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ABSTRACT

Influence of solvation with various solvents is a vital issue for several applications of amino acids. Considering the impact of solvents
and many other factors is an important point of research to get much more accurate data on their behavior. Hence, molecular modeling
calculations were conducted for some amino acids in both cases; gaseous state and under the effect of several solvents; DMSO,
acetonitrile, nitromethane, and methanol. DFT was utilized at B3LYP theoretical level and 6-31G(d,p) as a basis set. Geometrical
parameters of both amino and carboxyl terminals were studied. Resulting data ascertain that various solvation processes impact the

interested parameters that have to be considered for further applications.
Keywords: Amino acids; Histidine; Arginine; Solvation; DFT; Geometrical parameters.

1. INTRODUCTION

Livings composed of several  macromolecules;
carbohydrates, proteins, nucleic acids, and lipids. Proteins are
treated as one of the most vital macromolecules where they carry
out many vital processes. They may be found in the form of
receptors, enzymes, signaling compounds, hormones, structural
units of muscles and many other roles. Proteins are comprised of
several polypeptide chains. Polypeptides have vital applications in
our living bodies and in various scientific fields [1]. They contain
hundreds of smaller entities called amino acids. Amino acids are
the main structural and functional units of proteins. Twenty
different amino acids present in all living organisms. They all
share the same chemical structure where they all composed of a
central alpha carbon atom linked to four entities; hydrogen atom,
carboxyl group (C-terminal), amino group (N-terminal) and R-
group, by single sigma covalent bonds. Twenty different alkyl
groups yield 20 different amino acids. There are many aspects for
classifying amino acids such as their chemical structure, their
physical  properties, chemical features, and nutritional
requirements. Regarding the last aspect, they can be categorized
into essential and nonessential amino acids. Methionine is one of
the essential amino acids. It is one of the amino acids, besides
cysteine, that has sulfur element in their R side-chain structure.
Methionine (abbreviated as Met or M) has an amino group (which
is protonated NH;" under biological conditions), carboxylic acid
group (which is deprotonated COO™ under biological conditions),
and an S-methyl thioether side chain. It is usually classified as an

aliphatic nonpolar amino acid. It plays unique roles in protein
structure and metabolism. Methionine is usually involved in
growth control processes by indicating the start of the coding
region and it is the first amino acid produced in a nascent
polypeptide during mRNA translation. Methionine had been used
in pharmaceuticals and biological applications for many decades
and reported as effective corrosion inhibitors in different
aggressive media for copper, aluminum, and others [2]. On the
same manner, arginine is the same as methionine in being one of
the essential amino acids [3]. It is usually converted in the body
into nitric oxide directly by the aid of nitric oxide synthase
enzyme. Arginine is a popular supplement for athletes as it is
touted to increase nitric oxide activity in the body [4]. It is
characterized by its high flexibility that can be attributed to its
existence in the zwitter-ionic form, hence it contributes in the
coordination with body salts through various interaction types
such as hydrogen bonds and ionic bonds [5]. Therefore, arginine
amino acid can undergo many conformational changes. Critical
changes in metabolism processes of arginine that lead to a drop in
its intracellular concentration [6, 7]. However, raising its levels in
the body leads to induction of various global metabolic variations
including a change from glycolysis to oxidative phosphorylation
in activated T cells and stimulating the generation of central
memory-like cells endowed with higher survival capacity in
antitumor activity [8]. Activation of T cells consumes large

amounts of glucose, fatty acids, and amino acids. Concentrations
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of L- arginine in cells affect directly the metabolic fitness as well
as the survival capacity of T cells that are crucial for anticancer
response [9-11]. Unlike both methionine and arginine, tyrosine is
one of the non-essential amino acids. It is usually found in several
foods and drinks such as chicken, milk, cheese, almonds, peanuts,
milk and many more. It is produced from dietary proteins such as
salami and those that are aged, in particular, red wine and most
types of cheese [12]. Tyrosine is one of the effective anti-
depressant agents which, in addition, enhance the action of
immune system in livings’ bodies [13]. It is one of the most
frequently found amino acids in building up all types of proteins.
Furthermore, it is common in improving memory, alertness, and
learning specifically in stressful cases [14]. Tyrosine is the
precursor amino acid for numerous neurotransmitters where it
raises their blood level [15]. It is the It is usually utilized in
sending chemical signals to the brain in several circumstances
such as mental alertness. It is the precursor of dopamine
neurotransmitter. Histidine amino acid was proven to be essential
for all of the infants, normal adults and those suffering from
uremia [16, 17]. It is one of the aromatic amino acids that is
abundantly found in blood hemoglobin. Moreover, its nitrogen
atom acts as an electron donor during the building processes of
bonds including electron-poor atoms and it is also very important
for plant growth and development [18]. Histidine, rather than other

2. MATERIALS AND METHODS

Calculation details.

