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ABSTRACT. To gain deeper insights into the biological activity of thymopentin, its structural, anticancer,
antiviral and antimicrobial properties were systematically investigated. Conformational preferences of
thymopentin were investigated through conformational analysis and the lowest energy conformation was
optimized using density functional theory (DFT) method, Becke three Lee—Yang-Parr (B3LYP) functional and 6-
31G(d,p) basis set. Vibrational wavenumbers of the optimized structure were computed and compared with the
experimental results. To elucidate the potential of thymopentin as anti-COVID-19 and anticancer agents,
molecular docking simulations were performed. Thymopentin was docked into DNA (PDB ID: 1BNA), SARS-
CoV-2 main protease (PDB ID: 6M03) and EGFR receptor complex (PDB ID: 4HJO). Additionally, following
molecular docking analyses, top-scoring ligand-receptor complexes of thymopentin with SARS-CoV-2 enzyme
(6M03) and EGFR (4HJO) were subjected to 50 ns all-atom molecular dynamics (MD) simulations to examine the
ligand-receptor interactions in greater detail. Moreover, the antimicrobial potency of thymopentin against the most
prevailing human pathogenic microorganisms was also investigated. The strongest antibacterial activity was
observed against “Listeria monocytogenes”, a pathogenic bacterium capable of causing listeriosis, a serious
infection that can potentially lead to death. This study revealed the anticancer, anti-Covid 19 and antimicrobial
activities of the thymopentin molecule, demonstrating its multifunctional bioactivity.
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INTRODUCTION

Thymopentin (TP-5), a pentapeptide (Arg-Lys-Asp-Val-Tyr), contains of amino acid residues
32-36 of the thymic hormone thymopoietin which compose of 49 amino acid residues. Due to its
whole range of biological functions, it can be thought of as the active site of thymic hormone
thymopoietin, a polypeptide hormone released by the thymus's epithelial cells [1]. The thymus
gland, located in the mediastinum behind the sternum, is a vital organ for the growth of the
immune system of body, comprises two similar lobes, each split into a peripheral cortex and a
central medulla [2]. The importance of thymopentin, TP5, or thymopoietin pentapeptide in
dermatology has been demonstrated due to its immunological effects and immunoreactive
qualities in treating patients with alopecia areata, atopic dermatitis, Sézary syndrome, and
scleroderma [3]. Gallo et al. (1993) reported that a series of immune abnormalities that were
detected before the development and growth of carcinogen-induced rat mammary tumors were
significantly restored by the thymic pentapeptide thymopentin and tumor appearance and
growth were delayed [4]. It was shown that The TP5 alleviates immunosuppression in tumor-
bearing mice and has mild immunoregulatory effects on a host [4]. For a long time, TP5 was
thought to be a possible treatment for immune disorders and cancer. Investigation into cancer
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therapy continues to focus on the uptake of anticancer agents in solid tumors. Drug resistance
and minimal efficacy are the results of many anticancer medications, like doxorubicin, which
only migrate 40-50 pm (3-5 cells in diameter) from the vasculature [5].

To fully capitalize on the peptide's powerful effects on tumor cells, more effective methods
of delivering TP5 to target tumor cells must be developed, as the pleiotropy and limited activity
of TP5 in cancer therapy may be caused by poor TP5 penetration into tumor cells [6]. In
numerous animal model systems and human in vitro experiments, the 49 naturally occurring
amino acids found in thymic hormones have demonstrated immunoregulatory activity. The
synthetic pentapeptide TP5 matches this hormone's active structure [7]. The combination of
chemotherapy and immunotherapy appears to be a more effective anti-cancer treatment than
chemotherapy alone. Additionally, including immunotherapy can greatly lower the severe
hematological toxicity associated with most chemotherapeutic clinical investigations [8]. To
cure cancer, TP5 has lately been investigated as an immunotherapeutic drug [9].

Thymopentin at a high dose can greatly increase the antiviral effectiveness of adefovir
dipivoxil when taken together. Additionally, it fulfills the special needs of these patients and
makes it easier to provide medication to those who have severe hepatitis B [10].

One of the treatment drugs employed throughout the COVID-19 pandemic in China was
thymopentin (Arg-Lys-Asp-Val-Tyr, RKDVY, TP5), an immunomodulatory pentapeptide that
is the active core of the thymus hormone, thymopoietin [11].

Thymopentin, a pentapeptide generic metabolite, has immune-boosting properties and is the
active site of the naturally occurring hormone thymopoietin. It promotes the growth of thymic T
cells and may aid immunocompromised individuals in regaining their immunocompetence [1].
Thymopentin is modified with myristic acid for enhanced immunomodulation and plasma
stability [12]. By boosting the immune system, thymopentin could potentially be an effective
substitute for managing this new coronavirus [13].

There hasn’t been any prior research on the thymopentin molecule’s molecular structure and
vibrational spectroscopy. The most stable conformation was identified through conformational
analysis, and the most stable conformer was then optimized using density functional theory
(DFT) with hybrid functional (B3LYP), a very effective technique in the study of molecules’
electronic structures nowadays, using the DFT/B3LYP/6-31G(d,p) level of theory [14].

In this study, the most stable conformation was identified through conformational analysis,
geometry optimization was carried out, charge transfer interaction was obtained through
HOMO-LUMO and MEP calculations, and FTIR and Raman analysis were conducted to
uncover the structural information of the thymopentin molecule. The technique of molecular
docking was then used to examine thymopentin’s anti-cancer and anti-COVID-19 activity,
highlighting its significance for drug development and its interactions with DNA (PDB IDs:
1BNA), SARS-CoV-2 main protease (PDB ID: 6M03), and EGFR (PDB ID: 4HJO) receptor
complex. Then, using the molecular docking method, the anticancer and anti-COVID-19 activity
of thymopentin was examined to emphasize its crucial role in drug development and its
interactions with DNA, SARS-CoV-2 main protease, and EGFR receptor complex (PDB IDs:
1BNA, 6M03, and 4HJO, respectively). The ligand-receptor complexes of thymopentin with the
EGFR receptor complex (4HJO) and SARS-CoV-2 enzyme (6MO03) were then simulated using
molecular dynamics (MD).

