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Abstract

Studies indicate that some types of cancer have been associated with Werner syndrome (WR), which is
characterized by premature aging. Some WR inhibitors, such as camptothecin, HRO761, VVD-133214, and
KWRO05, have been used to treat this clinical pathology; however, the interaction of these drugs with some
biomolecule related with WR is not clear. For this reason, in this study, the coupling of amino derivatives
(compounds 1-25) with WRN exonuclease was determined using 2fbt protein, HOR761, NSC19630,
NSC617145, and NCS drugs as theoretical tools in the DockingServer program. Besides, physicochemical
parameters, such as HOMO (highest occupied molecular orbital), LUMO (lowest unoccupied molecular orbital),
MR (molecular refractivity), and MV (molar volume), involved in the chemical structure of amino derivatives
1-25 were determined. The results showed differences in HOMO-LUMO, MR, and MV values for compounds
1-25. This data suggests that the reactivity of each compound depends on different functional groups involved in
their chemical structure. Other data indicate that inhibition constant involved in the coupling of amino
derivatives with 2fbt protein for compounds 3 (1.30), 6 (1.20), 7 (1.46), 8 (1.03), 14 (1.04), 15 (1.02), and 21
(2.57) was lower in comparison with the controls. These data indicate that these amino derivatives have higher
affinity for the 2fbt protein surface, which may translate as changes in the biological activity of the WRN
exonuclease and induce changes in cancer cell growth.

Keywords: Cancer, HOMO, LUMO, 2fbt protein, WRN exonuclease.

Analise molecular do acoplamento de alguns derivados de amino com a
exonuclease WRN usando um modelo teérico

Resumo

Estudos indicam que alguns tipos de cancer tém sido associados a sindrome de Werner (WR), que é caracterizada
pelo envelhecimento precoce. Alguns inibidores de WR, como camptotecina, HRO761, VVD-133214 e KWRO05,
tém sido utilizados para tratar essa patologia clinica; entretanto, a interagdo desses farmacos com algumas
biomoléculas relacionadas a WR ndo estd clara. Por esse motivo, neste estudo, o acoplamento de derivados
amino (compostos 1-25) com a exonuclease WRN foi determinado utilizando a proteina 2fbt, HOR761,
NSC19630, NSC617145 e farmacos NCS como ferramentas tedricas no programa DockingServer. Além disso,
foram determinados parametros fisico-quimicos, como HOMO (orbital molecular ocupado mais alto), LUMO
(orbital molecular desocupado mais baixo), MR (refratividade molecular) e MV (volume molar), envolvidos na
estrutura quimica dos derivados amino 1-25. Os resultados mostraram diferengas nos valores de HOMO-LUMO,
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MR e MV para os compostos 1-25. Esses dados sugerem que a reatividade de cada composto depende de
diferentes grupos funcionais envolvidos em sua estrutura quimica. Outros dados indicam que a constante de
inibicdo envolvida no acoplamento de derivados amino com a proteina 2fbt para os compostos 3 (1,30), 6 (1,20),
7 (1,46), 8 (1,03), 14 (1,04), 15 (1,02) e 21 (2,57) foi menor em comparagdo com 0s controles. Esses dados
indicam que esses derivados amino tém maior afinidade pela superficie da proteina 2fbt, o que pode se traduzir
em alteracBes na atividade bioldgica da exonuclease WRN e induzir alteracdes no crescimento de células
cancerigenas.

Palavras-chave: Cancer, HOMO, LUMO, proteina 2fbt, exonuclease WRN.

1. Introduction

Werner syndrome which is a disease characterized by premature aging, affecting a small percentage of people
worldwide (David et al., 2007; Tsuge, Shimamoto, 2022). It is important to mention that some studies indicating
that Werner syndrome is caused by mutation of the human Werner syndrome gene (Hsu et al., 2021), which
encodes two main domains, a 3'-5' exonuclease and a 3’-5' helicase (Opresko et al., 2001).

