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The subtle but significant differences and thereby the lack of consensus in active site structures among the 
crystal structures of cyclin-dependent kinase 2 (CDK2) has hampered structure-based drug design. In this 
study, we devised a simple but effective ‘mutation, pharmacophore-guided docking, followed by mutation’ 
strategy to generate an “average” CDK2 structure, which was used for ligand docking study to successfully 
reproduce 30 out of 32 X-ray ligand positions within 2.0 A of heavy atom RMSD. This novel docking method 
was applied for structure-based 3D QSAR with CoMSIA study of a series of structurally related ligands, which 
showed a good discrimination between CDK2 binders and nonbinders.
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Introduction

Cyclin-dependent kinase 2 (CDK2) is an enzyme involved 
in the regulation of the cell cycle, which undergoes a series 
of conformational changes upon binding to cyclin and 
phosphorylation to yield a fully active complex.1 ATP and 
inhibitor binding at the ATP- binding site also induce further 
conformational changes.2 Thus, more than 60 CDK2 crystal 
structures are publicly available at present, which have 
subtle but significant structural differences.2 In a crystal 
structure, however, a protein conformation is optimally 
adapted for interaction with one specific ligand, which 
makes it difficult to choose a basal protein structure for use 
in high-throughput docking of thousands of ligands of 
diverse structure.

There have been several approaches to tackle this prob
lem, which include i) docking a set of ligands into several 
different structures of the same protein and take the hits from 
each structure,3 and ii) statistical model-fitting approach of 
fitting multiple linear regression models to important geo
metrical features of the active site to identify the confor
mational change of the enzyme caused by binding of the 
ligand.4 However, in spite of the advances provided by these 
studies in identifying the best protein structure for ligand 
docking, there is an ongoing need for simple, intuitive, 
straightforward and easily reproducible method which can 
be generally used for docking study of conformationally 
flexible enzymes.

Recently, Thomas et al. showed that there are some CDK2 
structures that are clearly better than others for docking 
study, and the main determinants of this are the volume of 
the binding site into which the ligands are docked.3 More
over, by comparison of 20 CDK2 structures, they concluded 
that the more the side chains of Lys33, Phe80, Lys89, and 
Asp145 protruded into the ATP binding site, the smaller the 
number of correctly docked ligands tended to be. Taken 

together, even though the relationship was not clearly noti
fied by the authors, it was obvious that the volume of the 
ligand binding site would be determined by conformations 
of the four amino acid residues (Lys33, Phe80, Lys89, and 
Asp145). Superposition of 32 CDK2 structures (Fig. 1) 
clearly shows that they share almost the same backbone 
conformation but differ in the side chain conformation of the 
four amino acid residues (Lys33, Phe80, Lys89, and Asp145).

In this study, we focused to minimize the effect of the side 
chain conformation on docking of various ligands by wide
ning the ligand binding site of the enzyme. Thus, the four

Figure 1. Superposition of 32 CDK2 structures used in this study. 
Fine gray lines indicate superimposed backbone CKs, and the four 
residues (Lys33, Phe80, Lys89 and Asp145) are shown as capped 
sticks. A ball and stick model at the center is a ligand of the PDB 
ID 1E1X.
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critical amino acid residues (Lys33, Phe80, Lys89, and 
Asp145) were mutated into glycines, and then ligands ex
tracted from the crystal structures of 32 CDK2 complexes 
were allowed to dock into the wide open active site. After 
docking, the four residues were mutated back into their 
initial forms and the side chain conformations were optimiz
ed accordingly to generate enzyme-ligand complexes. The 
docking result was examined in terms of the ability to 
reproduce X-ray ligand positions within 2.0 A heavy atom 
root-mean-square deviation (RMSD). Also, structure-based 
3D QSAR study of a set of CDK2 inhibitors was compared 
with ligand-based 3D QSAR study to examine how well the 
docking protocol discriminates the CDK2-binders from the 
nonbinders.

