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Summary: In this paper the dependence of the Electrostatic Potential (ESP) fitted charges, that
play an important role in Molecular Mechanics (MM) calculation on the conformations, is studied.
It is concluded that in order to accurately caloulate the energy of one conformation, the (ESP)
charges corresponding to the studied conformation must be used. Systematic search method is used
to search the conformers of CH;-CH(CONH;)CH,-CH,;-CONH; which is the model compound of
Polyacrylamide and 16 stable conformers are found. The most stable conformer is also obtained.

Introduction

Molecular mechanics has proved to be
powerful tool for understanding the structural and
energetic preferences of molecules. Using an
analytical representation of the energy of a molecule
as a function of internal coordinates and inter atomic
distances, it is possible to reproduce or even predict
conformational energy differences. A prerequisite for
the reliable use of these techniques in the study of
molecules is an accurate force field. Although
significant progress has been made in the
development of force fields to describe the energy
surface of many types of compounds. Fundamental
question still exist regarding the functional form of
these force fields that eventually pertain to their
accuracy and predictability. There is no agreement
yet as the actual functional form to be used in the
energy expression, and consequently, various force
fields differ with respect to the wvalues of
corresponding force constants. There is not even
agreement on how to treat electrostatic interactions,
with a variety of representations and degrees of
claboration in wuse, ranging from preferentially
omitting electrostatics [1], to the use of atomic
charges [2-4], bond dipoles {5-6] and high order
atomic multiplet moments [7].

Many potential functions are used in the
molecular mechanics method, but they have many
characteristics in common. They are pairwise
potentials that contain non-bonded van der Waals
interactions which are incorporated viz a Lennard-
Jones 6-12 terms and electrostatic term represented
by an atom-centered monopole expression (coulomb

term). Potentials which share these features include
the Amber [8], Charmm [9] and Goromos [10] force
fields. Similar potentials have been used by Hagler
[11] and Scherage [12]. The electrostatic term is key
to an accurate description of molecules in the
potentials of this type. Along with 6-12 terms, it
determines the intermolecular interactions. Thus, it
is critically important to model the electrostatic
interaction as accurately as possible. It is a difficult
task to assign charges based on any type of
experimental data [13], therefore they must be
determined by some theoretical technique. Atomic
charge is a quantity which is not rigorously defined
in quantum mechanics [14]. Mulliken population
analysis is a computationally simple method to
extract atomic charges from approximate HF
function [14], but these charges have proven
unsatisfactory [15]. The second method, deriving the
charges by fitting the molecular Electrostatic
Potential (ESP), which is an observable quantity, has
vielded much more promising results [16]. The
molecular electrostatic potential may come from ab
initio wave function or semiempirical wave function
[17). However, the applicability of molecular
electrostatic potential derived atomic charges is
seriously limited, since their computations, present
in pratice several problems. One is that it becomes
more difficult as the size of the molecule or the
quality of the basis sel increases. Another problem is
that the ESP charges are dependent on the
conformation of the molecule. As a rule, however,
the ESP charges derived from one conformation is
applied to all conformations of the same molecule
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during the simulation. Apparently this can not give
an accurate description of the electrostatic
interaction.

In our following work, we will study the
dependence of ESP charges on the conformation and
its effect on the energy calculation of conformation.
We will use the molecular mechanics to do
conformational analysis of polyacrylamide.

Molecular mechanics theory and conformational
analysis method

Molecular mechanics theory

Unlike in quantum mechanical approaches,
electrons are not explicity included in molecular
mechanics. This is possible due to the Born-
Oppenheimer approximation, which states that
electronic and nuclear motions can be uncoupled
from one another and considered scparately.
Potential energy functions are used to describe the
interactions between nuclei. With judicious
parameterization, the electronic system is implicitly
taken into account, therefore this is a strictly
classical representation of chemical structure.

There are many molecular mechanics
programs available tody. They differ in the potential
energy function form and the parameterization. But
they have characteristics in common. They are
pairwise potentials that contains terms of the
following form.