There are studies indicating that Werner syndrome is associated to cancer development; for example, a study
displayed that Werner syndrome is associated with breast cancer (Wang et al., 2019). Other report suggested that
there are a relationship between Werner syndrome and pancreatic cancer cell growth. (Chun and Yee, 2010). In
addition, another study carried out in a Japanese population with thyroid cancer showed an association between
the Werner syndrome gene and cancer cell growth (Goto et al., 1996). Furthermore, a study conducted on breast
cancer patients (Taiwan's Changan Christian Hospital) displayed that genotypic polymorphism of Werner
syndrome involved breast cancer development (Ding et al., 2007). Other study showed a case of Werner
syndrome with death from primary brain tumor (Murano et al., 1994). Other study displayed a case Werner
syndrome with early gastric cancer (Mon et al., 1993)

In the search for some therapeutic alternatives, several drugs have been used to treat some types of cancer
associated with Werner syndrome; for example, a report indicates that camptothecin (topoisomerase inhibitor)
induces a decrease in Werner syndrome levels in bone tumor cells [U20S] (Shamanna et al., 2016). Besides, a
study in vitro showed that HRO761 (selective, allosteric WRN inhibitor) drug decrease Werner syndrome,
resulting in tumor growth inhibition (Ferreti et al., 2024). Another report indicates that the drug VVD-133214
(covalent allosteric inhibitor) decreases colorectal cancer cell growth through the activation of a cysteine (C727)
located in a region of the Werner syndrome helicase domain (Baltgalvis et al., 2024). Recently, a study showed
that the Werner syndrome inhibitor (KWRO05) might decrease human colorectal adenocarcinoma cell growth
[SW48] (Moon et al., 2025). All these data indicate that several drugs can act as Werner syndrome inhibitors,
resulting in a decrease in cancer cell growth; however, their interaction with some biomolecules involved in
WRN is not entirely clear. Perhaps this phenomenon is due to different experimental approaches carried out in
each study or to differences in the functional groups involved in their chemical structure. Analyzing these data,
the objective of this research was to evaluate the interaction of twenty-five amino derivatives with the WRN
exonuclease using the 2fbt protein as a theoretical tool in DockingServer. Besides, some physicochemical
parameters involved in the ligand-protein formation were determined.

2. Materials and Methods

Twenty-five amino derivatives (Figure 1, Table 1) were used to determinate the possible interaction with WRN
protein as follows:
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Figure 1. Chemical structure of amino derivatives (1-25). Source: https://pubchem.ncbi.nlm.nih.gov/.
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Table 1. Chemical names of amino derivatives.

1 = (+)-3,4-Dihydroxyphenylalanine

2 = 2-(4-bromophenyl)-4-phenylpyrazol-3-amine

3 = 1-(4-chlorobenzyl)-3-phenyl-1H-pyrazol-5-amine
4 = 1-(4-Fluorophenyl)-4-phenyl-1H-pyrazol-5-amine
5 = 1-Phenyl-4-p-tolyl-1H-pyrazol-5-amine

6 = 2-Phenyl -1,3-benzoxazol-5-amine

7 = 2-Phenyl-1-benzofuran-5-amine

8 =
2-[(Z2)-[1-(2-amino-1,3-thiazol-4-yl)-2-[[(2S,3S)-2-methyl-4-oxo0-1-sulfoazetidin-3-ylJamino]-2-oxoethy-lidene]
amino]oxy-2-methylpropanoic acid

9 = 3-((2-Methylbenzyl)thio)-5- Phenyl-4H-1,2,4-triazol-4-amine

10 = 3-((4-Methoxybenzyl)thio)-5- Phenyl -4H-1,2,4-triazol-4-amine
11 = 3-(4-(Methylthio)phenyl)-1H-pyrazol-5-amine

12 = 3-(Furan-2-yl)-1-phenyl-1H-pyrazol-5-amine

13 = 3-Phenyl-1H-indazol-5-amine

14 = 3-Phenyl-2-propyn-1-amine hydrochloride

15 = 3-tert-Butyl-1-phenyl-1H-pyrazol-5-amine

16 = 4-(4-Bromophenyl)-1-phenyl-1H-pyrazol-5-amine

17 = 4- Phenyl-1,2,5-oxadiazol-3-amine-2-oxide

18 = 4-Phenyl-1-p-tolyl-1H-pyrazol-5-amine

19 = 5-(4-Trifluoromethyl-phenyl)-2H-pyrazol-3-ylamine

20 = 7-chloro-5-phenyl-3H-1,4-benzodiazepin-2-amine

21 = N-(3-(Aminomethyl)benzyl)acetamidine

22 = Tris[4-(diethylamino)phenyl]amine

23 = Tris[4-(pyridin-2-ylmethoxy)phenyllamine

24 = 4-(Pyridin-2-ylmethoxy)-phenylamine

25 = [[2-(Bis-carboxymethyl-amino)-ethyl]-(4-sulfo-naphthalen-1-yl)-amino]-acetic acid