Materials and Methods

Protein Structures. The following CDK2 protein struc
tures, taken from the Protein Data Bank,5 were used in this 
work: 1B38,6 1CKP,7 1DI8,8 1DM2,9 1E1V,10 1E1X,10 
1 ■口。口 11 1 B/T 12 1 B/\/12 1 C4Q 13 1 C7Q 14 1 口 nn 15 1 口 nQ 15 1E9H, 1FVT, 1F VV, 1G5S, 1GZ8, 1H00, 1H08,

14 14 16 16 16 17 181H0V, 1H0W, 1H1Q, 1H1R, 1H1S, 1JSV, 1J VP,
19 19 19 19 20 21 211KE5, 1KE6, 1KE/, 1KE8, 1OGU, 1OIQ, 1OIR, 

1OIT,21 1P2A,2 1PF8,22 1PXK,23 and 1PXL.23 These 32 
structures were chosen because of their diversity in terms of 
resolution, size, the presence or absence of other proteins, 
phosphorylation status, and ATP binding site conformation. 
Details of the 32 ligand structures identified by their CDK2 
crystal structure PDB identifiers are presented in Figure 2.

The side chains of lysine and arginine residues are proto
nated and the carboxylate groups of aspartic and glutamic 
acid are ionized. Water molecules contained in the PDB file 
have been removed. In order to define the active sites of the 
proteins, all 32 enzyme structures were superimposed together 
with their ligand structure using the “Align Structures by 
Homology” module of Sybyl 7.2 (Tripos Inc., St. Louis, 
MO). All atoms are selected that are located less than 10 A 
apart from an atom of any ligand of the crystal structures. In 
addition, the complete amino acid is selected if at least one 
of its atoms is picked.

Mutation. A crystal structure of CDK2 was randomly 
chosen (1E1X10). The four amino acid residues (Lys33, 
Phe80, Lys89, and Asp145) were mutated into glycines 
using “mutate monomers” module in Sybyl 7.2 to provide 
the protein structure which was used for docking ligands.

Ligand Structures. First, the ligand coordinates of the 
non-hydrogen atoms were extracted from the original PDB. 
They are used as reference for the calculation of the RMSD 
values later on. The ligand input files were obtained by 
defining correct atom types (including hybridization states) 
and correct bond types, adding hydrogen atoms, assigning 
formal charges to each atom, and finally energy-minimizing 
the reference structure. The energy minimization guarantees 
a low-energy conformation with suitable bond length and 
angles. This new geometry and the fact that the minimized 
structures is not translated according to its original crystal 
structure guarantees that there is no implicit docking 

information about the protein-ligand complex of the PDB 
structure in the ligand input file. In general, all carboxylic 
acid groups are ionized while all amino groups but no amide 
groups are protonated.

Docking. Ligands were docked into the mutated enzyme 
structures using the pharmacophore-guided docking pro
gram FlexX-Pharm [running under Sybyl version 7.2]24 in 
order to guide the construction of the ligand in the active 
site, ensuring the formation of hydrogen bonds to Leu83 CO 
and Leu83 NH because most of the CDK inhibitors form a 
hydrogen bond with the backbone of Glu81/Leu83. After 
docking, the four residues (Gly33, Gly80, Gly89, and Gly145) 
were mutated back to their original forms (Lys33, Phe80, 
Lys89, and Asp145) with concurrent minimization of the 
side chains of the mutated residues by using the ‘Set Side
chain Conformation' module in Sybyl 7.2. The final adjustment 
of the conformation of the bound ligands was performed by 
energy minimization of the enzyme-ligand complex.

Energy Minimization. Gasteiger-Huckel charge25,26 was 
given to the ligand. Then, Kollman-All-Atom charges27,28 
were loaded to the enzyme site from the biopolymer option 
in Sybyl 7.2. The enzyme-inhibitor complexes were mini
mized by using Kollman-All-Atom force field until the RMS 
(root mean square) tolerance value of 0.05 kcal/mol was 
achieved.

