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Abstract—UCH-L3 (ubiquitin C-terminal hydrolase-L3) is a de-ubiquitinating enzyme that is a component of the ubiquitin—protea-
some system and known to be involved in programmed cell death. A previous study of high-throughput drug screening identified an
isatin derivative as a UCH-L3 inhibitor. In this study, we attempted to identify a novel inhibitor with a different structural basis. We
performed in silico structure-based drug design (SBDD) using human UCH-L3 crystal structure data (PDB code; 1XD3) and the
virtual compound library (ChemBridge CNS-Set), which includes 32,799 chemicals. By a two-step virtual screening method using
DOCK software (first screening) and GOLD software (second screening), we identified 10 compounds with GOLD scores of over
60. To address whether these compounds exhibit an inhibitory effect on the de-ubiquitinating activity of UCH-L3, we performed an
enzymatic assay using ubiquitin-7-amido-4-methylcoumarin (Ub-AMC) as the substrate. As a result, we identified three compounds
with similar basic dihydro-pyrrole skeletons as UCH-L3 inhibitors. These novel compounds may be useful for the research of UCH-

L3 function, and in drug development for UCH-L3-associated diseases.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The ubiquitin—proteasome system is responsible for the
regulation of cellular proteolysis. In this system, ubiqui-
tination serves as a targeting signal for proteolysis.!
Ubiquitin C-terminal hydrolase-L3 (UCH-L3) is one
of the components of the ubiquitin—proteasome system
and hydrolyzes ubiquitin C-terminal adducts for the
recycling of cellular ubiquitin.? Ubiquitin with C-termi-
nal adducts is a substrate for UCH-L3, and ubiquitin
with a free C-terminus is recycled within the ubiqui-
tin—proteasome system. There is some evidence that
UCH-L3 plays an important role in programmed cell
death. Programmed cell death is implicated in a number
of human diseases, including neurodegenerative dis-
ease,” autoimmune disease,* cancers>®, etc. Loss of
UCH-L3 leads to programmed cell death by apoptosis
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of certain type of cells in vivo, germ line cells and pho-
toreceptor cells.”® High-level expression of UCH-L3
genes and proteins, and acceleration of UCH-L3 enzy-
matic activity is reported in multiple types of cancer
cells,>® suggesting that UCH-L3 activity may be
required for cancer cell survival. Therefore, UCH-L3 is
a potential target for drug development to control
programmed cell death in specific types of cells including
cancer cells.

Structure-based drug design (SBDD) is a method used
to discover novel leads for drug development as it
enables more rapid hit identification than the classical
screening methods of in vitro or in vivo biological
assays. The computer-based approach for drug screen-
ing, using molecular docking, is a shortcut method
when the crystal structure of a target protein is avail-
able. Key methodologies for docking small molecules
to protein were developed during the early 1980s,’
and various types of docking simulation software are
now available, for example, DOCK,!® GOLD, and
FlexX.!'" BCR-ABL tyrosine kinase inhibitors (ICsq
values ranging from 10 to 200 pM) were successfully
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identified by virtual screening of 200,000 compounds
against crystal structures using DOCK,'? implemented
by the anchor-and-grow algorithm with respect to li-
gand flexibility.!® Human thymidine phosphorylase
inhibitor (ICsyo = 77 uM) was also identified by virtual
screening of 250,521 compounds using DOCK.'3 Fur-
thermore, metallo-f-lactamase inhibitors (ICs values
less than 15 pM) were identified through virtual screen-
ing by GOLD,'* using the genetic algorithm for ligand
flexibility.

The advantage of chaining different docking programs
was evaluated and the results suggested that virtual
ligand screening is performed faster with reasonable
accuracy by using chained screening, than by using a
single program with default parameters.!” In this study,
the results of chained docking against UCH-L3 crystal
structure were examined by UCH-L3 hydrolysis
activity assay to validate the efficacy of the DOCK-
GOLD SBDD method. We identified three inhibitors
(ICs0 =100-150 uM) of UCH-L3 by the DOCK-
GOLD virtual screening of 32,799 compounds.

