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Phospholipase C-c (PLC-c) has been identified as a possible biological target for anticancer drug therapy
but suitable inhibitors are lacking. Therefore, in order to identify active compounds (hits) virtual high
throughput screening was performed. The crystal structure of the PLC-d isoform was used as a model
docking scaffold since no crystallographic data are available on its c counterpart. A pilot screen was per-
formed using �9.2 � 104 compounds, where the robustness of the methodology was tested. This was fol-
lowed by the main screening effort where �4.4 � 105 compounds were used. In both cases, plausible
compounds were identified (virtual hits) and a selection of these was experimentally tested. The most
potent compounds were in the single digit micro-molar range as determined from the biochemical
(Flashplate) assay. This translated into �15 lM in a functional assay in cells. About 30% of the virtual hits
showed activity against PLC-c (IC50 < 50 lM).

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Phosphoinositide specific-phospholipase C (pi-PLC) is a mem-
brane bound protein which hydrolyses phosphatidylinositol 4,5-
diphosphate (PIP2) to diacylglycerol and inositol 1,4,5-triphos-
phate.1,2 Diacylglycerol activates phospholipid-dependent protein
serine/threonine kinase and protein kinase C, and inositol 1,4,5-tri-
phosphate promotes release of Ca2+ from intracellular stores.1

Together, these important secondary messengers mediate down-
stream cell motility and proliferation.1 It is thought that the former
signalling pathway (leading to cell motility) is of particular signif-
icance in tumour progression, which suggests that it may be a
potential target for therapy. Motility of tumour cells is a key com-
ponent of invasion and dissemination, a major causes of morbidity
and death.3,4 There are six subfamilies belonging to the mamma-
lian pi-PLC family, which are classified as PLC-b (b1–b4), PLC-c
(c1 and c2), PLC-d (d1–d4), PLC-e, PLC-f and PLC-g.5–7 The PLC-c
subfamily is divided into PLC-c1, which is present in most cell
types, and the minor isoform PLC-c2, which is restricted to hema-
topoietic cells.1,7,8 The deletion of the PLC-c1 gene in mice results
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in early embryonic death revealing its importance in cell prolifer-
ation and differentiation. Deletion of the PLC-c2 gene results in
impairment of immune function.7–10 The hydrolysis of PIP2 by
PLC-c is linked to cytoskeletal reorganisation necessary for cell
polarisation and in cell adhesion signalling which implicates a
wider role for the enzyme in integrin related cell motility.2,11

Therefore, PLC-c is involved in two key processes; namely, growth
factor induced cell motility and cell adhesion, which are key to tu-
mour development. Growth factor- and cytokine-induced cell
motility occurs primarily during organogenesis, inflammation
and wound repair in which inhibition of PLC-c may be more spe-
cific for tumour cells.12

A range of different molecular inhibitors are known for the PLC
enzymes such as steroid analogues,13,14 peptides15 and various
natural products.16,17 Unfortunately, none of these inhibitors are
suitable for drug development, thus the need exists to identify
molecular entities for this purpose.

In this paper, we describe the search for suitable starting com-
pounds (hits) for drug development using virtual high throughput
screening (vHTS) methodology for the PLC-c enzyme. The success
of the vHTS method in discovering chemically tractable hit com-
pounds encouraged us to implement this technique.18–26 This
was possible due to the availability of crystal structure on the bind-
ing site of PLC-d,27 which was used as a model. This is justifiable
because the region with the highest amino acid sequence similarity
between the isoforms is contained within the substrate binding
pocket.28 The virtual screening was performed with compound
collections acquired from the ZINC website.29 The prediction
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power of the GOLD (Genetic Optimisation for Ligand Docking)30

docking algorithm was implemented. Its capabilities are well doc-
umented in the literature, and of the docking algorithms available
GOLD is generally considered to give the most reliable results.30–33