3D QSAR Study. CDK2 inhibitory activity of twenty five 
2-amino-4-(thiazol-5-yl)pyrimidine compounds was obtain
ed from the literature.29 Both ligand-based and structure
based three dimensional structure-activity relationship (3D 
QSAR) studies were performed. All compounds were con
structed by the ‘Sketch’ module in SYBYL base, protonated 
and assigned with MMFF94s charges. For more flexible 
compounds, systematic searches were performed with an 
interval of 10o on every rotatory bond to ensure their lowest 
energy conformations. Finally, repeated minimization was 
performed using the steepest descent and conjugated gradi
ent method until the RMS tolerance value of 0.001 kcal/mol 
was achieved. The CoMSIA method is based on molecular 
similarity indices. Using a common probe atom, similarity 
indices were calculated for a data set of prealigned mole
cules at regularly spaced grid points and evaluated in a PLS 
analysis following the usual CoMFA protocol. The regres
sion analysis of CoMSIA field energies was performed 
using the partial least squares (PLS) algorithm with the 
leave-one-out (LOO) method adopted for cross validation.30 
The CoMSIA descriptors served as independent variables 
and pKi values as a dependent variable in PLS regression 
analysis in deducing the 3D-QSAR models. Normally, cross
validation is used to check the predictivity of the derived 
model. Results of the analyses correspond to a regression 
equation with thousands of coefficients. The performance of 
models was calculated using the LOO cross-validation 
method. The optimum number of components (Nc) used to 
derive the non-cross-validated model was defined as the 
number of components leading to the highest r2 cross
validated and lowest standard error of prediction (SEP). To 
obtain the statistical confidence limit in analyses, PLS ana-
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Figure 2. Structures of the 32 ligands identified by their CDK2 crystal structure PDB identifiers.

lysis using 100 bootstrap groups within the optimum number 
of components was performed.

Results and Discussion

Mutant Enzyme Structure. Generally, in a crystal struc

ture, a protein conformation is optimally adapted for inter
action with one specific ligand. As a result, there have been 
numerous efforts to abolish the conformational bias between 
the ligand and enzyme in a specific crystal structure and 
devise an “average” CDK2 structure which can be generally 
used for docking study.3,4,31-34 Our goal in this study was to
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Figure 3. Superposition of 32 CDK2 enzymes mutated at the four 
residues (Lys33, Phe80, Lys89, and Asp145). Fine gray lines 
indicate backbone Ca superimposed but the four mutated residues 
(Gly33, Gly80, Gly89 and Gly145) are shown as capped sticks. A 
ball and stick model at the center is a ligand of the PDB ID 1E1X.

provide a docking method which can be easily exploited and 
generally applied for docking studies of conformationally 
flexible enzymes. For this purpose, an enzyme structure 
which is not biased to a specific ligand had to be identified 
first, and thus, we generated a mutant enzyme structure 
which shares common structural motifs among the series of 
CDK2 crystal structures. Superposition of the 32 CDK2 
crystal structures used in this study (Fig. 1) revealed that 
CDK2 structures share almost the same backbone confor
mations but differ in the side chain conformations at the four 
residues (Lys33, Phe80, Lys89, and Asp145), which are 
responsible for the different volume and thereby different 
three dimensional structure of the ATP-binding site of 
CDK2. As a result, mutation of the four key residues in each 
CDK2 crystal structures into glycines generated almost 
identical mutant enzyme structures which could be super
imposed atom by atom (Fig. 3).

In other words, our study shows that a random choice of 
any CDK2 structure would result in the same structure after 
mutation of the four amino acid residues (Lys33, Phe80, 
Lys89, and Asp145). In this study, a CDK2 structure obtain
ed by mutation of 1E1X (PDB ID) was used for docking 
study.

Docking. The use of mutant CDK2 structure in docking 
study is based on an assumption that the side chains of the 
mutated four glycine residues do not significantly affect the 
ligand docking at the ATP-binding site of CDK2. In this 
regard, it should be noted that CDK2 crystal structures 

identified to date shows that ligands binding at the ATP- 
binding-site should form a hydrogen bond with the back
bone of Leu83.3 Even though additional hydrogen bonds 
with Lys33, Lys89, or Gln131 take part in fine-tuning the 
binding affinities of some ligands, the key interaction is 
hydrogen bonding between ligand and Leu83 CO and Leu83 
NH. Thus, dockings were performed with the restraint that 
docked ligands should form hydrogen bonds to Leu83 CO 
and Leu83 NH by using the pharmacophore-guided docking 
(FlexX-Pharm) module in Sybyl 7.2. In FlexX-Pharm, 
which is an extended version of FlexX, a previously defined 
set of pharmacophore features in the active site constraints 
the docking calculation so that only solutions are produced 
that match the specified set of features. For docking with 
FlexX-Pharm, interacting groups and the corresponding 
interaction type (hydrogen bond donor, acceptor, hydro
phobic pocket) in the active site must be specified. FlexX- 
Pharm then ensures that an interaction is formed between the 
specified interaction group in the active site and the ligand in 
a valid docking solution. A compound was regarded as 
having been docked correctly if, by visual inspection, it 
formed the expected hydrogen bonds (as defined by 
formation of the requisite hydrogen bonds with Leu83 and 
correct orientation of the ligand in the ATP-binding site). 
Interestingly, all 32 ligands were successfully docked with 
the correct hydrogen bonds formed with Leu83, which is in 
sharp contrast with the docking ratio of the same set of 
ligands docked with the wild type 1E1X (10 out of 32, 
31.3%). Due to the formation of rigid multiple hydrogen 
bonds, the correct docking pose was always reproduced. 
However, they failed to adopt the exact conformations 
observed crystallographically due to the lack of the side 
chains of the mutated four residues (Lys33, Phe80, Lys89, 
and Asp145) with which they can form additional hydrogen 
bonding networks. Fine-tuning of the docking pose was 
achieved by mutating the four residues back to the corre
sponding original amino acids with concurrent adjustment of 
the side chain conformations. This process was automatical
ly performed by the ‘Set Sidechain Conformation' module 
in Sybyl 7.2. In order to avoid steric hindrance but to accom
modate the formation of additional hydrogen bonds between

