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A total of 11 structures of the pp60src SH2 domain with non-peptidic inhibitors based on the
same two closely related inhibitor scaffolds were determined using X-ray crystallography.
Surprisingly, the inhibitors that have an IC50 value between 4 and 2700 nM bind in three
different binding modes. Structure comparisons show that the inhibitors aim to maximize the
interaction between the hydrophobic substituent and the hydrophobic pY+3 pocket. This is
achieved either by an alternative binding mode of the phenyl phosphate or by including water
molecules that mediate the interaction between the inhibitor scaffold and a rigid surface of
the SH2 domain. The combination of the rigid pY+3 pocket and the rigid protein surface to
which the scaffolds bind results in severe distance and angular restraints for putative scaffolds
and their substituents. The X-ray data suggest that these restraints seem to be compensated
in our system by including water molecules, thereby increasing the flexibility of the system.

Introduction
pp60src kinase is a multidomain protein that plays a

role in signal transduction.1 It has been implicated in
osteoclast-mediated bone resorption and thus represents
a therapeutic target for the treatment of osteoporosis
and other bone-related diseases.2,3 Of particular interest
are inhibitors binding to the SH2 domain of pp60src
kinase. SH2 domains are common protein recognition
motifs that have a highly conserved sequence and 3D
structure and bind preferentially phosphotyrosine(pY)-
containing peptides.4 A considerable number of crystal
structures of different SH2 domains with peptides and
also non-peptidic inhibitors have been described.5-10

With few exceptions,11,12 the peptidic and non-peptidic
ligands bind in an extended conformation resembling a
two-pronged plug. A flat protein surface is located
between the two major interaction sites, i.e., the hydro-
philic phosphotyrosine binding pocket and the hydro-
phobic pY+3 pocket. Hence, most of the corresponding
inhibitors can be described as scaffolds that interact
with the flat surface and two substituents pointing into
the phosphotyrosine and the pY+3 pocket.

Structure-based drug design is usually based on a
limited number of experimentally obtained protein-
ligand complexes only. The binding affinity of related
compounds is subsequently predicted using molecular
modeling tools. However, sometimes there are difficul-
ties in correlating the predicted binding affinities with
their corresponding experimental values. In cases for
which subsequently an experimental 3D structure was
obtained, it turned out that these discrepancies were

very often due to different binding modes of the inhibi-
tor.13,14 Thus, to predict binding affinities successfully,
it is essential to understand the driving force of inhibitor
binding and in particular the principles according to
which a certain binding mode is assumed. Experimen-
tally determined 3D structures reveal the details of
inhibitor binding at the atomic level. In addition, by
examination of the superposition of a variety of closely
related inhibitor complex structures, the importance of
specific interactions and the principles governing the
inhibitor binding become visible.

Here, we present experimental evidence that the
same non-peptidic scaffold binds to the SH2 domain of
pp60src with different binding modes. The individual
binding modes differ in the number of water molecules
that mediate the interaction between the scaffold and
the SH2 domain. Eleven X-ray structures with inhibi-
tors that have two different but closely related scaffolds
were determined at high resolution. On the basis of the
comparison of their X-ray structures, the driving force
for inhibitor binding and the reason that a certain
binding mode is present will be analyzed. In particular,
the role of the mediating water molecules will be
investigated.

Materials and Methods

Human pp60src SH2 crystals were grown at 4 °C using a
dialysis approach. Protein (60-80 mg/mL in citrate buffer at
pH 5.5, 10 mM DTT) was dialyzed against an aqueous solution
of 10 mM DTT.15 After one night, cubic-shaped single crystals
are observed. The crystals were soaked overnight with the
corresponding inhibitor solution (Table 1) and prior to data
collection with 10% of glycerol as cryoprotectant.16 Data were
collected at -170 °C on a Mar345 imaging system mounted
on a rotating anode X-ray generator (GX21, Enraf Nonius).
The data were processed using XDS17 and refined using
X-PLOR18 based on a model provided by Ariad.15 Model
building and structure comparison were carried out using
Quanta.19 Prior to their comparison, all structures were
superimposed using LSQKAB.20 The most important details
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of the data collection and structure refinement are summarized
in Table 2. The IC50 values were measured as described
earlier.16 The compounds were synthesized as described in refs
16, 22, and 23.