2. Results and discussion
2.1. Protein preparation and chemical database

In the 3D structure of the UCH-L3-ubiquitin complex,
ubiquitin C-terminus is buried in the active site cleft
among four active site residues of UCH-L3: GIng&9,
Cys95, Hisl69, and Aspl84.'!'7 During the virtual
screening process by DOCK and GOLD, the protein-li-
gand interacting site was restricted to the binding site of
the three ubiquitin C-terminal amino residues (as de-
scribed in Section 4), in order that the outcome could
be verified by a ubiquitin C-terminal hydrolase enzy-
matic assay. The first DOCK screening was performed
against 32,799 compounds of CNS-Set, which was pre-
filtered by RPBS under the most modest filtering
condition.'®

2.2. DOCK and GOLD screenings

To screen for compounds that bind to the active site, the
first screening was performed by DOCK, and the
protein-ligand interaction area was restricted to the

ubiquitin binding site of UCH-L3 (see Section 4). The
top-scoring 1780 compounds (5.4% of the initial
32,799 compounds) with energy scores of less than
—30 kcal/mol were selected for further screening. These
compounds were then re-screened by GOLD twice, with
different genetic algorithm (GA) settings. To predict
binding ability to the active site cleft accurately, the
protein-ligand interacting area was defined in approxi-
mately the same way as in the first DOCK screening step
(see Section 4). Screening by GOLD consisted of two
rounds. Using the GOLD score, we initially extracted
the top scoring 100 compounds from 1780 compounds,
using the 7-8 times speed-up GA parameter settings.
These 100 compounds were then re-scored using the
default GA settings (see Section 4) to more accurately
predict binding ability. Ten compounds with GOLD
scores of over 60 were predicted to bind to the UCH-
L3 active site; that is, 0.03% of the total number of
chemical compounds was screened.

2.3. IC5, determination

A previous study demonstrated that compounds with
GOLD scores of about 60 may inhibit enzyme activity
with ICsy values of 10-100 uM.!” An enzyme assay
was performed among the top 10 chemicals to address
whether they actually bind to the UCH-L3 active site
with the predicted affinities (Table 1 and Fig. 1).

Ubiquitin-7-amido-4-methylcoumarin (Ub-AMC; AMC
attaches to the carboxyl terminus of ubiquitin) is a fluor-
ogenic substrate of UCH-L3 and other UCH isozymes.
UCH-L3 is known to hydrolyze Ub-AMC into free
ubiquitin and AMC,?*?! and the hydrolyzed AMC
group is excited at light wavelength of 355 nm and emits
fluorescence at 460 nm. Hydrolysis activity of UCH-L3
is inhibited if a compound binds to its active site and
thus blocks interaction between the active site of
UCH-L3 and the ubiquitin C-terminus. Inhibition of
hydrolysis of Ub-AMC leads to a lower concentration
of free AMC and hence a lower level of fluorescence
intensity.

We experimentally determined the affinity constant
(Ky) of Ub-AMC hydrolysis by human UCH-L3 as
83.3+ 1.5nM (mean £ SEM, from three independent
experiments). The candidate compounds identified by

Table 1. GOLD scores of the top 10 ranked chemicals after GOLD calculation®

Docking Compound name GOLD scores

rank/Compound

No.
1 1-Benzyl-3-hydroxy-4-(5-methyl-2-furoyl)-5-(3-pyridinyl)-1,5-dihydro-2 H-pyrrol-2-one 66.01
2 3-[4-Methyl-5-({[3-(2-thienyl)-1,2,4-oxadiazol-5-yljmethyl} thio)-4 H-1,2,4-triazol-3-yl]-1 H-indole 65.62
3 N-{4-[1-(2-Furoyl)-5-(2-furyl)-4,5-dihydro-1 H-pyrazol-3-yl]phenyl} methanesulfonamide 64.85
4 N'-Cyclopropyl-N*-(4-methoxyphenyl)- N*-[(4-methylphenyl)sulfonyl]glycinamide 64.76
5 N-{3-[1-Acetyl-5-(2-thienyl)-4,5-dihydro-1 H-pyrazol-3-yl]phenyl} ethanesulfonamide 64.23
6 3-Hydroxy-5-(4-methoxyphenyl)-1-(1,3,4-thiadiazol-2-yl)-4-(2-thienylcarbonyl)-1,5-dihydro-2 H-pyrrol-2-one  62.96
7 5-(4-Fluorophenyl)-3-hydroxy-4-(5-methyl-2-furoyl)-1-(3-pyridinylmethyl)-1,5-dihydro-2 H-pyrrol-2-one 62.73
8 N'-Cyclopropyl-N*[(4-methoxyphenyl)sulfonyl]- N>-(4-methylphenyl)glycinamide 62.52
9 N'-Cyclopentyl-N-(3-methoxyphenyl)-N*-(phenylsulfonyl)glycinamide 62.39