2.1 Physicochemical parameters

HOMO, LUMO, surface tension (ST), and dipole moment (n) were determined using Spartan’86 software
(Clauss and Nelsen, 2009). Spartan'86 is a molecular modeling and computational chemistry program that uses
theoretical models to determine the physicochemical properties, reactivity, and selectivity of different
compounds. Besides, molar refractivity (MR), molar volume (MV), and values for amino derivatives (1-25) were
evaluated using the ChemSketch sofware (Laxmi, 2017). It is important to mention that ChemSketch program is
used to calculate some physicochemical properties such as MR, and MV of different compounds. Finally, LogP
was determined using the SwissADME program (Bakchi and Krishna, 2022). SwissADME program, allows the
calculation of some physicochemical descriptors such as logP, as well as the prediction of ADME parameters,
pharmacokinetic properties, drug-like nature, and compatibility with medicinal chemistry of one or more small
molecules to support drug discovery.

2.2 Ligand-Protein analysis

The interaction of amino derivatives with 2fbt protein surface was determined using DockingServer software. It
is important to mention that the 2fbt protein has been used as a theoretical tool to determine its interaction with
other types of drugs (Bikadi, Hazai, 2009, Kong et al., 2020). The DockingServer involve the MMFF94 force
field which is used for energy minimization of ligand molecule (amino derivatives) (Halgren, 1998).
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Furtheremore, Gasteiger partial charges were added to the ligand atoms and non-polar hydrogen atoms were
merged, and rotatable bonds were defined. Besides, docking calculations were determined on 2fbt protein model
(PDB DOI: https://doi.org/10.2210/pdb2FBT/pdb). It is important to mention that essential hydrogen atoms,
Kollman united atom type charges, and solvation parameters were added with the aid of AutoDock tools (Morris,
Goodsell et al., 1998). Affinity (grid) maps of 20x20x20 A grid points and 0.375 A spacing were determined
using the Autogrid program (Morris, Goodsell et al., 1998). In addition, AutoDock parameter set- and
distance-dependent dielectric functions were used in the calculation of the van der Waals and the electrostatic
terms, respectively. It is noteworthy that docking simulations were performed using the Lamarckian genetic
algorithm (LGA) and the Solis & Wets local search method (Solis and Wets, 1981). Initial position, orientation,
and torsions of the ligand molecules were set randomly. Each docking experiment was derived from 2 different
runs that were set to terminate after a maximum of 250000 energy evaluations. The population size was set to
150. During the search, a translational step of 0.2 A, and quaternion and torsion steps of 5 were applied.

On the other hand, it is important to mention that HRO761
(N-[2-chloro-4-(trifluoromethyl)phenyl]-2-[2-(3,6-dihydro-2H-pyran-4-yl)-5-ethy1-6-[4-(5-hydroxy-6-methylpyr
imidine-4-carbonyl)piperazin-1-yl]-7-oxo-[1,2,4]triazolo[1,5-a]pyrimidin-4-yl]acetamide), NSC19630
((2,5-dioxopyrrol-1-yl)methyl propanoate ), NSC617145

(3,4-dichloro-1-[3-(3,4-dichloro-2,5-dioxopyrrol-1-yl)-2,2-dimethylpropyl]pyrrole-2,5-dione), and NES
(N-[(E,1S)-1-cyclopropyl-3-methylsulfonylprop-2-enyl]-2-(1,1-difluoroethyl)-4-phenoxy-pyrimidine-5-carboxa
mide) drugs were used as controls in DockingServer

2.3 Thermodynamic analysis

Energies levels involved in the interaction amino-derivatives (1-25) were determined using the DockingServer
software (Bakchi et al., 2022).