Results
A total of eleven X-ray structures of SH2 complexes

with inhibitors containing two closely related seven-
membered ring scaffolds (Table 1) have been deter-
mined. Scaffold II differs from scaffold I by an insertion
of an acetamidomethylene moiety. The inhibitors were
non-peptidic and had IC50 values ranging from 4 to 2700
nM. The quality of the X-ray structures was in all cases
excellent, with most of the crystals diffracting beyond
0.2 nm. A typical omit map displaying the electron
density of compound 1 is presented in Figure 1. A

superposition of these structures shows that there are
different binding modes present even though the inhibi-
tors are closely related. In particular, the binding modes
of the inhibitor scaffolds differ significantly between
individual compounds, resulting in a considerably dif-
ferent localization of the inhibitor within the binding
region. A closer inspection revealed that there are three
main binding modes that may be represented by com-
pounds 2-4 (Figure 2).

Inhibitor Binding Mode of Compound 2. The
interaction of compound 2 (IC50 ) 9 nM) with the SH2
domain of src is shown in Figure 3a. The phosphate
group forms salt bridges to the arginine side chains of
R14 and R34 and H bonds to the amide nitrogen of E37
and the side chain of T38 (not shown). Additional H
bonds are formed between an amide nitrogen of com-
pound 2 and the carbonyl oxygen of H60 and between
the carbonyl oxygen of the acetamido moiety of com-
pound 2 and the side chain of R14. Further stabilization
is derived from two water molecules that link the
acetamido moiety to H60N and the lactam carbonyl
group to K62N via hydrogen bonds. Mayor hydrophobic
interactions exist between the biphenyl moiety and

Table 1. Nonpeptidic Inhibitors of SH2 Domain of src Table 2. X-ray Data for Complexes of the SH2 Domain with
Compounds 1-11

compound resolution [nm] Rmerge [%] Rfactor [%]

1 0.180 7.7 19.2
2 0.170 6.8 19.2
3 0.195 7.9 18.4
4 0.180 7.8 20.0
5 0.210 9.1 17.9
6 0.170 4.9 19.6
7 0.180 5.7 20.8
8 0.195 5.4 19.4
9 0.165 6.6 20.7
10 0.180 7.7 20.0
11 0.185 5.0 19.6
citrate 0.155 4.8 19.1

Figure 1. Omit map of compound 1 bound to the SH2 domain
of src.

Figure 2. Superposition of compounds 2 (pink), 3 (blue), and
4 (green) bound to the SH2 domain of src.
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protein residues 94-96 and 73-74. A second, minor
hydrophobic interaction is found between the capro-
lactam scaffold itself and Y61.

The superposition of compound 2 with the pYEEI
peptide5,24 shows that both compounds display the same
binding mode. The interaction of the phosphotyrosine
and the acetamido moiety with the protein is identical.
In addition, the conformation and the interaction of the
backbone of the pYEEI peptide and the inhibitor scaffold
with the SH2 domain are very similar, including all H
bonds made to the protein or to water molecules
bridging to the protein. Both glutamate side chains of
the pYEEI peptide point toward the solvent. The side
chain of the isoleucine points into the pY+3 pocket. The
main-chain atoms, including the carboxy terminus of
the peptide, have no significant interaction with the
protein. The side chain of the first glutamate is replaced
in compound 2 by a lactam ring that interacts favorably
with Y61. Compared to the isoleucine side chain in the
pYEEI peptide, the biphenyl moiety in compound 2 fits
better in the hydrophobic pocket, resulting in a total of
15 carbon-carbon distances shorter than 0.4 nm com-
pared to 6 distances for the corresponding isoleucine
side chain in the pYEEI peptide.