10 4-({[5-(2-Furyl)-4-phenyl-4 H-1,2 4-triazol-3-yl]thio }methyl)-1,3-thiazol-2-amine 62.35

#Ten compounds are listed according to the top 10 rank of GOLD scores and assigned the number corresponding to GOLD score ranks.
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Figure 1. Top 10 ranked compounds identified by DOCK and GOLD screening. Note that there are several shared basic skeletons and functional
groups: 1,5-dihydro-2H-pyrrol-2-one (drawn in red, compounds 1, 6, and 7), glycinamide (boxed in red, compounds 4, 8, and 9), cycloalkane group
(circled in red, compounds 4 and 8; cyclopropyl, compound 9; cyclopentyl), 4,5-dihydro-1H-pyrazol-3-yl phenyl (drawn in blue, compounds 3 and 5),
sulfonamide (pointed, compounds 3 and 5), and 4H-1,2,4-triazol-3-yl (drawn in green, compounds 2 and 10).

DOCK-GOLD chained docking screening were tested
for their ability to inhibit the hydrolysis activity of
UCH-L3, at the Ub-AMC concentration equivalent
to the K, value. Four compounds among these candi-
dates inhibited enzyme activity (Fig. 2a). We did not
test the inhibitory effects of compound 3, as it is a flu-
orogenic chemical with an emission wavelength of
460 nm. Compounds 1, 6, and 7 significantly inhibited
the hydrolysis activity of UCH-L3 (initial velocity of
Ub-AMC hydrolysis; nM/s [Fig. 2b]). Compounds 1
(401 uM), 6 (375 uM), and 7 (350 uM) inhibited the
hydrolysis activity by 83.2 £ 1.5%, 76.5 % 0.6%, and
76.8 + 1.0%, respectively, as compared with control
DMSO (p <0.01, vs control; Dunnett’s test). The
ICso value of compound 2 should hypothetically be
several hundred pM. Although compound 2
(380 uM) inhibited hydrolysis activity by 16.2 * 2.1%
as compared with control DMSO, the difference was
not found to be significant by Dunnett’s test. Five
other compounds were unable to inhibit the UCH-
L3 hydrolysis activity: compound 4 (334 uM; final
concentration), compound 5 (331 uM), compound 8
(401 uM), compound 9 (386 uM), and compound 10

(387 uM) (Fig. 2b). Experimentally determined ICs,
values of compounds 1, 6, and 7 (Fig. 3) were as fol-
lows: compound 1 (103 uM), compound 6 (154 uM),
and compound 7 (123 uM).

2.4. Competitive inhibitor

To show that the identified compounds bind to the
active site of the UCH-L3, various concentrations of
compound 1 and iodoacetamide (108 mM) were added
to UCH-L3/Ub-AMC reaction buffer. lodoacetamide
is a non-competitive inhibitor of UCH-L3 (Fig. 4a). It
is a thiol alkylating agent of the UCH-L family and
derivatizes and inactivates the active site leading to loss
of UCH-L3 enzymatic activity.?? In the presence of
compound 1 and iodoacetamide, the percentage of
active UCH-L3 reduced by iodoacetamide treatment
was recovered in comparison with the control, and the
recovery was dependent on the concentration of com-
pound 1 (Fig. 4b). Our results showed that compound
1 is a competitive inhibitor of UCH-L3. This suggests
that compound 1 bound to the UCH-L3 active site to
prevent iodoacetamide from inactivating it.
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Figure 2. Analysis of UCH-L3 inhibitory effects of compounds 1-10.
(a) Kinetics of UCH-L3-catalyzed hydrolysis of Ub-AMC with the
compounds. Fluorescence intensity was converted to AMC concen-
tration by subtracting the intensity of fully hydrolyzed substrate from
that of solution without substrate. Concentrations of compounds are
as follows: compound 1 (401 uM); compound 2 (380 uM); compound 4
(334 uM); compound 5 (331 pM); compound 6 (375 uM); compound 7
(350 uM); compound 8 (401 uM); compound 9 (386 uM); and
compound 10 (387 uM). As a known inhibitor, ubiquitin-aldehyde
(Ub-H, 120 nM) was used. Each value represents the mean of three
independent experiments. (b) Inhibitory effects of compounds on initial
velocity of hydrolysis (V) are shown. Fluorescence intensity was
converted by the same method described in (a). 4,5,6,7-Tetrachloro-
indan-1,3-dione (TCI, 20 pM) was used as a UCH-L3 selective
inhibitor with ICsy of 600nM.?> Each value represents the
mean £ SEM of three independent experiments. Dunnett’s multiple
comparison test was performed using GraphPad Prism software ("
p<0.01, DMSO as control).”