Molecular models of some amino acids; methionine, arginine,
tyrosine, and histidine, were built up and energy calculations were
performed using GAUSSIAN 09 software which is implemented
at Spectroscopy Department, National Research Centre (NRC)
[33]. The calculations were conducted via Density Functional
Theory (DFT) level at Becke-style 3-Parameter Density

3. RESULTS

3.1. Building up model molecules.

Four amino acids as well as other two aromatic ones, up as shown
in figure 1. Two aliphatic amino acids, as well as the other two
aromatic ones, were chosen for this study. They all possess the
same chemical architecture with central alpha carbon atom linked
to four moieties including hydrogen atom, carboxyl group (C-
terminal), amino group (N-terminal) and alkyl group, by single
covalent bonds.
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Figure 1. Model molecules of the four built-up amino acids (a)
methionine, (b) arginine, (c) tyrosine, and (d) histidine.

amino acids, play versatile roles in formulating structure and
function of proteins [19-21]. This can be attributed to its unique
side chain that composed of imidazole aromatic motif [22].
Conducting molecular modeling at various theoretical levels could
be useful in understanding the chemical as well as structural
features of amino acids and several structures and compounds as
well [23-25]. Its concepts were greatly utilized in order to
understand the interaction mechanism between chitosan and some
amino acids [26]. Furthermore, they were conducted to investigate
the impact of Hydrated Dioxin on both physical as well as
geometrical parameters of amino acids [27]. These concepts were
utilized also to study the influence of alkaline elements on the
structural and electronic features of Glycine amino acid [28] and
to investigate the interaction between aspartic acid and iron
element [29]. In addition, it is also reported that calculations of
molecular modeling always confirm the experimental data and
introduce a reasonable way to understand important issues in all of
the biological, chemical and environmental points of research [30-
32]. Therefore and based upon the reported importance of
molecular modeling, the present work is carried out to clarify the
effect of solvation processes on the geometrical parameters of
some amino acids using DFT level of theory.

Functional Theory (using the Lee-Yang-Parr correlation
functional) (B3LYP) [34-36] and 6-31g(d,p) as a basis set.
Geometrical parameters of the built-up amino acids were studied
in two states; gaseous state and under solvation with various
solvents, for example, dimethylsulfoxide (DMSQO), nitromethane
(NM), acetonitrile (AN) and methanol (Meth).

Methionine is the only built up molecule; that has a sulfur
element, in its R group, which is surrounded by two methyl
groups. Such sulfur atom enables methionine from making S-S
bridges with other protein chains. Arginine is one of the basic
amino acids since it contains three amine groups in its alkyl side
chain. Such a structure enhances its positivity when placed in an
alkaline media. Tyrosine is one of the aromatic amino acids where
its side chain is composed of a terminal phenol structure that
linked to the alpha central carbon atom through a methyl group.
On the same manner, histidine has an aromatic structure. Its alkyl
chain contains imidazole aromatic motif bonded to the alpha
carbon by a methyl group via single covalent bond.

3.2. Energy calculations.

Energy calculations were conducted for the studied amino acids
through DFT calculations using the B3LYP hybrid theoretical
level and 6-31G(d,p) as our basis set. The calculations were
carried out for the interesting amino acids in two cases; gaseous
state and under solvation with various solvents, for example
DMSO, nitromethane (NM), acetonitrile (AN) and methanol
(Meth). Furthermore, geometrical parameters were studied in all
cases. Table 1 illustrates the resulting geometrical parameters of
the interested structures where both bond lengths and bond angles
of C and N terminals of the investigated structures were
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considered. Solvation of amino acids with various solvents seem
to affect the geometrical parameters of their terminals, as
illustrated in table 1, which should be considered in further
applications. For methionine amino acid, solvation with DMSO
has no impact on the interested geometrical parameters except for
the length of the C-O bond which is lowered from 1.4300 to
1.3013 A, and the bond angle named HOC where it is increased
from 109.4712° to 120.00°. However, both nitromethane and
acetonitrile solvents have significant effect on all the studied
parameters. Both of them cause the increment of the length of the
two NH bonds as well as the OH one, and the OCO angle. It is
obvious that the increment results from nitromethane are higher
than that of acetonitrile. Similarly, both lower the other
geometrical parameters where the length of both C=0O and C-O
bonds and the angles HNH and HOC are decreased. On the same
manner of DMSO, methanol has no impact on the parameters of
methionine except for HNH bond which is raised greatly from
109.4712° to 120.00°. Resulting data of tyrosine amino acid seem
to be different from those of other amino acids where they all have
the same effect on the studied parameters to nearly the same