3. Results

Table 2 shows physicochemical and electronic parameters such as molecular orbitals (HOMO and LUMO),
molar refractivity (MR), molar volume (MV), surface tension (ST), and dipole moment (i) values for amino
derivatives (1-25). In addition, in Figures 1.3, the HOMO and LUMO electronic parameters for compounds 1-25
were visualized using the Spartan 86 program (Figures 2-6).
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Table 2. Theoretical values of HOMO, LUMO, MR, MV, ST, and u for compounds (1-25).

Comp. HOMO LUMO HOMO-LUMO MR MV ST "
gap
1 -8.29 2.76 11.05 482503  1342+30 802£30 276
2 -7.94 2.92 10.86 80.50+£05  2134+7.0 522+7.0  3.99
3 777 3.06 10.83 8216+05  2262+7.0 486+7.0 285
4 -8.14 3.53 11.67 7282+05  2037+70  469+7.0 412
5 7.92 3.46 11.38 773705  2160+7.0 455+7.0 352
6 -7.80 1.98 9.78 6331+03  167.1+30 56.6+30  1.66
7 7.45 2.19 9.64 65.22+03  1739+30 50.7+30 167
8 -8.51 1.58 10.09 9558 +05  2369+7.0 841+7.0  9.39
9 -8.29 2.76 11.05 88.24+05  2352+70 515+7.0  4.894
10 -8.26 2.78 11.04 89.63+05  2417+7.0 521+7.0  4.99
11 -7.68 3.08 10.76 50.43+0.4  1563+50 78450 529
12 -7.54 2.99 10.53 6512405  1751+7.0 527+70 275
13 741 2.66 10.07 65.44+03  1626+30 652+30 293
14 -8.51 3.10 11.61 422704 126350 469+50 171
15 7.91 3.51 11.42 66.25+05  199.9+7.0 391+7.0  3.19
16 -8.34 3.20 11.54 80.50+05  2134+7.0 522+7.0  3.02
17 -8.85 1.87 10.72 4547+05 1203270 633+70  7.95
18 -2.25 3.30 5.55 773705  2160+7.0 455+7.0  3.36
19 -8.17 251 10.68 5268+0.3  1620£30 440+30 847
20 -8.20 2.44 10.64 7665+05  2040+7.0 587+7.0  3.26
21 -9.06 3.54 12.60 5277+05  1624+7.0 414+70  3.07
22 -6.25 3.68 9.93 150.03+0.3 4336+30 445+30  1.06
23 -6.84 3.25 10.09 167.86+03 4543+30 567+30 201
24 -7.50 3.38 10.88 50.74+0.3  169.6+30 52.2+30  0.39
25 -8.26 1.43 9.69 1044204 2744+30 89.0+30 458

+ 9

Orbital Energy (eV)

9 HOMO

’

Figure 2. Molecular orbitals (HOMO and LUMO) involved in the compounds 1-5: Visualized with
SPARTAN’06 software.
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Figure 6. Molecular orbitals (HOMO and LUMO) for compounds 21-25: Visualized with SPARTAN’06
software.

Table 3 showed the lipophilicity degree from compounds 1-25 using SwissADME program. The data indicate
that lipophlicity degree for compounds 22, and 23 is higher compared with 1-21, 24, and 25.
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Table 3. Lipophilicity degree values from compounds 1-25.

Comp. iLOGP XLOGP3 WLOGP MLOGP SILICOS-IT  Consensus

LOGP
1 0.72 -2.74 0.05 -2.26 -0.07 -0.86
2 2.81 3.86 3.89 3.60 2.96 3.42
3 2.74 3.77 3.84 3.45 3.28 3.42
4 2.56 3.27 3.69 3.35 2.71 KNI
5 2.60 3.53 3.44 3.20 2.80 3.11
6 2.22 2.99 3.09 2.20 2.71 2.64
7 2.27 3.31 3.69 2.40 3.25 2.99
8 0.15 0.27 -0.46 -1.30 -1.70 -0.61
9 2.52 3.54 3.12 3.84 2.68 3.14
10 2.65 3.15 2.82 3.28 2.21 2.82
1 1.33 2.04 2.39 1.83 2.36 1.99
12 2.34 2.31 2.72 1.62 1.73 2.14
13 1.32 2.53 2.82 2.07 2.84 2.31
14 0.00 1.97 1.88 2.40 1.79 1.61
15 2.50 3.25 2.76 2.67 1.94 2.92
16 2.84 3.86 3.89 3.60 2.96 3.43
17 1.39 1.42 0.57 0.34 -0.11 0.72
18 2.64 3.53 3.44 3.20 2.80 3.12
19 1.22 2.41 3.84 2.26 2.79 2.50
20 2.18 2.72 242 2.34 4.45 2.92
21 151 -0.02 0.93 141 1.48 1.06
22 5.61 7.73 7.70 5.57 5.17 6.35
23 491 6.45 7.62 3.22 6.42 5.72
24 1.87 1.67 2.10 1.14 2.13 1.78
25 0.10 -1.42 1.53 0.38 -1.08 -0.10