In order to show that the compounds 1, 6, and 7 bind to
UCH-L3, Biacore 100 analysis was conducted. Biacore
100 analysis detects interaction between a small mole-
cule and protein and enables quantification of the inter-
action.”> The results showed that binding of each
compound to UCH-L3 increased and was dependent
on the concentration of the compound 6 (data not
shown).

2.5. Predicted binding mode

Figure 5 shows the predicted binding modes of com-
pounds 1, 6, and 7 to UCH-L3. Since chemical formulae
of the three compounds are similar to each other, the
predicted docked structures of these and UCH-L3 have
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Figure 3. 1Cs curves of compounds for UCH-L3 enzymatic activity.
(a) Compound 1, (b) compound 6, and (c) compound 7. The horizontal
axis shows the concentration of each compound. The vertical axis
shows the relative UCH-L3 enzymatic activity [%)] in comparison with
maximal initial velocity. ICs, values are shown in graphs. Each plotted
value represents the mean + SEM of three independent experiments.

similar binding modes. Two hydrogen bonds were ob-
served between the docked ligand and two amino acid
residues in the predicted compound 1/UCH-L3 complex
structure; the carbonyl group of compound 1 appears to
form a hydrogen bond to the NH group of Alall, and
the pyrrole C=0 appears to form a hydrogen bond to
the hydroxyl group of Thr157. Three hydrogen bonds
were predicted between the docked ligand and two ami-
no acid residues in the compound 6/UCH-L3 complex
structure; the thiadiazole group of compound 6 appears
to form a hydrogen bond to the NH group of Leu9, and
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Figure 4. Competitive inhibition of compound 1. (a) Kinetics of UCH-
L3-catalyzed hydrolysis of Ub-AMC with or without iodoacetamide
(108 mM). (b) Reaction progress curves normalized by final fluores-
cence intensity representing the ratio of active UCH-L3 (for calcula-
tions, see Section 4.9), in the presence of iodoacetamide (108 mM) and
compound 1 (0 uM, 61.8 uM, 185 uM, 556 uM, and 1.67 mM).

the pyrrole hydroxyl group and pyrrole C=0 appear to
form a hydrogen bond to the NH group of Alall. A
hydrogen bond was observed between the docked ligand
and the amino acid residues of UCH-L3 in the predicted
compound 7/UCH-L3 complex structure; the carbonyl
group of compound 7 appears to form a hydrogen bond
to the NH group of Alall. The predicted binding mode
of compound 10, as a non-binder, was analyzed. Four
hydrogen bonds were observed between the docked li-
gand and the amino acid residues of UCH-L3 in the pre-
dicted compound 10/UCH-L3 complex structure. The
triazol group of compound 10 appears to form two
hydrogen bonds to the hydroxyl group of Thr157, and
the amino group of compound 10 appears to form a
hydrogen bond to the CO group of Glul54, and to the
CO group of Serl151. Although hydrogen bonds between
actual inhibitors (compounds 1, 6, and 7) and Alall
were observed, compound 10, a non-inhibitor, does
not appear to form a hydrogen bond to Alall. This
hydrogen bond might be important for compounds to
bind stably to the UCH-L3 active site.
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2.6. Discussion; analysis of active compounds

By three-step virtual screening (DOCK, high-speed
GOLD, and low-speed GOLD) of 32,799 chemicals,
we identified 10 candidate chemicals that potentially in-
hibit UCH-L3 hydrolysis activity. We examined the
actual inhibitory effects of the compounds on UCH-L3
hydrolysis activity by biochemical enzymatic assay and
identified three compounds (compounds 1, 6, and 7) as
UCH-L3 inhibitors, with ICsy values of 100-150 pM.
By comparing the structural formulae of the three com-
pounds, we found that the 1,5-dihydro-2 H-pyrrol-2-one
group is likely to be important for inhibition of UCH-
L3-hydrolysis activity (Fig. 6). Several common struc-
tural features can be drawn from these three chemicals
(Fig. 6). First, the heteroaromatic pyrrole group is com-
mon to all three compounds. Second, each of the three
compounds also contains pyridines and furoyls as het-
eroaromatic functional groups. Third, a carbon—oxygen
double bond at position 2, a hydroxyl group at position
3, a carbonyl group at position 4, and a hydrogen atom
at position 5 of the pyrrole ring are common to each
compound. Fourth, a five- or six-membered cyclic group
at positions 1, 4, and 5 is common to all three chemicals
(Fig. 6). Furthermore, compounds 1 and 7 have two het-
eroaromatic groups: a pyridinyl group and a furoyl
group.

