 

0058 wherein A is a conjugation agent that is reac 
tive with a moiety of the target receptor to which the 
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parent ligand binds, Such that when said parent 
ligand binds to the receptor a covalent bond is 
formed between said conjugation agent and Said 
moiety; and R is an optional spacer. 

0059. In another embodiment, there is provided a modi 
fied ligand having the general formula: 

L-R-A (I) 
0060 wherein L is a parent ligand that binds spe 
cifically with a target Serotonin receptor; 

0061 wherein A is a conjugation agent that is reac 
tive 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 agent and Said 
Sulfhydryl group of Said receptor; and R is an 
optional Spacer. 

0062) The disclosure of all patents, patent applications, 
publications and published patent applications referred to 
herein are incorporated herein by reference in their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.063. The invention, as exemplified by preferred embodi 
ments, is described with reference to the following drawings 
in which: 

0064 FIG. 1 shows the NEM inhibition of equilibrative 
H-uridine transport in murine myeloma SP2/0-Ag14 cells. 
0065 FIG.2 shows the effects of NEM on the kinetics of 
H-NBMPR equilibrium binding in murine myeloma SP2/ 
0-Ag14 cells. 
0.066 FIG. 3 shows the general reaction scheme for 
synthesis of CrMCC. 
0067 FIG. 4 shows the rate of CrMCC formation. 
0068 FIG. 5 shows the light absorbance profile of 
CrMCC and NBMPR. 

0069 FIG. 6 shows the inhibition of H-NBMPR bind 
ing by CrMCC, cytidine and SMCC in human HL-60 
promyelocytic leukemia plasma membranes. 
0070 FIG. 7 shows the effect of CrMCC on the kinetics 
of H-NBMPR binding to human HL-60 promyelocytic 
leukemia plasma membranes. 
0071 FIG. 8 shows the effects of CrMCC, cytidine and 
SMCC on growth of HL-60 cells. 
0072 FIG. 9 shows the time course of H-CrMCC bind 
ing to human HL-60 promyelocytic leukemia plasma mem 
branes. 

0073 FIG. 10 shows the dissociation of H-CrMCC and 
H-cytidine from the binding sites of human HL-60 promy 

elocytic leukemia plasma membranes. 
0.074 FIG. 11 shows the concentration dependence of 
H-CrMCC binding to human HL-60 promyelocytic leuke 
mia plasma membranes. 
0075 FIG. 12 shows the effect of pH on the dissociation 
of H-CrMCC from its binding site in human HL-60 pro 
myelocytic leukemia plasma membranes. FIG. 13 shows the 
inhibition of H-CrMCC binding to human HL-60 promy 
elocytic leukemia plasma membranes. 
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0.076 FIG. 14 shows the covalent binding of sulfhydryl 
reactive H-cytidine analogs to human HL-60 promyelo 
cytic leukemia plasma membranes. 
0.077 FIG. 15 shows the UV absorbance profile of 
reversed-phase chromatography of human HL-60 promyelo 
cytic leukemia plasma membrane proteins. 
0078 FIG. 16 shows the radioactivity profile of 
reversed-phase chromatography of human HL-60 promyelo 
cytic leukemia plasma membrane proteins. 
007.9 FIG. 17 shows the covalent binding of sulfhydryl 
group reactive H-adenosine analogs to human HL-60 pro 
myelocytic leukemia plasma membranes. 
0080 FIG. 18 shows the inhibition of H-5-HT binding 
to murine brain membranes by various 5-HT analogs. 
0081 FIG. 19a shows the chemical structure of 
LBT3001 (1-2-(5-hydroxy-1H-indol-3-yl)-ethyl-pyrrole 
2,5-dione)). 
0082 FIG. 19b shows the reaction scheme for synthesis 
of LBT3001. 

0.083 FIG. 20a shows the chemical structure of 
LBT3002 (4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-N-2-(5- 
hydroxyl-1 H-indol-3-yl)-ethyl-butyramide). 
0084 FIG. 20b shows the reaction scheme for synthesis 
of LBT3002. 

0085 FIG. 21a shows chemical structure of LBT3004 
(3-(2,5-dioxo-2,5-dihydro-pyrrol -1-yl)-N-2-(5-hydroxyl-1 
H-indol-3-yl)-ethyl-propionamide). 
0.086 FIG. 21b shows the reaction scheme for synthesis 
of LBT3004. 

0087 FIG. 22a shows the chemical structure of 
LBT3005 (4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl-methyl)- 
cyclohexane carboxylic acid 2-(5-hydroxy-1H-indol-3-yl)- 
ethyl-amide). 
0088 FIG.22b shows the reaction scheme for synthesis 
of LBT3005. 

0089 FIG. 23 shows the structures of exemplary ligands 
that can be modified to include a conjugation agent. 

DETAILED DESCRIPTION 

0090) 1. Definitions 
0091 Unless defined otherwise, all technical and scien 

tific terms used herein 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 the practice or testing of the present invention, preferred 
methods and materials are described. For the purposes of the 
present invention, the following terms are defined below. 
0092. The articles “a” and “an” are used herein to refer to 
one or to more than one (i.e., 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. 

0093. By “attached” is meant direct or indirect attach 
ment of a conjugation agent to a ligand in Such a manner as 
to resist Separation of the conjugation agent from the ligand 
under normal physiological conditions. Accordingly, the 
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term “attached as used herein includes within its Scope one 
more ionic bonds, hydrogen bonds, Van der Waals forces, 
covalent bonds or combinations thereof that form between 
the conjugation agent and the ligand or between an inter 
Vening Spacer and the conjugation agent and the ligand, 
respectively, Such that separation of the conjugation agent 
from the ligand is resisted under normal physiological 
conditions. 

0094. Throughout this specification, unless the context 
requires otherwise, the words “comprise”, “comprises” and 
“comprising” will be understood to imply the inclusion of a 
Stated Step or element or group of Steps or elements but not 
the exclusion of any other Step or element or group of Steps 
or elements. 

0.095 By “conjugation agent” is meant a moiety of a 
modified ligand that is reactive with a moiety of a receptor 
that binds a parent ligand from which the modified ligand 
was derived wherein a covalent bond is formable between 
the conjugation agent and the receptor moiety. In this 
connection, the conjugation agent may be Sufficient either on 
its own or in the presence of an ancillary conjugation agent 
to facilitate covalent coupling with the receptor moiety. The 
ancillary coupling agent may be an enzyme that catalyzes, or 
an activating agent that causes, formation of a covalent bond 
between the conjugation agent and Said receptor moiety. 

0096. By “isolated” is meant material that is substantially 
or essentially free from components that normally accom 
pany it in its native state. 

0097 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 target 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 con 
formational domains of the target receptor. Preferably, the 
ligand is a molecule affecting physiological function includ 
ing a drug. The ligand can also be an endogenous ligand. 

0.098 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 Such as a Suitable 
cell or tissue Source inclusive of human, animal, plant or 
microbial origin. 

0099] The term “patient” as used herein refers to any 
organism in which therapy or prophylaxis of a condition 
asSociated with a receptor is desired using the methods of the 
invention. However, it will be understood that “patient” does 
not imply that Symptoms are present. The patient may 
therefore include a microbe, plant or animal. Preferably, the 
patient is a human or other mammal and includes any 
individual it is desired to examine or treat using the methods 
of the invention. Suitable mammals that fall within the scope 
of the invention include, but are not restricted to, primates, 
livestock animals (e.g., sheep, cows, horses, donkeys, pigs), 
laboratory test animals (e.g., rabbits, mice, rats, guinea pigs, 
hamsters), companion animals (e.g., cats, dogs) and captive 
wild animals (e.g., foxes, deer, dingoes). 
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0100. By “pharmaceutically acceptable carrier' is meant 
a Solid or liquid filler, diluent or encapsulating Substance that 
may be safely used in topical or Systemic administration. 
0101 The term “pharmaceutically acceptable salts' as 
used herein refers 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. 
Representative Salts include the following Salts: acetate, 
benzeneSulfonate, benzoate, bicarbonate, bisulfate, bitar 
trate, borate, bromide, calcium edetate, camsylate, carbon 
ate, chloride, clavulanate, citrate, dihydrochloride, edetate, 
edisylate, eStolate, eSylate, fumarate, gluceptate, gluconate, 
glutamate, glycolylarSanilate, hexylresorcinate, hydrabam 
ine, hydrobromide, hydrochloride, hydroxynapthoate, 
iodide, isothionate, lactate, lactobionate, laurate, malate, 
maleate, mandelate, meSylate, methylbromide, methylni 
trate, methylsulfate, mucate, napSylate, nitrate, oleate, 
oxalate, pamaote, palmitate, panthothenate, phosphate/ 
diphosphate, polygalacturonate, Salicylate, Stearate, Subac 
etate, Succinate, tannate, tartrate, teoclate, tosylate, triethio 
dide, Valerate. 

0102) 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, inter 
action or otherwise association of the ligand(s) with the 
receptor effects, changes or nullifies a function of the 
receptor. The receptor is preferably, but not exclusively, a 
protein. Representative receptors include, but are not limited 
to, an insulin receptor, epidermal growth factor receptors, 
y-aminobutyric acid receptors, nicotinic acetylcholine recep 
tors, Serotonin receptors, C- and B-adrenoceptors, dopamine 
receptors, histamine receptors, prostanoid receptors, adenos 
ine receptors, cyclic nucleotide receptors, glutamate recep 
tors, cytokine receptors, atrial naturetic peptide receptors, 
and the prostaglandin receptors. The receptor can include 
transporterS Such as glucose, amino acids transporters, 
Sodium-proton exchangers, chloride-bicarbonate exchang 
ers, Sodium pumps, calcium pumps, proton pumps, channels 
Such as Sodium channels, potassium channels, calcium chan 
nels and chloride channels; enzymes Such as oxidoreduc 
tases, transferases, hydrolases, lyases, isomerases, and 
ligases. However, it will be understood that the receptor 
need not be a protein and may include, for example, a 
nucleic acid in which the amino group found on adenine, 
guanine and cytosine may be targeted by a conjugation agent 
according to the invention. Alternatively, the receptor may 
be a carbohydrate (e.g., amino-containing carbohydrates 
Such as aminophenylglycosides) or a lipid (e.g., present on 
the phosphate head groups of Some phospholipids) having 
one or more carboxyl groups, and/or one or more amino 
groups that may be targeted by a conjugation agent. 

