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Abstract. A number of exogenous peptides obtained from food have opioid-like properties. These peptides were
called exorphins. The first known exorphins were obtained by in vitro pepsin hydrolysis of a-casein and wheat
glutone. The conformational capabilities of the S-casomorphin-7 molecule (Tyrl-Pro2-Phe3-Pro4-Gly5-Pro6-
Ile7-NH2) have been studied by the method of theoretical conformational analysis. The potential function of the
system is chosen as the sum of non-bonded, electrostatic, torsion interactions and the energy of hydrogen bonds.
Low-energy conformations of the -casomorphin-7 molecule were found, the dihedral angles of the main and
side chains of amino acid residues included in the molecule were found, and the energy of intra- and
intersubstance interactions was estimated. It has been shown that the spatial structure of the f;-casomorphin-7
molecule is represented by nine structural types. It can be assumed that the molecule performs its physiological
functions in these structures. These three-dimensional structures make it possible to propose synthetic analogs
for a given molecule. The results obtained can be used to elucidate the structural and structural-functional
organization of casomorphin molecules.
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I.  Introduction

The regulatory peptides first discovered in the second half of the twentieth century, are being actively
studied by both physiologists and pharmacologists, since the area of biological activity peptides is extremely
wide. They are one of the main links that unite the three regulatory systems of the body - nervous, endocrine and
immune into a single whole. At present, more than 9000 physiologically active peptides have been characterized
in various animal species and in humans. These are short chains of amino acids (2-70 residues) that function as
signaling molecules. Most of these peptides cannot be reliably attributed to either neurotransmitters or
hormones, since they are synthesized both by neurons (transmitting a signal at the synapse level) and by cells of
peripheral tissues (transmitting a signal over longer distances, like hormones). Regulatory peptides are
characterized by their immediate effect on many systems of the body. Opioid peptides are currently considered
the most studied group of signaling substances of peptide nature. Opium causes pain relief, sedation and sleep,
as well as a euphoric state and a number of autonomic reactions. Opioid peptides are of animal and plant origin.
A number of exogenous peptides obtained from food have opioid-like properties. These peptides were called
exorphins. The discovery of the opioid activity of peptide components of food has led to the assumption that
certain types of food can act on the central nervous system like opiate drugs.

The first known exorphins were obtained by in vitro pepsin hydrolysis of «a-casein and wheat gluten.
The resistance of exorphins to the action of pancreatic enzymes has been proven, and the opioid activity of these
peptides in vivo has been confirmed. It turned out that opioid-like derivatives of casein and gluten inhibit the
activity of adenylate cyclase in cell culture, inhibit contractions of the mouse vas deferens, and also displace
radiolabeled opioid receptor agonists from the binding sites on rat brain slices. Among the exorphins of animal
origin, the derivatives of milk proteins are best studied. The most famous are milk exorphins (B-casomorphins-4,
-5, -6, -7) - products of enzymatic hydrolysis of B-casein in cow's milk. Similar peptides in the B-casein
molecule were later found in the milk of other mammalian species, including humans. Exorphins have also been
isolated from other milk proteins, but they are much less studied than derivatives of B-casein, they mainly have
an affinity for opioid receptors. The a-S1-casomorphin pentapeptide was isolated from a-casein in human milk.
Interestingly, this peptide has the ability to suppress the proliferation of breast tumor cells. The physiological
effect of antagonistic exorphins is still poorly understood. Some milk exorphins can not only be formed during
the digestion of milk in the gastrointestinal tract, but also be contained in cheeses in a “ready-made” form, since
the technology of making cheese is associated with enzymatic processing. Special attention of researchers to
casomorphins is due to the fact that milk is the only food for young children, and it is known that some changes
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in the composition of milk can significantly affect the physical and mental development of infants, including
causing long-term effects [1-3].