EXPERIMENTAL
Thymopentin (CAS Number 69558-55-0) was purchased in solid form from Sigma-Aldrich and
used precisely as directed. A Jasco 6300 FT-IR spectrometer with a resolution of 2 cm™ was

used to record the FTIR spectra of the Thymopentin KBr disk. The sample’s Raman spectra
were recorded using a Jasco NRS 3100 micro-Raman spectrometer, which has a 532 nm diode
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laser and a 1200 lines/mm diffraction grating. The 520 cm ™' silicon phonon mode was employed
for calibration.

Antimicrobial activity and antibacterial activity

For antimicrobial activity, its effect on Staphylococcus aureus, Listeria monocytogenes, Bacillus
cereus from gram-positive bacteria and Salmonella typhimurium and Escherichiae coli from
Gram-negative bacteria were determined. All pathogenic bacteria were activated on nutrient
agar at 37 °C, single colonies were enriched in broth and used. Pathogens activated at 37 °C
were inoculated into 1% nutrient agar. Thymopentin was diluted (1:1, w/v) in sterile distilled
water. 100 pL of the sample was transferred to the opened wells and inhibition zones were
measured after 24 hours at 37 °C. Sterile water was used as negative control. Diameter
measurements are evaluated in mm [15, 16].

Antifungal activity

Potato dextrose agar was smeared with Aspergillus niger, Penicillium expansum cultures for 24
hours for antifungal activity. 100 pL of sample was transferred to the opened wells and
incubated at 30 °C for 24 hours. Inhibition diameter measured in mm [17].

Computational details

The thymopentin molecule was conformationally investigated via the Spartan06 program [18]
by the PM3 method. Then, using the Gaussian 16 software package [19] and the DFT/B3LYP/6-
31G(d,p) level of theory, the derived minimum energy conformer was optimized. Since the
thymopentin molecule contains a large number of atoms and has a flexible structure,
calculations could not be made with high basis sets, but, the 6-31G(d,p) basis set has been
shown to be a good choice as it’s optimized geometries were close to the geometries obtained by
larger basis sets [20]. Using MOLVIB software [21] and the scaled quantum mechanical force
field approach described by Pulay et al. [22], the harmonic force field of thymopentin was
investigated. The Cartesian coordinate force fields were transformed into natural internal
coordinates, and the IR intensity, Raman activity, and potential energy distribution (PED) of
vibration modes were determined. Using the simulation application Simirra [23], the computed
Raman activities were converted to theoretical Raman intensities. Lorentzian band forms with a
bandwidth (FWHM) of 10 cm ™" were utilized for the theoretical spectral simulations.

The wavenumbers calculated using the DFT/B3LYP/6-31G(d,p) level of theory were scaled
by scaling factors (O-H stretch 0.87; N-H stretch 0.84; C-H stretch 0.91; C-O and C=0 stretch
0.86; O-H, N-H and C-H deformation 0.92; O-H, NH stretch (involving H-bonds) 0.98; all
others 0.98) taken from earlier research [24, 25] to ensure a reasonable agreement between
experimental and calculated wavenumbers and then optimized by fitting the measured
frequencies to the computed.

RESULTS AND DISCUSSION
Antimicrobial and antifungal activity
In the study, the in vitro antimicrobial activity of the compound on the agar plate was
determined on gram positive and gram negative bacteria and the results are presented in table 1.
Antibacterial activity was observed in gram-positive bacteria L. monocytogenes and B. cereus.
The highest antibacterial effect (12 mm) was determined against L. monocytogenes. It is
dangerous bacteria that can cause serious effects on the nervous system that may result in death
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by causing Listeriosis in the elderly, children, pregnant women and patients with suppressed
immune systems [26].

It did not show any effect on S. aureus from gram-positive bacteria and against gram-
negative bacteria. Thymopentin compound has been determined to have an antimicrobial effect
against gram-positive bacteria. Penicillium is considered an asthma agent in children and adults
[27]. Antifungal activity was seen against P.expansum.

Table 1. Antimicrobial activity of thymopentin.

Antimicrobial Zone (mm)
Antibacterial
Gram (+) bacteria
Listeria monocytogenes 12.040.05
Bacillus cereus 0.940.1
Staphylococcus aureus -
Gram (-) bacteria -
Salmonella typhimurium -
Esherichiae coli -
Antifungal
Aspergillus niger -
Penicillium expansum 0.9+0.1

Structure

The most stable molecule structure was found by optimizing the lowest energy conformer,
which was the outcome of the conformation analysis, utilizing the DFT/B3LYP/6-31G(d,p)
level of theory. Figure 1 displays the optimized molecular structure of the thymopentin
molecule.
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Figure 1. The optimized molecular structure of the thymopentin molecule (a), the 2D schema of
thymopentin (For clarity H atoms were not shown) (b).

Bull. Chem. Soc. Ethiop. 2025, 39(10)



Analysis of thymopentin: A potent anti-cancer and anti-viral 2009

This study is the first to do the conformational analysis and geometry optimization of the
thymopentin molecule; no experimental studies have been published in the literature before this
work. For this reason, we compared calculated values of a synthetic pentapeptide thymopentin
(Arg-Lys-Asp-Val-Tyr) with those of corresponding monopeptides.

The bond lengths between the atoms N35-C34, N36-C34, N33-C34, N33-C32, C32-C31,
C31-C30, C30-C29, C29-N37 and C29-C28 of arginine moiety of thymopentin were computed
as 1.403, 1.290, 1.381, 1.462, 1.532, 1.538, 1.547, 1.463, and 1.547 A, respectively, and the
corresponding bond lengths of arginine crystal [28] were 1.319, 1.320, 1.323, 1.473, 1.520,
1.520, 1.520, 1.470, and 1.520 A, respectively.