0103). 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 inhibition of agglu 
tination Such as red blood cells on lateX beads, and the like. 

0104. 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 
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may contain one or more cells and/or cell membranes. The 
Sample may comprise whole cells, denatured cells, cellular 
membranes or parts thereof. Alternatively, the sample may 
contain an isolated receptor. Suitably, the Sample may com 
prise cells obtained from a tissue biopsy. Alternatively, the 
Sample may comprise cells or cell lines, which have been 
cultured in vitro. 

0105 The term “spacer” as used herein refers to a chemi 
cal linker, polymer, peptide and the like that spatially 
Separates the conjugation agent from the ligand. Preferably, 
the Spacer is Selected Such that it does not interfere with the 
binding of the modified ligand to the receptor. 
0106 By “therapeutically effective amount', in the con 
text of the treatment of a condition associated with a 
receptor, is meant the administration of that amount to a 
patient in need of Such treatment, either in a single dose or 
as part of a Series, that is effective for treatment of that 
condition. The effective amount will vary depending upon 
the health and physical condition of the individual to be 
treated, the taxonomic group of individual to be treated, the 
formulation of the composition, the assessment of the medi 
cal situation, and other relevant factors. It is expected that 
the amount will fall in a relatively broad range that can be 
determined through routine trials. 
0107 2. Modified Ligands 
0108. The present invention 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 reversibly. The irreversible binding of the modified 
ligand to the receptor is effected by formation 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 groups”). The covalent bond is formed by 
asSociation of the modified ligand with the receptor, fol 
lowed by neighboring reactive functional group attack by 
the conjugation 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. 

0109 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 
sensitivity to inhibition by NBMPR (nitrobenzylthioi 
nosine). See Griffith et al., Biochim. Biophys. Acta, vol. 
1286, pp. 153-181 (1996). The group of transporters sensi 
tive to NBMPR is designated es (equilibrium sensitive), and 
the group insensitive is designated ei (equilibrium insensi 
tive). In one embodiment, compounds are provided that have 
differential binding to es VS. ei receptorS. Compounds are 
provided that bind selectively and irreversibly to es recep 
tors. The expression of eS receptorS is positively correlated 
with the carcinogenic State of cells. 

0110. Among the numerous reactive functional amino 
acid Side chains on the eS nucleoside transporter proteins 
that can be used for covalent attachment, the sulfhydryl 
group of cysteine residue is probably the most pharmaco 
logical and biologically important. Early Studies on the 
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effect of Sulfhydryl reagents on nucleoside transport in 
mammalian cells had shown to cause a marked inhibition of 
uridine uptake in a variety of cultured cells (Plagemann & 
Richey (1974), Biochim. Biophs. Acta, vol. 344, pp. 263 
305; Plagemann et al. (1978), J Cell. Physiol., vol. 97, pp. 
49-72; Plagemann & Wohlhueter (1980), Curr. Top. Membr. 
Transp., vol. 14, pp. 225-230; Belt (1983), Biochem. Bio 
phys. Res. Commun., vol. 110, pp. 417-423; Belt (1983), 
Mol. Pharmacol., vol. 24, pp. 479-484). However most of 
the earlier Studies were directed toward the total nucleoside 
uptake and little attempt were made to distinguish the 
differential in sensitivity towards sulfhydryl reagents by the 
eS and ei transport Systems. Furthermore, the Sulfhydryl 
reagents used were mainly of organomercurial compounds, 
which were demonstrated to perturb plasma Structure at 
concentration as low as 200 uM (Belt & Noel (1985), 
Biochem. J., vol. 232, pp.681-688). 
0111 Ligands also may be modified which are ligands 
that bind to serotonin (5-hydroxytryptamine, or 5-HT) 
receptorS. 5-HT receptors include a diversity of receptor 
subtypes (Peroutka, S.J., CNS Drugs, (1995), 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 
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, depression, 
Schizophrenia, obsessive compulsive disorder, psychosis, 
aggression, hostility, eating disorders, gastrointestinal dis 
orders, hypertension, the maintenance of the circadian 
rhythms in the Sleep-wakefulness cycle, Sexual activity, 
compulsive behavior, temperature, emesis, and cardiovas 
cular and motor function. Drugs that target the 5-HT recep 
tors thus have wide clinical applications. Ligands that bind 
to 5-HT receptors can have effects by binding, for example, 
to the cardiovascular System, platelets, gastrointestinal tract, 
and the brain (Erspamer, V., Ed. “5-Hydroxytryptamine and 
Related Indolealklylamines”, Handbuch der Experment 
ellen Pharmakologie, Vol. 19. Springer-Verlag, Berlin, 
(1996), pp. 132-181). 
0112 Thus, for example, the ligand 5-HT may be modi 
fied as disclosed herein. Other ligands that can be modified 
include 5-HT precursors and 5-HT receptor agonists and 
antagonists known in the art. Examples include the precur 
Sor 5-hydroxytryptophan, which has been used as an anti 
depressant drug, 5-HTA-agonists used as tranquilizers and 
antihypertensives; Sumatriptan, a selective 5-HT, receptor 
agonist, used for migraine, 5-HT-antagonists Such as 
methySergide, used for migraine prophylaxis and in carci 
noid tumour Syndrome, 5-HT-antagonists Such as ketaserin, 
used to lower the blood pressure in hypertensive patients, 
and Selective 5-HT-antagonists used to treat cytostatic- and 
radiation-induced emesis. (Beasley, CM., et. al., Psychop 
harmacology, (1992), vol. 107, pp. 1-10; Bolden-Watson, 
C., and Richelson, E., Life Sciences, (1993), vol. 52, pp. 
1023-1029.; Koe, B. K., J Clin. Psychiatry, (1990), vol. 51, 
pp. 13-17). 
0113 Serotonin binding ligands which can be modifed 
include those developed for CNS disorders, such as anxiety, 
Such as benzodiazepines, or 5-HT1A agonists, Such as bus 
pirone, gepirone, ipsapirone, and flesinoxan. AS anxiolytic 
agents, they possess advantages over benzodiazepines 
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because they lack the Sedation and drug dependence liabili 
ties of beZodiazepines (Barrett, J. E., and Vanover, K. E., 
Psychopharmacology, (1993), vol. 112, pp. 1-12). Other 
Serotonin binding ligands include those developed for treat 
ment of depression, Such as SSRIs, for example fluoxetine. 
SSRIs have also been shown to have efficacy in the treat 
ment of bulimia and obsessive-compulsive disorders and 
may be also useful in treating obesity, panic disorders, 
premenstrual Syndrome, diabetic neuropathy, chronic pain, 
and certain cognitive aspects of Alzheimer's disease. Other 
useful antidepressant drugs which are relatively potent 
antagonists at 5-HT receptors, include tricyclic antidepres 
Sants, Such as trazadone and nefazodone (Cowen, P. J., and 
Anderson. I. M., “5-Hydroxytryptamine in Psychiatry” (San 
dler, M., Coppen, A., & Harnett, S. Eds.), Oxford University 
Press, New York, (1991)). Ligands include compounds 
developed for the treatment of Schizoprenia, including the 
antipsychotic agents clozapine, risperidone, and Olanzepine, 
(Weil-Malherbe, H., Serotonin and Schizophrenia. In “The 
Central Nervous System. Vol. 3, Serotonin in Health and 
Disease', Essman, W. B., Ed, Spectrum Publications, Inc., 
New York, (1978), pp. 231-291). Ligands associated with 
the treatment of eating disorders can be used, Such as the 
SSRIs and fenfluramine. Fenfluramine may be useful in the 
treatment of other diseases, Such as autism, premenstrual 
Syndrome, Seasonal affective disorder, and attention deficit 
disorder. Ligands associated with alleviation of gastrointes 
tinal disorders can be used, Such as ondansetron and gran 
isetron, which are used in the treatment of radiation induced 
emesis associated with cancer chemotherapy, and for ame 
liorating the nausea and vomiting occurring during recovery 
from general anesthesia. Other ligands include metoclopra 
mide and cisapride. Ligands used in control of the Sleep 
Wakefulness cycle, Such as L-tryptophan or nonselective 
5-HT agonists or 5-HTantagonists Such as ritanserin may be 
used (for a review, see Wauquier, A., and Dugovic, C., Ann 
N.Y. Acad. Sci., (1990), vol. 600, pp. 447-459). Other ligands 
include etanserin, a 5-HT2 receptor antagonist used as an 
antihypertensive agent. 

0114 2.1. Considerations Relating to Protein Structure 
Reactivity 

0115 Peptides and proteins are composed of amino acids 
polymerized 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 containing an 
identifying Side chain of particular chemical Structure, 
charge, hydrogen bonding capability, hydrophilicity (or 
hydrophobicity), and reactivity. The Side chains do not 
participate in peptide formation and are thus free to interact 
and react with their environment. 

0116 Amino acids may be grouped by type depending on 
the characteristics of their side chains. The most significant 
amino acids for covalent conjugation purposes are the ones 
containing accessible ionizable Side chains Such as aspartic 
acid, glutamic acid, lysine, arginine, histidine, cysteine, and 
tyrosine. Methionine and tryptophan also containing ioniz 
able Side chains, however, they are not easily accessible as 
they are usually buried deep inside the molecular structure 
of receptors due to their hydrophobic nature. 

0117 Both aspartic and glutamic acids contain carboxy 
late groups that have ionization properties. Carboxylate 
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groups in proteins may be derivatized through the use of 
amide bond forming agents or through active ester or 
reactive carbonyl intermediates. 
0118 Lysine, arginine, and histidine have ionizable 
amine containing Side chains. These amine containing Side 
chains typically are exposed on the Surface of proteins and 
can be derivatized with ease. The most important reactions 
that can occur with these residues are alkylation and acyla 
tion. 

