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Quantum Chemical Description for Molecular Lipophilicity and
Hydrophilicity: II. Lipophilic Indices and Hydrophilic Indices of
Aminoacid Side Chains
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Abstract Heuristic molecular lipophilicity potential (HMLP) was applied to the study of lipophilicity and
hydrophilicity of 20 natural aminoacid side chains. The HMLP parameters, surface area A, lipophilic indices
L; and hydrophilic indices H; of aminoacid side chains were derived from lipophilicity potential L(r). The
parameters were correlated with the experimental data of phase transfer free energies of vapor-to-water, va-
por-to-octanol, and octanol-to-water through a linear free energy equation AGg,; =bo+bili+boHi+
bS" + b,S . For all above 3 types of transfer free energies between different medium phases, the HMLP
parameters of 20 aminoacid side chains provided good descriptions. HMLP is an ab initio quantum chemical
approach and a structure-based technique. Except for atomic van der Waals radii, there was no other empiri-
cal parameter used. The computational results of HMLP have clear physical and chemical meaning and
could provide useful lipophilic and hydrophilic parameters for the studies of proteins and peptides.
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Table 1 Positive surface area, negative surface area, lipophilic
indices and hydrophilic indices of 20 aminoacids side chains®

AA S'/nm?> S/hm?® Snm? L H log Po”
Leu 0.8455 0.0000 0.8455 1.2906 0.0000 2.167
lle 08861 0.0000 0.8861 1.1046 0.0000 2.167
Va 07781 0.0000 0.7781 0.5324 0.0000 1.640

Phe 1.0571 0.1125 11695 0.4412 —0.1195 2.423
Met 0.7036 0.2323 0.9359 1.0768 —0.3068 1.246
Trp 13370 0.1488 1.4858 0.8364 —0.4310 1.878
Ala 0.3478 0.0000 0.3478 0.1744  0.0000 0.702
Cys 0.2356 0.3045 0.5401 0.2479 —0.2402 0.987
Gly 0.0376 0.0000 0.0376 0.0208 0.0000 0.184
Tyr 08097 0.4272 1.2368 0.4534 —0.5896 1.887

Thr 04673 0.1605 0.6278 1.4265 —0.4369 —0.042
Ser  0.2607 0.1596 0.4203 0.2346 —0.6040 —0.453
His 0.8217 0.1386 0.9603 0.8124 —0.7766 —1.321
Gln 07009 0.1787 0.8795 1.0036 —0.7211 —0.936
Lys 09771 0.0808 1.0579 1.4600 —0.6229 —0.790
Asn 05051 0.1778 0.6829 06396 —0.7211 —1.003
Glu 05716 0.2557 0.8273 1.0315 —0.9298 —1.868
Asp 03742 0.2527 0.6269 0.6058 —0.9298 —1.935
Arg 09080 0.3531 1.2611 1.2424 —1.4797 —2.061
Pro 0.6923 0.0000 0.6923 0.3226  0.0000 1.128

25" Surface area of side chain with positive HMLP; S : Surface area of side
chain with negative HMLP; S Total surface area of side chain; W: Water
phase; O: n-Octanol phase; ® Ref [27].
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Figure 1 Comparison of experimental and HMLP calculation
partition coefficients log Poyy Of 20 aminoacid residues from
n-octanol to water
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Table2 Statistical calculation resultsfor 3 types of phase transfer free energies of 20 amino acid residues

Transfer bo by (S") b, (S) bs (L) bs (H) R g
V-W 12.189 —0.07475 0.09904 0.0055 62.963 0.9819 15.32
V-0 12.012 —0.17826 0.09608 1.8466 56.197 0.9784 16.21
Oo-W 0.0177 0.09364 0.00296 —1.8411 6.766 0.8888 3.017
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Table3 Comparison of phase transfer free energies of 20 aminoacid residues between HMLP calculation and experimental data® °
AA V-W V-0 O-W

Expt. Calcd. Expt. Calcd. Expt. Calcd.
Leu 9.54 5.876 218 0.6758 7.37 6.627
lle 9.00 5571 0.460 1.743 8.54 7.248
val 833 6.375 3.39 0.8750 494 6.980
Phe —3.18 —2120 —11.93 —11.651 8.75 9.924
Met —6.20 —10.081 —11.72 —13.552 5.53 5.38
Trp —24.61 —23.464 —35.12 —33.067 10.51 9.210
Ala 8.12 9.5903 59 6.135 2.18 3.415
Cys —5.19 —1.678 — —2.302 — 3.730
Gly 10.00 11.908 10.00 11.380 0.00 0.7102
Tyr —25.58 —26.754 —32.40 —30.613 6.82 6.750
Thr —20.43 —17.216 —21.56 —16.694 1.13 0.3909
Ser —21.18 —26.208 —21.35 —24.611 0.167 —1.779
His —42.99 —41.473 —46.97 —43.446 3.976 0.6200
Gln —39.26 —36.678 —38.97 —37.436 —0.293 0.3550
Lys —39.85 —33.527 —40.18 —36.939 0.335 2.103
Asn —40.52 —35.225 —40.48 —34.626 —0.042 —1.017
Glu —42.86 —48.089 —39.56 —46.067 —331 —2.090
Asp —45.84 —48.626 — —43.363 — —3.425
Arg —83.38 —84.262 —77.86 —81.642 —b5.53 —3.759
Pro — 7.0157 — 0.2672 — 6.449

3 Transfer free energies are in kJ/mol; ® Experimental data are taken from Ref. [24]; ® The numbersin bold are predicted values.
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