The structural similarities of UCH-L3-binding chemi-
cals have an influence on binding mode similarities.
There are two main pockets in the substrate-binding site
of UCH-L3: the first pocket (Pocket 1) is formed by
Pro8, Glul0, and Thr157 and the second pocket (Pocket
2), the active site pocket, is formed by Aspl167, Leul68,
and Cys90. Docked orientations of compounds 1 and 7
are very similar, as positions 1 and 5 six-membered cyc-
lic groups fit into each pocket. This suggests that two
features among these similarities are likely to be impor-
tant for stable binding to the active site: a pyrrole ring
and two heteroaromatic groups, which fit into both
pockets around the UCH-L3 substrate-binding site.
The shape of Pocket 1 is different from that of UCH-
L1,%* another isoform of the UCH family (52% amino
acid sequence identity).>> Thus, modification of the
chemical groups in Pocket 1 might be effective during
drug design, to enhance specificity for UCH-L3 over
UCH-LI1.

Several lines of evidence indicate that UCH-L3 is
associated with tumorigenesis and carcinogenesis.
High-level expression and activity of UCH-L3 has
been reported in multiple types of cancer -cells.
Expression of UCH-L3 mRNA is upregulated in
breast tumors and UCH-L3 mRNA levels are associ-
ated with the histological grading of such tumors.’
Moreover, it has been suggested that the activity of
UCH-L3 is also upregulated in the majority of cervi-
cal carcinoma tissues, compared with adjacent normal
tissues.® On the other hand, loss of UCH-L3 is
known to induce cell death in knock-out studies.
UCH-L3 is involved in the protection of programmed
cell death in germ cells and photoreceptor cells
in vivo.”® Thus, the structural information of the
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Figure 5. Illustration showing the molecular docking results. Docked orientation of (a) compound 1, (b) compound 6, (c) compound 7, and (d)
compound 10 in the UCH-L3 active site using GOLD and shown with interacting residues. Hydrogen bonds are shown by a dashed line. Oxygen
atoms are shown in red, nitrogen atoms in blue, sulfur atoms in orange, fluorine atoms in yellow, and hydrogen atoms in gray. The enzyme carbons
are shown in dark gray and those of the ligands in green.

Figure 6. Structural similarities of the three compounds. (a) 1,5-Dihydro-2H-pyrrol-2-one group, the common basic skeleton, is shown in red.
Position numbers of the pyrrole ring are shown as small characters. R;—R; represent each functional group at positions 1, 4, and 5 of the pyrrole ring,
respectively. (b) Structures of identified inhibitors: compounds 1, 6, and 7.

UCH-L3 inhibitors we identified may be useful for 3. Conclusion

future apoptosis-inducing anti-cancer drug develop-

ment. UCH-L3 should be an important target for In this study, we employed three-step docking (DOCK,
modulating cell apoptosis. rough GOLD, and fine GOLD) and in vitro enzyme
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assay methods, and identified three UCH-L3 inhibitors
with ICsg values of 100-150 uM. These novel inhibitors
have a dihydro-pyrrole group in common.

4. Experimental
4.1. Compound library

We used the ADME/Tox (absorption, distribution,
metabolism, excretion, and toxicity) filtered virtual com-
pound library (ChemBridge CNS-Set) which includes a
collection of 32,799 chemical compounds.'® All com-
pounds satisfy Lipinski’s Rule of five.

4.2. Protein preparation

Human UCH-L3 and ubiquitin vinylmethylester (Ub-
VME) complex crystal structure data (PDB code;
1XD3) were obtained from Protein Data Bank
(PDB).!” Hydrogens were added to UCH-L3-ubiquitin
complex using CVFF99 force field by Biopolymer mod-
ule in Insight II 2000 suite (Accelrys, Inc., San Diego,
CA). Energy was minimized by the Discover 3 module
of the same suite with all heavy atoms restrained, except
hydrogen, to relieve any short contacts. To use the
UCH-L3 protein structure in the following docking sim-
ulations, the structures of UCH-L3 and Ub-VME com-
plex were divided into their components.

