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Figure 1. Molecular structure of 17p-Estradiol (EST).
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Table 1. Amino acid mutations employed in the present
calculations and change of the total charge of the com-
plex after the mutations. The total charge of the wild-type
complex is +6.

mutation  change in the property change of total
of mutated amino acid charge of the

residue complex  after
the mutation
E353Q Acidic— Polar +1
G521A  Nonpolar— Nonpolar 0
H524A Basic— Nonpolar -1
H524Q Basic— Polar -1
L525A  Nonpolar— Nonpolar 0
M528A  Nonpolar— Nonpolar 0
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Table 2. Qualitative experimental data for the effects of
point mutation on the ER-EST binding [12].

Mutation  Result of mutation

E353Q Decreased affinity for estrogens
G521A Decreased estrogen binding
H524A Decreased estrogen binding
H524Q Decreased response to estrogen
L525A Decreased estrogen binding
M528A  Decreased estrogen binding
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Figure 5. AEjnt_frag for EST in the case of E353Q.
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Figure 11. AEjn_frag for EST in the case of G521A.
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Figure 15. AEin_frag for VAL422, and GLUA423 in the
case of M528A.
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Figure 2. Molecular structure of EST-ER complex (wild-type, PDB-

ID:1QKT).
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Figure 3. Five amino-acid residues surrounding EST.
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Figure 4. Calculation results for the binding energy differences by point mutations by the HF and MP2 methods.
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Figure 6. IFIEs between EST and each amino acid residue of the ER in the case of E353Q. The IFIE values of
the mutated residues with EST are represented by color (see text). Electrostatic potentials of EST are also shown
as isosurfaces at +0.02 a.u. when a +e charge exists. Left and right figures refer to those before and after the
mutation, respectively. Thin line represents the main chain of ER.

Figure 9. IFIEs between EST and each amino acid residue of the ER in the case of H524A. The IFIE values of
the mutated residues with EST are represented by color (see text). Electrostatic potentials of EST are also shown
as isosurfaces at +0.02 a.u. when a +e charge exists. Left and right figures refer to those before and after the
mutation, respectively. Thin line represents the main chain of ER.
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Figure 10. IFIEs between EST and each amino acid residue of the ER in the case of H524Q. The IFIE values of
the mutated residues with EST are represented by color (see text). Electrostatic potentials of EST are also shown
as isosurfaces at +0.02 a.u. when a +e charge exists. Left and right figures refer to those before and after the
mutation, respectively. Thin line represents the main chain of ER.
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Figure 16. Molecular structure of ligand pocket region (PDB-ID: 1ERE), where the
dashed-line represents the hydrogen bond.
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We have studied the molecular mechanism for the binding between estrogen receptor and estradiol using
ab initio methods. To examine the validity of in silico analysis of mutation effects, we made point mutations
of receptor employed in experiments, and compared the calculated results for the binding energies with
experimental data. We performed the calculations at the HF/STO-3G and MP2/STO-3G levels by using the
Fragment Molecular Orbital (FMO) method. The calculated results for three of six mutants qualitatively
agreed with experimental data. However, the other three examples failed to reproduce the experimental data.
We discussed the reasons for these discrepancies.

Keywords: Estrogen receptor, Point mutation, Binding energy, Fragment Molecular Orbital method
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