The bond lengths between the atoms N27-C26, C26-C25, C39-C26, C40-C39, C41-C40 and
C42-C41 of lysine moiety of thymopentin were computed as 1.456, 1.535, 1.549, 1.530, 1.531
and 1.539 A, respectively. The corresponding experimental bond lengths of lysine monopeptide
were reported as 1.495, 1.529, 1.524, 1.526, 1.516, and 1.511 A, respectively [29].

The bond lengths between the atoms N24-C1, C2-C1, C45-C1 and C46-C45 of the aspartic
acid moiety of thymopentin were computed as 1.458, 1.559, 1.566, and 1.525 A, respectively,
and the corresponding experimental values for aspartic acid were 1.495, 1.543, 1.518, and 1.512
A, respectively [30].

The bond lengths between the atoms N3-C4, C4-C5, C4-C20, C20-C21 and C20-C22 of
valine moiety of thymopentin were computed as 1.467, 1.548, 1.560, 1.535 and 1.534 A,
respectively, and the corresponding experimental values of crystalline valine were 1.495, 1.518,
1.546, 1.568 and 1.534 A, respectively [31].

The bond lengths between the atoms C7-N6, C7-C16, C8-C7, C8-C9, C9-C10, C10-
C11,C11-C12, C9-C15, C15-C14, C14-C12 and C12-013 of tyrosine moiety of thymopentin
were computed as 1.456, 1.543, 1.555, 1.511, 1.400, 1.394, 1.399, 1.403, 1.392, 1.399 and 1.366
A, respectively, and for crystalline tyrosine the corresponding values were found to be 1.485,
1.533, 1.542, 1.510, 1.410, 1.391, 1.397, 1.401, 1.392, 1.395 and 1.372 A, respectively. [32].
The results indicated that all the geometrical parameters of the studied compound are found to
be in conformity with the structural data of similar compounds.

Vibrational spectral analysis

With 97 atoms, the thymopentin molecule (C3H4NgOg) has 285 normal modes of vibration.
Utilizing the DFT/B3LYP/6-31G(d,p) level of theory, the vibrational frequencies of the
thymopentin molecule were computed and compared to the experimental data to determine its
spectroscopic signature. And also it is important to note that the experimental spectrum for
thymopentin was recorded in the solid phase, whereas the computed spectrum was in the gas
phase. The theoretical and experimental IR spectra of thymopentin are displayed in figure 2 and
its theoretical and experimental Raman spectra are displayed in figure 3.
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Figure 2. The theoretical IR (a), and baseline corrected experimental (b) and original
experimental (c) FTIR spectra of thymopentin.
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The theoretical harmonic vibrational wavenumbers at the DFT/B3LYP/6-31G(d,p) level of
theory, the calculated IR and Raman intensities, the PED, and the experimental vibrational
wavenumbers obtained from the IR and Raman spectra of solid thymopentin are displayed in
table 2. The present investigation examined peptide group vibrations, namely C=0, C-N
stretching, and N-H in-plane bending, in addition to C—H stretching, O-H bending, O-H
stretching, N—H stretching, and other modes.

The calculated O-H stretching modes were found at 3565, 3493, and 2926 cm™
wavenumbers and were observed in 2920 (IR) and 2925 cm™ (Raman). Except for 047-H97,
the computed bond distances for the O—H groups are in the range of 0.966 and 0.983 A.
Intramolecular hydrogen bonding caused the 047-H97 (1.012 A) bond to elongate by around
0.04 A; as a result, the stretching wavenumber of this O—H bond dropped to 2926 cm .

The N-H stretching mode of solid thymopentin was identified as the band at 3291 cm™
detected in the experimental Raman spectra. The thymopentin’s N—H stretching modes were
predicted to be in the intervals of 3438-3184 cm .

The C-H stretching modes of the Thymopentin according to examination were computed
within the range of 3068-2830 cm™'. The CH stretching vibrations of glycine, alanine, and
serine amino acids were found in the intervals 2985-2873 cm™' (IR), 3013-2870 cm ' (Ra), and
29642853 cm ' (IR), respectively [33-34].

Table 2. The calculated DFT/B3LYP/6-31G(d,p) and experimental wavenumbers (cm™) of thymopentin
and the PED distributions of the vibration modes.