4.3. Virtual screening

Virtual screening experiments were performed by
UCSF DOCK 5.4.0!° and GOLD 3.0.1 (CCDC, Cam-
bridge, UK).2¢ In the first screening by DOCK, the
substrate-binding site was defined, by selecting ligand
atom accessible spheres and describing molecular sur-
faces with the SPHERE_GENERATOR program in
the DOCK suite. All spheres within 6 A of root mean
square deviation (RMSD) from every atom of the three
C-terminal residues of energy-minimized ubiquitin were
selected by the SPHERE_SELECTOR program in
DOCK suite. A scoring function (Eiy = Eyqw T Eelec)
was used to estimate potential binding affinity. Follow-
ing the first screening with rigid ligand conditions, 1780
compounds with binding energy scores of less than
—30 kcal/mol were selected for a second screening by
GOLD.

Using GOLD, the 1780 compounds were screened with
7-8 times speed-up settings; that is, the pre-defined ge-
netic algorithm (GA) parameter settings to achieve cal-
culation speed-up. The top-ranked 100 compounds
were determined, then screened by default settings;
the GA parameter settings for a slower calculation with
greater ligand flexibility, but with a more accurate
prediction. Ligand flexibility was turned on in both
the 7-8 times speed-up settings and the default settings.
Protein side chain flexibility was not turned on in any
settings. The virtual tripeptide structure composed of
three C-terminal residues of the energy-minimized
ubiquitin was set as the reference ligand to define the
ligand-binding site. All protein atoms within 5 A of

each ligand atom were used for defining the binding
site. The solvent-accessible surfaces of the docking re-
gion were restricted by a cavity detection algorithm.?’
As a result, the binding site was composed of 174 ac-
tive atoms (automatically selected by GOLD software).
A method for defining the binding site with tripeptide
yielded the best score among other methods using
shorter or longer C-terminal peptide sequences of ubig-
uitin (data not shown). Ten docking solutions for each
docked molecule were scored and the top three were
saved for post-screening evaluations. Potential hydro-
gen bonds and van der Waals contacts were identified
using Silver 1.0 (CCDC, Cambridge, UK).?® Ligands
predicted to be tight-binders by both DOCK and
GOLD were applied to further in vitro experimental
validation. All calculations were performed on seven
Linux or Cygwin 2-3 GHz/Pentium IV CPU personal
computers.

4.4. Statistical analysis

All statistical analysis was performed by GraphPad
Prism 4 (GraphPad Software, Inc., San Diego, CA).?’

4.5. Reagents

Human recombinant UCH-L3, ubiquitin-7-amido-4-
methylcoumarin (Ub-AMC), and ubiquitin-aldehyde
(Ub-H) were purchased from Boston Biochem, Inc.
(Cambridge, MA). 4,5,6,7-Tetrachloroindan-1,3-dione
(TCI) was purchased from Fisher Scientific Interna-
tional Inc. (Hampton, NH). Iodoacetamide was pur-
chased from Sigma—Aldrich Corporation (St. Louis,
MO). Compounds within ChemBridge CNS-Set
(Supplier IDs given in parentheses) are as follows: com-
pound 1: 1-benzyl-3-hydroxy-4-(5-methyl-2-furoyl)-5-
(3-pyridinyl)-1,5-dihydro-2 H-pyrrol-2-one  (7504601);
compound 2: 3-[4-methyl-5-({[3-(2-thienyl)-1,2,4-oxa-
diazol-5-ylJmethyl}thio)-4H-1,  2,4-triazol-3-yl]-1 H-in-
dole (7950509); compound 3: N-{4-[1-(2-furoyl)-5-(2-
furyl)-4,5-dihydro-1 H-pyrazol-3-yl]phenyl} methanesulf-
onamide (7977303); compound 4: N'-cyclopropyl-N>-
(4-methoxyphenyl)-N*-[(4- methylphenyl)sulfonyl]gly-
cinamide (6382507); compound 5: N-{3-[1-acetyl-5-(2-
thienyl)-4,5-dihydro-1H-pyrazol-3-yl]phenyl}ethane-
sulfonamide (7909542); compound 6: 3-hydroxy-5-(4-
methoxyphenyl)-1-(1,3,4-thiadiazol-2-yl)-4-(2-thienyl-
carbonyl)-1,5-dihydro-2 H-pyrrol-2-one (6237842); com-
pound 7: 5-(4-fluorophenyl)-3-hydroxy-4-(5-methyl-2-
furoyl)-1-(3-pyridinylmethyl)-1,5-dihydro-2 H-pyrrol-2-
one (6771097); compound 8: N'-cyclopropyl-N>-[(4-
methoxyphenyl)sulfonyl]-N2—(4-methy1phenyl)§lycinam—
ide (6699002); compound 9: N'-cyclopentyl-N>-(3-meth-
oxyphenyl)-N*-(phenylsulfonyl)glycinamide (6187162);
and compound 10: 4-({[5-(2-furyl)-4-phenyl-4H-1,2,4-
triazol-3-ylJthio}methyl)-1,3-thiazol-2-amine (9012750)
were purchased from ChemBridge Corporation (San
Diego, CA).