0119) Cysteine is the only amino acid containing a Sulf 
hydryl group. The most important reaction of cysteine 
groups in proteins is the formation of disulfide cross-links 
with another cysteine molecule. Cysteine Sulfhydryls and 
cystine disulfides (called cystine residues) may undergo a 
variety of reactions, including alkylation to form stable 
thioether derivatives, acylation to form relatively unstable 
thioesters, and a number of oxidation and reduction pro 
cesses. Cysteine and cystine groups are relatively hydro 
phobic and usually found within the core of a protein. It is 
often difficult to access the Sulfhydryl groups of large 
proteins without the presence of a deforming agent or a 
“driver'. Nevertheless, such steric hindrance does give the 
Sulfhydryl 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 inner Structure 
of receptors. It is possible that irreversible binding drugs that 
are targeted at the Sulfhydryl groups is likely to have a lower 
level of non-specific binding, in clinical term: "fewer Side 
effects', than any other functional groups. 
0120 Tyrosine contains a phenolic side chain. Although 
the amino acid is only sparingly Soluble in water, the 
ionizable nature of the phenolic group Sometime makes it 
appear in hydrophilic regions of a protein-usually at or 
near the Surface. Thus unlike cysteine residue, tyrosine 
derivatization proceeds without much need for deforming 
agents to further open the protein Structure. Tyrosine may be 
targeted Specifically for modification through its phenolate 
anion by acylation. 

0121. In Summary, protein molecules may contain up to 
nine amino acids that are readily derivatizable at their side 
chains. These nine residues contain eight principal func 
tional groups with Sufficient reactivity for modification 
reactions. They are the guanidinyl group of arginine, the Y 
and B-carboxyl groups of glutamic and aspartic acids, 
respectively, the Sulfhydryl group of cysteine, the imidazolyl 
group of histidine, the e-amino group of lysine, the thioether 
moiety of methionine, the indolyl group of typtophan and 
the phenolic hydroxyl group of tyrosine. Since methionine 
and tryptophan are generally buried in the interior of pro 
teins and are thereby protected from conjugates dissolved in 
the Solvent, they show only Some Selected reactivity in intact 
proteins. The other ionizable groups are normally either 
exposed on the Surface of proteins or can be accessed with 
the help of deforming agents or “drivers'. They are therefore 
the easy targets for conjugation. However, among the 
numerous reactive functional amino acid Side chains on the 
proteins that can be used for labeling, the Sulfhydryl group 
of cysteine residue is most probably both pharmacologically 
and biologically important. It has been reported that in most 
macromolecules, there is at least one copy of reactive 
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Sulfhydryl group Situated at or closed to the ligand binding 
Sites of target macromolecules. Disruption of this reactive 
Sulfhydryl functional group by Sulfhydryl reducing agents 
has been shown to affect the functionalities of many mac 
romolecules. 

0.122 2.2. Moieties of Receptors Permitting Conjugation 

0123 The sulfhydryl moiety, with the thiolate ion as the 
active Species, is the most reactive functional group in a 
protein. With a pKa of about 8.6, the reactivity of the thiol 
is expected to increase with increasing pH, toward and 
above its pK. 
0.124. In the process of modifying a parent ligand, it is 
advantageous to capitalize the presence of this highly reac 
tive Sulfhydryl group, which is typically situated near or at 
the ligand-binding site of the receptor Drugs or physiologi 
cal ligands can be chemically modified to include a conju 
gation agent that reacts faster with the thiol group than any 
other reactive functional groups. Upon association of this 
modified drug with its receptor, this Sulfhydryl group 
directed conjugate would attack any Sulfhydryl group that is 
Situated within its reachable proximity; this causes covalent 
binding of the drug to its receptor. 

0.125. In addition to sulfhydryl group, there are also other 
highly reactive functional groups present on the amino acid 
Side chains, which can be chemically modified. Conjugates 
that are reactive to these functional groups will be discussed 
below. 

0.126 2.3. Conjugation Agents 
0127 2.3.1. Sulfhydryl Group Specific Conjugation 
Agents 

0128 N-Maleimide Derivatives. 
0129 Maleimides are considered fairly specific to the 
sulfhydryl group, especially at pHs below 7 where other 
nucleophiles are protonated. In acidic and near neutral 
Solutions, the reaction rate with Simple thiols is about 
100-fold faster than with the corresponding simple amines. 
Although the rate increases with pH, the reaction with the 
amino group also becomes significant at high pHs. The other 
major competing reaction is the hydrolysis of maleimides to 
maleamic acids. However, at pH 7, the apparent rate of 
hydrolysis is only 3.2x10" min' in 0.1 M sodium phos 
phate buffer at 20 C., which is too slow to interfere with the 
reaction with Sulfhydryl groups. The rate of decomposition 
becomes Significant only at pH above neutrality. Thiol 
undergo Michael reaction with maleimides to yield exclu 
sively the adduct to the double bond. The resulting thioether 
bond is very Stable and cannot be cleaved under physiologi 
cal conditions. 

0130 Disulfide Reagents. 

0131 Disulfide interchange occurs when sulfhydryl 
groups react with disulfides. Some of the most commonly 
used disulfide reagents are 5,5'-dithiobis-(2-nitrobenzoic 
acid), 4,4'-dithiodipyridine, methyl-3-nitro-2-pyridyl disul 
fide, and methyl-2-pyridyl disulfide. The protein disulfides 
formed are readily reverse in the presence of free mercaptain 
Such as 2-mercaptoethanol or dithiothreitol. The reduction 
of protein disulfide into its original Sulfhydryl group allows 
the protein to regain its functions. Thus, irreversible binding 
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drugs of this category provide additional Safety mechanism 
to counter various therapeutic complications Such as over 
dosing, hyper reaction, etc. 

0132) 2.3.2. Amino Group Specific Conjugation Agents 

0133. The amino group is another strong nucleophile in 
the protein. However, because of its abundance and omni 
presence in proteins, and the relatively high pKa of the 
ammonium ion, most of the reagents that react with the 
amino group can also react with other functionalities. Thus, 
it may not be an ideal target for modified ligands according 
to the invention, unless the critical cysteine residues are 
absent from the drug-binding Site. Nevertheless, many stable 
acylated products are still and only formed with the amino 
groups. The most common reactions of amines are alkyla 
tion and acylation reactions. Some of the important alkylat 
ing agents that can be incorporated into ligand structures are: 
C-haloacetyl compounds (e.g., haloacetate, haloacetamides), 
N-maleimide derivatives, aryl halides (e.g., dinitrofluo 
robenzene, trinitrobenzeneSulfonate), aldehydes (e.g., glut 
araldehyde, formaldehyde) and ketones (e.g., pyridoxal 
phosphate). Acylating agents include, but are not restricted 
to, isocyanate, isothiocyanate, imidoesters, N-hydroy Xlsuc 
cinimidyl ester, p-nitrophenyl ester, acyl chloride, and Sul 
fonyl chloride. 
0134) 2.3.3. Carboxyl Group Specific 
Agents 

Conjugation 

0.135 The most important chemical modification reac 
tions of carboxyl groupS utilize the carbodiimide-mediated 
process. With proteins, the optimum pH of the reaction is 
about 5, which is difficult to achieve in most physiological 
conditions. Other reagents Such as diazoacetate esters and 
diazoacetamides can also be used to esterify carboxyl 
groupS. Similar to carbodiimides, these reagents react with 
high Specificity with carboxyl groups of proteins under mild 
acid conditions. 

0.136 2.3.4. Tyrosine Specific Conjugation Agents 

0.137 Tyrosine, histidine, and other aromatic residues of 
proteins are rich in electrons. These residues undergo elec 
trophilic Substitution reactions at the aromatic ring. Useful 
electrophiles for reaction with tyrosine and histidine in 
proteins are diazonium compounds. Other protein compo 
nents Such as lysine, tryptophan, cysteine, and arginine 
residues react very slowly, Such that diazonium reagents can 
be regarded as tyrosine Selective. Diazonium ions are gen 
erally unstable even at neutral pH and maximum reaction 
with the proteins is typically achieved at alkaline pH. The 
phenolate ion of tyrosine also reacts Similar to amino groups 
toward acylating agents. However, the tyrosyl group is 
generally perceived as having a lower reactivity This is not 
because the phenolate ion has lower nucleophilicity, but 
because tyrosine residues are usually buried in a protein and 
are, therefore, generally inaccessible for reactions due to 
their hydrophobicity. 

0.138 2.3.5. Arginine Specific Conjugation Agents 

0.139. A predominant reaction of the guanidinyl moiety of 
arginine residues is with 1,2-dicarbonyl reagents. Com 
monly used vicinal diketones include glyoxal, phenylgly 
oxal, 2-3-butanedione and 1,2-cyclohexanedione. 
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0140 2.3.6. Histidine Specific Conjugation Agents 
0141 While a number of alkylating agents react with the 
imidazolyl moiety of histidines have been referred to earlier, 
the rate of these reactions is generally inferior to other 
nucleophiles. Even with C-haloacetate, N-carboxymethyla 
tion is generally slow in comparison with Sulfhydryl groups. 
However, when Such reactive C-halocarbonyl group is incor 
porated into affinity labels (e.g., p-toluenesulfonylphenyla 
nine chloromethylketone, p-toluenesulfonylysinechlo 
romethylketone), specific reaction may be achieved. Beside 
C-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 acy 
lating agent that has been commonly used for the modifi 
cation of histidines is 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. 
0142 2.3.7. Methionine Specific Conjugation Agents 
0143. The major chemical modification reaction of 
methionine is alkylation. Because methionine is often Situ 
ated 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. 