We have investigated the structural and functional organizations of the opioid peptides enkephalins,
endorphins, endomorphins, dynorphins, neoendorphins and adrenorphins, and we are currently investigating the
spatial structure of molecules of rubiscolins, soymorphins and casomorphins. This work is a continuation of our
previous research The development of the ideas about the mechanism of action of the peptide molecules is
possible due to the structural studies on the molecular level that can not be achieved solely on the basis of the
experimental methods. Molecular modelling can fundamentally advance our ability to gain insights and detailed
information on biomolecules. Currently, using the different theoretical calculation methods, the recent advances
in computer technology allow researchers to construct the various models of the peptide molecules [4-14].

The molecule was calculated using the method of theoretical conformational analysis. The potential
function of the system is chosen as the sum of non-bonded, electrostatic and torsion interactions and the energy
of hydrogen bonds. Nonvalent interactions were assessed by Lennard-Jones potential. Electrostatic interactions
were calculated in a monopole approximation according to the Coulomb's law using partial charges on atoms.
The conformational possibilities of the casomorphin molecule were studied under the conditions of the water
environment, in connection with which the value of the dielectric constant was assumed to be 10. The energy of
hydrogen bonds was estimated using the Morse potential. Our aforementioned works describe in detail the
potential functions used.

In presenting the calculation results, we used the classification of peptide structures by conformations,
forms of the main chain, and shapes of the peptide backbone. Conformational states are completely determined
by the values of the dihedral angles of the main and side chains of all amino acid residues included in a given
molecule. Forms of the main chain of a fragment are formed by combinations of forms of R, B, L residues in a
given sequence. Forms of the main chain of a dipeptide can be divided into two classes - folded (f) and unfolded
(e) forms, which are called shapes. All conformations are grouped by backbone shape, and shapes are grouped
by shape. To designate the conformational states of the residues, identifiers of the X;; type are used, where X

defines the low-energy regions of the conformational mapy —w :R(e,w = —180 ° - 0°),
B(p=-180 -0,y =0 —18 °), L(p,w =0 -180 ) and P(p = 0°-180°,p = —180 ° — 0°);
ij..=11..,12..,13.., 21 ... define the position of the side chain(x, »,..), Wwith the index 1 corresponding

to the angle value in the range from 0 to 120 °, 2 - from 120 ° to -120 °, and 3 - from -120 ° to 0 °. The
designations and readings of the angles of rotation correspond to the IUPAC-1UB nomenclature [15].

Il.  Results and discussion

The spatial structure of the B-casomorphin-7 molecule (Tyr1-Pro2-Phe3-Pro4-Gly5-Pro6-1le7-NH2) was
calculated based on the low-energy conformations of PB-casomorphin-6 (Pro-Phe-Pro-Gly-Pro-ile-NH2,
preferred conformations of the casomorphin-6 molecule are shown in Table 1) and N-acetyl-tyrosine methyl
amide. The results of the calculation of the B-casomorphin-7 molecule showed that there is an energetic
differentiation between shapes, forms of the main chain and conformations. The energy range of 0-7.0 kcal/mol
contains the conformations of nine forms of the main chain of nine shapes. The lowest-energy conformation of
each form, the energy contributions of non-valence, electrostatic, torsion interactions and the relative energy are
shown in Table 2. In low-energy conformations, the energy of non-valence interactions varies in the range (-
20.8) - (-16.7) kcal / mol, electrostatic interactions (-3.5) - (- 2.3) kcal/mol, torsion interactions (2.0) - (6.2)
kcal/mol. For the four low-energy conformations, the energies of intra- and inter-residual interactions (in kcal /
mol) are shown in Table 3, and the geometric parameters (in degrees) are shown in Table 4. Figure 1 shows the
spatial arrangement of atoms in these conformations.

The global conformation of the B-casomorphin-7 molecule is efeeee shape B;RB;RLBBg,. It is
simultaneously beneficial for non-valence and electrostatic interactions, the contribution of which is (-20.8)
kcal/mol and (-3.5) kcal/mol, respectively. Due to these interactions, the conformation is the lowest in energy
(Table 2). In this conformation, the second Pro2 residue is in the R form of the main chain and rotates the
peptide chain, while the remaining residues are in the unfolded form of the main chain. The side chains of amino
acid residues are directed so that effective interactions arise between the atoms of the main chain between
themselves and the atoms of the main and side chains, the value of which is (-11.0) kcal/mol. Phe3 effectively
interacts with the dipeptide site Pro4-Gly5, the contribution of interactions is (-5.5) kcal/mol (Table 3). There
are no effective interactions between other amino acid residues.