4.6. Enzymatic assay

UCH-L3 activity was assayed using modification of a
technique described in previous studies.?>3° The enzyme
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reactions were carried out at a final volume of 205 pl on
Costar 96-well black assay plates (part number 3915,
Corning Inc., Corning, NY). Then, 5 pl of solution con-
taining each compound (100% DMSO), or 5 ul of 100%
DMSO as a negative control, was added to 100 pl of en-
zyme buffer solution (50 pM of UCH-L3, 20 mM Hepes
[pH 7.8], 0.5 mM EDTA, 5mM dithiothreitol [DTT],
and 0.1 mg/ml ovalbumin) in each well. The solution
was incubated for 30 min at room temperature. To start
the enzyme reaction, 100 pl of substrate buffer solution
(82nM of ubiquitin-AMC, 20 mM Hepes [pH 7.8],
0.5mM EDTA, 5 mM DTT, and 0.1 mg/ml ovalbumin)
was added to each well. AMC fluorescence (excitation
wavelength: 355 nm, emission wavelength: 460 nm) was
subsequently measured 40 times every 3 s with a Wallac
1420 multi-label counter (Perkin-Elmer, Wellesley,
MA).

4.7. K, determination

Fifty microliters of enzyme buffer solution was added to
each plate well. The solution was incubated for 30 min
at room temperature. To start the enzyme reaction,
50 ul of substrate buffer solution (23.1, 46.3, 92.5, 185,
370, and 740 nM of ubiquitin-AMC; the concentrations
of other components were as described previously) was
added to each well. Fluorescence of AMC was measured
40 times every 3 s with the Wallac multi-label counter.
Initial velocities (from 0 to 30 s) were used for K,,, deter-
mination, using GraphPad Prism 4 software.?’

4.8. Experimental 1Cs, determination

Five microliters of solution containing each compound
(0.412 uM, 1.23, 3.70, 11.1, 20, 33.3, 50, 100, 300, and
700-850 uM) or 5 pl of 100% DMSO (as a negative con-
trol) diluted in 100 pl of enzyme buffer solution was
added to each plate well. This solution was incubated
for 30 min at room temperature. To start the enzyme
reaction, 100 pl of substrate buffer solution was added
to each well. Fluorescence of AMC was measured 40
times every 3 s with the Wallac multi-label counter. Ini-
tial velocities (from 0 to 30 s) were used for ICs deter-
mination, using GraphPad Prism 4 software.?’

4.9. Active site binding experiment

Modification of a technique described in previous stud-
ies was used to determine whether or not the compounds
bind to the active site.?? Five microliters of solution con-
taining compound 1 (0 uM, 61.8 uM, 185 uM, 556 uM,
and 1.67 mM) or 5 pul of 100% DMSO (as a negative
control) diluted in 80 pl of enzyme buffer solution
(UCH-L3: 1 nM) was added to each plate well. This
solution was incubated for 30 min at room temperature.
To start the enzyme reaction, 80 pl of substrate buffer
solution (Ub-AMC: 1 uM) was added to each well, fol-
lowed within 2 s by addition of 40 pl of iodoacetamide
(108 mM) or water as a negative control. Fluorescence
of AMC was measured 100 times every second using
the Wallac multi-label counter. The percentage of
active site survival [(Fsaturated - Fr)/(Fsaturated - Ft:0) X
100] was calculated.
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