0144) 2.3.8. Tryptophan Specific Conjugation Agents 
0145 Due to its hydrophobicity, tryptophan residues are 
generally buried in the interior of proteins. Tryptophan 
residues can be modified with N-bromosuccinimide and 
2-hydroxy-5-nitrobenzyl bromide. A distinct reagent, p-ni 
trophenylsulfenyl chloride, has been used for modification 
of the indolyl moiety. The reaction is selective for tryp 
tophan and cysteine residues. 
0146 2.3.9. Serine Specific Conjugation Agents 
0147 Many reactive reagents such as diisopropylfluoro 
phosphate, phenylmethyl-Sulfonylfluoride and other acryl 
sulfonyl fluorides have been found to react with the active 
Site Serine. Care should be exercised in use of Such reagents 
because of the Strong competitive reaction of hydrolysis. 
0148 2.4. Design of Modified Ligands of the Invention 
014.9 The covalent bond formation between the modified 
ligand and the receptor can be catalyzed by enzymes, caused 
by activating agents, or facilitated by the conjugation agent 
on its own. The covalent bond is preferably formed with a 
functional group situated at or near the ligand-binding site of 
the receptor. This Strategy is advantageous as it ensures a 
high degree of Specificity. 

0150. The design of an irreversible binding ligand 
depends on the chemical, biological and molecular proper 
ties of both ligand and receptor. In each instance, the 
conjugation agent to be introduced onto the chemical Struc 
ture 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 activity. The modified 
ligand in this regard need not have the same biological 
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activity as the parent ligand (e.g., it may not require to be 
activated in Vivo by Some metabolic or catabolic step). 
0151. Some of the conditions and requirements to be 
considered for Selection and configuration of the conjugation 
agent are as follows: 
0152 1. Determine reaction specificity towards a particu 
lar 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 
chains. Selection will be dependent on the availability of any 
functional group on the receptor to which the drug molecule 
will be linked The irreversible binding conjugation agent of 
the modified ligand must be specific to that functional group. 
01:53 2. Hydrophobicity and hydrophilicity of the con 
jugation agent. A receptor in a hydrophobic environment 
may require a hydrophobic ligand to reach the receptor. For 
example, a modified ligand having a hydrophilic conjuga 
tion agent may not be able to access a corresponding 
functional group Situated deep inside the hydrophobic core 
of the receptor. 
0154) 3. Cleavability of the conjugation agent. It may be 
desirable in Some cases to Separate a modified ligand bound 
to a receptor. For example, if a toxic drug (corresponding to 
a parent ligand) is to be modified, a safety mechanism must 
be installed to preempt Situations like over-dosing. In this 
case, the use of cleavable conjugation agents will enable the 
conjugation to be reversed if complication arises. A number 
of cleavable bonds may be employed for this purpose. These 
include disulfide bonds, amidine, mercurial group, vicinal 
glycol, azo, Sulfone, ester and thioester linkages. In this 
regard, the conjugation agent itself may be cleavable or, if 
the conjugation agent is attached to the modified ligand 
through a spacer, the Spacer may be cleavable. The Spacer in 
this regard can be Selected from the group consisting of 
(N-Succinimidyl 3-(2-pyridyldithio)propionate, Succinim 
idyloxycarbonyl-O-methyl-O-(2-pyridyldithio)toluene, 
3-(2-pyridyldithio)propionyl hydrazide, disuccinimidyl tar 
tarate, N-4-(p-azidophenylazo)-benzyol-3-aminohexyl-N'- 
oxySuccinimide ester, 4-4'-difluoro-3,3'-dinitrophenyl-Sul 
fone, 3-(4-azido-2-nitrobenzoylseleno)propionic acid, 
2-methylmaleic anhydride. 
O155 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 receptor, 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 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 conjuga 
tion agent to reach a conjugation-effective location adjacent 
to the receptor moiety. Structural analysis of receptor using 
X-ray crystallography, nuclear magnetic resonance and the 
like, combined with molecular modeling, can be of assis 
tance in identifying the receptor moiety to be conjugated and 
in Selecting and configuring the conjugation agent on the 
ligand chemical Structure. The receptor moiety may be 
present in the ligand-binding site of the receptor. Preferably, 
the receptor moiety is present outside the ligand-binding site 
of the receptor. While not being limited to any theory, it is 
possible that this latter approach may be advantageous Since 
it would be more likely to prevent disruption of receptor 
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function upon binding with the modified ligand. On this 
basis, a parent agonist may be modified Such that it 
crosslinks with its cognate receptor to thereby cause con 
tinuous stimulation of receptor function (“receptor turn 
on”). Alternatively, a parent antagonist may be modified 
Such that it crosslinks with its cognate receptor to thereby 
cause continuous inhibition of the receptor function (“recep 
tor turn-off) 
0156 3. Compositions 
O157 The invention also encompasses a composition 
comprising the modified ligand as described herein, together 
with a pharmaceutically acceptable carrier. 

0158. The invention also features a method of treatment 
or prophylaxis of a condition associated with a target recep 
tor, comprising administering to a patient in need of Such 
treatment a therapeutically effective dosage of the compo 
sition as broadly described above. 
0159. Depending upon the particular route of adminis 
tration, 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, talc, calcium Sulphate, vegetable oils, Syn 
thetic oils, polyols, alginic acid, phosphate buffered Solu 
tions, emulsifiers, isotonic Saline, and pyrogen-free water. 
0160 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, intraperito 
neal, intracerebroVentricular, transdermal and the like may 
be employed. 
0.161 Dosage forms include tablets, dispersions, Suspen 
Sions, injections, Solutions, Syrups, troches, capsules, Sup 
positories, aerosols, transdermal patches and the like. These 
dosage forms may also include injecting or implanting 
controlled releasing devices designed specifically for this 
purpose or other forms of implants modified to act addition 
ally in this fashion. Controlled release of a modified ligand 
may be effected by coating the same, for example, with 
hydrophobic polymers including acrylic resins, waxes, 
higher aliphatic alcohols, polylactic and polyglycolic acids 
and certain cellulose derivatives Such as hydroxypropylm 
ethyl cellulose. In addition, controlled release may be 
effected by using other polymer matrices, lipoSomes and/or 
microSpheres. 

0162 Compositions suitable for oral or parenteral admin 
istration may be presented as discrete units Such as capsules, 
Sachets or tablets each containing a pre-determined amount 
of one or more immunogenic agents of the invention, as a 
powder or granules or as a Solution or a Suspension in an 
aqueous liquid, a non-aqueous liquid, an oil-in-water emul 
Sion or a water-in-oil liquid emulsion. Such compositions 
may be prepared by any of the methods of pharmacy but all 
methods include the Step of bringing into association one or 
more modified ligands as described above with the carrier 
which constitutes one or more necessary ingredients. In 
general, the compositions are prepared by 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 into the desired 
presentation. 
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0163 The modified ligands may be in the form of a 
pharmaceutically acceptable Salt as is known in the art. 
0164. The above compositions may be administered in a 
manner compatible with the dosage formulation, and in Such 
amount as is therapeutically effective. In this 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 age, 
SeX, weight and general health condition thereof. In this 
regard, precise amounts of the modified ligand(s) for admin 
istration will depend on the judgement of the practitioner. In 
determining the effective amount of the modified ligand to 
be administered in the treatment or prophylaxis of the 
condition associated with the target receptor, the physician 
may evaluate progression of the condition. 
0.165. In any event, those of skill in the art may readily 
determine Suitable dosages of the modified ligands of the 
invention. Such dosages may be in the order of nanograms 
to milligrams of the modified ligands of the invention. 
0166 4. Detection of Target Receptors and Cells or Cell 
Membranes Containing Same 
0.167 The invention also features a method of detecting 
the presence of a target receptor in a test Sample. The method 
comprises contacting the Sample with a modified ligand as 
described in Section 2, wherein said modified ligand binds 
the target receptor, and detecting the presence of a complex 
comprising Said modified ligand and Said receptor in the 
contacted Sample. 
0.168. The invention also encompasses a method of quan 
tifying the presence of a target receptor in a test Sample. The 
method comprises contacting the Sample with a modified 
ligand as broadly described above, wherein the modified 
ligand binds Said target receptor, measuring the concentra 
tion of a complex comprising the modified ligand and the 
receptor in the contacted Sample, and relating the measured 
complex concentration to the concentration of the receptor 
in the Sample. 

0169. The invention also provides a method of detecting 
the presence of a target receptor on a cell or cell membrane. 
The method comprises contacting a Sample 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 
comprising the modified ligand and the cell or cell mem 
brane in the contacted Sample. 
0170 Also encompassed by the invention is a method of 
quantifying the presence of a target receptor on a cell or cell 
membrane. The method comprises contacting 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 cell or cell mem 
brane is then measured in the contacted Sample, and the 
measured complex concentration is related to the concen 
tration of the receptor present on the cell or cell membrane. 

0171 The modified ligands can be used as a tool to 
identify the actual drug pocket or drug binding area on the 
receptor molecules. Since the binding of these modified 
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ligands to their targets is irreversible, the actual Site that the 
drugs interact with can be identified on the receptors using 
various techniqueS Such as peptide finger printing using 
Mass Spec. This information can be used to identify mol 
ecules that bind to that particular drug pocket. 
0172 Any suitable technique for determining formation 
of the complex may be used. For example, a modified ligand 
according to the invention, having a reporter molecule 
associated there with (sometimes referred to herein as a 
“probe') may be utilised in any suitable assay known in the 
art for detecting and/or quantifying ligand-receptor interac 
tions. For example, Scintillation counting, autoradiography, 
fluorography, flow cytometry, UV spectroscopy, fluores 
cence Spectroscopy, chemiluminescence imaging, fluores 
cence microScopy, confocal microScopy, electron microS 
copy, etc may be used in this regard. 
0173 The reporter molecule may be associated with the 
any Suitable part of the modified ligand including the 
conjugation agent and the Spacer, if included. 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. 
0.174. It will be appreciated that the reporter molecule 
asSociated with the antigen-binding molecule may include 
the following: 

0.175 direct attachment of the reporter molecule to 
the modified ligand; 

0176 indirect attachment of the reporter molecule to 
the modified ligand; i.e., attachment of the reporter 
molecule to another assay reagent which Subse 
quently binds to the modified ligand; and 

0177 attachment to a subsequent reaction product 
of the modified ligand. 