E=E0+Fb+E1+Evdw+Eeloc

where E,, Ey, E, E.q. and E.. represent bond
stetching, angle bending, torsional interactions, van
der Waals interactions and electrostatic interactions,
respectively.

The harmonic approximation has been the
starting point for the bond stretching and angle
bending term in most molecular mechanics
programs, but in some programs some higher power
terms are added to it. Dihedral torsions are usually
represented by a finite Fourier series. A Lennard-
Jones equation [18] or exponential-6 equation [19]
or Morse [20] is selected to describe the van der
Waals interaction. The ¢lectrostatic interactions are
represented by coulomb law when atom-site charge
mode is used.
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In some programs, special considerations are
made for hydrogen bonding {21} and additional cross

_terms [22] such as strech-bend and torsion-bend are

also included in calculating the total energy of
molecule.

In our work all the molecular mechanics
calculations are carried out by using the all-atom
AMBER 4.0 [23,24] in which the potential function
describing the interaction of the system has the
following form.

- IKC-n) 4 T K06 z i +contng -1
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where rKr and 1, are bond length, bond force
parameters, and equilibrium bond length,
respectively; 0, K, 8, are bond angle, angle force
parameter, and equilibrium angle respectively , ¢, v,
and y are dihedral angle, dihedral barrier height,
multiplicity, and phase, respectively. A, B, C, D are
Lennard-Jones and hydrogen bonding parameters; R;;
is the non-bonded interatomic distance; and g;, q; and
£ are electrostatically derived atomic charges and
dielectric constant, respectively.

Conformational analysis

The conformations of a given molecular
configuration are traditionally defined as the set of
arrangements of its atoms in space, which can be
interconverted solely by motion about single bonds
[25]. Rotation about single bond is, in most
instances, not frec and some conformations are more
stable than others. “Conformational analysis” is an
analysis of the physical and chemical properties of a
compound in terms of the conformation (or
conformations) of the pertinent ground states,
transition states, and (in the case of spectra) excited
states, Stable conformations of a molecule
(sometimes called conformers) correspond to local
minima in the potential energy function.

Most molecules of interest to organic, bio-
organic, and medicinal chemists can adopt more
than one conformation. The conformations of a
molecule are typically present in different amounts.
Interconversion between conformations is due to
internal vibrations of molecule. The molecule under-
goes oscillations about each minimum, giving rise to
conformational entropy. The relative populations of
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the minima depend on their statistical weights,
which include contributions from both the potential
energy and the entropy. To perform a “conformatio-
nal search” it is therefore necessary to determine
those minimum energy conformations that are
believed to contribute to the overall conformational
partition function. This requires some means of
determining the energy of any given conformation
and a method for determining minima on the surface
described by the potential energy function.
Conformational energies are usually caiculated using
either quantum mechanics (often by semiempirical
methods) or molecular mechanics. A variety of
methods can be used to locate minima in the confor-
mational energy surface [26]. The most general
conformational searching algorithms are those that
aim to identify afl minima on the potential energy
surface. However, as the number of minima usually
increases dramatically with the number of rotatable
bonds, finding all of them rapidly becomes an
impossible task. It is fortunate that not all of these
conformations are thermodynamically and kineti-
cally important [27-28], There are many techniques
that are available to survey conformational spaces.
The most thorough conformational search procedure
is an exhaustive systematic search [29], which
guarantees sampling of all region of afl space. As the
conformations of a molecule can, to a first
approximation, be defined as those structures that
differ solely by rotating about single bonds: An
obvious way to perform a conformtional search is to
systematically increment each single bond through
360°C, thereby generating all possible combinations
of torsional angles. Such an algorithm is called a
grid search. It is usual to then minimize each
structure to find the associated minimum energy
conformation. In this way all the minima can be
found, but the size of molecule to which this
straightforward algorithm can be applied is fairly
limited. Suppose the angular increment is 6 and that
there are n rotatable bonds in the molecule. The
number of conformations generated is therefore
(360/0),. Most of the heuristic search methods
employed to sample conformational space are based
either on molecular dynamics and/or Monte Carlo
techniques with the most popular being simulated
annealing [30-33] and Monte Carlo with energy
minimization [33-35]. Some other interesting
heuristic search techniques include the diffusion
equation method [36-37] and an approximate

Jour. Chem. Soc. Pak. Vol 21, No. 4, 1999 335

solution of the imaginary time Schrodinger equation
via a mobile basis set [38].