Table 1. RMSD of the docked ligands from the X-ray ligand 
positions

PDB RMSD (A) PDB RMSD (A) PDB RMSD (A)
1B38 2.34 1H00 1.67 1KE7 0.54
1CKP 0.24 1H08 1.42 1KE8 1.79
1DI8 1.84 1H0V 0.67 1OGU 1.23

1DM2 0.64 1H0W 0.69 1OIQ 0.27
1E1V 0.65 1H1Q 0.25 1OIR 1.39
1E1X 1.21 1H1R 2.27 1OIT 0.82
1E9H 1.24 1H1S 1.11 1P2A 0.63
1FVT 1.21 1JSV 1.76 1PF8 0.61
1FVV 1.93 1JVP 0.54 1PXK 1.00
1G5S 1.35 1KE5 1.16 1PXL 0.95
1GZ8 1.18 1KE6 1.86
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the bound ligands and enzyme, the obtained enzyme-ligand 
complexes were fully relaxed by energy minimization to 
give the final models of CDK2-ligand complex.

The results of our novel docking protocol were examined 
in terms of the ability to reproduce X-ray ligand positions

within 2.0 A heavy atom RMSD. Adjustment of the mutated 
side chains followed by energy-minimization of the enzyme
ligand complexes placed 30 out of 32 ligands with an RMSD 
to the crystal structure below 2.0 A (Table 1). It is note
worthy that the docking poses of 32 ligands were well 

Figure 4. 2-Amino-4-(thiazol-5-yl)pyrimidine compounds as CDK2 inhibitors.
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reproduced in the RMSD range of 0.2-2.3 A and, in many 
cases, the ligand-RMSDs were even better than that of the 
self-docking of ligand 1E1X (Fig. 2) into its original crystal 
structure (1.21 A, Table 1). This result shows that the 
randomly chosen mutated ‘average’ enzyme structure is not 
structurally biased to its original crystal structure which is 
specific for the bound ligand.

3D-Quantitative Structure-Activity Relationship (QSAR) 
Study. As our docking protocol is based on mutation of 
amino acid residues and thereby widening the ligand binding 
site by mutation, there could be a tendency for underesti
mation of the side chains of the mutated amino acid residues 
as well as overestimation of volume of the ligand binding 
site and thereby generation of false positives during docking. 
Thus, as a measure to examine how well the docking proto
col discriminates the binders from the nonbinders, compara
tive 3D QSAR studies were performed on the dataset of 
Wang et al. (Fig. 4).29 We first applied a ligand-based 
strategy which uses atom-based fit to align training set as 
well as test set molecules. Second, the availability of newly 
developed docking method allowed us to apply a structure
based technique by docking database molecules into the 
ligand binding site of an ‘average’ CDK2 structure obtained 
by mutation. This way we derived two comparative 3D 
QSAR models, either neglecting or including X-ray infor
mation. The validity check of the ligand-based versus the 
structure-based model comprised statistical aspects (fitting, 
prediction, PLS coefficients).35 In the ligand-based 3D QSAR 
study, compounds were aligned by atom based fit around the 
thiazolpyrimidine moiety (Fig. 5a).