0.178 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 radioisotope, a 
Spin label, and a direct visual label. 
0179. In the case of a direct visual label, use may be made 
of a colloidal metallic or non-metallic particle, a dye par 
ticle, an enzyme or a Substrate, an organic polymer, a lateX 
particle, a liposome, or other vesicle containing a signal 
producing Substance and the like. 
0180 A large number of enzymes suitable for use as 
reporter molecules is disclosed in U.S. Pat. No. 4,366,241, 
U.S. 4,843,000, and U.S. 4,849,338. Suitable enzymes use 
ful in the present invention include alkaline phosphatase, 
horseradish peroxidase, luciferase, B-galactosidase, glucose 
oxidase, lysozyme, malate dehydrogenase and the like. The 
enzymes may be used alone or in combination with a Second 
enzyme that is in Solution. 
0181 Suitable fluorochromes include, but are not limited 
to, fluorescein isothiocyanate (FITC), tetramethylrhodamine 
isothiocyanate (TRITC), R-Phycoerythrin (RPE), and Texas 
Red. Other exemplary fluorochromes include those dis 
cussed by Dower et al. (International Publication WO 
93/06121). Reference also may be made to the fluoro 
chromes described in U.S. Pat. No. 5,573,909 (Singer et al), 
U.S. Pat. No. 5,326,692 (Brinkley et al). Alternatively, 

Dec. 13, 2001 

reference may be made to the fluorochromes described in 
U.S. Pat. Nos. 5,227,487, 5,274,113, 5,405,975, 5,433,896, 
5,442,045, 5,451,663, 5,453,517, 5,459.276, 5,516,864, 
5,648,270 and 5,723,218. 
0182 Preferably, the reporter molecule is a radioisotope 
such as H, 125I, 'C, P, P, and S. 
0183) 5. Applications 
0184 Therapeutic. 
0185. The modified ligands of the invention, which pref 
erably represent irreversible binding drugs, have Substantial 
advantages over conventional reversible binding drugs. 
Firstly, the dose-related inhibition or stimulation can be 
persisted long after the drugs disappear from the plasma. In 
other words, the drug effect is likely to last longer than 
would be predicted from its plasma elimination half-life. 
Secondly, due to longer lasting drug effects, these irrevers 
ible binding drugs can be administered less frequently and at 
a lower dosage. This minimizes adverse Side effect and 
prevent cumulative toxicity induce by the drug themselves 
or by their metabolites. Thirdly, since the binding of the 
irreversible antagonist to its receptor is permanent, the 
blockade of receptor response is not longer a competitive 
inhibition mechanism. This irreversible antagonism prevents 
the agonist, at any concentration, from producing a maxi 
mum effect on a given receptor. Furthermore, if the modified 
ligand is rendered highly radioactive, it may be used as a 
therapeutic for Specifically killing cells bearing the cognate 
receptor or may be used for imaging. 
0186 Diagnostic. 
0187 Another application of this ligand modification 
technology is to further elucidate various receptor Subpopu 
lations that can be targeted to relieve dysfunctions in the 
various complex physiological processes More importantly, 
the modified drugs allow us to develop/identify animal 
models that are “deficient” in certain receptors without 
undergoing lengthy, tedious and complicated manipulation 
of the genetic materials Hence the complex physiological 
mechanisms and functions of various receptors in “real-life' 
Situations can be Studied and analyzed. Furthermore, one can 
also study how the various different receptors are interlinked 
and influenced by each other's functions. The availability of 
Such animal models will also enable investigators to predict 
and reveal therapeutic outcomes of various drugs by Simul 
taneously blocking multiple receptor populations of interest. 
Thus, the present invention can be used to profile different 
receptors present on a cell as well as in a tissue, organ or 
System. Such receptor profiling can be used advantageously 
to discover novel drug targets, to predict the possible Side 
effects of drugs and to determine how various cells com 
municate with each other, their State of health, and whether 
they respond to certain external Stimuli (e.g., to drugs). 
0188 The invention will now be described with reference 
to the following non-limiting examples. 

EXAMPLES 

Example 1: 

0189 Effects of N-ethylmaleimide on the Equilibrative 
Nucleoside Transporter in Murine Myeloma SP2/0-Ag14 
Cells. 
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0.190 Exemplary N-maleimide derivatives were used as a 
Sulfhydryl reagent that is advantageously Specific to the 
Sulfhydryl group, reacting only with certain accessible Sulf 
hydryl groups on the proteins, making it possible for Specific 
inhibitions, and good penetration into cells due to the 
uncharged nature of the compound. N-Ethylmaleimide 
(NEM) is the smallest maleimide reagent capable of forming 
stable thio esters with the reactive sulfhydryl groups of 
proteins. The Sensitivity of eS and ei nucleoside transport 
systems towards NEM was demonstrated. Various different 
cell lines were used to show that the sensitivity of nucleoside 
transport System(s) toward NEM is a general phenomenon 
and not restricted to certain cell or tissues types. 

0191 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 nucleo 
SideS was important for binding of a nucleoside to the eS 
nucleoside transporter Site. Thus in 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. 

0.192 The present inventor has found that a novel group 
of nucleosides, cytidyl 4-N-maleimidomethylcyclohex 
ane-1-carboxylic acid (CrMCC) and derivatives and ana 
logues thereof, have the ability to irreversible inhibiting the 
eS nucleoside transporter proteins of human cells. A direct, 
rapid synthetic route used to synthesize CrMCC or 1-4- 
(4-amino-1-?3-D-ribofuranosyl-2(1H)-pyrimidione)carbo 
nyl cyclohexylmethyl)-1H-pyrrole-2,5-dione, is set out in 
FIG 3. 

0193 To demonstrate the sensitivity of es and ei nucleo 
Side transport Systems to NEM, various mammalian cell 
lines were treated with varying concentrations of NEM from 
0 to 30 mM for 1 min prior transport assay. FIG. 1 shows 
the equilibrative transport (measured at 5 S uptake interval) 
of H-uridine (final concentration 50 uM) in murine 
myeloma SP2/0-Ag14 cells was inhibited by NEM in an 
apparent biphasic manner. About 60-70% of the transport 
activity was inhibited by NEM with ICs value of 0.15 mM. 
The remaining 30-40% of transport activity was gradually 
abolished by NEM at concentrations above 3 mM. Similar 
biphasic inhibition by NEM was also observed in human 
HL-60 and human MCF-7 cells, which possess both the es 
and ei transport systems (Lee et all (1995), Biochim. Bio 
phys. Acta, vol. 1268, pp. 200-208). For cells that possess 
only es (murine EL-4 cells) or only ei (rat Morris 7777) 
transport System, monophasic H-uridine transport curves in 
NEM dose-response experiments were observed. The ICso 
values were approximately 0.1 and 1.5 mM for EL-4 and 
Morris 7777 cells, respectively. These results suggested that 
the biphasic curve of total H-uridine transport observed in 
NEM dose-response experiments is a reflection of the pres 
ence of two distinct equilibrative nucleoside transport Sys 
tems in those cells. The NEM-sensitive component is the es 
transport system and the NEM-insensitive component is the 
ei transport System. The ei transporter, although leSS Sensi 
tive to NEM inhibition, can be inhibited at higher concen 
trations of NEM or by prolonged exposure to NEM. This 
observation is in agreement with the general notion that 
Sulfhydryl groups of enzymes display a considerable varia 
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tion in their reactivity, ranging from unreactive, through 
Several Stages of Sluggishness, to free and being immedi 
ately reactive. 
0194 To further demonstrate that the reduction in uridine 
influx by estransport system is due to NEM-induced chemi 
cal modification on the carrier protein which Subsequently 
affected the transport affinity, and to confirm the notion that 
the changes in eS nucleoside transport activity can be 
demonstrated by changes in H-NBMPR binding ability, 
murine myeloma SP2/0-Ag14 cells pretreated with or with 
out 0.3 mM NEM for 1 min were assayed for the availability 
of high-affinity H-NBMPR binding sites on the cell mem 
branes. FIG. 2 shows that the K value (corrected for 
non-specific binding determined in the presence of 20 uM of 
NBTGR) for H-NBMPR binding was changed significantly 
in response to NEM treatment. Shortly after 1 min of NEM 
exposure, the apparent K. Value was 1.9-0.4 nM, as com 
pared to 0.16+0.02 nM for untreated cells. However, the 
Bmax values of 40,000+2,600 and 41,000-1,000 sites/cell 
for NEM treated and untreated cells, respectively, were not 
significantly different. These results provide additional evi 
dence that a critical disulfhydryl bond is located near or 
close to the nucleoside transporting/binding site of the eS 
transport system, where formation of disulfhydryl bond with 
NEM affects the transport affinity of the carrier. The Sug 
gestion that the critical Sulfhydryl group on the eS trans 
porter protein is probably located or close to but not on the 
nucleoside transporting/binding Site is derived from the 
observations that NBMPR, dilazep, dipyridamole at 30 uM 
and uridine at 10 mM were incapable of protecting this 
sulfiydryl group from NEM modification (Lee et al. (1995), 
Biochim. Biophys. Acta, vol. 1268, pp. 200-208). Although 
NEM is effective as an inhibitor of es transporter protein, it 
is toxic and should be modified for therapeutic purposes. 