Method empioyed
System

In order to study the conformation dependent
properties of polyacrylamide we use its monomer
CH; - CH2 - CO(NHz) and dimer CH; -
CH(CONH,)- CH, - CH; - CO{NH,) to model it. The
conformations of the monomer and the dimer are
explored in torsion angle phase space by rotating
systematically about their single bonds.

Conformational search procedure

In our study we use the systematic search
method to sample the potential energy surface of the
monomer and the dimer using molecular mechanics
method. The angular increment, we take, is 30°.

Atomic charges calculation

The Atom-centered point charges for the

force field calculation are determined using the AM1

[39] semiempirical method followed by Electrostatic
Potential (ESP) calculations fitting expectation
values on 4 Connolly surface [40] using MOPAC 6.0
package [41].

Energy calculation and minimization

We use the Amber force field method
{AMBER 4.0) package to calculate the energy and
do minimzation of the systematically generated
conformations.

Results and Discussion

A schematic representative of the initial
conformations characterized for CH;-CH,-CONH;
and CH,-CH{CONH;)-CH,-CH;-CONH, are shown
in Figure 1.

Where the number is the index number used
in culculations. The structure parameters of the
initial conformations for the monomer and dimer are
listed in Table-1 and 2, where the bond lengths and
bond angles are not listed because the changes of
their values are not significant in different
conformers.



336  Jour. Chem. Soc. Pak, Vol 21, No, 4, 1999

Hl H6\ (ﬁf’ /Hll
H3—C2—C5—C8—N]0
H4" H7 \H12
I
08 HIO
Hl C7—N9—HI11
S P 4 Jus e Q19
H4" H6 C12—C{S—C18——-N%0
H14 H17 H22
I

Fig. 1: Schematic representation of conformations
for CH; - CH; - CONH, (I) and CH; -
CH(CONH,) - CH; - CH, -CONH; (I)

Table-1: Torsional angles of the initial conformation
for I

Dihedral Value Dihedral Value
H6-C5-C2-H 60.97 N10-C8-C5-C2 -177.52
H7-C5-C2-H 179.58 H11-N1G-C8-C5 179.99
H8-C5-C2-H  -59.68 H12-N10-C8-C§  0.09

09-CR-C3-C 2.54

Table-2: Torsional angles of the initial conformation
for I

Dihedral Value Dihedral Value
H6-C5-C2-H1 -171.10 H14-C12-C5-C2 -176.40
C7-C5-C2-H1 -53.64 C15-C12-C5-C2 -55.581
O8-C7-C5-C2 116.76 H16-C15-C12-.C5 -156.73
N9.C7C5-.C2 64.12 H17-C15-C12-C5  -3%.42
H10-N9-C7-CS 344 C18-C15-C12-C5 £84.89
H11-N9-C7-C5 179.23 019-C18-C15-C1 21.85
C12-C5-C2-H1 71.42 N20-C18-C15-C1 -159.40
H13-C12-C5-C2 66.46 H21-N2¢-C18-C1 -177.33
. H22-N20-C18-C1 0.18

Dependence of atomic charges on conformation and
its effect on conformation energy

To show how the ESP atomic charges depend
on the conformation we have calculated the ESP
charges for different conformations of compound 1
generated by rotating the torsional angles H1-C2-C5-
Y (Y=H6,H7,C8) ¢* The calculated values are listed
in Table-3,