Experimental Calculated B3LYP
Assignment | FTIR | Raman Vv I(IR) | (Raman) PED %
vor (Tyr) 3565 54 25 vor (100)
vor (Tyr) 3493 403 17 vor (97)
vnr (Lys-NHy) 3438 211 31 vnr (100)
e (Arg-NHy) 3360 12 14 e (99)
vnH (Arg-NH) 3290 10 28 vnr (100)
vnn (Tyr) 3291 | 3286 32 30 vnr (100)
e (Lys-NH) 3279 29 24 vnr (100)
v (Val) 3265 60 27 e (99)
VNH (Al’g-NHz) 3258 10 40 VNH (100)
vnH (Arg-NH,) 3253 3 35 vnr (100)
vnn (Lys-NHy) 3243 16 36 vnr (100)
e (Arg-NH) 3210 10 29 vnr (100)
e (Arg-NHy) 3186 4 37 vnr (100)
e (Asp) 3184 226 38 e (98)
ven (Tyr-CH) 3060 | 3068 5 33 ven (100)
ven (Tyr-CH) 3038 5 47 ver (94)
VCH (ASp-CHz) 3038 1 47 VCH (99)
ven (Tyr-CH) 3036 17 45 ver (98)
ven (Tyr-CH) 3018 17 26 ver (99)
ven (Val-CH) 3012 0 25 vch (98)
ver (Val-CHa) 3000 10 24 veh (99)
ven (Tyr-CH) 2993 4 26 ven (97)
VCH (Arg-CHz) 2988 3 35 VCH (91)
veh (Val-CHg) 2982 27 38 ver (99)
ver (Lys-CHy) 2976 19 49 vch (89)
vch (Arg-CHyp) 2974 27 55 vch (88)
ven (Val-CHa) 2973 38 57 vch (88)
ven (Asp-CHyp) 2970 7 58 ver (100)
veh (Lys-CH) 2968 20 53 ven (87)
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VCH (VaI-CH3) 2961 2964 14 38 VCH (91)
ver (Tyr-CHy) 2051 | 7 26 Ve (98)
ver (Arg-CHy) 2941 14 37 ver (97)
ven (Lys-CHy) 2935 12 52 ver (90)
ver (Arg-CHy) 2931 24 69 ver (91)
vor (Asp) 2920 2925 | 2926 1974 82 vor (98)
ver (Lys-CHy) 2924 52 72 ven (95)
ver (Val-CHs) 2011 | 9 88 ver (94)
ver (Tyr-CHy) 2909 17 96 ver (99)
ven (Lys-CHy) 2908 16 95 ver (95)
ver (Arg-CH) 2907 | 64 92 Vor (91)
VCH (VaI-CH3) 2901 26 71 VCH (93)
vor (Arg-CHy) 2805 | 28 100 ver (93)
ven (Lys-CHy) 2895 44 100 ver (93)
ven (Val-CH) 2894 | 5 98 Ve (95)
ver (Asp-CH) 2884 | 4 50 ver (99)
ven (Lys-Chy) 2880 | 49 44 ver (95)
ver (Lys-CHy) 2871| 2871 12 42 ven (93)
ver (Arg-CHy) | 2850 2864 52 41 ver (95)
ven (Lys-CHy) 2830 103 43 ver (94)
veo (Tyr- 1735 | 230 5 veo (79)
COOH)
VeN 1701 272 11 ven (84)
Voo (Asp- 1670| 1672 | 622 10 veo (67) + dcon (9)
COOH)
Vco (Val- 1665 199 13 vco (66) + ven (12)
amide 1)
veo (Asp- 1655 | 252 3 veo (53) * ven (14)
amide 1)
veo (Arg- | 1645 1651 | 405 3 Voo (64) + v (8) + dnce (6)
amide I)
vce 1646 50 45 vce (61)
OHNH 1630 27 13 SHnH (39) + denn (31) + T'eenn
(16)
Vee 1620 16 20 vee (68) + dcon (5)
S 1618] 1620 40 20 i (45) + Senn (37)
veo (Lys- 1614 | 326 2 Vo (38) + von (24)
amide 1)
OHNH 1579 1592 110 5 Sunm (48) + denm (30) + ven (11)
VCN 1527 179 3 VeN (44) + OcNH (39)
Vce 1516 76 5 vee (35) + veo (9) + Scc (7)
ven 1511 1509 | 729 5 Ve (33) + donn (29) + veo (9) +
Vco (6)
OHcH 1501 18 8 OheH (27) + Thcen (13) + dnew
(8) + I'ceen (6)
1ﬁHCCH 1491 3 8 rHCCH (28) + BHCH (16)
Such 1482 | 20 24 Sucr (58)
SHeH 1480 23 30 ShcH (19) + Teeen (13) + Thecn
(10)
Sucn 1479 | 10 2 Sucn (58)
Such 1475 | 29 37 Sucr (15)
OHCH 1474 2 38 OHcH (26) + Thcen (14) + dnew
(12) + Teeen (5)
SHeH 1471 1 40 Shch (18) + T'hcen (6)
OHCH 1470 7 41 ShcH (17) + Thcen (17) + Tineen
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(5)
T'hueen 1466 10 43 Thcen (20) + SucH (19)
OHcH 1463| 1464 6 43 Shch (58)
Bren 1461 | 12 40 Bricn (49)
OHcH 1459 18 35 Sucn (11)
OcNH 1459 11 35 Scnn (19) + ven (13) + veo (12)
Vce 1447| 1446 17 19 vee (37) + Scen (12) + dcon (9)
Von 1445 | 39 20 von (28) + donn (21) + veo (7)
S 1443 | 116 20 Senrt (20) + ven (18) + veo (7)
ScoH 1431 280 7 dcon (61) + veo (26)
VCN 1406 157 16 VCN (32) + vee (14) + dcnH (10)
+ dneco (7)
OCNH 1400| 1401 10 11 OCNH (26) + vee (10) + ONeH (8)
dccH 1396 32 7 SdccH (18) + ONcH (1 1)+ OCNH (9)
+ven (9) + vee (8)
VeN 1391 1386 90 8 ven (26) + denn (25) + vee (12)
Voo 1384 4 9 voe (25) + dcen (12)
dccH 1380 25 10 dccH (17) + ONCH (9) + vee (8) +
VCN (6)
SccH 1379 4 10 dcch (40) + Spcn (17) + vee (8)
vce 1373 2 8 vce (32) + dccH (6) + ONcH (5)
dccH 1360 2 11 dcen (32) + vee (22) + e (7)
Vee 1355 30 17 vee (18) + dcen (15) + ven (7)
e 1355 | 26 17 vee (67)
VNC 1347 62 23 VNC (9)
S 1346 | 22 25 S (5)
dccH 1342 63 31 dccH (12) + vce (8) + I'heeH (6)
+ nen (5)
VNC 1340 52 33 e (19) + vee (9)
dccH 1332 61 61 Sccn (33) + vee (26)
SccH 1331 1 60 dccr (11) + I'neer (7) + Tecen
(6)
OCNH 1331 44 60 Scnn (36) + ven (10) + dnew (6)
OCNH 1329 | 1328 189 43 Scnn (18) + dcon (6) + ven (6)
OCNH 1320 35 19 dcnn (32) + dner (14) + dcch (6)
OCoH 1320 71 19 Scon (36) + veo (18) + vee (8)
dccH 1314 1310 28 13 dcen (7)
Scc 1309 23 13 dcch (51) + 8con (10)
S 1303 | 12 13 St (4)
OCNH 1296 48 20 Ocnh (14) + veo (12) + vee (5)
OCOH 1292 52 29 OCoH (33) + vco (17) + vee (7)
dccH 1291 9 31 dccH (27) + dcNH (6)
Soon 1290 | 34 2 Scen (30)
Scck 1285 | 2 26 Sccr (31)
OccH 1276 2 15 dccr (6)
SccH 1268 10 19 OccH (17) + dcon (7) + vee (6)
VNC 1267 52 19 VNC (15)
Vco 1245 1253 | 1249 111 18 veo (54) + vee (20)
OccH 1247 1 17 dcen (13)
SCCH 1238 33 10 SCCH (23) + ven (13) + I'incH (5)
VNC 1232 49 11 VNC (8) + dcNH (6)
VOH 1228 21 13 VOH (5)
OCNH 1216 17 26 Scenn (12) + vor (8) + ven (7)
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Voo 1214 7 28 voe (29) + vne (15)
vee 1211 1209 1 25 vee(26) + ven(12)+ Scen(13)
ven 1208 | 5 24 Ven(25) + vee(12) + dcon(7)+
Senn(7)
Scch 1203 16 18 ven(9) + vou(5) + Scen(12)
ven 1182 9 7 ven(33)
Ven 1178] 1175 | 33 10 ven(23) + enn(1l)
Vee 1170 1172 8 10 vee(31) + SCCH(ZG) + VCN(9)
SccH 1160 3 20 dccH(58) + dcon(10)
Scch 1159 11 21 ven(20) + veo(7) + cen(15)
OcoH 1157 232 21 vee(11) + Vco(S) + SCCH(13) +
Scon(56)
Ven 1153 8 15 ven(24) + vee(14) + dcen(13)
Ven 1147 64 10 ven(41) + Senn(18)
SenH 1136 13 10 ven(17) + vee(20) + Senn(21)
veo 1133 21 9 vco(42) + vee(6) + dcon(10)
Sonn 1119 | 28 12 ven(30) + dcnn(34)
Ve 117 | 2 13 vee(53) + cen(13)
Ven 1109 13 16 ven(30) + vee(6) + denn(14)
von 1110 1109 31 16 ven(20) + veo(11) + Secn(18)
SenH 1094 35 14 vee(11) + ven(5) + denn(16)
vee 1087 6 25 vee(41) + ven(7) + dcee(7)
Ve 1086 14 25 ven(24) + vee(7) + Sccn(6)
Ven 1081 | 12 21 ven(27) + vee(12)
ven 1080 7 21 ven(32)+ vec(13)
BenH 1075 2 16 Ven(33) + vec(8) + Senn(41)
Ve 1066 | 10 9 ven(14) + vec(39)
Voo 1052 | 1 12 vec(68)
Voo 1043 | 5 12 vcc(48) + dcnn(8)
vee 1038 9 14 vee(23) + ven(13) + Senn(18)
vee 1027 | 1018 2 30 vee(62)
vee 1016 38 26 vee(32)
Scec 1007 1 8 vee(20)+ dccr(9)+ dcec(24)
ven 987 1 15 vee(28)+ ven(35)
Tcoon 982 63 18 vee(8) + Teoon(24) + Tecon(21)
vee 976 38 23 vee(22) + Feoon(12) + Tecon(8)
vee 972 7 25 vee(32) + Teoon(9) + veo(6) +
dcce(5)
ven 965 | 963 | 36 13 ven(19) + denn(7)
vee 954 1 11 vee(32) + 3cen(22)
I'cchn 951 1 10 Vcc(7)+ SCCH(7)+ FCCCH(13)+
T'cchr(26) + Tecon(6)
Voo 939 | 98 11 vee(29) + denn(25)
Tcchu 938 8 12 vee(8) + Tecen(5) + Cecnn(11)
vee 937 14 12 vee(13) + veo(6)
Voo 930 6 16 vee(46) + ecn(25)
Voo 927 | 29 13 vce(26) + dcnn(5)
vee 917 7 13 vee(24) + veo(5) + Teenn(8)
Ve 913 | 46 14 ven(23) + dcnn(15)
Scch 912 6 14 vee(10) + decn(54)
Vee 909 24 13 Vcc(39) + Vco(8)
vee 901 2 14 vee(36)
vee 880 893 39 16 vee(19) + ven(18) + denn(17)+
Tennn(7)
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Vcc 858 5 19 Vcc(53)