2. Computational and experimental methods

2.1. Virtual screening

Three commercially available compound collections were
downloaded from the ZINC29 web site totalling �5.3 � 105 mole-
cules. Two relatively small compound collections of �5.3 � 104

and �3.9 � 104 molecules were used as a pilot screen to verify
the method employed. A large collection of �4.4 � 105 was used
for the main screening effort. Multiple representations of each
compound were included, for example, protonation states between
pH 5.0 and 9.5 and tautomeric forms except for the initial pilot
screen where single representation of each molecule was used.
The structures were docked to the PLC-d crystal structure (1DJX,
resolution 2.30 Å)27, which was obtained from the Protein Data
Bank (PDB).34 The QikProp 6.0 program35 was used to prepare
the crystal structure for docking, that is, hydrogen atoms were
added, the co-crystallised ligand (inositol 1,4,5-triphosphate) was
removed as well as crystallographic water molecules. The centre
of the binding pocket was defined as the position of the Ca2+ ion
(x = 126.257, y = 38.394, z = 22.370) with 10 Å radius. The basic
amino acids lysine and arginine were defined as protonated. Fur-
thermore, aspartic and glutamic acids were assumed to be depro-
tonated. The GOLDSCORE (GS)30 and CHEMSCORE (CS)36 algorithms were
implemented to validate the predicted binding modes and relative
energies of the ligands with GOLD 2.2 for the pilot screen and GOLD

3.0 for the main screen.30 Library screening settings were used in
conjunction with 10 docking runs per ligand. The candidates
emerging from the consensus scoring and filtering (see Fig. 1) were
re-docked with the standard default settings in conjunction with
maximum 50 docking runs per ligand. It has been shown that
the standard default setting in the GOLD software generates ligand
poses closer to the parent X-ray pictures rather than the library
screening setting.37 This is important for the visualisation step in
Figure 1. The screening cascade implemented in this work.
the screening cascade. For the molecular descriptors such as LogS
(S = water solubility) and LogP the program CAChe was used.38–42

2.2. Enzyme preparation

A recombinant baculovirus encoding full length, histidine
tagged, PLC-c2 was used to infect Sf-9 insect cell shaker cultures
grown in SF-900 II SFM media (Invitrogen). These were grown to
a density of around 2 � 106 cells per mL and infected with baculo-
virus at a multiplicity of infection greater than one. Infected cul-
tures were harvested at �72 h post infection by centrifugation
(2000g, 20 min). Cell pellets were resuspended in lysis buffer
(50 mM Hepes pH 7.4, 300 mM NaCl, 5% glycerol, 1 mM NaF,
1 mM Na3VO4, 1 mM b-glycerophosphate and 1 � complete
EDTA-free protease inhibitors (Roche)) and lysed by sonication.
The cell lysate was clarified by centrifugation (25,000g, 45 min)
and filtered through a 0.45 lm pore size system. The cell lysates
were passed over a Talon IMAC resin (Takara Bio Europe/Clontech)
packed into a Tricorn column (GE Healthcare) at 0.5 mL/min (a ra-
tion of 1 mL resin per litre of insect cell culture was used). The col-
umn was then washed with 20 column volumes of buffer (50 mM
Hepes pH 7.4, 300 mM NaCl, 5% glycerol). The protein was eluted
with buffer (50 mM Hepes pH 7.4, 300 mM NaCl, 250 mM imidaz-
ole, 5% glycerol). Selected eluates were concentrated by ultra filtra-
tion and dialysed against 20 mM Tris pH 7.5, 200 mM NaCl, 1 mM
EDTA, 2 mM DTT, 5% glycerol.