The basic principle of CoMSIA36,37 is the same as that of 
CoMFA,36,38 but CoMSIA includes some additional descrip
tors such as hydrophobicity, hydrogen bond donor and 
hydrogen bond acceptor. In this study, CoMSIA was chosen 
as the method of choice in preference to CoMFA because 
hydrogen bonding interaction field is included in the 
CoMSIA model, which might play a key role in fine-tuning 
the binding affinity of ligand molecules to the ATP-binding 
site of CDK2.3 A ligand-based CoMSIA model was esta
blished of 21 molecules (Fig. 4a) by using four different 
fields (steric, electrostatic, hydrogen bond donor, and hydro
gen bond acceptor) [q2 = 0.466, r2 = 0.603, F value = 13.672 
with 2 components, and SEE = 0.382] (Table 2), but the 
predictive power of the model was not significant (low q2

Figure 5. Ligand alignment by (a) atom based fit; (b) docking.

and r2 values). In addition to LOO method to validate the 
CoMSIA model, a test set made up of 4 molecules (Fig. 4b) 
was used for model validation. Similar to cross-validated q2 
values of LOO method, the predictive performance of 
models on the test set was estimated by predictive r2 value 
(0.445, Table 2), which is a measure of the predictivity of the 
model to predict biological activity of new derivatives 
accurately. The predictive r2 value for the test set was lower 
than 0.5, which indicates the predictive power of the model 
is insignificant.

The structure-based CoMSIA model was also established 
of the same set of 21 molecules by using the docking-based 
alignment (Fig. 5b). Thus, ligand molecular superimposition 
on the template structure was performed by docking the 
ligands into the ATP-binding site of CDK2 by using our 
docking protocol (mutation-docking-mutation-minimization) 
described above (Fig. 5b). The statistically significant CoMSIA 
model was established of 21 molecules by using four differ
ent fields (steric, electrostatic, hydrogen bond donor, and 
hydrogen bond acceptor) [q2 = 0.501, r2 (non-cross-validat- 
ed square of correlation coefficient) = 0.957, F value = 
67.536 with five components, and SEE (standard error of

Table 2. CoMSIA analysis on 2-amino-4-(thiazol-5-yl)pyrimidine 
compounds by using four fields (steric, electrostatic, H-bond donor, 
and H-bond acceptor)

q2 N r SEE F Pred.r2
Structure-Based 0.501 5 0.957 0.167 67.536 0.572
Ligand-Based 0.466 2 0.603 0.382 13.672 0.445
q2-leave one out (LOO) cross-validated correlation coefficient, N- 
optimum number of components, r2-non-cross-validated correlation 
coefficient, SEE-standard error of estimate, F-F-test value, Pred.r2- 
CoMSIA predictive q2 values on the test set.

Training Set

Table 3. Conventional fit values on training set and prediction 
values on test set made by the structure-based CoMSIA model

pKi pKi

Compd. Actual Pred. Residual Compd. Actual Pred. Residual
1 8.31 8.12 0.19 12 9.00 8.84 0.16
2 7.80 7.81 -0.01 13 8.55 8.60 -0.05
3 8.77 8.44 0.33 14 8.47 8.54 -0.07
4 7.90 7.98 -0.08 15 9.30 9.34 -0.03
5 8.70 8.63 0.07 16 7.92 7.84 0.09
6 8.17 8.14 0.03 17 6.88 6.89 -0.01
7 7.96 8.06 -0.10 18 8.82 8.91 -0.09
8 8.80 8.86 -0.06 19 9.22 9.16 0.06
9 8.70 8.71 -0.01 20 9.22 9.36 -0.14
10 9.00 8.97 0.03 21 9.70 9.69 0.01
11 9.70 9.66 0.04

Test Set
pKi pKi

Compd. Actual Pred. Residual Compd. Actual Pred. Residual
22 8.35 7.88 -0.53 24 9.52 9.87 -0.35
23 8.92 8.71 0.21 25 8.68 8.40 0.28
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Figure 6. Relationship curve between observed values versus conventional fit values (prediction values) on the training set (a) and test set 
(b)

Figure 7. (a) Hydrophobic contour plot. Light gray contours and a dark gray contour indicate hydrophobicity favored and disfavored 
regions, respectively; (b) H-bond acceptor contour plot. The indicated contour represents hydrogen bond acceptor favored region; (c) H- 
bond donor contour plot. Light gray contours and a dark gray contour indicate hydrogen bond donor favored and disfavored regions, 
respectively; (d) Superposition of the steric and electrostatic contour plots. A light gray contour and dark gray contours indicate sterically 
disfavored and electrostatically favored regions, respectively.

estimate) = 0.167] (Table 2). The predictive performance of 
the structure-based CoMSIA model on the test set composed 
of 4 molecules was also estimated by predictive r2 value 
(0.572, Table 2), which indicated that the built 3D-QSAR 
model was relatively reliable and able to predict biological 
activity of new derivatives (Table 2). Also, the predictive r2 
value for the test set was greater than 0.5, which indicates 
significant predictive power of the model.