vee 856| 854 | 18 28 vee(18)

Vce 852 22 29 vee(12) + denn(10)

vee 850 | 25 26 vec(34) * veol8)

vee 843 41 17 vee(22)

Vcc 835 11 29 VCC(22) + ECNH(S)
Tccen 832 | 834 6 28 Teccn(d3) T Tecon(18)
Ccoon 823 85 20 VOH(g) + FCOOH(35) + FCCOH(lG)

Senm 817 | 110 18 Ven(10) + denr(LL)
Tecen 807 809 15 15 Teccn(@8) + Tocon(27)

Vcc 800 2 10 Vcc(7) + 8ccc(6)

8CNO 785 3 14 SCNO(G)

Vco 780 84 16 Vco(12) + Vcc(G) + FCCOH(7)
1—‘CNOH 773 11 14 FCNOH(]-O) + FCCNH(S)
1—‘CCCN 771 8 15 FCCCN(]-Z)
1—‘CNNH 765 209 20 FCNNH(67) + SCNH(S)
Tenon 760 27 19 FCNOH(4)

e 752 16 8 FCCHH(18)
1—‘CNOH 742 44 7 FCNOH(14)

dcec 732 6 9 vc0(5) + 8coo(6) + SCCC(S) +
Tccon(7)

vee 719 721 14 16 vee(18)