2.3. 3H-PIP2 flashplate biochemical assay

The compounds were dissolved in DMSO with 10 lL aliquots
which were added to the assay resulting in DMSO of 5% v/v concen-
tration. PLC-c2 lipase activity was measured using Flashplate Plus
technology� (PerkinElmer) which incorporates a solid scintillant to
which an artificial phospholipid membrane layer is covalently
bound. The substrate (3H-PIP2) is then bound to the phospholipid
layer and the proximity of the isotope to the scintillant is detected.
Hydrolysis of the substrate by the enzyme removes 3H-inositol and
the signal is lost.43 The plates were coated by incubation for 24 h
with 3H-PIP2 (0.1 lCi/well) in 200 lL coating buffer (NEN) at room
temperature then the excess radiolabel was discarded. The enzyme
and inhibitor or DMSO in assay buffer (50 mM Tris–HCl, 200 mM
NaCl, 100 lM CaCl2, 100 lM EGTA, 100 lM spermine, and
0.5 mM deoxycholate, pH 7.4 ± 0.2), were added to the wells
(200 lL final volume) and the assay followed using a TopcountTM

scintillation counter (Perkin Elmer) at room temperature, typically
for 30 min. Inhibition of enzyme activity was measured by com-
paring CPM (counts per minute) of sample wells with control
wells.

2.4. Calcium release assay

The assay performed was a modification of the method pub-
lished in the Calcium 3 assay kit (Molecular Devices Corp). Briefly,
4 � 105 cells of the squamous carcinoma cell line A431 were
seeded into each well of a 96 well black-walled plate in growth
medium and left overnight in an incubator at 37 �C, 5% CO2. The
following day the medium was removed from the plate and re-
placed with a 50 lL doubling dilution of each compound in Hepes
buffered saline (HBSS) starting at 100 lM. A working dilution of
the calcium dye was prepared as outlined in the protocol and pro-
benecid added to give a final concentration of 2.5 mM. A 50 lL ali-
quot was added to each well of the test plate which was then
incubated at 37 �C, 5% CO2 for 45 min. Then the plate was placed
in a Fluorescence Imaging Plate Reader (FLIPR) at 37 �C. Each well
of the plate was then stimulated with 50 lL of EGF at 400 ng/mL
and the FLIPR set to acquire readings every second at
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510–570 nm emission for 120 s following excitation at 488 nm.
Any activity of the compound that resulted in a decrease in calcium
release at 50 lM was scored as + and at 25 lM ++. In some cases
the quantitative GC50 (Germination half-inhibition Concentration)
values were determined when deemed appropriate.

3. Results

3.1. Pilot screen

The screening cascade used in this project is shown in Figure 1.
The first step was to dock and rank all of the compounds
(�9.2 � 104) using GOLD- and CHEMSCORE; cut-off filters were imple-
Scheme 1. The three chemical families identified in the pilot screen according to the resu
the results of the calcium release cell-based assay (NA = not active). Often the measurem

Scheme 2. Miscellaneous compounds found in the pilot screen. The IC50 are the results
(NA = not active). Often the measurements were repeated in which case all the results a
mented based on the relative score. Furthermore, all compounds
showing no hydrogen-bonding activity were disqualified. Only a
single representation of each molecule was used. At this stage con-
sensus scoring44–47 was executed, that is, compounds that were
within the top �5% for both fitness functions were carried forward.
This brought the number of candidates to <1% of the total number
of docked compounds. The LogP and LogS values were calculated
in order to eliminate water insoluble and excessively lipophilic
compounds. The limits were set at LogP < 4.5 and LogS > �5.5. Fur-
thermore, after filtration the remaining candidates were visually
inspected for promiscuous molecular species (frequent hitters)
and compounds containing toxic moieties. Many such molecular
entities are known and documented in the literature.48–52 The
lts from the 3H-PIP2 assay. The IC50 are the results of the 3H-PIP2 assay and Ca2+ are
ents were repeated in which case all the results are depicted.

of the 3H-PIP2 assay and Ca2+ are the results of the calcium release cell-based assay
re shown.