Inhibitor Binding Mode of Compound 3. The
interaction of the phosphate group in compound 3
(IC50 ) 290 nM) with the side chains of R14 and R34 is
different compared to that in compound 2 (Figure 3b).
In this structure, the salt bridges are not formed by two
terminal oxygens such as in compound 2 but one
terminal oxygen and the ester oxygen of the phosphate
ester. This results in an alternative conformation of the
phosphotyrosine ring, which is accompanied by a novel
interaction of the acetamido moiety with the protein.
The acetamido moiety of compound 3 interacts with the
H60N, and one amide nitrogen of compound 3 forms an
H bond to H60O. The interaction of the lactam carbonyl
oxygen to K62N is bridged by a water molecule. The
lactam ring, including the phenyl ring, is shifted com-
pared to that in compound 2 in a way that the terminal
benzyl ring is now positioned comfortably in the hydro-
phobic pocket. The conformation of the phenyl phos-
phate moiety found in compound 3 corresponds to the
conformation found in the complex structure with
phenyl phosphate.21

Inhibitor Binding Mode of Compound 4. The
interaction of compound 4 with the hydrophobic pY+3
pocket and the phosphotyrosine binding site is very
similar to that found in compound 2 even though
compound 4 (IC50 ) 2700 nM) is shortened by two
carbon atoms compared to compound 2 (Figure 3d) to
achieve the inhibitor adopting an alternative binding
mode of the scaffold. There are no water molecules
bridging compound 4 and the protein. Instead, H bonds
are formed between the amide nitrogen of the inhibitor
to H60O and the lactam carbonyl of compound 4 to
K62N. As a result, the terminal ring is comfortably
positioned in the hydrophobic pocket, resulting in a total
of 11 carbon-carbon distances between the inhibitor
and the protein shorter than 0.4 nm.

Characterization of the Scaffold Binding Mode.
An analysis of the superimposed structures suggests
that the binding modes of the scaffolds can be charac-
terized on the basis of the H-bond pattern formed
between the individual scaffold and the protein. SH2
has three main-chain H-bond donors/acceptors that need
to be satisfied: H60N, H60O, and K62N. They belong
to a rigid surface of the protein, as judged from the low-
temperature factors and the very limited rms deviations
between individual X-ray structures. In addition, the
side chain of R14 is available for hydrogen bonding. In
all structures, these H-bond partners are satisfied by
interacting directly with the inhibitor scaffold or the
interaction is mediated by a water molecule. When a
water molecule mediates the inhibitor-protein interac-
tion, the water molecule is exactly at the position in
which the H-bond partner within the inhibitor scaffold
is otherwise located (Figure 4a). The individual binding
modes represented by compounds 2-4 differ in the
details of their H-bond pattern formed between the
inhibitor scaffold and the SH2 domain of src (Figure 4b).
While the scaffold in compound 4 interacts in all cases
directly with the protein backbone, the interaction of
the scaffold of compound 3 with the protein backbone
includes one bridging water molecule and the scaffold
of compound 2 includes two bridging water molecules.

The relative position of the individual H-bond part-
ners within the inhibitor are crucial in order to satisfy

Figure 3. (a) Interaction of compound 2 with the SH2 domain
of src. (b) Interaction of compound 3 with the SH2 domain of
src. (c) Interaction of compound 4 with the SH2 domain of src.
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the constraints that the H bonds to H60N, H60O, and
K62N have to be made. This can be visualized by
superimposing X-ray structures that differ in their
pY+3 substituent or assume different binding modes.
Figure 4c shows the positions of H-bond acceptors in
compounds 2-7, including the water molecules that
mediate the interaction between the protein and some
of the inhibitors. The positions of these H-bond acceptors
form two well-defined clusters for the H-bond acceptors
interacting directly with the protein. In structures with
small ligands such as citrate, there are well-defined
water molecules located at these positions, highlighting
the importance of an H-bond acceptor present at these
positions. Because of the angular and distance restraints
of H bonds and the rigidity of the protein surface,
clusters 1 and 2 are limited in their size (Figure 4c).
However, the positions of the second-layer H-bond
acceptors are much less restrained and cluster 3, which

