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ABSTRACT A comparison of amino acid side chain interaction energies (kcal) A comparison of hydrogen bonded dimer stabilization energies
We report here a new and fast approach (TPACMA4: Transferable Partial Atomic Charge Model — up computed via QM and various charge models (kcal) computed via QM and various charge models
to 4 bonds) for deriving the partial atomic charges of small molecules for use in
protein/D_NA-ligand docking and scoring. In our method,.we have used 5363 atorT\ typgs to cover S. No. Dimer QM RESP AMIBCC TPACM4 S.No. Dimer am RESP AMIBCC TPACMA4
the chemical space of C, H, O, N, S, P, F, Cl and Br atoms in small molecules. Starting with a set of
Cartesian coordinates, partial atomic charges are developed by considering diverse plausible & Ak ELOG a5t el ek 1 CH30H---OH2 620 -7.25 -670  -563
chemical environments of each atom in a molecule. The model gives an average error +1.16 2 DH(N) A7.97  -11.62 -10.95 -10.14 2 CH3HO---HOH 674 642 -565 -7.83
) © L 3 DH -30.64 -21.68 -18.91 -20.94 3 PhHO---HOH 557 500 ~-499 - -531
kcal/mol and a correlation coefficient of 0.90 vis-a-vis an average error of +1.02 kcal/mol and a
correlation coefficient of 0.92 obtained with RESP fit charges in calculations of binding free 4 FF -2.33 -2.02 -2.02 -l.24 4 PhOH---OH2 -860 -7.07 -812 -8.94
energies of 161 protein-ligand complexes in comparison to experiment. This new method of 5 11 -1.24 121 -1.20 -1.29 5 T-NMA---HOH -7.97 -928 -9.12 -9.14
charge derivation can also accurately predict hydrogen bond energetics, solvation free energies of 6 IL -1.39 -1.43 -143 -1.42 6 T-NMA---OH2 -6.66 -6.86 -6.03 -6.99
small molecules. For a molecule containing 50-55 atoms, the method takes approximately 0.4 7 KE(N) -1076  -9.49 -8.12 -7.81 7 Formamide dimer -14.36 -13.88 -11.5 -14.64
seconds to assign partial atomic charges. The TPACM4 programme has been web-enabled at 8 KE -108.4  -98.52 -99.7 -98.54 8 H3N---HOH -7.65 -836 -6.96 -8.32
http://scfbio-iitd.res.in/software/drug design/charge.jsp. 9 LG -0.77 -0.73 -0.73 -0.72 9 CH3COOH---OH2 -10.45 -10.95 -9.90 -10.19
10 LL 162 -167 -1.67 -1.50 10  Oxalicacid—-OH2 -11.27 -12.37 -1252 -11.86
INTRODUCTION 11 LT 2109 -1.09 -1.10 121 n Im---OH2 786 710 629  -831
Partial atomic charge is very crucial for computing physical, chemical and biological 12 LW -4.04 -3.41 -3.36 -3.63 12 ImN---HOH 784 675 -7.33 -6.10
properties, and reactivity of molecules. Through the information of the atomic charge in a given 13 LY Slpdes sl o -1.56 -1.65 13 Indole---OH2 734 -685 -6.04 -6.50
species it is possible to predict the stability, solvation energetics of various molecules, course of a 14 MC -1.46 -1.36 -1.38 -1.13 14 Pyrrole——-OH2 699 -6.40 -5.64 6.44
particular reaction, determine its interaction with biological molecules and so on. The 15 MM -2.03 -2.20 2 -2.03 15 Pyridine-—-HOH -7.25 -573 -6.29 515
;Jsefulness, notwithlstandr:ng, there is no dirlfct metf;od to dbetermine ;he p?rtial atomic charges| 16 QN e ) 575 -6.56 16 Acetone—HOH  -657 -6.84 -6.58 6.43
rom experiment. Also, there is no universally agreed upon best procedure for computing partia = £ 2 4
atomic :hargesA During the last few decades zarigous me;t]hods havpe been developed 20 degteimine 1; Rgg\‘) 1?035 ;Zgg 1;8652 gf; ol CH20;sh Ok SALEER2% 55050 i
the partial atomic charges, but all these methods have their limitations. e B e & (ELdfinbe~(0)2 Sl Sl =5ty
¢ 19 TS -450  -4.46 -3.79 -4.31 19 Me2S-—-HOH  -304 -379 -341 373
20 T 650 -7.24 -6.25 -6.85 20  MeSSMe--HOH -410 -3.54 -360  -3.40
21 S -108  -110 -1.10 -L11 A H2S---SH2 -157 -157 -0.08 -1.66
22 4 -139 -148 -1.49 -1.48 22 PyNO--HOH  -9.04 -1041 -849  -10.30
23 YpP 379 335 3.26 2.8 23 CH3COOH--NH3 -12.11 -11.97 -1020 -11.73
24 Yy -4.66  -4.04 -3.85 -3.80 24 MeNH3-—-OH2 -19.80 -1841 -19.14 -19.32