extent. They all cause the increasing of lengths of the two NH
bonds, C=0 and OH bonds, and the angles named HOC and OCO.
However, they lead to the lowering of the CO bond length and
HNH bond angle. Similarly, solvation of histidine with different
amino acids has the same behavior, as previously explained for
tyrosine, but with different ratios. Nitromethane has the greatest
effect among the studied solvents in both cases of increment or
decrement of interesting parameters. Both acetonitrile and
methanol have typical effects on the studied parameters.
Regarding arginine, it can be noticed that different solvents have
various impacts on the studied parameters. They all have little
effect on the two NH bonds. Furthermore, they have a greater
decreasing impact on the HNH and OCO bond angles. However,
they cause the increment of both C=0 bond length and HOC bond
angle. Methanol has the greatest effect with respect to other
solvents. DMSO, acetonitrile, and methanol increase the C-O bond
length, in contrary to nitromethane which decreases it. In addition,
DMSO, nitromethane, and methanol lower the OH bond length, in
contrast to acetonitrile that raises it from 0.9732A to 0.9780A.

Table 1. Geometrical parameters of C and N terminals of methionine (Met), tyrosine (Tyr), arginine (Arg) and histidine (His) amino acids in the
gaseous state and under solvation with DMSO, nitromethane (NM), acetonitrile (AN) and methanol (Meth) solvents calculated at DFT using B3LYP/6-
31G(d,p) level.

A O group alrpno group

Amino Acid | Solvation NH(1) NH(2) HNH C=0 ) OH HOC 0CO
Met No Solvation | 1.0000 | 1.0000 109.4712 1.2584 1.4300 0.9600 109.4712 120.0000
DMSO 1.0000 | 1.0000 109.4712 1.2584 1.3013 0.9600 120.0000 120.0000
NM 10225 | 1.0224 106.3477 1.2178 1.3409 0.9939 108.1221 123.4966
AN 10171 | 1.0169 106.9229 1.2148 1.3473 0.9735 107.3039 122.5548
Meth 1.0000 | 1.0000 120.0000 1.2584 1.4300 0.9600 109.5000 120.0000
Tyr No Solvation | 1.0184 | 1.0171 107.3153 1.2137 1.3467 0.9733 106.3622 123.1507
DMSO 10190 | 1.0180 106.3337 1.2162 1.3442 0.9743 107.4921 123.1728
NM 10190 | 1.0180 106.3435 1.2162 1.3441 0.9743 107.4796 123.1780
AN 1.0100 | 1.0180 106.3426 1.2162 1.3441 0.9743 107.4826 123.1806
Meth 1.0190 | 1.0180 106.3454 1.2162 1.3441 0.9743 107.4787 123.1778
Arg No Solvation | 1.0204 | 1.0133 111.3940 1.2119 1.3522 0.9732 106.1330 122.7890
DMSO 10205 | 1.0130 111.2810 1.2550 1.3466 0.9711 108.3210 121.2570
NM 10205 | 1.0130 111.3210 1.2584 1.4300 0.9600 106.3130 122.0240
AN 1.0207 | 1.0131 111.2940 1.2855 1.3410 0.9780 109.4150 120.0570
Meth 1.0207 | 1.0128 111.1240 1.3013 1.3013 0.9669 109.8760 120.0110
His No Solvation | 1.0156 | 1.0171 107.9380 1.2125 1.3485 0.9726 106.4610 122.6390
DMSO 1.0170 | 1.0175 106.7800 1.2159 1.3432 0.9737 107.2730 122.8170
NM 1.0220 | 1.0207 106.2950 1.2190 1.3374 0.9935 107.8680 123.1620
AN 1.0178 | 1.0189 106.3680 1.2149 1.3451 0.9743 107.5780 123.2830
Meth 10178 | 1.0189 106.3740 1.2149 1.3451 0.9743 107.5740 123.2850

4, CONCLUSIONS

Molecular modeling calculations at DFT level were
conducted for some interesting amino acids in two cases; gaseous
state and under the influence of several solvation processes using
diverse solvents; DMSO, AN, NM and Meth. DFT was carried out
at the B3LYP theoretical level using 6-31G(d,p) basis set.
Geometrical parameters of both amino and carboxyl terminals
were studied. The conducted solvation processes ensure that
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