The conventional fit values on training set and prediction 
values on the test set made by the structure-based CoMSIA 
model is shown in Table 3.

The relationship curve between observed values versus 
conventional fit values (prediction values) on the training set 
and the test set are also displayed in Figure 6. Comparing the 
statistical quality of the models shows that the structure
based approach yields better results in terms of fitting (r2 and 
SEE value) and prediction (predictive q2 value).

Thus, the comparison of the results of 3D QSAR with 
CoMSIA studies obtained from the same data set but using 
different alignment methods clearly shows that our docking 
study is able to reproduce the actual binding modes of ligand 
molecules at the ATP-binding site of CDK2. Also, it is 
noteworthy that the least active ligand molecules from the 
literature data (compounds with K values >20 ^M)29 failed 
to dock into the ATP-binding site and thereby could not be 
included in the ligand data set, which indicates that, in spite 
of a widened binding site due to mutation of four amino acid 

residues, our docking method discriminates the nonbinders 
from the binders.

Graphical representations of CoMSIA maps of the struc
ture-based model obtained by the field type “stDev*coefT 
are displayed in Figure 7. The contour maps were super
imposed on the most active compound 11 shown as a capped 
stick. Light gray contour region where hydrophobicity is 
associated with enhanced affinity (Fig. 7a) is located near 
the ortho and para positions of the aromatic ring, whereas 
the substitution at the meta position of the aromatic ring 
(dark gray region, Fig. 7a) with bulky substituents suggests 
decreased binding affinity of 2-amino-4-(thiazol-5-yl)pyri- 
midine analogues. The regions where hydrogen bond acceptor 
is associated with enhanced affinity are found near the para
hydroxy group of aromatic ring and amino group of thiazole 
ring (Fig. 7b). The thiazole amino group is also favored as a 
hydrogen bond donor, but, on the other hand, amino group 
bridging pyrimidine and aromatic rings disfavors hydrogen 
bond donor (Fig. 7c). Superposition of the CoMSIA steric 
and electrostatic contour plots (Fig. 7d) shows that the ortho 
and para positions of the aromatic ring favor substitution 
with electronegative substituents but the thiazole amino 
group needs to be unsubstituted for higher biological activity.

Conclusions

In a crystal structure, a protein conformation is optimally 
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adapted for interaction with one specific ligand, which 
makes it difficult to choose a basal protein structure for use 
in docking studies of conformationally flexible enzymes. 
There have been several efforts to tackle this problem but, 
due to the complexities of the specially designed approaches 
(docking multiple ligands to multiple enzyme structures),3 
there is an ongoing need for simple, intuitive, straight
forward and easily reproducible method which can be gener
ally used for docking study of conformationally flexible 
enzymes. In this study, by assuming the major conformational 
difference among the numerous CDK2 crystal structures lies 
at the side chains of four amino acid residues (Lys33, Phe80, 
Lys89, and Asp 145) of the ATP-binding site, we used 
‘mutation, pharmacophore-guided docking, followed by 
mutation’ strategy to generate an “average” CDK2 structure, 
which was used for ligand docking study to successfully 
reproduce 30 out of 32 X-ray ligand positions within 2.0 A 
of heavy atom RMSD. Also, structure-based 3D QSAR 
study of a set of CDK2 inhibitors was compared with ligand
based 3D QSAR study to prove that our docking study is 
able to reproduce the actual binding modes of ligand mole
cules at the ATP-binding site of CDK2. Even though the 
docking study was performed on a limited number of CDK2- 
binders, our simple, intuitive and straightforward docking 
method which was found to reproduce the actual binding 
modes of various ligands warrants further application to the 
docking study of conformationally flexible enzymes as well 
as structure-based 3D-QSAR.
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