Example 2 

0195 Synthesis and Characterization of CrMCC 
0196. The strategy to selectively irreversibly inhibit the 
eS transporter protein is to attach a reactive group specific 
covalent binding agent (maleimide) to a driver So that it can 
deliver the covalent binding agent to the desired target. The 
most suitable driver will be the physiological ligand itself 
(nucleoside). Cytidine, a 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 (FIG. 5b). Furthermore, other advantages like 
hydrophobicity provided by cyclohexane) and stability (pro 
vided by carboxylic acid) are also taking into consideration. 
0.197 A direct, rapid synthetic route used to synthesize 
CrMCC or 1-4-(4-amino-1-?3-D-ribofuranosyl-2(1H)-py 
rimidione)carbonyl)cyclohexyl)methyl)-1H-pyrrole-2,5-di 
one, is set out in FIG. 3. 
0198 N-Succinimidyl 4-N-maleimidomethylcyclohex 
ane-1-carboxylate (SMCC) and cytidine were dissolved in 
anhydrous dimethysulfoxide (DMSO) separately prior reac 
tion. The reaction Started when these two reagents were 
mixed at room temperature and Shielded from light. The 
molar concentration ratio of SMCC:cytidine in the mixture 
was 0.10 M:0.15 M with pH 7.5-8.0 in the reaction system. 
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Within 4 hrs, CrMCC was found in the reaction mixture and 
can be separated from cytidine and SMCC by a Cs 
reversed-phase column (Resource RPC, Pharmacia) oper 
ated on a HPLC (AKTA Purifier, Pharmacia) using the 
absorbance wavelength of 300 nm. Cytidine was eluted by 
100% water and CrMCC and SMCC were eluted by 15% 
acetonitrile in water with the flow rate 1.5 ml/min. The 
hydrophobicity of CrMCC is greater than that of cytidine but 
is less than that of SMCC. Formation of CrMCC reached its 
near maximum after 48 hrs of reaction between SMCC and 
cytidine at 22-24°C. (FIG. 4). The area under the peak was 
calculated using a computer program UNICORN (version 
2.0). 
0199 HPLC purified CrMCC was lyophilized by freeze 
drying. The activity of CrMCC was stable for at least three 
months if it was stored at -20° C. in a desiccator. The 
molecular weight of CrMCC was determined by LC-MS 
(Waters). Briefly, CrMCC was eluted out of a Cs reversed 
phase column (Resource RPC, Pharmacia) by 20% aceto 
nitrile 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 
700 L/hr and electrospray was negative. Mass spectra were 
gathered under a full-Scan operation, Scanning range 1-1000 
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 synthe 
sized was consistently greater than 95%. 

0200. The light absorbance spectrum of CrMCC was 
measured by uV-vis spectrophotometer. FIG. 5A shows 
there are two 2's for the light absorbance spectrum of 
CrMCC. One of them is at 254 nm (similar to the of 
cytidine) and the other one is at 300 nm (similar to the 2. 
of SMCC). Such an absorbance profile of CrMCC with two 

's is very similar to that of NBMPR (FIG. 5B). This 
indicated that CrMCC consists of both pyrimidine and 
cyclohexane rings on its chemical Structure. Subsequent 
structural studies using NMR confirmed this finding. 

Example 3 

0201 Effects of CrMCC on the Binding of H-NBMPR 
in Human HL-60 Promyelocytic Leukemia Plasma Mem 
branes 

0202) To synthesize H-CrMCC, radioactive cytidine 
(H-cytidine) was used. Since high concentration of Sub 
strate increases the yield of CrMCC, nonradioactive cytidine 
was pre-mixed with radioactive H-cytidine at a concentra 
tion ratio of 100:1 prior to reaction with SMCC (see 
Example 2). 

0203 Purified HL-60 plasma membranes suspended in 
reaction buffer (0.13 M NaCl, 0.02 M NaHCO, pH 7.0) 
were pretreated with graded concentrations of cytidine, 
SMCC, and CrMCC for 5 min prior exposed to H-NBMPR 
(5uM) for additional 30 min. The reaction was terminated 
by membrane filtration method (Lee & Jarvis (1988), Bio 
chem. J., vol 249, pp. 557-564). The data shown in FIG. 6 
were corrected for non-specific binding determined in the 
presence of 20 uM of NBTGR. FIG. 6 shows the specific of 
H-NBMPR to HL-60 unsealed plasma membranes was 

inhibited by CrMCC with ICso value of 10 uM. In contrast, 
the ICso values for SMCC and cytidine in inhibiting H-NB 
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MPR binding were 100 uM and >1 mM, respectively. The Ki 
value for CrMCC was calculated to be 1 uM. 
0204) To analyse the effect of CrMCC on the binding 
kinetics of H-NBMPR, purified HL-60 plasma membranes 
were pretreated with 0, 10, and 50 uM of CrMCC for 5 min 
prior incubated 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 FIG. 7. The lines of the plots 
were interSected at the abscissa indicating a changed value 
for B, but an unchanged value for K in the presence of 
CrMCC. For the data shown, the apparent K values of 
H-NBMPR binding were 0.36+0.04, 0.31+0.03 and 
0.39+0.05 nM with B. values of 1.56+0.05, 0.59+0.01 and 
0.30+0.01 pmol/mg protein for membranes treated with 0, 
10 and 50 uM of CrMCC, respectively. Data were corrected 
for non-specific binding determined in the presence of 20 
uM of nitrobenzylthioguanosine (NBTGR), a non-radioac 
tive competitive ligand. These results Suggested a non 
competitive inhibition of H-NBMPR binding by CrMCC. 
This is a unique feature of the irreversible antagonism. 
0205 Any clinically useful drugs must have little or no 
cytotoxicity at their therapeutic dosage range. HL-60 cells in 
logarithmic growth at an initial cell density of 5x10" cells/ml 
in RPMI medium containing 10% FBS were exposed to 
graded concentrations of CrMCC, cytidine, and SMCC (0 to 
100 uM) for 3 days. The cell density was counted using an 
electronic particle analyzer (Sysmex). FIG. 8 shows both 
CrMCC and cytidine had little or no effect on HL-60 cell 
growth at concentrations as high as 100 uM after 3 days of 
exposure. In contrast, SMCC, one of the parent compounds, 
was extremely toxic to HL-60 cells with ICs value of less 
than 0.5 uM on cell growth. The toxicity of SMCC is 
attributed to its non-Specific interaction with every acces 
sible sulfhydryl groups on the cells. Little or no inhibition on 
cell growth by cytidine is expected as this nucleoside is 
rather “inert' and does not induce nucleotide imbalance at 
concentration range tested 

Example 4 

0206 Binding of H-CrMCC to the Human HL-60 Pro 
myelocytic Leukemia Plasma Membranes 
0207. The availability of radioactive CrMCC (H- 
CrMCC) makes it possible to study the biochemical prop 
erties of CrMCC on the es nucleoside transporter. This 
experiment was conducted to investigate the rate of 
H-CrMCC binding to the unsealed plasma membranes of 
HL-60 cells. FIG. 9 shows the binding of H-CrMCC (30 
uM final concentration) to purified HL-60 plasma mem 
branes was rather slowed. A minimum of 5 min is needed to 
achieve the maximum binding value of 12 nmoles 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 FIG. 9 was terminated by membrane 
filtration method and the data were corrected for filter 
blanks. 

0208. It is important to confirm the binding of 
H-CrMCC to the unsealed HL-60 plasma membranes is 
indeed irreversible. Purified unsealed HL-60 plasma mem 
branes were incubated with 30 uM of H-CrMCC for 10 
min. After which the mixtures were diluted 20 folds and the 
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diluted mixtures were sat at room temperature for various 
time intervals to allow dissociation to occur. FIG. 10 shows 
little or no dissociation of H-CrMCC from its binding sites 
occurred for at least 60 min after a 20-fold dilution. Even 1 
mM of cytidine presence in the dilution medium failed to 
displace H-CrMCC from its binding sites. In contrast, the 
binding of 30 uM of H-cytidine to HL-60 plasma mem 
branes was low and dissociated rapidly and completely upon 
dilution (inset of FIG. 10). This finding together with the 
non-competitive inhibition of H-NBMPR binding by 
CrMCC (FIG. 7) suggested the interaction of CrMCC to its 
binding sites is indeed irreversible. The dissociation reaction 
shown in FIG. 10 was terminated by membrane filtration 
method and the data were corrected for filter blanks. To 
determine the concentration dependence of H-CrMCC 
binding to its binding Sites, purified unsealed HL-60 plasma 
membranes were incubated with graded concentration of 
H-CrMCC (3 to 800 uM) for 10 min and the reaction was 

terminated by membrane filtration method (FIG. 11). The 
data can be resolved into at least two components, a high 
affinity component (K=23.8+2.2 uM) and a low affinity 
component (inset of FIG. 11). The kinetic constants for the 
low affinity component cannot be estimated with the existing 
concentration range of H-CrMCC. It is also possible that 
this low affinity component is a non-specific H-CrMCC 
binding site. The data shown in FIG. 11 were corrected for 
filter blanks. 

0209. It is important to determine the stability of 
H-CrMCC-receptor complexes in various pH conditions. 

Purified unsealed HL-60 plasma membranes were incubated 
with 30 uM of H-CrMCC for 5 min. The reaction mixture 
was then diluted 20-fold with reaction buffer of various pH 
values (pH 0.85 to 7.5). The dissociation reaction was 
terminated by membrane filtration method. The data were 
corrected for filter blanks. FIG. 12 shows H-CrMCC 
receptor complexes were very Stable at physiological pH. 
However, the ligand-receptor complexes began to break 
down at pH below 3.5. 
0210 Early studies with sulfhydryl reagent NEM had 
Suggested that a cysteine residue is probably situated very 
close to but not on the nucleoside transporting/binding site 
of the es nucleoside transporter protein. Thus, if H-CrMCC 
is bind to the same site that NEM binds, then the Substrates 
that failed to inhibit NEM action (Lee et al. (1995), Biochim. 
Biophys. Acta, vol. 1268, pp. 200-208) should similarly have 
little or no effect on H-CrMCC binding. FIG. 13 shows 1 
mM of physiological nucleosides (e.g. cytidine, uridine, 
adenosine and inosine), and 20 um of eS nucleoside trans 
port inhibitors (e.g. NBMPR and dipyridamole) indeed 
failed to inhibit the binding of H-CrMCC (30 uM final 
concentration) to the HL-60 plasma membranes. In contrast, 
1 mM of NEM was as effective as 0.5 mM of CrMCC in 
inhibiting the binding of H-CrMCC. This finding suggested 
that NEM and CrMCC reacted to the same sulfhydryl group 
on the eS nucleoside transporter protein. 