From Table-3 we can see that the ESP
charges depend on the conformations greatly. In the
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Table-3: ESP atomic charges of compound 1 for its different

conformations

Atonh O 30° 60% 90°  120°  130° 1%0°

HI1 0.1217 0.1454 0.1363 0.1432 0.1110 0.1236 0.1310
c2 03707 04292 -0.4865 0.4233 0142 0.4262 -D.4757
H3 0.1080 ©€.1220 0.1305 0.1246 0.1129 0.1452 0.1594
H4 0.1200 0.1254 01293 0.1179 0.0985 0.1187 01315
cs <0.1088 -0.0740 0.0332 -0.0674 -0.1151 -0.0610 -0.0247
HE 0.0828 0.0774 0.0674 00759 0.0808 00737 0.0613
H7 0.0828 0.0773 00677 00770 00814 00734 0.0650
cs 0.4019 03807 03771 0.3788 0.4027 03674 0.3666
09 -0.3544 03475 03461 03484 0.3554 03436 -0.3439
N0 08101 0.7952 -0.8017 -0.7970 -0.8077 -0.7841 -0.7948
HIl 03676 03639 03659 03654 03667 03623 03650
H12 033587 03538 03333 03532 03385 0.3486 0.35)4

Table-3: continued

Atom/d 210° 240° 270° 300°  330° Average
H1 0.1155 0.1049 01174 0.1270 0.1219 0.1266
c2 04075 03367 0.4097 -0.4493 04150 -0.4128
H3 0.1396 0.1194 01210 01275 01175 0.1273
H4 0.1206 0.1193  0.1401 01524 0.1400 0.1343
C$ 00810 00926 -00814 -00639 00683 .0.0719
H6 0077 00792 00765 00742 0.0743 0.0750
H7 .00775  0.0781 00767 0.0745 00756 00752
Ccs 0.3391 03963 03905 03928 03823 ©.393%
0.4 03504 03545 03509 03489 0.3431 03469
NID 0.8037 -0.8094 -0.8007 -0.3072 .0.7982 -0.800%8
HIt 03661 03681 03649 03671 0.3653 03657
HI12 03564 03376 03357 0.3358 03533 03554

usual molecular mechanics calculation, the atomic
charges from one conformation are applied to the
calculation of all conformations of the same
compound. In Table-4 the energies of the 12
conformations calculated by molecular mechanics
method are given, where in the uncorrected case the
atomic charges of all the conformations take the
atomic charges of the first conformation (traditional
molecular mechanics method) and in the corrected
case, the atomic charges of one conformation take its
values corresponding to the associated conformation.

From Table-4 we can find that the atomic
charges have a strong influence on the
conformational energies which can be seen more
obviously from Figure 2. We can see that correction
to the energies of the sable conformation {conformer,
corresponding to the minimum of the curve in Figure
2) is more apparent. The energy of the conformer
from ¢ =120° is higher than the energy of the
conformer from ¢ =0° when it is not corrected. But
the energy of the conformer from ¢ =120° is lower
than the energy of the conformer from ¢ =0° when it

is corrected. Therefore we can conclude that the ESP
charges depend greatly on its conformation and has

strong influcnce on the conformational energies and
in order to accurately calculate the conformational
encrgy and accurately compare the conformational
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Table-4; Conformational energies (Kcal/mol) of compound I*

Methodd O 30° 60° 90° 120° 150°

MM 56815 33177 -0.7519 -3.4147 -53466 -3.1431

(0.0)  (2.3638) (49296} (2.2668) (0.3349) (2.5384)

MM 36815 31458 32590 32590 57843 -2.9667

(Comrected)  (0.0)  (2.5317) (5.3396) (2.4225) (-0.1028) (2.7148)

Table-4: Continued

Mcthod$  180°  210° 240° 270° 300° 330°

MM 05593 32926 -53515 32725 -0.7489 -3.4624

(5.1222) (2.3885) (0.3290) (2.4090) (4.9326) (2.2191)