3.1. Ligand-protein complex

Table 4 display the aminoacid residues involved in the interaction of amino derivatives (1-25) with 2fbt protein
surface.
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Table 4. Coupling of compounds 1-25 with aminoacid residues of 2fbt protein surface.

Compound Aminoacid Residues
HOR761 Gluss; Pheag; Thrso; Gluios; LeUsss; LySis7; Tyrais; Argazs; Asnazs; LeUaso
NSC19630 Leuar; Thrso; Leusss; LySig7; Tyraag; ez
NSC 617145 Gluas; Pheag; Thrso; Gluios; Serior; Tyrais
NES Leus7; Gluag; Thrso;; LeuUiss; LySis7; Tyrais; 11€222; Argaos
1 Thrso; Gluigs; TYro1s; Argazs
2 Phess; Glugs; Thrso; Gluyes; LYSie7; Tyraus
3 Thrso; Gluigs; Leusss; LYSis7; TYrais; He222; Argaos; Asnags
4 Leuar; Gluag; Phess; Thrso; LySisz; Tyrais
5 Pross; Pheus; Leuar; Gluas; Thrso; Lysiaz; Tyrais
6 Proas; Phess; Gluag; Thrso; LySis7; Tyra1s
7 Pheso; Thrso; Gluios; LySigr; Tyrais
8 LeUsss; LeUiss; LYS187; TYra1s; ArQzzs; AsNazs
9 Leusr; Gluas; Phess; Thrso; Gluios; Serior; LeUiss; LySis7; Tyrais; 1€

10 Leus7; Gluag; Pheass; Thrso; Serigr; Leusss; LySier; TYras
11 Leuar; Gluas; Phess; Thrso; Gluios; Seraor;; Lysisr; Tyras
12 Gluas; Thrso; Serior;; Lysaer; Tyrais

13 Gluas; Pheas; Thrso; Gluios; Serior; LySisz; Tyras

14 Phesg; Thrso; Glusos; Tyrais

15 Leuar; Gluas; Thrso; Leuigs; LySis7; Tyrais; ez

16 Pross; Leuaz; Glusg; Thrso; Gluios; LySis7; Tyrais

17 Glugg; Phesg; Thrso; Glusos; Serior; Leuss; Lysis7; Tyrais
18 Leuar; Phess;  Thrso; Gluios; Serior; LYSis7; Tyras

19 Pheaso; Leuar; Gluas; Thrso; Gluies; Lysisz; Tyrzis

20 Leuas; Thrso; Gluios; Lysis7; Tyrais

21 Pheag; Gluigs; Tyrais

22 Pross; Leusr; Leusss; LYSis7; Tyras; eaz

23 Pross; Gluass; Thrso; Leusss; LySisz; Tyrais; Asnaze

24 Leusz; Pheso; Thrso;; Leuiss; Lysigz; Tyras; lleaz

25 Leus7; Thrso; Gluaos; Leusss; Lysisr; Tyras

On the other hand, Table 5 displays the energies values and inhibition constant (Ki) involved in the coupling of
amino-derivatives (1-25) with 2fbt protein surface.

10
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Table 5. Thermodynamic parameters involved in the interaction of compounds (1-25), HOR761, NSC19630,
NSC617145, and NCS with 2fbt protein surface.

