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ABSTRACT

HF level of ab initio calculations with basis-set 6-31G including full counterpoise correction has
been applied to compute the AspHis potential with the Ser and HisSer potential with the Asp in
AspHisSer trimer. The potential energy surface has a minimum of -16.765 kcal/mol in R;=1.912
nm and R,=2.719 nm. The optimum computed curves for two interactions were fitted with
intermolecular pair potential models, including of Lennard-Jones, Kihara, Buckingham Exp-6 and
Buckingham Exp-6-8 potentials. The Buckingham exponential potentials gave the best fit. These
potentials have been used to calculate the second virial coefficient for AspHis-Ser and Asp-HisSer
interactions. As we expected B2 for Asp-HisSer interaction was more negative from AspHis-Ser

interaction.

INTRODUCTION

The equation of state of a low density gas can
be described by the virial expansion. The virial
expansion expresses the compressibility factor
as a function of density, with temperature

dependent coefficients known as virial
coefficients [1, 2].

P
Z=ﬁ—=1+sz+B3p2 (1)

yo,

Z is the compressibility factor, £ is the
reciprocal temperature, f = 1/kgT , where kg is
Boltzmann’s constant and 7 is the temperature,
P is the pressure, p is the density, B, is the
second virial coefficient, and B; is the third
virial coefficient.
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The virial coefficients are basic thermodynamic
properties that represent the nonideal behavior
of real gases. The importance of the virial
coefficients lies in the fact that they are related
directly to the interactions between molecules.
The second virial coefficient represents the
departure from ideality due to interactions
between pairs of molecules, the third virial
coefficient gives the effects of interactions of
molecular triplets, and so on.

If u, the intermolecular potential between two
particles, only depends on the relative
separation, r, between them, the second virial
coefficient B at temperature T was given by the
following expression [3]:
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where u(r) is the potential energy of two body
interactions at an intermolecular separation of 7,
Ny is the avogadro's number. One way to utilize
Eq. (2) is to express u(r) as some of potential
functions, hence B (T) is simply obtained by the
numeric integral calculation.

In this work, we model Aspartatic acid (Asp),
Histidine (His) and Serine (Ser) amino acids in
which they are in chymotrypcin active site as
reported in the literature[4]. The active site of
chymotrypsin consists of Aspl02 positioned
close to His 57 and Ser 195. A three-
dimensional surface energy for interactions
between Asp-HisSer and AspHis-Ser was
constructed, then for two optimum interactions,
potential energy function was obtained by fitting
with intermolecular pair potential models and
second virial coefficients were calculated. All
this calculations were performed by GAUSSIAN
98 package.

2. The intermolecular potentials

In order to calculate the second virial
coefficients, the intermolecular potential is
needed. Results with different potentials can be
fitted with computed data to assess the quality of
the potential. In this study we consider the
following potentials.

2-1. Lennard-Jones (12—6) potential
This model assumes the familiar form [5],

wnr=s(2) 2]

where ¢ is the potential depth and o is the
distance for whichu(r)=o0.

2-2. Kihara potential
The core model of Kihara [6] allows a convex
core of any shape to be assigned to a molecule
while the potential energy of interaction is
assumed to depend only on the shortest distance
between core surfaces and to be of the Lennard-
Jones form

o, r<2a (4)
u(r)=

6
r>2a

4 (0—2(1}12 7[0‘—241

\r—2a r—2a

where a 1s the core radius.

2-3. Exp-6 potential
The modified Buckingham or exp-6 [7] has been
used in the calculations:

o, r<r, (5)

u(r)= 6
i gexp al1-= —(Vlj r>r,
1-6/a| a r, r) [ "

where & the repulsive-wall steepness parameter,

and 7, is that value of r for which Eq. (5) goes
through a false maximum.

2-4. Exp-6-8 potential
The Buckingham exponential-6-8 potential [8],

u(r) = bexp(—ar)—c[r  +pr ] ©6)
where @, [ ,b and ¢ are Exp-6-8 parameters.

3. Computational details:
Serine, Histidine and Aspartatic acid amino acids
model to form chymotrypcin active site (Fig.1).

Fig.1.Asp,His and Ser model used in the calculations.

The structures of three amino acid are primary
full optimized, and then they are brought
together to form model and full optimized again.
The Asp-COOH --- HN-His and His-N---HO-Ser
conformation must be as model. Then all angles,
dihedrals and distances were kept constant near
the binding site except Rj; (distance between N;
and Os7) and R, (distance between N; and C,;).
These distances were changed manually, thus
various R; (Ng¢Hjzo distance for interaction
between AspHis and Ser) and R, (C;-Hy
distance for interaction between Asp and HisSer)
obtained. 441 energy points were calculated with
the supermolecular approach on HF level of
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theory with basis-set 6-31G including full
counterpoise  correction. For  counterpoise
correction, three ab initio calculations had to be
done for each point of the potential surface:
Eas(G, AB), the total energy of the trimer AB
calculated with the full basis set AB at geometry
G and EA(G,AB) and Eg(G,AB), the total
energies of monomer A and dimer B,
respectively, computed with the trimer basis set
AB at geometry G, where G denotes the
coordinates that specify the geometry of the
trimer[9]. Then potential energy can be
calculated in the following expression:

V<(G)=E,(G,AB)—E (G,AB)-E,(G,AB) (7)

Hence, for 21 distances R,; between 2.5 and 8.0
nm, 21 different distances R3; have been selected
between 4.0 and 8.0 and V (G) calculated. Thus a
three-dimensional ~ intermolecular  potential
energy surface for interactions between Asp-
HisSer and AspHis-Ser in AspHisSer trimer on
the basis of ab initio calculations is obtained. All
calculations have been carried out with the
GAUSSIAN 98 package program.