In the B;BB,BLRB3, conformation of the eefef shape with a relative energy of 0.2
kcal/mol, the energy contributions of non-bonded, electrostatic, and torsion interactions are almost the same as
in the global conformation, despite the fact that it differs in the shape of the main chain and the arrangement of
side chains of amino acid residues. Tyrl effectively interacts with the residues Pro2 and Phe3, whose
contribution is (-7.8) kcal/mol, Phe3 effectively interacts with the tripeptide site Pro4-Gly5-Pro6, the
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contribution of which is (-9.3) kcal/mol, and still effective interactions arise between amino acid residues of the
C-terminal tripeptide section  (table 3).

The B,BL;RRBB3, conformation of the efeffe shape has a relative energy of 0.7 kcal/mol. Here, the first
Tyrl residue effectively interacts with the next tripeptide fragment Pro2-Phe3-Pro4, whose contribution is (-9.4)
kcal/mol, Phe3 effectively interacts with the tripeptide site Pro4-Gly5-Pro6, whose contribution is (-7.7)
kcal/mol, and Gly5 interacts effectively with the Pro6-l1le7 dipeptide (Table 3). The B3;RB,;BLBBs;;
conformation of the efefee shape with a relative energy (1.9) kcal/mol differs from the global conformation in
the shape of the Pro4 backbone and the location of the Phe3 side chain. Because of this, the contribution of non-
valence interactions loses (2.1) kcal/mol, and loses (0.6) kcal/mol in electrostatic interactions. Tyrl interacts
effectively with Pro2, Phe3 and Pro6. Phe3 effectively interacts with the tetrapeptide site Pro4-Gly5-Pro6-lle7,
the contribution of which is (-10.5) kcal/mol (Table 3). In this conformation, effective di- and tripeptide
interactions arise between the amino acid residues of the C-terminal tripeptide region.

Table 1.
Energy contributions of non-valent (Uy,), electrostatic (Uy), torsional (Uys) interactions and the relative energy
(Uye)) of the optimal conformations of the molecule casomorphine-6

Ne Shapes Conformation Uny Uel Utors Urel
1 fefee RB,BLBB3, -18.9 -4.5 2.8 0
2 fefef RB,BLRB3;, -18.4 -4.5 2.3 0.1
3 feeef RB;RLRB3; -16.4 -4.3 15 13
4 feeee RB;BLBB3, -15.1 -4.4 1.7 2.8
5 eeeef BB;RLRB3; -14.8 -4.3 1.6 3.1
6 eeeee BB;RLBB3, -13.5 -4.4 1.8 4.4
7 Feffe BL;RRBB;, -17.3 -3.9 2.5 1.9
8 eefef BB,BLRB3, -16.2 -4.5 2.3 2.1
9 eefee BB,BLBB3, -16.4 -4.6 2.7 2.6

Table 2.

Energy contributions of non-valent (U,,), electrostatic (Uy), torsional (Us) interactions and the relative energy
(Uye)) of the optimal conformations of the molecule casomorphine-7

Ne Shapes Conformation Uny Uel Utors Utotal Urel
1 efeeee B3;RB;RLBB;, -20.8 -3.5 35 -20.8 0
2 efeeef B;RB;RLRB3;; -18.9 -3.2 2.0 -20.1 0.7
3 efeffe B,BL;RRBB3;, -20.9 -2.3 3.2 -20.1 0.7
4 efefee B3;RB,BLBB;, -18.7 -2.9 2.8 -18.9 1.9
5 efefef B3;RB,BLRB3;; -18.4 -2.8 2.3 -18.9 1.9
6 eeefef B,BB,BLRB3;, -21.0 -3.2 35 -20.6 0.2
7 eeefee B,BB,BLBB;, -18.0 -3.2 6.2 -15.0 5.8
8 eeeeef B;BB;RLRB3;, -17.9 -3.0 2.4 -18.5 2.3
9 eeeeee B:BB;RLBB3; -16.7 -3.0 2.6 -17.2 3.6
Table 3.