Cenne 713 9 15 SCNH(G) + FCNNH(40)
Teenn 706 43 15 FCCNH(34) + FCNOH(?) +
Tennn(6)

dcoo 703 16 16 8600(7) + VCC(G) + VCO(G)
Tcenn 699 19 14 FCCNH(ZS) + FCNOH(]-O)
Tcenn 692 47 10 FCCNH(25) + FCNOH(7)
T'cenn 674 32 17 Tcenn(32)
1—‘CCNH 673 73 17 FCCNH(Zl) + 6500(8)

Bocc 648 646 | 0 15 Sccc(56)
1ﬁCCNH 640 2 12 5000(9) + 8(;(;0(5) + FCCNH(13)

Scnn 632 38 19 VCN(15) + SCNN(ZS)
TCeenn 626 13 14 Tcenn(41)
1—‘CCNH 623 40 13 FCCNH(33) + 8(;(;0(7)

SenH 614 145 13 SCNH(?’O) + SNHH(S) + FCNNH(ll)

+ Tcenn(6)
I'cenn 592 56 9 FCCNH(53) + FCNOH(lz) +
Tennn(11)

6CCN 585 82 12 SCCN(ZS) + FCCNH(ZZ)

Vce 564 54 9 Vcc(ls) + FCCNH(13)
| RSN 556 103 10 SCNH(G) + FCCNH(]-O) +

Tennr(17) + Tennn(7)

8CCC 553 37 9 6(:(;(:(7)

dcno 536 31 7 VCC(7) + SCNO(g) + BCCN(Q) +

T'cenn(5)

dcen 522 5 5 8(;(;(;(8) + BCCN(13)

8CCN 510 4 10 SCCN(7)

Secc 499] 510 8 10 Sccc(d)

dcce 482 18 15 dcec(21) + veo(6)

denn 472 27 11 dccc(B) + Senn(10)

5CNN 467 49 13 (SCNN(ZO) + FCNHH(S) + FCCNH(7)

6CCO 466 7 13 6(;(:0(23)

dcco 448 12 10 Scco(25) + ven(21)

8CCC 429 13 11 6(:(;(:(8)
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Scen 425 25 11 Vou(5)+ 8cce(5) + dcen(6)
Seco 424 3 10 dcec(12) + doco(38)
rCCCC 419 2 7 rCCCC(lg) + 8CCO(18)
dcee 408 29 7 dccc(11) +Scco(11)
T eNHH 394 16 9 Tennr(14) + Teenn(6)
Tenan 390 40 8 Tenkn(31) + Teenn(18)

VOH 364 1 17 VOH(]-]-)
VOH 358 21 27 VOH(lO) + FCNHH(6)
VOH 356 16 31 VOH(G) + FCNHH(G)
Tccon 352 116 31 I'ccon(87)
I'cenH 345 12 17 FCCNH(14) + 8cco(7)
I'cnnH 337 6 19 1ﬂCNNH(Sz)
Tenne 334 44 20 1ﬂCNNH(36)
Scce 331 8 18 dcec(14)
Vor 325 9 14 von(5)
Tceen 310 7 16 Tceen()
FCCCN 305 5 24 FCCCN(Q) + 1—‘CCNO(G)
T'ceen 304 7 24 FCCCN(G)
dcen 291 2 16 Scen(7)+ Tecen(?) + Tecnn(6)
Scce 282 2 25 dcec(4)
Tcecn 280 0 24 Tcecn(34)
SCCC 266 2 26 5CCC(:I-4)
Iceen 261 7 27 Tcecn(24)
Cccen 251 1 20 I'ceen(56)
T'cenn 242 47 29 Tcenn(78)+ Tennn(12)
Tcenn 238 25 26 I'cenn(44)
OCOH 232 4 21 5060(6) + SCOH(7) + VOH(7)
FCCCN 214 5 25 l—‘CCCN(7)
Scen 204 5 19 Scen(18) + I'eeec(6)
Scce 196 1 26 dcec(9)
Tceen 188 2 35 dcee(?) + Iecen(15)
VOH 182 12 37 VOH(31)
VOH 177 5 41 VoH(8)
FCCNN 173 6 42 VOH(5) + 1—‘CCNN(]-:L)
Tceen 167 3 34 Tceen(6) + Teeni(6)
Tceen 161 3 36 Tceen(9)
dcce 159 5 35 Scec(12)+ Teenn(8) + Fecen(B)
dece 155 6 32 dcee(B)
T'ceen 142 4 44 FCCCN(5)
Tceee 138 3 44 rcccc(7) + FCCCN(e)
Tceen 125 2 56 Tccen(21)+ Feenn(5)
Tceen 119 4 79 Tceen(?)
Tceen 114 2 86 I'ceen(20) + Teenn(6)
1_‘CCNH 111 6 92 rCCNH(7)
Tecon 105 6 104 Tecon(11)
Tcecc 97 1 124 I'ccec(4)
Tceen 89 1 201 Tceen(5)
Tceen 84 2 244 I'ccen(18)
T'ceen 79 2 297 T'ccen(25)
FCCCN 76 3 322 rCCCN(l4)
Tceen 74 0 314 T'ccen(27) + Teeno(8) +
Tcenn(6)
T'ceen 67 2 371 rcc(;N(g)
rCCCH 62 3 511 FCCCH(3)
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T'ceen 59 1 578 I'ceen(14) + Teenn(11)
T'ccen 55 1 708 T'ccen(B)
I'ceno 50 0 1080 FCCNO(ZO) + rccco(g) +
T'coon(7) + I'ccon(13)
T'ceen 47 1 1470 rCCCN(39) + FCCNN(7)
T'ccen 43 2 2100 T'ccen(6)
T'ccen 43 0 2100 T'ccen(26)
Tcenn 39 0 1810 T'cenn(4)
T'ceee 33 0 1360 T'ceec(9)
T'ceen 29 0 1570 I'ccen(23)
T'ceen 24 0 1670 FCCCN(ZQ) + FCCNH(G)
FCCCN 16 0 2830 l—‘CCCN(G)
T'cenn 11 1 5110 FCCNN(]-O) + 1—‘CCCN(:I-O) +
Tceno(9) + Teceo(9) + Teenn(5)
T'cenn 10 0 5270 T'cenn(8) + Teeen(7) + Teeno(7)
+ T'ccco(B) + Teenn(11)
T'ceen 8 1 4700 T'ceen(18)