For two Asp-HisSer and AspHis-Ser interactions,
optimum potential curves were determined.
These curves are fitted by above mentioned
intermolecular pair potential models. The Exp-6
and Exp-6, 8 potential gave very good fit and
parameters obtained. By replacing two latter
potential functions in Eq. 2, interaction second
virial coefficient were calculated by numeric
integral by maple 9.5.

For drawing the graphs of results, we used the
Microsoft office Excell-2003 program and
matlab 7.0.4.

4. Results and Discussions

An intermolecular potential energy surface for
interactions between Asp-HisSer and AspHis-Ser
in AspHisSer trimer on the basis of HF level of
ab initio calculations with basis-set 6-31G
including full counterpoise correction as a
function of R; and R, are shown in figure 2. The
data of intermolecular potential energies are
given in table 1.

The results show the minimum potential energy
in Ri=1.912 nm and R,=2.719 nm equal to -
16.765 kcal/mol. Potential energy curve as a

function of R; in R,=2.719 nm, and potential
energy curve as a function of R, in R;=1.912 nm
are optimum potential curves for two
interactions. These curves were fitted with the
different above mentioned pair potential
functions by matlab 7.0.4. Table 2 presents R-
square and RMSE, for examine the goodness of
fits. A value of R-square closer to 1 and a RMSE
value closer to 0 indicates a better fit, thus the
Buckingham exponential potentials give the best
fit (Fig 3). Knowing the form of u, the second
virial coefficient will be calculated by solving
equation (2). Table.3 shows the fitting
parameters of these potentials and calculated
second virial coefficients.

250~
200~

150~

Fig.2. The potential energy surface for interactions
between Asp-HisSer and AspHis-Ser in AspHisSer
trimer

The results show the minimum potential energy
in Ri=1.912 nm and R,=2.719 nm, thus for
R,=2.719 nm, potential energy curve as a
function of R; and for R;=1.912 nm, potential
energy curve as a function of R, are optimum
potential curves for two interactions. These
curves were fitted with the different above
mentioned pair potential functions by matlab
7.0.4. Table 2 presents R-square and RMSE, for
examine the goodness of fits. A value of R-
square closer to 1 and a RMSE value closer to 0
indicates a better fit, thus the Buckingham
exponential potentials give the best fit (Fig 2).
Knowing the form of u, the second virial
coefficient will be calculated by solving equation
(3). Table.3 shows the fitting parameters of these
potentials and calculated second virial
coefficients.
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Table 1. The data of potential energies for interactions between Asp-HisSer and AspHis-Ser in AspHisSer trimer at the
HF/6-31G level in various R; and R,.
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11818 11131 107 1044
60.001  53.09 48737 46.103
27744 20.797 16409 13.743
1797 11008 6.6042 3.9244
ILII7T 41407  -4E-4  -2.969
6.4559 -0.533  -4.963  -7.666
34167 3584 -8.024 -10.74
15594 5451 9901 -12.62
0.5475  -6472  -1093  -13.66
00771 -6.955 -1143  -14.17
12502 -5.802  -1029  -13.05
6.075 -1.012  -5536 -8327
8.164 1.0619 -3478 -6.282
87745 1.6645 -2.883  -5.695
9.0391 1.9243 2,628 -5.444
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-10.97
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103.32  104.57
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445 3293
9195  -8.048
-1231 1117
-1423  -131

-153 -14.18
-15.86  -14.75
-1482 -13.73
-1023  -9.163
8239 -7.189
-7.682  -6.639

-145 <6411
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16321
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-4.144

-3.924
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20.603

10.645
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-1.185

-4.358

-6.336

-7.456
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-7.148

2731

-0.824
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At the molecular level, B, reflects the nature of
interactions: a more negative value of B,,
indicating a more attractive interaction, hence as
we expected Asp-HisSer interaction (B,=-4.307
x 10') is more attractive from AspHis-Ser
interaction. (B,=-6.72 x 10°).

Fig.3. Fitting of calculated data with Buckingham
exponential potentials

Table 2. R-Square and RMSE of data fits with four potential models.

Potential Model L.J(12,6) Kihara Exp-6 Exp-6-8
Uvs.R1 R-Square 0.774 0.9816 0.9996 0.9996
RMSE 12.81 3.76 0.59 0.60
Uvs.R2 R-Square 0.8496 0.9922 0.9946 0.9964
RMSE 12.45 2.92 2.43 2.04
Table 3.Fitting parameters of calculated data with Buckingham exponential potentials.
Exp-6 1} € I'n By(m’*/mol)
Uvs.R1 0.665 16.3 1.965 -6.72¢+9
Uvs. R2 0.8531 16.02 3.021 -4.307e+10
Exp-6-8 a B b c I'm B,(m*/mol)
Uvs. R1 3.857 9.522-5 | -3539 -5.043e-5 | 11.48 -7.22¢+9
Uvs.R2 4.564 -6.036e-3 | -68.29 -1119%-3 | 11.94 -1.41e+10
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