Example 5 

0211) Effects of other Sulfhydrl Reactive Covalent Arms 
on the Binding of H-cytidine Molecule to Human HL-60 
Promyelocytic Leukemia Plasma Membranes 
0212. It was successfully demonstrated that maleimide, a 
Sulfhydryl group reactive agent, linked to cytidine via a 
cyclohexane carboxylic acid spacer arm is effective in 
irreversibly inhibiting the binding of H-NBMPR to the es 
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transporter protein. In this experiment, the binding capabil 
ity of H-cytidine molecule to the HL-60 plasma membranes 
after being linked to the same or different Sulfhydryl group 
reactive agent via different Spacer arms was 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 pyrimidine ring. Chemicals used to 
modify H-cytidine include m-maleimidobenzoyl-N-hy 
droxysuccinimide (MBS), N-succinimidyl 4-p-maleimi 
dophenylbutyrate (SMPB), N-y-maleimidobutyryloxy) 
Succinimide, 4-Suceinimidyloxycarbonyl-O-methyl-O-2- 
pyridylthiotoluene (SMPT), N-succinimidyl 3-2- 
pyridyldithiol propionate (SPDP), N-Succinimidyl 
maleimidoacetate (AMAS), and N-e-maleimidocaproy 
loxylsuccinimide (EMCS), in addition to N-Succinimidyl 
4-(N-maleimidomethyl)cyclohexane-1-carboxylate 
(SMCC). Purified HL-60 plasma membranes were incubated 
with 100 uM of these chemically modified H-cytidine 
analogs for 5 min. The reaction was terminated by mem 
brane filtration method. FIG. 14 shows N-O-maleimidoac 
etoxylic acid (AMA) covalent arm promotes highest irre 
versible binding of H-cytidine to the HL-60 plasma 
membranes followed by 3-2-pyridyldithiopropionic acid 
(PDP) However, N-e-maleimidocaproylic acid (EMC), 
m-maleimidobenzoic acid (MB), N Y-maleimidobutyrylic 
acid (GMB) and 4-p-maleimidophenylbutyrylic acid 
(MPB) were equally effective as covalent arms as compare 
to N-maleimidomethyl cyclohexane carboxylic acid (MCC). 
In contrast, C.-methyl-O-(2-pyridyldithiotoluene carbonic 
acid (MPT) was least effective. Symbol X in FIG. 14 
represents cytidine. 

Example 6 
0213) Identification of H-CrMCC Binding Proteins in 
Human HL-60 Promyelocytic Leukemia Plasma Mem 
branes 

0214) Attempts were made to identify the plasma mem 
brane proteins that were labelled by H-CrMCC. 
H-CrMCC (20 uM) labelled HL-60 plasma membrane 
proteinssolubilized in SDS were loaded onto a C reversed 
phase column (Resource RPC, Pharmacia) operated on a 
FPLC (ATKA FPLC, Pharmacia) with the following condi 
tions: column volume (CV, 3 ml), starting buffer A (0.05% 
TFA in water), eluent B (0.065% TFA in acetonitrile), flow 
rate (2 ml/min), detection (280 nm), elution (0% B in 3 CV, 
0-5% B in 1 CV, 5% B in 5 CV, 5-100% B in 15 CV, 
wash-out 100% B). FIG. 15 shows the general UV (2=280 
nm) absorbance profile of HL-60 plasma membranes after 
being Separated by FPLC using a Cs reversed-phase col 
umn. The arrows on the chromatogram indicate the protein 
peaks that were labelled by H-CrMCC (refer to FIG. 16). 
The eluents were collected at 1 mmin and the radioactivity 
was determined by a liquid Scintillation counter. FIG. 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 num 
ber 6 is due to degradation product of H-CrMCC (i.e. 
H-cytidine) and the non-specific binding of H-CrMCC to 
the membrane lipids. 

Example 7 
0215 Development of Irreversible Binding Drugs of 
Adenosine Origin 
0216) In view of the success of creating irreversible 
inhibitor of eS transporter protein using cytidine as a lead 
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compound, reproduction of the invention can be imple 
mented by attaching a covalent arm to other physiological 
nucleosides such as adenosine (FIG. 17). H-Adenosine was 
chemically modified to incorporate various Sulfhydryl reac 
tive covalent arms onto the 6-amino position of the purine 
ring according to the general procedure Set out in FIG. 3, 
and using the chemicals listed in Example 5. HL-60 plasma 
membranes were incubated with 100 uM of these chemically 
modified H-adenosine analogs for 5 min. The reaction was 
terminated by membrane filtration method. FIG. 17 shows 
4-p-maleimidophenylbutyrylic acid (MPB) covalent arm 
promotes highest irreversible binding of H-adenosine (100 
uM) to the HL-60 plasma membranes followed by N-C- 
maleimidoacetic acid (AMA). However, 3-2-py 
ridyldithiol-propionic acid (PDP), N-e-maleimidocaproylic 
acid (EMC), m-maleimidobenzoic acid (MB), and N-male 
imidomethyl cyclohexane carboxylic acid (MCC) were 
equally lesser effective as covalent arms. In contrast, N-y- 
maleimidobutyrylic acid (GMB) and C.-methyl-O-(2-py 
ridyldithiotoluene carbonic acid (MPT) were least effective. 

Example 8 
0217. Inhibitory Effects of Irreversible Interaction 5-HT 
Analogs on the Binding of H-5-HT in Murine Brain Mem 
branes 

0218 A. Compound Synthesis 
0219. The compounds shown in FIGS. 19a,20a, 21a and 
22a (chemical structures of LBT3001 (1-2-(5-hydroxy-1H 
indol-3-yl)-ethyl-pyrrole-2,5-dione), LBT3002 (4-(2,5-di 
oxo-2,5-dihydro-pyrrol-1-yl)-N-2-(5-hydroxyl-lH-indol-3- 
yl)-ethyl-butyramide), LBT3004 (3-(2,5-dioxo-2,5- 
dihydro-pyrrol-1-yl)-N-2-(5-hydroxyl-1H-indol-3-yl)- 
ethyl-propionamide), and LBT3005 (4-(2,5-dioxo-2,5- 
dihydro-pyrrol-1-yl-methyl)-cyclohexane carboxylic acid 
2-(5-hydroxy-1H-indol-3-yl)-ethyl-amide), respectively) 
demonstrated efficacy as irreversible binding compounds, 
and provide examples of modified ligands which are modi 
fied 5-HT receptor binding ligands comprising conjugation 
agents. 

0220) The reaction scheme for synthesis of LBT3001 
(FIG. 19b) is as follows: 5-Hydroxytryptamine (212.7 mg, 
1.0 mmol) was dissolved in saturated sodium bicarbonate 
(25 ml) solution at 0° C. N-Ethoxycarbonyleimide (177.6 
mg, 1.05 mmol) was added under Stirring. After 30 minutes, 
the ice-water bath was replaced with warm water bath (30° 
C. to 40° C.). The reaction solution was then stirred in the 
warm water bath for about one hour. The Solution was then 
extracted with ethyl acetate (3x50 ml). The ethyl acetate 
layer was then washed with deionized water until pH close 
to neutral (2x20 ml) and then with brine (20 ml). The 
organic layer was then dried with anhydrous MgSO. The 
Solvent was removed under reduced pressure to obtain a 
crude product in yellow oil. Purification through flash chro 
matography (30% ethyl acetate in hexane) afforded the 
product as a yellow to orange crystal (187.2 mg, 73%). 
0221) The reaction scheme for synthesis of LBT3002 
(FIG. 20b) is as follows: 5-Hydroxytryptamine hydrochlo 
ride (42.5 mg, 0.2 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, 
25ul, 0.22 mmol) and 1,3-dicyclohexylcarbodiimide (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 flash chromatography directly using a gradient 
solvent eluent (0% to 3% methanol in methylene chloride) 
to generate brownish oil (40.7 mg, 60%). 

Dec. 13, 2001 

0222. The reaction scheme for synthesis of LBT3004 
(FIG. 21b) is as follow: 5-Hydroxytryptamine hydrochlo 
ride (42.5 mg, 0.2 mmol) and 3-maleimidopropionic acid 
(37.2 mg, 0.22 mmol) were suspended in 1 ml methoxyethyl 
ether (DME). To the solution, N-methyl morpholine (NMM, 
25ul, 0.22 mmol) and 1,3-dicyclohexylcarbodiimide (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 flash chromatography directly using a gradient 
solvent eluent (0% to 1.5% to 5% methanol in methylene 
chloride) to generate an orange crystal (46.0 mg, 70%). The 
reaction scheme for synthesis of LBT3005 (FIG.22b) is as 
follow: 4-Aminomethyl-cyclohexanecarboxylic acid (2.83 
g, 18.0 mmol) in saturated NaHCOs (80 ml) was stirred 
vigorously at 0°C. To the solution, N-ethoxycarbonyleimide 
(finely grounded, 3.05 g, 18.0 mmol) was added portion by 
portion. When the addition was completed (c.a. 10 minutes), 
deionized water (80 ml) was added and the mixture was 
Stirred at room temperature for 40 minutes. The resulting 
mixture was bought to pH1-2 with 1 M of HCl and extracted 
with ethyl acetate (3x80 ml). The organic layer was washed 
with deionized water (50 ml) and then brine (20 ml). The 
organic phase was dried over magnesium Sulfate and evapo 
rated under reduced pressure to generate a crude product. 
Purification by flash chromatography (hexane: ethyl acetate 
: acetic acid, 60:39: 1) to afford the product as a solid (2.69 
g, 63%). 5-Hydroxytryptamine hydrochloride (42.5 mg, 0.2 
mmol) and maleimidomethyl-cyclohexane carboxylic acid 
(52.2 mg, 0.22 mmol) were suspended in 1 ml methoxyethyl 
ether (DME). To the solution, N-methyl morpholine (NMM, 
25ul, 0.22 mmol) and 1,3-dicyclohexylcarbodiimide (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 flash chromatography directly using a gradient 
Solvent eluent (ethyl acetate: hexane (1:1) to ethyl acetate: 
hexane (3:1)) to generate a light brown oil (28.3 mg, 35.8%). 
0223 Other 5-HT receptor binding compounds such as 
those shown in FIG. 23 can be similarly modified for 
irreversible binding to their target Sites using one of the 
reaction Schemes illustrated in FIGS. 19b to 22b. 