MM 03378 34379 -55480 33070 06891 -3.2712

(Comrected)  (5.3437) (2.2436) (0.1335) (2.3758) (4.9924) (2.9103)

*The values in the parentheses are the energies relative to the

first conformation.
Table-5: The Structure parameters of the generated conformers*
_D: M 2 ¢ Y TEY: o7 08 I 10 11 p12 13
C
1 1896 3062 733 1683 3514 565 1728 2925 1930 3103 752  49.1 2313
n 2970 526 1811 3253  4L7 423 1584 2779 1838 3007 656 534 236.9
11 3004 562 1848 1877 9.5 373 1536 2727 1822 2990 637 866 264.1
Iv 52 1718 3001 2233 401 427 1589 2784 1840 3010 659 553 2377
v 581 1738 3024 1912 123 376 1540 2730 1826 2995 642 849 261.9
VI 1763 2935 568 1175 2998 1785 2952 581 1742 2916 558 465 2303
VI 1828 3017 651 1172 3012 2907 482 1681 137 2545 1339 1165 2983
VI 1929 3076 789 1182 3050 446 159.6 2809  165.1 2814 450 945 270.8
IX 1844 3018 677 1760 3587 60.7 1775 2979 3040 642 1837 3453 1660
X 1782 2952 612 1922 134 641 1810 3010 3129 729 1938 1329 3148
X1 1870 3051 702 159.7 3471 582 1736 2959 3517 1113 2320 2390 582
XII 1843 2989 681 2373 527 860 20012 3257 549 171.8 2886 2994 1154
XII 1832 2977 674 2325 466 813 1967 3215 549 1723 2922 1035 2936
XIV 1856 3008 703 2358 518 466 1621 2814 1824 2994 6L5 2533 653
XV 1797 2959 637 229 1947 354 1517  27L1 1844 3017 665 963 270.7
XVl 1784 2943 618 1847 13 31.5 153.7 2727 1819 2987 634 878 265.2

*$1:H1-C2-CS-H-6, $2:H1-C2-C5-C7, $3:H1-C2-C5-C12, §4:C2-C5-7-08, $5: C2-CS-C7-N9, $6: C2-C5-C12-H13, $7: C2-C5-C12-H14,
$8: C2-C5-C-12-C18, §9: C2-C12-C15-H16, $p10:C5-C12-C13-H17T, d11: C5-C12-C15-C18, $p12: C12-C15-C18-019, $13: C12-C15-C18-

N20
C":Conformer, D Dihedral angle

Table-6: Canformational energies (kcal/mol) of conformers

Conformer 1 i I v v VI Vil Vil
Energy -14.457 -15344 -15.465 15227 15315 "14.344 -17.298 T14.637
Table-6 (Continued)

Conformer X X X X1 X1l XIV XV XVI
Energy 214,525 -16.18] -18.099 114326 18774 -19.086 -16.023 -15.515

energy it is necessary to use the ESP charges
corresponding to that conformation.

Conformational search of compound II

The first step our work is to systematically
increase the torsional angle X-C2-C5-Y,X-C5-C12-
Y. X-12-C15-Y,X-C15-C18-Y, and X-C5-C7-Y of
the compound II starting from the initial
conformation given in Table-2 by 30° each time,
Then the motecular mechanics method is employed
to minimize the generated conformations.

Comparing the energies and torsional angles of all
the optimized conformations (conformer), we can get
16 different conformers that are listed in the Table-5
and 6, where only the torsional angles are given. We
can see from Table 5 and 6 that XIV conformer is
the most stable conformer.

Conclusion

It is shown that ESP charges depend greally
on conformations and to accurately calculate the
energv of conformation usine MM method it is
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necessary to use the ESP charges of that
conformation. Systematic search method is used to
search the conformers of the model compound I of
polyacrylamide, and 16 conformers are found from
which the most stable conformers is also obtained.
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