Figure 2. The molecular structure of Idoramin, which is a marketed drug
structurally related to CCT129957.
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two last steps brought down the number of candidates to �0.3% of
the compound collections screened. At this point the molecules
were re-docked using a more rigorous theoretical approach (see
computational methods). In addition, multiple representations of
each compound were included. The docked configurations of the
candidate compounds were visually examined and disqualified
according to whether CHEM- and GOLDSCORE predicted a similar pose;
whether lipophilic moieties protrude into the water phase and
hydrogen-bonding pattern. This procedure reduced the number
of candidates to only �0.05% (50 compounds) of the total number
of molecules screened and these were defined as virtual hits.
Thirty-seven of these were commercially available and tested
against PLC-c2 using the 3H-PIP2 assay. Eleven of the compounds
were considered active (IC50 < 50 lM). This represented �30% of
the tested compounds, which was a very acceptable result. No sol-
ubility problems were encountered for these compounds in the 3H-
PIP2 assay. Three chemical families were identified, that is, oxa-
zole-, oxadiazole- and indole-derivatives and they are presented
in Scheme 1. Additionally, a group of miscellaneous compounds
was defined, which are depicted in Scheme 2. Some of the com-
pounds were quite potent with measured activity in the low single
digit micro-molar region such as CCT129950, CCT129957 and
CCT129967.

Twenty-six of the compounds were tested in the calcium re-
lease cell-based assay and five of them had activity <50 lM, which
represented �19% of the compounds. The most potent molecule
investigated was CCT129957 of the indole family with a GC50 of
�15 lM (see Scheme 1). The second most potent compound was
CCT129954, which is a singleton and has a measured GC50 of
�30 lM (see Scheme 2).

There are two compounds that are clearly the most interesting
for drug development emerging from this pilot screen, that is,
CCT129954 and CCT129957. The latter has better potency in both
assays and therefore can be considered the best compound identi-
fied. Interestingly, CCT129957 has a close structural relative
marketed as Doralese� or Baratol� with the active ingredient
Indoramin. It is used to treat enlarged prostate glands and
hypertension.53,54 The molecular structure of this drug is shown
in Figure 2.

3.2. Main screen

For the main screen, an attempt was made to improve the pro-
cess by analysing the results of the pilot screen. An important dif-
ference between the pilot and main screens is that multiple
representations of the compounds were used in both docking
stages of the latter. 4.4 � 105 Compounds were represented by
6.3 � 105 molecular species. First, cut-off filters were used based
on the predicted affinity data. Second, all ligands showing no
hydrogen-bonding were excluded. These two steps reduce the
number of candidates using CHEMSCORE to 7.4% of the total collection
and 22.8% for GOLDSCORE. Consensus scoring was the third step and it
resulted in reduction of candidates to �2.0% of the total collection
for which the LogP and LogS were calculated. All the compounds
with LogP > 5 and LogS < �6 were not considered further, which
led to a reduction of candidates to �0.8%. All of these were visually
inspected for frequent hitters and compounds containing toxic
moieties leading to a reduction to �0.7%. In order to reduce the
number of candidates even further, molecular descriptors were
used based on the eleven compounds showing activity in the 3H-
PIP2 assay from the pilot screen. All of the hits had an elongated
shape and their mean globularity was calculated as 0.823 (com-
plete sphere = 1) with the standard deviation of r = 0.013
(max = 0.843 and min = 0.799). Based on this analysis all the candi-
dates with globularity between 0.84 and 0.80 were taken forward
and the rest discarded. Furthermore, the following molecular
descriptors were employed in the same way as the globularity
descriptor: MW, LogP, dipole moment, rotatable bonds, number
of hydrogen bond donors and acceptors. The limits established
with this type of statistical analysis were: MW < 400, LogP 0–4.5,
dipole moment, 0–12.5, rotatable bonds <7, HbA 2–10 and HbD
0–5. The application of these limits reduced the number of candi-
dates to �0.2%. Also, a more stringent toxicity, promiscuity and
reactivity moiety inspection was implemented and it brought the
number of compounds considered to �0.14%. The remaining com-
pounds were re-docked (1046 molecular derivatives). The docked
compounds were visually inspected using the same criteria as in
the pilot screen. After the elimination process 210 molecular spe-
cies remained representing 171 compounds, which is 0.04% of
the total collection screened.