is formed by second-layer inhibitor H-bond acceptors,
is much more diffuse. Hence, if the scaffold binds in a
mode including bridging water molecules, it has sig-
nificantly more degrees of freedom to position its
hydrophobic substituent optimally in the rigid pY+3
affinity pocket.

Driving Force for Inhibitor Binding. The super-
position of all protein inhibitor structures indicates that
there are two conserved interactions of high impor-
tance: the binding of a negatively charged group in the
phosphate recognition site and the hydrophobic inter-
action in the pY+3 affinity pocket. The scaffolds linking
these two substituents bind onto a flat surface between
the two pockets.

The charged group is able to interact with R34 and
R14 in two different ways. In most structures, two
terminal oxygen atoms form salt bridges to both argin-
ines. However, in some cases one terminal and one ester
oxygen interact with R34, forcing the phenyl ring in a
different conformation. The orientation of the phenyl
ring seems to be fairly variable and to depend on
additional interactions that the individual inhibitor may
exhibit. The salt bridges form part of a complicated and
well-conserved H-bond network connecting the indi-
vidual inhibitor to the arginines and loop formed by
amino acids 35-42. This network of salt bridges and H
bonds is conserved in all inhibitors. It seems to be
essential for the recognition of the inhibitor that the
inhibitors integrate well into the H-bond network.
However, since loop 35-42 can adopt a variety of
different conformations, substituents that differ signifi-
cantly in their size and shape are able to bind to the
phosphate recognition site.21

The second important group is the hydrophobic sub-
stituent that points into the hydrophobic pY+3 affinity
pocket formed by V96, I73, T74, and Y89. Some inhibi-
tors, such as compounds 2-4, reach fairly deep in the
pocket, while other inhibitors, such as compound 5 and
7, are not able to penetrate very deeply into the pocket.
In these cases, there is a water molecule occupying the
space between the inhibitor and the surface of the pY+3
affinity pocket. The superposition of all complex struc-
tures shows that the pY+3 pocket is very rigid with rms
deviations between individual structures within the
experimental error. This suggests that the shape and
the size of the substituent are essential features for
high-affinity inhibitor binding and only limited devia-
tions from the ideal shape are tolerated by the protein
as shown by calorimetric investigation of peptide bind-
ing and SAR data.16,22,25

Driving Force for the Choice of the Inhibitor
Binding Mode. All inhibitors seem to aim at filling the
pY+3 pocket as much as possible and achieve that by a
different interaction of the inhibitor scaffold with the
protein. Inhibitors with a shortened scaffold such as
compound 4 take, when possible, a shortcut on the
surface of the protein compared to the natural peptide,
while inhibitors such as compound 2 bind in the modus
of the natural peptide. However, there are some restric-
tions as to which binding modus can be assumed by an
individual inhibitor. These restrictions are revealed by
direct structure comparisons of individual inhibitors and
may help to identify the driving force for the choice of
the inhibitor binding mode.

Figure 4. (a) Superposition of the electron density of com-
pounds 3 (green) and 4 (blue). (b) Characterization of the
H-bond patterns in the SH2 complexes. (c) Localization of the
position of H-bond acceptors including water molecules in the
structure of compounds 2-7. In addition, the positions of the
water molecules in the citrate structure are indicated in white.
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Compounds 2 and 3 differ only in their substituents
in the pY+3 position. While in compound 2 there is a
biphenyl group in this position, in compound 3 there is
a much shorter phenylpropyl group present. However,
a comparison of the two X-ray structures shows that in
both structures the hydrophobic substituents penetrate
similarly deeply in the hydrophobic pocket with the
phenethyl group taking the place of the terminal phenyl
ring of compound 2 (Figure 5a). Compound 3 achieves
that by adopting a different conformation of the phenyl
phosphate group.