Molecular electrostatic potential

The magnitude of the electrostatic potential is depicted using a color gradient. The electrostatic
potential follows an increasing order from red to blue, progressing through orange, yellow, and
green. The red regions correspond to areas of maximum electronegativity (most negative
potential), while the blue regions indicate areas of maximum electropositivity (most positive
potential). This representation highlights the regions of positive potential within the molecule,
corresponding to electrophilic sites, as well as regions of negative potential, indicative of
nucleophilic attack sites and possible hydrogen bond interaction sites [35]. The regions with
negative potential values were concentrated on oxygen and nitrogen, whereas regions with
positive potentials were concentrated on hydrogen atoms of NH,, NH, CH, CH, and CH;
groups.

The range of colors in the MEP map of thymopentin is -0.07017 a.u. (deepest red) to
+0.07017 a.u. (deepest blue). Dark blue and dark red represent the corresponding potential
differences, which are -1.909 V (dark red) and 1.909 V (dark blue), respectively.

HOMO and LUMO energies

A molecule’s energy gap between its HOMO-LUMO can reveal information about its
biochemical activity and the flow characteristics of its electric charge and is related to its
reactivity and the smaller the gap energy, the more reactive the molecule is [36]. A large energy
gap indicates lower molecular polarization, characterizing the molecule as “hard,” which
correlates with higher chemical stability and lower reactivity [37]. For the compound under
investigation, the HOMO-LUMO energy gap (AE) in the gas phase is calculated to be 5.1 eV,
reflecting its chemical stability and reactivity profile.

Utilizing the Time-Dependent Density Functional Theory (TD-DFT) and the B3LYP/6-
31G(d,p) basis set, the electronic transitions of thymopentin in gas phases were computed. It
was discovered that thymopentin had an energy gap of 4.762 eV between its ground singlet state
and its first excited singlet state. An analysis was conducted using the GaussSum (Version 3.0)
tool to determine the contribution of atomic orbitals to HOMO and LUMO (Frontier Orbitals)
[38]. The calculated absorption maximum value for the thymopentin molecule is 260.4 nm (f =
0.0017). This value is corresponding to the excited state SO—S1, which includes the transition
from HOMO to LUMO. The absorption of the excited state SO —S2 is 246.1 nm (f = 0.0025),
and involving two configurations (HOMO- > L+1, HOMO- > L+2). The absorption of the
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excited state SO —S3 is 245.7 nm (f = 0.0126), and involving three configurations (H-1- >
LUMO, H-1- > L+1, H-1- > L+2). The absorption of the excited state SO —S4 is 245.0 nm (f =
0.0107), and involving three configurations (H-1-> LUMO, H-1- > L+1, H-1- > L+2). The
absorption of the excited state SO —S5 is 240 nm (f = 0), and involving one configuration (H-2-
>LUMO). The absorption of the excited state SO —S6 is 237.3 nm (f = 0.0014), and involving
three configurations (H-3- > LUMO, HOMO- > L+1, HOMO- > L+2).

Molecular docking

Using protein databank (http://www.rcsh.org/pdb) molecular docking calculations were
performed for the crystal structure of the following crystal structures: DNA (PDB ID: 1BNA),
EGFR tyrosine kinase (PDB ID: 4HJO), apo form of COVID-19 Mpro (PDB ID: 6M03).

The Autodock Vina software [39] was used to carry out molecular docking simulations, and the
CAVER program [40] was utilized to search receptor active sites. Prior to the docking analysis,
polar hydrogens were included and water molecules were extracted from the target protein.

The optimized thymopentin structure was modified for docking, and the target’s Kollman
charges were ascertained.

The Geistenger technique was utilized to compute the partial charges of the thymopentin
molecule. The target’s active area was determined to have dimensions of 40x40x40 A. By
altering its rotatable torsions, thymopentin was handled as a flexible ligand during docking,
whereas the target protein was regarded as a stiff receptor.

The program created by Wang et al. [41] utilized the MM/PB(GB)SA approach for
computing the binding free energies and the Groningen Machine for Chemical Simulations
(GROMACS) software package [42-46] performed molecular dynamics (MD) simulations of
the ligand-receptor complexes of thymopentin with SARS-CoV-2 enzyme (6M03) and EGFR
tyrosine kinase (PDB ID: 4HJO) and applying GROMOS96 43al force field [47,48].

For molecular dynamics (MD) simulation, the thymopentin-protein complex with a minimal
binding energy was chosen. The ligand-protein combination was solved in a triclinic periodic
box by applying the simple point charge (SPC) water system. Next, 0.15M NaCl salt was put
into the solution to neutralize it, and energy minimization was carried out using the steepest
descent technique for 50,000 steps.

The MD simulations were configured using the GROMACS equilibration settings of
constant temperature (T) of 300 K, constant volume (V), constant number of atoms (NVT), and
constant pressure (P) of 1.0 bar.

The stability of the ligand-enzyme complexes was tested using a Leap-frog MD integrator,
an approximate number of frames per simulation set to 1000, and MD simulation run for 50 ns.
The root-mean-square deviation (RMSD), root-mean-square fluctuations (RMSF), radius of
gyration (Rg), protein-ligand hydrogen bonding, and solvent-accessible surface area (SASA)
were measured and assessed to examine the simulated trajectories.

Figures 4 and 5 display the thymopentin docking result in the active site of 6M03 and 4HJO
respectively, and the interacting residues.