Eighty-three of these were experimentally tested using the 3H-
PIP2 biochemical assay format at 50 lM and two measurements
were made for each compound. Only semi-quantitative measure-
ments were obtained for these molecules. Thirty-one of the virtual
hits gave 100% inhibition of PLC-c activity for both measurements,
which was �38% of the compounds tested. This means that their
IC50 was lower than 50 lM. Eleven of the candidates gave 100%
inhibition for one of the measurements and a high inhibition
(>60%) in the second measurement, representing �13% of tested
compounds. Here it can be argued that quantitative measurements
would lead to an IC50 lower than 50 lM, perhaps as low as
�30 lM. Sixteen ligands gave inhibition between 99% and 50%
for both measurements (�20%) and they can be roughly estimated
at IC50 �50 lM. The remainder of the candidates (24) showed little
or no inhibition. For the Ca2+ release cell-based assay the same 83
compounds were tested and 32 of these were active (39%), two
were marginally active and 49 compounds were inactive (59%).
Seventeen of the compounds had solubility issues in the Ca2+ re-
lease assay but this was solved either by heating, sonicating and
vortexing or a combination of these. Only one compound was com-
pletely insoluble.

Three chemical families were identified. The first family con-
tained a 1,3,4-thiadiazole ring moiety in the centre of the com-
pounds as shown in Scheme 3. Six compounds were represented
in this family and they were all active according to the 3H-PIP2

hydrolysis assay. However, only two compounds showed activity
in the cell-based Ca2+ assay. The basic structure of this family
are three aryl-rings arranged in a linear fashion with 1,3,4-thiadi-
azole in the centre. These can be split into two groups and a sin-
gleton depending on the type of linker between the 1,3,4-
thiadiazoles and the aryl groups (X2) as shown in Scheme 3. Group
A has a urea linker, group B an amide linker and finally the single-
ton (C) has the shortest linker consisting of an amine moiety.
Interestingly, the singleton has the best overall affinity in this
chemical family.



Scheme 3. The 1,3,4-thiadiazole family. This family is split into two groups and one singleton. PIP is the percentage of inhibition at 50 lM for two measurements using the
3H-PIP2 assay. Ca2+ is the result of the cell-based assay. Any activity of the compound that resulted in a decrease in calcium release at 50 lM was scored as + and at 25 lM ++.
(NA—not active).

Scheme 4. The thieno[2,3-b]pyridine-3-amine family. PIP is the percentage of inhibition at 50 lM for two measurements using the 3H-PIP2 assay and Ca2+ is the result of the
cell-based assay. Any activity of the compound that resulted in a decrease in calcium release at 50 lM was scored as + and at 25 lM ++. (NA means not active).

Scheme 5. The 3H-pyrimido[5,4-b]indol-4(5H)-one group. PIP is the percentage of
inhibition at 50 lM for two measurements using the 3H-PIP2 assay and Ca2+ is the
result of the cell-based assay. Any activity of the compound that resulted in a
decrease in calcium release at 50 lM was scored as + and at 25 lM ++. (NA means
not active).
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Six compounds were found in the thieno[2,3-b]pyridine-3-
amine family and were split into two groups as depicted in Scheme
4. First, the structures on the left side (A) have a substituent on the
C6 (X1), in all cases an aryl ring. The X2 substituent depicts a phenyl
moiety substituted with fluorine or chlorine. All of these com-
pounds were active in the 3H-PIP2 hydrolysis assay and also
showed moderate activity in the cell-based Ca2+ assay. The second
group (depicted in B) has also a thieno[2,3-b]pyridine-3-amine
core but in addition a cyclohexanone moiety (3-amino-7,8-dihy-
drothieno[2,3-b]quinolin-5(6H)-one). Three derivatives were
found with methyl and chlorine substituents on the meta- and
para- positions on the phenyl moiety. None of these compounds
were active in the cell-based assay.