Energy inside and between residual interactions in the conformations of the molecule casomorphine-7:
BsRB;RLBB3, (U,=0 kcal/mol, first line), B;BB,BLRBs, (U=0.2 kcal/mol, second line), B,BL;RRBB3,
(Ure1=0.7 kcal/mol, third line), BsRB,BLBB3, (Ur,=1.9 kcal/mol, fourth line)

Tyrl Pro2 Phe3 Pro4 Gly5 Pro6 lle7
2.3 -4.3 -6.7 0.5 -0.2 0.1 0.1 Tyrl
2.2 -4.6 3.2 -0.5 0 0 -0.1
3.9 5.2 2.1 24 0.1 -0.2 -0.2
5.6 -35 2.1 -0.3 0 2.2 -0.2
0.2 1.7 -0.5 0 0 0 Pro2
0.3 04 -0.8 0 0.1 0
0.3 0.9 -1.2 0 0.1 0
0.3 -14 -0.8 0 0.1 0
0.8 3.7 -1.8 0.1 0 Phe3
0.3 4.7 2.0 2.6 0
0.5 3.4 -0.8 3.5 0.3
0.3 4.7 -2.0 2.2 1.7
0.3 -0.6 -1.6 -0.1 Pro4
0.3 04 1.0 0
0.3 -0.7 1.7 0.1
0.3 04 0.8 0.1
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14 -3.3 -0.9 Gly5
14 -3.0 -1.3
14 -2.9 -1.0
1.4 -3.3 -1.0
0.4 -15 Pro6
0.3 -2.7
0.3 -1.4
0.3 -1.5
-1.8 1le7
-1.7
-1.6
-1.5

Table 4.
Geometric parameters (in degrees) of low energy conformations of the molecule casomorphine-7( the values of
the dihedral angles are given in the sequence @, y, w, x1, %2 ......)

Residue B3RBlRLBB32 BlBBzBLRB;gz BzBLgRRBBgz BaRBzBLBB;gz
Tyrl -70 153 170 -82 148 177 -97 128 180 -99 141 180
-72 106 0 65 90 0 180 86 O 63 94 0
Pro2 -60 -33 -179 -60 119 -172 -60 130 -174 -60 -54 179
Phe3 -96 149 178 -98 128 177 52 70 -179 -101 126 176
57 86 -178 86 -53 97 -177 84
Pro2 -60 -57 -178 -60 117 -173 -60 -60 177 -60 117 -175
Gly5 65 70 179 63 70 -176 -69 -67 -173 68 73 -174
Pro6 -60 138 -178 -60 -52 179 -60 131 -179 -60 131 -177
Ile7 -102 132 180 -100 136 180 -99 137 180 -99 139 180
-57 -175 173 -58 -176 173 -58 -175 175 -57 -175 175
-171 -171 -171 -173
Urel 0 0.2 0.7 1.9

DOI: 10.9790/4861-1305026267 www.iosrjournals.org 65 | Page




Spatial Structure Of The f-Casomorphin-7 Molecule

Figure 1. Atomic model of spatial structure of the casomorphine-7 molecule a), b), ¢) and d) corresponded to
the structures with the relative energies 0 kcal/mol, 0.2 kcal/mol, 0.7 kcal/mol and 1.9 kcal/mol, respectively.
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I11.  Conclusion
Thus, the spatial structure of the -casomorphin-7 molecule can be represented by nine structural types.
It can be suggested that the molecule performs its physiological functions in these structures. Based on these
structures, synthetic analogs of the molecule can be proposed. The theoretical conformational analysis of the j3-
casomorphin-7 heptapeptide has led to such a structural organization of the molecule that does not exclude the
implementation by the molecule of a number of functions that require strictly specific interactions with various
receptors.
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