Compounds 1 and 5 differ again only in their sub-
stituents pointing into the pY+3 position. In addition,
they differ from the previous pair (compounds 2 and 3)
in that the phosphate group is replaced by an R,R-
difluorobenzyl phosphonate group. A comparison of their
X-ray structures (Figure 5b) shows that both compounds
bind in the same mode to the SH2 domain even though
the cyclohexyl group in compound 5 is too small to be
positioned comfortably in the hydrophobic pocket. In
contrast to the phosphotyrosine ring in compound 3, the
phosphonate moiety in compound 1 is unable to assume
the alternative conformation because of steric hindrance
of the fluorine atoms. Thus, the conformation adopted
by compound 3 is not accessible for compound 1 and the
hydrophobic interactions within the pY+3 pocket are
limited, giving rise to a compound less active than 1.

The main difference between compounds 4 and 7 is
again in the substituent pointing into the pY+3 pocket.
As described above, compound 4 adopts a shortcut
binding mode that buries the aromatic ring deeply into
the pY+3 pocket. The superposition of the two X-ray
structures (Figure 5c) shows that compound 7 binds in
a different binding mode, namely, that of compound 2.
However, since the acetamidomethylene insertion is
missing in scaffold II, there is no interaction with H60N.
A closer analysis of the complex structure with com-
pound 7 revealed that the terminal tertiary butyl group
is too bulky to slide deeper into the pocket, which puts
the scaffold in a position favoring the compound 2
binding mode. A well-defined water molecule occupies
the depth of the pY+3 pocket. However, the superposi-
tion of the X-ray structures of compound 7 and the
pYEE1 peptide (Figure 5d) shows that in both struc-
tures the water molecule that is conserved in binding
modes 1 and 2 is present and that the tertiary butyl
group and the isoleucine side chain superimpose very
well. Even though the scaffold of compound 7 differs
substantially from the peptide backbone, the similar
shape and size of the substituent in pY+3 position have
induced a scaffold binding mode involving the conserved
water molecule.

If the shape and size of the substituents in the pY+3
position have a strong influence on the binding mode,
inhibitors with the same pY+3 substituent should
assume the same binding mode. Thus, in contrast to the
examples mentioned above, compounds 1, 2, and 8-11
have identical scaffold and pY+3 substituents but differ
in the substituent pointing into the phosphate recogni-
tion site. The structure comparisons show that all these
inhibitors display indeed the same binding mode and
that they differ only in the binding of the phosphoty-
rosine replacements (Figure 6a). The IC50 values of
these inhibitors range from 0.25 nM for compound 10

to 2 µM for compound 11, reflecting the importance of
the substituent pointing into the phosphotyrosine
pocket.26 In high-affinity inhibitors such as compound
8, the polar headgroup integrates well in the H-bond
network, but in weakly binding inhibitors such as

Figure 5. (a) Superposition of compounds 2 (pink) and 3
(blue) bound to the SH2 domain of src. (b) Superposition of
compounds 1 (brown) and 5 (white) bound to the SH2 domain
of src. (c) Superposition of compounds 4 (green) and 7 (yellow)
bound to the SH2 domain of src. (d) Superposition of com-
pounds 7 (yellow) and pYEEI24 peptide (1shd, purple) bound
to the SH2 domain of src.
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compound 9, the phosphotyrosine replacements do not
fit well in the H-bond network.21 In particular, the
bisphosphonate group in compound 11 does not inte-
grate well into the H-bond network, which is reflected
in the considerable disordered electron density of this
group in the X-ray structure (Figure 6b) and the high
IC50 value. However, even though some of these groups
do not represent a good phosphotyrosine replacement,
the same binding mode is maintained in all structures
with a biphenyl substituent in the pY+3 position.

