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Abstract

Computer modeling was used to calculate the energy and geometrical parameters of the N-
terminal tetrapeptide fragment of the LOCMI AST 1 molecule. For this purpose, two calcu-
lation methods were employed: molecular dynamics and theoretical conformational analy-
sis. The calculations were performed both in a vacuum and in a hypothetical rectangular
box containing a specific number of water molecules with known boundary conditions. To
conduct the calculation, 72 conformations were included, taking into account all possible
spatial orientations that the amino acids within the fragment could occupy. It was deter-
mined that 40 of these conformations fall within a relative energy interval of (0-4) kcal/mol.
The conformation representing the global minimum was selected from the calculated con-
formations, and the values of its total, non-bonded, electrostatic, and torsional (i.e., rota-
tion around covalent bonds) energies were determined. Subsequently, several parameters
of a few low-energy conformations were refined using the molecular dynamics method.
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1. Introduction

LOCMI AST molecules are biologically active neuropeptides that play an im-
portant role in regulating the synthesis process, including the inhibition of juvenile
hormone synthesis [1-3]. Their conformational properties and three-dimensional
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spatial structures hold a special place in the realization of these functions, and the
investigation of these properties is considered one of the essential conditions for
understanding the activity mechanisms of neuropeptides at the molecular level.
LOCMI AST molecules consist of several neuropeptides, one of which is the LOCMI
AST 1 molecule.

The Locmi 1 molecule consists of 13 amino acid residues and has the linear se-
guence APSGAQRLYGFGL-amide (Figure 1). It was isolated from the brain extract of
the locust Locusta migratoria. The characteristic features of the Locmi AST 1 mole-
cule's spatial structure — its geometric and energy parameters, spatial coordinates,
and low-energy conformational states — were calculated using the theoretical con-
formational analysis method [4-6]. For this purpose, the Locmi AT1 molecule was
divided into smaller fragments. In this work, the spatial structure of the N-terminal
tetrapeptide fragment of the Locmi AST 1 molecule, which has the amino acid se-
qguence Alal-Pro2-Ser3-Gly4, was investigated.

Alal-Pro2-Ser3-Gly4-Ala5-Glu6-Arg7-Leu8-Tyr9-Gly10-Phel1-Gly12-Leu13-NH2
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Figure 1. Amino acid sequence and calculation scheme of Locmi AST1 molecules.

2. Calculation methods

Theoretical Conformational Analysis Method. The foundation of the theoretical
conformational analysis method was laid in the 1950s. According to this method,
any biomolecule is treated as a system of atoms, and its nuclear-electronic struc-
ture is not taken into account. In both the theoretical conformational analysis
method and the molecular dynamics method, the total energy is expressed as the
additive sum of the following energies:

Etota=En.v.*Eelst. +Etor. +Enb.

The semi-empirical potential functions and their parameters used in the theo-
retical conformational analysis method were taken from works [4], and the stand-
ard system of identifiers [5] was used to interpret the results.

According to this system, the spatial domain is conventionally divided into 4 con-
formational regions, and each small region is denoted by a single letter (B, R, P, and
L). In these regions, the dihedral angles of the amino acids take the following values:
R (¢, y=-180°+0°); B (¢ =-180°+0°, y= 0°+180°); L (¢, y=0°+180°) va P(¢p =0°+180°,
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y=-180°+0°). These are called forms. These forms, in turn, create two types of struc-
tures in space, which are called shapes. Shapes arising from the forms R-R, R-B, B-L,
L-L, B-P, L-R, P-R, P-B are denoted by the letter f (the first letter of the English word
"folding," meaning 'bent' or 'compact'), characterizing the fully folded structure type
of the polypeptide chain. Shapes arising from the forms B-B, B-R, R-L, L-B, R-P, P-L, P-
P, L-P are denoted by the letter e (the first letter of the English word "extended"),
characterizing the fully extended structure type of the polypeptide chain.

When performing calculations, the values of the dihedral angles are taken ac-
cording to the standard nomenclature.

Molecular Dynamics Method. One of the theoretical methods widely used in mod-
eling the internal mobility of macromolecules is the molecular dynamics method. The
basis of this method is the calculation of the classical (Newtonian) motion trajectories
of the coordinates and momenta of the atoms constituting the macromolecule in
phase space. In the molecular dynamics method, the biomolecule is viewed as a sys-
tem of small interacting particles, and the classical motion trajectories of the atoms
are calculated within the force field of the empirical atom-atom potential. With this
method, the macromolecule's internal microscopic thermal motion is modeled over
a sub-nanosecond interval. To account for the effects of energy exchange with the
environment and to keep the system's temperature constant, a specific algorithm —
the Berendsen thermostat is used. Deviations of the temperature from its equilibrium
value are corrected using the Landau-Teller equation.

In the molecular dynamics method, the influence of the environment on the con-
formational mobility of the studied molecule is realized by including water mole-
cules in the system and by setting boundary conditions [6]. With this method, by
providing the coordinates and velocities of all particles in the first step, it becomes
possible to calculate all the forces acting on the particles, their coordinates, and
their velocities in subsequent steps [7, 8].