MATERIALS & METHODS
Dataset Average Error 183 2.20 2.40 Average Error 0.71 0.89 0.65
For our study we have chosen six nucleic acids base pairs, and 24 of the 400 (20 x 20) possible
interacting side chain pairs of amino acids and 24 hydrogen bonded small organic molecules to
test the ability of the TPACM4 charge models to reproduce quantum mechanical/experimental

Correlation between predicted and experimental binding free energies (kcal) for 161 protein-ligand complexes

RESP Charge model TPACM4 Charge model

secondary bonding interactions between these dimers. The energies of these base pairs were
obtained from literature. For calculation of solvation free energies we have chosen 24 small 18 18
molecules whose experimental solvation free energies are known in literature. For protein-ligand o ¢
binding free energy calculation a dataset of 161 protein-ligand complexes were chosen from e e
BAPPL data set. The experimental binding free energies for these complexes were also available ; g
from the same data base. ® g,
Methodology :; %
The main idea of TPACM4 is based on a look up table of template fragments consisting of 4-bond paths g g
around the atom being assigned charges. A computational flowchart for the assignment of partial atomic £ £
charge on an atom in a given molecule is shown below.
Input Cartesian coordinates and atom symbol of all atoms in a molecule
Experimental binding free energies 18
Generate connectivity and bond order | Comparison of solvation free energies (kcal)
i computed by various charge models
Generate “atom type” information o
f S.No. Molecule EXPT. RESP' AMIBCC TPACM4 ﬁ
ar
Match the “atom type” with standard database (Look up table) 1 Methanol 5.08 -390 -3.29 5.02
2 Ethanol -4.9  -3.05 -2.6 -3.33
. 3 Ammonia -431  -7.94 -5.89 -7.19
Assign charge for each atom 4 Methylamine 457 =323 -284  -4.09 o s Pl
5 Ethylamine 450 216 209 -3.27 bttt o
Distribute residual charge on each atom to sum up to total formal charge on the molecule 6 Methylthiol -1.24 -2.02 -1.36 -1.88
A Acetone -8.85+ -6.29 » ~-3:69 -3.56
Output partial atomic charges of all atoms in the given molecule g ST i ARl a @0 T
pEn 2 g 9 Acetaldehyde 350 -4.53 -440  -45
RIS 2D SIS 10 Proponal -344 -332.  -3.76 -3.55
In this study, a new model of partial charge derivation is developed on the basis of the bonded o ACe'tIC‘aCId. 67012l e g
topology of the molecules. The model is tested on a dataset of 161 protein-ligand complexes 12 Pmplon'c'amd 647 651 -501 -4.21
whose experimental binding free energies is reported in literature. The model is found to perform 13 Acetamide -9.72 --10.80 -9.28 -10.26
fairly well, giving a correlation coefficient of 0.90 vis-a-vis a correlation coefficient of 0.92 obtained 14 propionamide 2942 50 DA B A -9.00
with RESP fit charges between the experimental and the predicted binding free energies. The 15 Benzene -0.87 -0.32 -0.21 -1.18 i
standard error of estimate is found to be +1.16 kcal/mol for TPACM4 model and + 1.02 kcal/mol for 16 Toulene -0.76 035 0.33 -0.28 Romale Fle
RFSP modt‘eI: This modell also performs fairly well for prediction of solvation free energies and 17 Pyridine 470 -2.82 ' -2.49 22,07
dimer stabilization energies. 18 Pheriol 662 -3.92 -3.92 4.47 .
19 Meimidazole -10.25 -7.06  -2.86 -5.56
20 Ammonium -81.53 -95.56 -88.75 . -89.01
Comparison of base pair stabilization energies (kcal) computed by various charge models ‘ 21 n-Butylammonium  -69.24 -66.97 -65.58 ' -66,16 -
22 Acetate ion -80.65 -80.75 -78.69 - -86.74 CONCLUSION
S. No. Base pairs EXPT. RESP AM1BCC TPACM4 23 Propionate ion -79.12 -77.47 -75.92  -74.29 The core of the model is the creation of a look up table of
% 24 Methylimidazolium -64.13 -58.78 -61.94° -57.60 partial atomic charges of all possible atom types with different
1 AT -13 -13.25 -14.72 12.74 chemical environments which are generally found in organic
2 GC -21 -28.28 -27.45 -22.30 Average Error 2.15 1.93 2.18 chemistry. A given atom in any molecule is then matched
3 CcC -16 -18.90 -21.23 -12.65 Computational efficiency of TPACM4 met! G itz (Bl ta.bl_e ar_\d = ch?rge asslgned.. il me_th_od
thus overcomes the limitations of time complexity of deriving
4 gI5T? £Y -12.09 -12.61 -9.70 Average computing time required for a molecule containing 50 to 55| |[the partial atomic charges of a given molecule. The low errors
5 AU -145 -13.20 -14.62 -11.92 atoms is ~0.4 seconds whereas RESP or AM1BCC take several against experimental/QM values of diverse physico-chemical
minutes. In spite of the enormous speed with minimum | |properties indicates the reliability comparable to RESP/AM1BCC
6 uu 95 -10.35 -12.36 -8.67 computational efforts, TPACM4 does not loose it’s accuracy in| [models.
Average Error 261 3.33 150 calculating the partial atomic charges.
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