Discussion

The inhibitors shown here can be described as two
closely related scaffolds with two substituents. The
substituent pointing into the phosphotyrosine pocket
consists in all cases of polar and negatively charged
groups and contributes to the recognition of the inhibitor
by forming an intricate H-bond network with the
protein. Because of the flexibility of the phosphate
recognition loop 36-42,8,27 the relative positions of the
functional groups within the inhibitor are of minor
importance and significantly different substituents are
tolerated in the phosphotyrosine pocket.21 Also different
binding modes of substituents are tolerated. In particu-
lar, there are two different modes accessible to phenyl
phosphate. The second substituent points into the
hydrophobic pY+3 pocket and contributes strongly to
the binding affinity by its hydrophobic interactions. The
superposition of all X-ray structures shows that the
pY+3 pocket is unable to change its shape upon inhibi-
tor binding, and hence, only a limited number of
chemical groups fit tightly into the pocket.

The X-ray structures show that the two closely related
scaffolds described here can bind in three different
binding modes. The comparisons of complex structures
with inhibitors differing only in their pY+3 substituents
indicate that the size and shape of these substituents
seem to have a strong influence on whether the inhibitor
is bound in a scaffold binding mode including or exclud-
ing water molecules. If no bridging water molecule is
present, the substituent has to point at the correct angle
into the pocket and has to fit exactly into the hydro-
phobic pocket. This scaffold binding mode has been
found only once in the X-ray structures, indicating that
the requirements for substituents in this binding mode
are very stringent. Bridging water molecules between
the protein and our scaffolds increase the degree of
freedom for the scaffold to position a particular hydro-
phobic substituent deeply in the hydrophobic pocket,
and hence, a somewhat greater variety of hydrophobic
substituents are tolerated. An alternative approach for
the inhibitor to maximize the interaction with the
hydrophobic pocket is to assume different binding modes
of the phenyl posphate in the phosphotyrosine pocket.
Shorter inhibitors can stretch themselves and reach
deeper into the pY+3 pocket when the phosphate binds
with one terminal and one bridging water oxygen. If the
pY+3 substituent is too small, an additional water
molecule fills the space between the inhibitor and the
pY+3 pocket.27,28 The data also show that flat aromatic
rings such as benzyl and biphenyl rings fit much deeper
in the pocket than bulky groups such as a tertiary butyl
group. In summary, the X-ray structures suggest that
the shape and size of the substituent pointing into the
pY+3 pocket induce the binding mode in which the
maximum of hydrophobic interaction between the sub-
stituent and the pY+3 pocket is achieved.

Our results show that when optimizing a substituent
for a given scaffold, one should keep in mind that there
might be different binding modes and that it is advisable
to base the lead optimization on as many X-ray struc-
tures as possible. Could we have expected the different
binding modes? Considering the flat surface with which
the scaffold interacts, it becomes clear that the three
main-chain atoms (H60N, H60O, and K62N) to which
the scaffold has to form H bonds belong to a very rigid
part of the protein. Thus, if no water molecules are
included, the distances between the corresponding H-
bond partners in the scaffold pharmacophor and the
angle at which the substituent points into the rigid
pY+3 pocket have to be within narrow limits, reducing
strongly the number of scaffold candidates and substit-
uents. When the same scaffold is used, the angular
restraints for the pY+3 substituent are made less
stringent by including water molecules, thereby increas-
ing the variety of substituents that can be placed by the
scaffold into the hydrophobic pocket. Including water
molecules should also increase the number of putative
scaffolds because the distances of the H-bond partners
within these scaffolds need to be less well defined. In
summary, our results suggest that the combination of
a rigid scaffold binding surface to which the scaffold
forms H bonds and the rigid pY+3 pocket has given rise
to binding modes in which water molecules compensate
for the restraints. With hindsight of the first X-ray
structures, this might have been expected.