The third chemical family identified had a 3H-pyrimido[5,4-
b]indol-4(5H)-one core with mainly bromine substituted at the
C8 position (X1) but also meth- and ethoxy as shown in Scheme
5. At the X2 site various ring systems occur with an ethyl linker ex-
cept in one case the aliphatic linker is composed of one carbon
atom (CCT196797). All of the compounds are active against PLC-
c according to the 3H-PIP2 assay, however only one compound
(CCT196720) displayed a moderate activity in the cell- based assay.

In Scheme 6, miscellaneous compounds are shown. These were
only a few of the active compounds identified but give an idea of
the types of molecules found. They all contained aromatic and aryl



Scheme 6. Miscellaneous hit compounds. The four molecules depict the chemical variety of compounds found in the main screen. PIP is the percentage of inhibition at 50 lM
for two measurements and Ca2+ is the result of the cell-based assay. Any activity of the compound that resulted in a decrease in calcium release at 50 lM was scored as + and
at 25 lM ++.

Scheme 7. The most active compounds according to the Ca2+ cell-based assay results and their quantitative GC50 determination.
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ring systems and were elongated in shape like the rest of the com-
pounds with measured activity against the PLC-c enzyme.

Six of the compounds tested were sufficiently potent to merit a
quantitative GC50 determination using the cell-based assay and the
results are shown in Scheme 7.

Two of the compounds (CCT196714 and CCT196733) demon-
strate good potency according to the cell-based assay. They, how-
ever, interact weakly or not at all with PLC-c. This means that the
potency in the cell-based assay were not due to the inhibition of
PLC-c but some other mechanism(s). The rest of the compounds
depicted in Scheme 7 were potent in both assays.

Most of the experimental data generated for the compounds
identified in the main screen are semi-quantitative. Undoubtedly,
it is much better to have the full quantitative IC50 and GC50 for
all of the virtual hits generated; however, it was not always possi-
ble to obtain the data due to material restrictions and other factors.
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3.3. Binding to PLC

Modelling of the most interesting ligands was undertaken again
using the PLC-d isoform as a model. CCT129957 was chosen since it
was the most potent compound measured both in the biochemical
and cell-based assays (see Scheme 1). Figure 3 depicts this ligand
docked in the binding site. Hydrogen bonding is predicted (green
lines, Fig. 3A) between the indole moiety and the amino acids
Glu341, Lys438 and Arg549. In all of these cases, the side chains
of the amino acids were involved in the hydrogen bonding mostly
with the –NO2 moiety in the indole ring. Also, the carboxyl group in
the linker is predicted to interact with the Ca2+ cation in the bind-
ing pocket. The phenyl group on the left side sat in a lipophilic
pocket formed of various amino acids as depicted in Figure 3B. In
general, the predicted binding mode of CCT129957 displayed a ro-
bust hydrogen bond pattern as well as a lipophilic contact, that is,
everything a potent ligand needs as is reflected in the assay results.
Thus, the conclusion can be reached that the binding mode was
plausible.

Several other inhibitors were also modelled and the same pat-
tern emerged as for the CCT129957 ligand, that is, a hydrogen
bonding network with the Glu341, Lys438 and Arg549 amino acids
and a lipophilic contact in the pocket on the left side as depicted in
Figure 3B.
Figure 3. The docked configuration of CTT129957 in the binding site of PLC-d. (A)
Hydrogen bonds are depicted in green between the amino acids Glu341, Lys438 and
Arg549. Furthermore, the Ca2+ is shown to interact with the carboxyl group of the
amide moiety of the ligand. (B) CTT129957 shown in the binding pocket with the
protein surface rendered and overlain with the co-crystallised inositol 1,4,5-
triphosphate shown in green. The phenyl group of CTT129957 is predicted to
occupy a lipophilic cavity as depicted on the left side of the figure. A good overlap
with the inositol is predicted. Red depicts a positive partial charge on the surface,
blue negative and grey neutral/lipophilic.
4. Discussion