Bull. Chem. Soc. Ethiop. 2025, 39(10)



2020 Alev Er et al.

THR2S

THR24

MET165
/7 GLU166

Acceptor L
Interactions

W Conventional Hydrogen Bond W Unfavorable Donor-Donor
(=) Carbon Hydrogen Bond

Figure 4. The 3D docked views of the most stable conformer of thymopentin in SARS-CoV-2

main protease (6MO03). The ligand interaction diagrams of receptor-ligand complexes
are shown.
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Figure 5. The 3D docked views of the most stable conformer of thymopentin in EGFR tyrosine

kinase (PDB ID: 4HJO). The ligand interaction diagrams of receptor-ligand complexes
are shown.
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Table 3. Binding affinity and interacting residues between target protein and thymopentin

Target Binding Number Bonded
protein affinity of residues
(kcal/mol) bonded
residues
DNA -6.8 6 DG2(2.29); DG4(3.59;2.42;2.7);
(1BNA) DAA5(3.35;3.28;2.8;3.58;2.09); DT20(2.6;2.9);
DC21(2.39;2.58); DG22(2.23)
SARS- -6.8 10 THR24(1.33;2.59); THR25(2.87); THR26(2.02);
CoV-2 HIS41(2.54;3.48); SER46(2.86); SER144(2.46);
MmPre CYS145(2.66;2.88); MET165(3.25); GLU166(2.18;2.37);
(6M03) GLN189(2.29)
EGFR -6.6 7 ALAB698(3.4); GLU738(2.5;2.86;3.05;4.08); ASP813(2.53);
(4HJO) ARG817(2.65;3.02); ASP831(2.66;3.41); LYS851(3.01);
LYS889(3.73)

Table 3 presents an overview of the molecular docking simulation results and lists the
interacted residues and binding affinities between thymopentin and target proteins. Figures 4
and 5 illustrate the molecular docking of thymopentin into target proteins.
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Figure 6. Analysis of structural stability and simulation results of thymopentin-6MO03 and
thymopentin-4HJO complexes. Protein root mean square deviation (RMSD) plot (a),
Radius of gyration (Rg) plot (b), ligand H-bond plot (c), H-bond plot (d) and root
mean square fluctuation (RMSF) plot (e).
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When comparing various atomic conformations of a given molecular system, the root mean
square deviation (RMSD) of a protein or ligand is utilized. The value indicates the extent of
conformational change in the ligand or protein. The complexes are stable if there are only minor
conformational changes in the protein, as indicated by a small variation in the RMSD value.
Nonetheless, the RMSD value’s deviations are more significant than its mean value. A small
deviation suggests that the structure of the ligand or protein has undergone minor
conformational changes. It is widely acknowledged that a ligand-protein complex is stable if the
deviation in the RMSD graph is less than 4 A. In this work, the displacement of the ligand or
protein relative to the starting position was determined by performing independent RMSD
analyses for the ligand and the target protein. The degree of structural deviation of the
complexes’ Ca atoms during 50 ns simulations is displayed in the protein’s RMSD plot, as
shown in figure 6. The protein backbone (PDB ID: 6M03) in complex with thymopentin has an
average RMSD of 3.2 A and a range of 1.83 to 4.17 A. The protein’s RMSD for the
thymopentin-4HJO complex is 1.8 to 4.17 A, with an average of 2.94 A (see figure 6). The
degree of structural deviation of the ligand atoms in the complexes (6M03 and 4HJO) during 50
ns simulations is displayed in the RMSD plot of the ligand (figure 6). It was noted that the
trajectory of the thymopentin complexes fluctuated at first, but after 10 ns it stabilized and
stayed that way for 50 ns.

In silico structure-based pharmacological prediction

The thymopentin was tested in vitro against a set of bacteria and different cell lines of
chondrosarcoma to evaluate their antibacterial and anticancer properties.

Antibacterial activity

Using AntiBac-Pred web service, a web application for predicting the antibacterial activity of
compounds, the antibacterial activities of the thymopentin against different bacteria strains were
searched [49]. Thymopentin has been shown to be effective against a wide range of bacteria.

Anticancer sensitivity prediction

The anti-cancer activity of thymopentin was searched against different cell lines of
chondrosarcoma by using PaccMann database [50] and canonical SMILES of the molecule. The
ICso (half maximal inhibitory concentration) is used as an indicator of the cytotoxicity of
anticancer drugs in vitro. It was found that thymopentin was predicted to exhibit anticancer
activity against various cell lines.

CONCLUSION

In the study, the structural, vibrational, electronic, and biological properties of thymopentin, that
has a wide variety of biological activities, were evaluated with the aid of quantum chemical
computations. A complete vibrational analysis of thymopentin was performed at
DFT/B3LYP/6-31G(d,p) level of theory, and experimental and theoretical IR and Raman
spectra of the title molecule were reported. Also, HOMO and LUMO energies and the molecular
electrostatic potential (MEP) of thymopentin have also been calculated, which are very useful
properties in prediction of molecular reactive behavior. The docking simulations were
performed for evaluation of the biological activity of the thymopentin molecule, using its most
stable structure. The radius of gyration (Rg) and root mean square deviation (RMSD) values
were employed during the dynamic simulation to assess structural deviations, determining
whether the protein experienced any distortion or maintained its conformational stability over
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the 50-ns simulation period. The structural deviation of the ligand atoms in the complexes
(6M03 and 4HJO) during 50 ns simulations is shown that the Thymopentin complexes
fluctuated at first, but after 10 ns it stabilized and stayed that way for 50 ns. The in vitro
antimicrobial activity of the compound on the agar plate was determined on gram positive and
gram-negative bacteria, and the results are presented. Antibacterial activity was observed on L.
monocytogenes and B. cereus. It did not show any effect on S. aureus from gram-positive
bacteria and against gram-negative bacteria. Thymopentin compound has been determined to
have an antimicrobial effect against gram-positive bacteria. Antifungal activity was seen against
P.expansum. This informations are crucial for guiding the design and development of more
potent compounds in future research.
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