Figure 6. (a) Superposition of compounds 1, 2, and 8-11
bound to the SH2 domain of src. (b) Omit map of compound
11 bound to the SH2 domain of src contoured at 3σ (green)
and 2.5σ (white).
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The importance of the two water molecules is con-
firmed by other crystal structures of SH2 domains.
Crystals structures have been described from a variety
of different SH2 domains including the SH2 domains
of pp60src kinase9,29,30, p56lck kinase,27,28 and Grb2 adap-
tor protein.11,12 In the structure of the KPFpYYVNV
peptide complexed to the SH2 domain of GRRB2, the
peptide is bound in a â-turn conformation without
mediating water molecules.11 However, most peptide
and peptide-related inhibitors bind to the corresponding
SH2 domain in an extended conformation involving
interaction between main-chain atoms of the protein
and the peptide such as the highly conserved H bond
between the amide of the pY+1 residue and the peptide
carbonyl of H60 or equivalent residue in other SH2
domains. The structures also include two highly con-
served water molecules bridging backbone atoms of the
peptide inhibitor and SH2. Even in structures with
bound low-affinity peptides,31 these two water molecules
are located at the same position and correspond to
the water molecules that were found to mediate the
interaction of our scaffolds with the SH2 domain of
pp60src.

Water molecules mediating the binding of inhibitors
to the protein are considered, for entropical reasons, less
favorable and were successfully replaced by inhibitor
atoms in projects such as the HIV-1 protease.32 Inhibi-
tors of SH2 domains with non-peptidic scaffolds have
been described, and in some compound classes, water
molecules were present, mediating the interaction be-
tween the non-peptidic inhibitor and the SH2 do-
main.10,30 Lunney et al. (1997) have designed non-
peptidic pp60src SH2 inhibitors based on a peptide
structure with the aim to replace bridging water mol-
ecules with inhibitor atoms. The crystallographic struc-
ture of a compound with a dimethylphenyl moiety as
the pY+3 substituent showed that indeed the water
molecule that binds in the peptide structure to K62N
has been replaced by an H-bond acceptor from the
inhibitor scaffold. However, very much to their surprise,
the phosphotyrosine group binds in a novel conforma-
tion and the dimethylphenyl moiety points deeper in the
pY+3 pocket. Considering their figures, it seems that
the phenyl phosphate is in a conformation similar to
the one that has been described above for the binding
of compound 3 and that the dimethylphenyl moiety may
very well superimpose with the terminal aromatic group
of compound 3. Similar to what has been described
above, the phenyl phosphate in compound 5 of Lunney
et al.9 assumes a conformation that enables the inhibitor
to bury the flat dimethylphenyl moiety deep in the pY+3
pocket. Other complexes in which the shape and size of
the inhibitor substituent pointing in the pY+3 pocket
seem to have induced the alternative conformation of
the phenyl phosphate includes complex 5.29 The super-
position of the corresponding X-ray structure with the
structure of compound 3 shows that the phosphotyrosine
is present in the same binding mode and that the
cyclohexyl group of compound 529 indeed is positioned
as deeply in the pY+3 pocket as the substituent in
compound 3. A similar binding mode of the phosphoty-
rosine had been described before only for the SH2
domain of Syp in which a glycine is present at the
equivalent position of R14.31

These results suggest that the inhibitors bind in a
mode that maximizes the hydrophobic interaction in the
pY+3 pocket. This is achieved by including water
molecules and/or a change in the conformation of the
substituent pointing into the phosphotyrosine pocket.
As found in other cases,33,34 the water molecules form
an integral part of the protein-ligand interface and
increase the flexibility of the interface between a rigid
inhibitor part and a rigid protein surface. For structure-
based drug design, it is important to know the binding
modes of a given compound class and the chemical
features according to which individual binding modes
are assumed. However, there is not necessarily the same
correlation between these chemical factors and IC50
values, since for low IC50 values other factors such as
the number of freely rotating bonds frozen upon binding
and any induced strain in the inhibitor conformation
play an additional role.
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