In general, this virtual screening campaign was successful since
active chemical entities were found in the context of a drug discov-
ery programme. Virtual screening projects usually find 5–35% of
the virtual hits to be active.55 In this study �30% of the compounds
were reasonably active, which is at the higher end of reported re-
sults from similar work. A considerable strength of this work is that
not only biochemical data were produced but also a cell-based as-
say was used, which lends more credibility to the results. However,
there are still many aspects of the approach used here that can be
improved. First, the sequence of the elimination of candidates can
be made more efficient by installing the LogP/S filters as the first
step (see Fig. 1). These calculations require very little computa-
tional power and performing them early in the screening cascade
would accelerate the whole process. The sequence shown in Figure
1 was used for technical reasons, that is, how easily various soft-
ware packages could be integrated into the cascade. Moving the
LogP/S step forward would accelerate the process but in principle
the same results should be obtained. Also, automating and moving
the elimination of promiscuous moieties forward would make the
process more streamlined.

Another way of improving the screening cascade would be to
use more fitness functions in the consensus scoring step. Consider-
able evidence exists to support the application of this step,44,45,47,56

and Wang et al.46 found that three to four fitness functions gave
the optimum results. Thus adding one or two more fitness func-
tions to the elimination process can theoretically improve it.

Commercial compound collections tend to be lipophilic57 and it
is important to eliminate these chemical species from the molecu-
lar candidates. We had some problems with compound insolubility
but it was minimised by installing the LogP/S filters. It was possible
to set more stringent limits, but this would reduce the probability
of finding tractable hit compounds.

Many of the experimentally confirmed hits contain chemical
moieties that are considered undesirable due to their ability to per-
turb assays or are toxic. As shown in Figure 1 and described in this
study, it was attempted to eliminate these molecular species in the
screening cascade but it was not completely successful. In particu-
lar, Michael acceptors49 incorporated into ring systems slipped
through. However, according to the experimental data many of
the inactive compounds were also Michael acceptors (data not
shown). Also, cyclohexanone is a moiety linked to cytotoxicity
and therefore could give false positives in cell-based assays.49,58,59

Interestingly, the subgroup B of the thieno[2,3-b]pyridine-3-amine
family (Scheme 4) contains a cyclohexanone moiety and none of
them was active in the Ca2+ release cell-based assay. Furthermore,
compounds containing moieties like nitro-aryls, which are linked
to mutagenic and carcinogenic properties (see e.g., Refs. 60–62
and references therein) can often be substituted with trifluoro-
methyl- or methylsulphone—groups due to their similar electron
negativity properties.63 Interestingly, our modelling studies re-
vealed that when the nitro- group was substituted with a chloro-
group, good binding was achieved for the CCT129957 derivative.
Therefore, it can be concluded that elimination of undesirable moi-
eties should be used with caution since otherwise valuable regions
of chemical space are unduly ignored. Finally, in a recent study it
was found that 26% of marketed drug compounds contain a moiety
reported to perturb biochemical and/or biological assays.64
5. Conclusions

Even though many improvements can be made to the process
used in this work, it produced a wealth of compounds active
against PLC-c, some being chemically interesting for drug develop-



3176 J. Reynisson et al. / Bioorg. Med. Chem. 17 (2009) 3169–3176
ment. Compounds with low micro-molar potency were confirmed
using a biochemical assay and verified in a cell-based functional
assay. Roughly 30% of the compounds tested experimentally
showed relatively strong affinity to PLC-c, which is a very good re-
turn for a virtual high throughput screen.
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