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Influence of the Solvent Water Molecules at the Active Site of CDK2
on the Binding Free Energy of CDK2-ligand Complexes:
an MM/PBSA Study
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Abstract An MM/PBSA method has been used to investigate the influence of the solvent water molecules
at the active site of CDK2 on the binding free energy of CDK2-ligand complexes. The results show that the
solvent water molecules at the active site of CDK2 have some contribution to the binding free energy of
CDK?2-ligand complex. However, the magnitude of contribution depends on the characteristic of the corre-
sponding ligand. The difference of the contribution is mainly due to the different hydrogen bonding interac-
tion network formed among the water molecules, the protein residues and ligand.
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Figure 1 3D structure of CDK2
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Figure 2 Chemical structures of small molecules
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Table 1 Calculated binding free energies between CDK2 and
ligands in the case that the solvent water molecules at the active

site are considered together with the experimental ICs, values of
the corresponding ligands

Ligand AEMM AAGPBSA —TAS AGW RMS IC50

167.58 64.71 —127.82 0.140 7

159.05 95.89 —125.69 0.168 34
17477  87.86 —105.09 0.152 140
17197 89.87 —87.11 0.156 740

1(2bkz) —360.11
2 (logu) —380.63
3Q2iw6) —367.71
4(2c5t) —348.95
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Table 2 Calculated binding free energies between CDK2 and

ligands in the case that not any water molecules at the active site
are considered

Ligand AEMM AAGPBSA —TAS AGNW RMS

1(2bkz) —366.63 176.98 8552 —104.12 0.152
2 (logu) —331.89 146.13 8235 —103.41 0.170
3 (2iw6) —348.70 184.25 88.03  —76.41 0.163
4 (2c5t) —368.17  216.11 79.50  —72.56 0.181
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Figure 3 Correlation between log ICsgand AG
(a) Solvent water molecules were involved; (b) solvent water molecules were

not involved
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Table 3 Differences of energy terms (kJ-molfl) and ARMS

(nm) between the cases with and without solvent water molecules
included at the active site

Ligand AAEwy AAAGppsa —TAAS AAG  ARMS
1(2bkz)  6.52 —9.40  —20.81 —23.70 —0.012
2(logu) —4874  12.92 13.54  —2228 —0.002
3Qiw6) —19.01 —948  —0.17 —28.68 —0.011
4(2c5t) 1922 —4414 1037 —14.55 —0.025
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Figure 4 Networks of hydrogen bonding related to bridge water molecules at the active site of CDK2-ligand complexes

Left: solvent water molecules were considered; right: solvent water molecules were not considered (Bond length in nm)
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