3. Conclusion

To investigate the spatial structure of the Alal-Pro2-Ser3-Gly4 tetrapeptide frag-
ment of the Locmi AST 1 molecule and to determine its geometric and energy param-
eters, 72 initial variants were assembled and subjected to the energy minimization
process. It was determined that only 40 of the minimized conformations fall within
the relative energy interval of 0-4 kcal/mol (Table 1). Table 2 presents the energy
parameters of several low-energy conformations belonging to different shapes.

It is clear from the table that the majority of the calculated low-energy confor-
mations of the Locmi AST 1 molecule's tetrapeptide fragment did not form a fully
folded structure type, due to the presence of the rigid Pro amino acid at the 2nd
position of the sequence. Furthermore, the calculations determined that the ma-
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jority of the low-energy conformations are stabilized not only by non-bonded inter-
actions but also by the formation of hydrogen bonds between the amino acids, spe-
cifically Ala(NH)...Ala(CO), Ala(CO)...GIn(NH), Ser(NH)...Ser(CO), Ser(OH)... GIn (NH)
and GIn(CO)...GIn(NH).

Table 1. Distribution of low-energy conformational states of the Locmi AST 1 molecule's
tetrapeptide fragment by shape.

Ne Shape Relative energy interval, (kcal/mol)

0+1 1+2 2+3 3+4 4+5 >5
1. eee 2 4 6 - 5 7
2. efe - - 1 6 3 2
3. eef 3 2 3 4 6 3
4. eff - - 2 7 1 5

Table 2. Energy parameters of low-energy conformations of the Locmi AST 1molecule's
tetrapeptide fragment.

E , kcal I

Conformations Shape nergy parameters, keal/mo
En.v. Eelst.. Etor. Etotal
BBR:1B -8.31 -0.83 4.33 -4.82

eef
BBR:B -7.04 -0.56 3.72 -3.88
BBRiL cee -7.77 -0.43 3.87 -4.33
BBR3P -6.47 -0.30 3.64 -3.13
BRB:1B efe -4.90 -0.62 3.61 -1.91
BRRiR eff -4.98 -0.64 3.60 -2.01
BRRiB -5.00 -0.45 3.56 -1.89
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Figure 2. View of the global conformation (shape eef) of Locmi AST 1 molecules in a relaxed
(1*!) and surrounded by water molecules (2").

To examine the mobility of the low-energy conformations obtained for the Locmi
AST 1 molecule's tetrapeptide fragment using the theoretical conformational analy-
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sis method, the second calculation method — molecular dynamics — was employed.
First, these conformations were relaxed for 30 ps and only after that were they
placed into a hypothetical cubic box containing approximately 190-230 water mol-
ecules. To imitate (visually represent) the aqueous environment, the collision fre-
quency of the atoms with water molecules was set to 50 ps™ (Figure 2).

The results obtained are consistent with those achieved through experimental
facts.

References

[1] Tan,S.Q, Zhang, K. Q., Chen, H. X,, Ge, Y., Ji, R., & Shi, W. P. (2015). The mechanism for
microsporidian parasite suppression of the hindgut bacteria of the migratory locust
Locusta migratoria manilensis. Scientific Reports, 5, 17365.
https://doi.org/10.1038/srep17365

[2] Zhang, H., Yang, K., Wang, H., Liu, H., Shi, W., Kabak, 1., Ji, R., & Hu, H. (2023). Molecular
and biochemical changes in Locusta migratoria (Orthoptera: Acrididae) infected with
Paranosema locustae. Journal of Insect Science, 23(5), 1-8.
https://doi.org/10.1093/jisesa/iead077

[3] Stay, B., Bachmann, J. A. S., Stoltzman, C. A,, Fairbairn, S. E., Yu, C. G., & Tobe, S. S.
(1994). Structure—activity studies of allatostatin on the inhibition of juvenile hormone
biosynthesis by corpora allata: The importance of individual side chains and stereo-
chemistry. Peptides, 15(7), 1165-1171.

[4] Momany, F. A., McGuire, R. F.,, Burgess, A. W., & Scheraga, H. A. (1975). Energy param-
eters in polypeptides: Geometric parameters, partial atomic charges, nonbonded in-
teraction for naturally occurring amino acids. The Journal of Physical Chemistry, 79,
2361-2381.

[5] Sherman,S. A., Andrianov, A. M., & Ahrem, A. A. (1989). Conformational analysis and
establishment of spatial structure of protein molecules (pp. 62—63). Moscow: Science
and Technology.

[6] IUPAC-IUB. (1988). Quantities, units and symbols in physical chemistry (Vol. 39). Ox-
ford: Blackwell Scientific Publications.

[71 Balabaey, N. K., & Lemak, A. S. (1993). Molecular dynamics simulation of ferredoxin in
different electronic states. In E. |. Korppi-Tommola (Ed.), Laser spectroscopy of biomol-
ecules (Proc. SPIE, Vol. 1921, pp. 375-385).

[8] Brooks, B. R., Bruccoleri, R. E., Olafson, B. D., States, D. J., Swaminathan, S., & Karplus,
M. (1983). CHARMM: A program for macromolecular energy minimization and dynam-
ics calculations. Journal of Computational Chemistry, 4(2), 187-217.

20250203-97