0224 B. Assay 
0225 FIG. 18 shows the inhibitory effects of various 
5-HT analogs on the high affinity binding of H-5-HT to 
murine brain membranes. Purified murine brain membranes 
suspended in reaction buffer (0.13 M NaCl, 0.02 M 
NaHCO, pH 7.0) were pretreated with graded concentra 
tions of LBT3001 (), LBT3002 (D), LBT3004 (o), and 
LBT3005 (O) for 5 min prior exposure to H-5-HT (5 nM 
final concentration) for additional 30 min. The reaction was 
terminated by membrane vacuum filtration method. The data 
shown were corrected for non-specific binding determined 
in the presence of 1 mM of non-radioactive 5-HT. The 
results were plotted against control binding determined in 
the absence of inhibitors. 

0226 FIG. 18 shows the binding of H-5-HT to murine 
brain membranes was inhibited by all analogs of 5-HT in an 
apparent biphasic manner. 
0227 LBT3001 (1-2-(5-hydroxy-1H-indol-3-yl)-ethyl 
pyrrole-2,5-dione), an analog containing no spacer arm 
between the 5-HT and the maleimide molecules (FIG. 19a), 
effectively inhibited the binding of H-5-HT to its high and 
low affinity binding sites with ICs values of about 0.001 and 
50 uM, respectively. LBT3002, an analog containing 3 
carbon molecules in the spacer arm (FIG.20a), inhibited the 
binding of H-5-HT to its high and low affinity binding sites 
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with ICso values of about 0.00003 and 200 uM, respectively. 
LBT3004, an analog containing 2 carbon molecules in the 
spacer arm (FIG. 21a), inhibited the binding of H-5-HT to 
its high and low affinity binding sites with ICso values of 
about 0.2 and 50 uM, respectively. LBT3005, an analog 
containing cyclohexane carboxylic molecule in the Spacer 
arm (FIG.22a), inhibited the binding of H-5-HT to its high 
and low affinity binding sites with ICs values of 0.5 and 300 
LiM, respectively. These results clearly indicate irreversible 
binding drugs can be designed using the technology 
described. Additionally, the technology is applicable to 
many Small molecules and can be applied to further improve 
the efficacy of existing molecules. 
0228. The entire disclosures of all publications, patents 
and patent applications referred to herein are hereby incor 
porated by reference. 
0229. Throughout the specification the aim has been to 
describe the preferred embodiments of the invention without 
limiting the invention to any one embodiment or Specific 
collection of features. Those of skill in the art will appreciate 
that, in light of the instant disclosure, various modifications 
and changes can be made in the particular embodiments 
exemplified without departing from the Scope of the present 
invention. All Such modifications and changes are intended 
to be included within the Scope of the appendant claims. 

1. 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 the parent 
ligand binds Specifically with a nucleoside transporter. 

2. The process of claim 1, wherein the conjugation agent 
is attached to the parent ligand through a Spacer. 

3. The process of claim 2, wherein the Spacer comprises 
a group Selected from the group consisting of alkyl, het 
eroalkyl, cycloalkyl, heterocycloalkyl, oxoalkyl, hete 
rooxoalkyl, alkenyl, hetero alkenyl, aralkyl, hetero aralkyl, 
aryl and heteroaryl radicals. 

4. 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 conju 
gation agent, a carboxyl group Specific conjugation agent, a 
tyrosine Specific conjugation 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. 

5. The process of claim 1, wherein the conjugation agent 
is a Sulfhydryl group specific conjugation agent Selected 
from the group consisting of N-maleimide and N-maleimide 
derivatives. 

6. The process of claim 5, wherein the N-maleimide 
derivatives are Selected from the group consisting of disul 
fide reagents including 5'-dithiobis-(2-nitrobenzoic acid), 
4,4'-dithiodipyridine, methyl-3-nitro-2-pyridyl disulfide, 
and methyl-2-pyridyl disulfide. 

7. The process of claim 1, wherein the conjugation agent 
is Selected from the group consisting of alkylating agents 
and acylating agents. 

8. A process for modifying a parent ligand, comprising 
attaching to Said parent ligand a Sulfhydryl group specific 
conjugation agent that is reactive with a Sulfhydryl group of 
a target receptor to which Said parent ligand binds, wherein 
when Said parent ligand binds to the receptor a covalent 
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bond is formed between Said conjugation agent and Said 
Sulfhydryl group, and wherein the parent ligand binds Spe 
cifically with a Serotonin receptor. 

9. A modified ligand produced by the process of claim 1. 
10. A modified ligand produced by the process of claim 8. 
11. A modified ligand having the general formula: 
L-R-A (I) 

wherein L is a parent ligand that binds Specifically with a 
target receptor comprising a nucleoside transporter; 

wherein A is a conjugation agent that is reactive with a 
moiety of the target receptor to which the parent ligand 
binds, Such that when said parent ligand binds to the 
receptor a covalent bond is formed between Said con 
jugation agent and Said moiety; and 

R is an optional Spacer. 
12. The modified ligand of claim 11, wherein the spacer 

comprises a non-hydrolysable radical Selected from the 
group consisting of alkyl, heteroalkyl, cycloalkyl, heterocy 
cloalkyl, oxoalkyl, heterOOXoalkyl, alkenyl, hetero alkenyl, 
aralkyl, hetero aralkyl, aryl and heteroaryl radicals. 

13. The modified ligand of claim 11, wherein the conju 
gation agent is a Sulfhydryl group specific conjugation 
agent. 

14. The modified ligand of claim 12, wherein the sulfhy 
dryl group specific conjugation agent is Selected from the 
group consisting of N-maleimide and N-maleimide deriva 
tives. 

15. The modified ligand of claim 11, wherein the parent 
ligand binds specifically with an es nucleoside transporter. 

16. The modified ligand of claim 11, which is interactive 
with eS nucleoside transporter and/or nucleoside/nucleotide/ 
nucleobase-Sensitive proteins, wherein Said modified ligand 
has a general formula Selected from the group consisting of: 

(II) 

(III) 

R 
1 

21 N C N 
Y N 

R2 

wherein A is N-maleimide, 2-pyridyldithio, or halogen; 
X is NH, S, or O; 

Y is H, halogen, NH, or O; 
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Z is H, halogen, or CH, 

R is spacer arm; and 

R is H, B-D-ribose, B-D-2-deoxyribose, or their 
5'-mono-, 5' di-, and 5' tri-phosphate. 

17. The modified ligand of claim 11, which has a general 
formula Selected from the group consisting of 

(IV) 

wherein R is 4-N-methylcyclohexane carboxylate, N-m- 
benzoate, 4-p-phenylbutyrate, N-Y-butyrate, N-C-ac 
etate, or N-e-caproylate; 

(V) 

wherein R is 4-N-methylcyclohexane carboxylate, 
N-m-benzoate, 4-p-phenylbutyrate, N-y-butyrate, 
N-O-acetate, or N-e-caproylate; 
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(VI) 

wherein Rs is 4-carbonyl-C.-methyl-O-toluene, 6-O-me 
thyl-O-tuloamido-hexanoate, N-3-propionate, or 
6-3'-propioamidohexanoate; and 

S 

rs 
R N HN1 21 

21 N try 
s N 
O 

H 

H 
OH 

wherein Rs is 4-carbonyl-C.-methyl-O-toluene, 6-O-me 
thyl-O-tuloamido-hexanoate, N-3-propionate, or 
6-3'-propioamidohexanoate. 

18. A modified ligand having the general formula: 
L-R-A (I) 

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 conjugation agent and Said Sulfhydryl group; and 

R is an optional Spacer. 
19. The modified ligand of claim 18, wherein the parent 

ligand comprises Serotonin or a precursor or analog thereof. 
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20. The modified ligand of claim 18, wherein the modified 
ligand has a structure Selected from the group consisting of 
the structures shown below: 

ros 
LBT3001 (1-2-(5-hydroxy-1H-indol-3-yl)-ethyl-pyrrole 
2,5-dione) 

H 
N (CH2). N 

ros r N O 
O 

N 
H 

LBT3002 (4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-N-2-(5- 
hydroxy-1H-indol-3-yl)-ethyl-butyramide) 

H 
N (CH)-N 

ros r N O 
O 

N 
H 

LBT3004 (3-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-N-2-(5- 
hydroxy-1H-indol-3-yl)-ethyl-propionamide); and 

O 

H 
N CH 

HO 

N O 
O 

N 
H 
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LBT3005 (4-(2,5-dioxo-2,5-dihydro-pyrrol-1-ylmethyl)-cy 
clohexane carboxylic acid 2-(5-hydroxy-lH-indol-3-yl)- 
ethyl-amide) 

21. A composition comprising the modified ligand of 
claim 11 and a pharmaceutically acceptable carrier. 

22. A composition comprising the modified ligand of 
claim 18 and a pharmaceutically acceptable carrier. 

23. A method of detecting the presence of a target receptor 
in a test Sample, comprising: 

contacting Said Sample with the modified ligand of claim 
11, 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. 

24. A method of quantifying the presence of a target 
receptor in a test Sample, comprising: contacting Said Sample 
with the modified ligand of claim 11, wherein said modified 
ligand binds Said target receptor if present in Said test 
Sample, 

measuring the concentration of a complex comprising 
Said modified ligand and Said receptor in Said contacted 
Sample, and 

relating Said measured complex concentration to the con 
centration of Said receptor in Said Sample. 

25. A method of detecting the presence of a target receptor 
in a test Sample, comprising: 

contacting Said Sample with the modified ligand of claim 
18, 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. 

26. A method of quantifying the presence of a target 
receptor in a test Sample, comprising: 

contacting Said Sample with the modified ligand of claim 
18, wherein Said modified ligand binds Said target 
receptor if present in Said test Sample, 

measuring the concentration of a complex comprising 
Said modified ligand and Said receptor in Said contacted 
Sample, and 

relating Said measured complex concentration to the con 
centration of Said receptor in Said Sample. 

27. A probe that covalently binds to a target receptor, Said 
probe comprising the modified ligand of claim 11 having a 
reporter molecule associated therewith. 

28. Use of the modified ligand of claim 11 or of the probe 
of claim 27 in the Study of target receptor function. 

29. A probe that covalently binds to a target receptor, Said 
probe comprising the modified ligand of claim 18 having a 
reporter molecule associated therewith. 

30. Use of the modified ligand of claim 18 or of the probe 
of claim 29 in the Study of target receptor function. 
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