Compound A B C D E F
HOR761 -3.36 3.45 -5.41 -0.13 -5.53 814.65
NSC19630 -3.00 6.35 -3.84 -0.28 -4.12 422.79
NSC 617145 -4.90 254.97 -5.09 0.04 -5.05 473.66
NCS -3.79 1.66 -4.56 0.01 -4.55 561.86
1 -4.61 415.13 -3.09 -1.28 -4.37 377.58
2 -4.60 425.56 -5.44 -0.07 -5.50 514.79
3 -3.94 1.30 -5.01 -0.08 -5.09 559.51
4 -4.88 265.01 -5.77 -0.06 -5.83 510.90
5 -5.22 125.03 -6.01 -0.22 -5.23 546.18
6 -3.99 1.20 -4.42 -0.17 -4.58 469.68
7 -3.87 1.46 -4.46 -0.01 -4.46 457.11
8 -4.07 1.03 -4.33 -0.94 -5.26 507.40
9 -5.63 74.06 -6.96 -0.05 -7.01 597.39
10 -5.17 163.23 -6.93 0.05 -6.38 586.85
11 -4.83 289.20 -5.70 -0.03 -5.73 456.45
12 -4.19 845.46 -4.94 -0.22 -5.16 523.85
13 -5.19 157.13 -5.72 -0.06 -5.79 455.80
14 -4.07 1.04 -3.33 -1.64 -4.96 336.88
15 -4.08 1.02 -5.08 -0.04 -5.12 522.63
16 -5.56 84.72 -6.22 -0.23 -6.45 510.87
17 -4.89 260.71 -5.12 -0.06 -5.19 399.88
18 -4.13 940.45 -5.20 0.01 -5.20 486.47
19 -4.45 549.29 -5.05 -0.30 -5.35 440.49
20 -5.61 76.64 -5.76 -0.40 -6.16 537.11
21 -3.563 2.57 -3.29 -1.73 -5.01 336.27
22 -2.50 14.79 -5.26 -0.02 -5.28 736.14
23 -2.90 7.51 -5.70 0.10 -5.60 814.28
24 -4.13 936.83 -4.88 -0.10 -4.39 418.57
25 -2.74 9.77 -3.74 -0.79 -4.52 576.22

A = Est: Free Energy of Binding (kcal/mol); B = Inhibition Constant, Ki (mM); C = vdW + Hbond + desolv
Energy (kcal/mol); D = Electrostatic Energy (kcal/mol); E = Total Intermolec. Energy (kcal/mol); F = Interact.
Surface.

Finally, Table 6 and Figure 7 showed different type of bond in the coupling of compounds 3, 6-8, 14, 15, and 21
with the 2fbt protein surface.
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surface. Visualized with DockingServer program.

Table 6. Type of bond involved in the coupling of compounds 3, 6-8, 14, 15, and 21 with aminoacid residues
involved in the 2fbt protein surface.

Compound Hydrogen-bond Polar Hydrophobic pi-pi Halogen-bond
3 Lysig7; Tyrais Leuses; llexo Tyras Thrso
Phegs LysS1g7 Tyros
Phesg; Gluygg; Phesg; Thraig
Therg
8 Leuses; Leusss;  Thrag; Argass; Leuigs Pheso; Thrag
Lysis7 AsNyzs
14 G|U106
15 Gluag; Throsg; Leusr; Leusss; Tyras
Thl’so ||6122
21 Gluigs; Thras;
4, Discussion

4.1 Physicochemical parameters

Some physicochemical parameters such as HOMO and LUMO for several compounds have been associated with
their biological activity; for example, a report suggests an association between the HOMO-LUMO gap and the
antineurotoxic effects produced by some chalcone derivatives (Jun et al., 2017). Other theoretical and
experimental study indicate that biological activity exerted by
2,5-Dimethyl-4-(2',4',6'-trimethylbiphenyl-4-yl)thiazole against some bacteria strains could be related to LUMO
energy values (Lazaro, 2016). Analyzing these data, in this study both HOMO, LUMO, and HOMO-LUMO gap
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were determinate for amino derivatives (1-25) using Spartan”86 program. The results (Table 2 and Figures 1-3)
showed that HOMO-LUMO gap was higher for amino-derivative 21 compared with compounds 1-20, and 22-25;
this data suggest that 21 could have a higher biological activity against some biomolecule in comparison with
1-20, and 22-25. However, was necessary determinate other type of physicochemical parameters such as molar
refractivity (MR), and molar volume (MV) which are associated with different biological activities; it is
noteworthy that MR and MV depend on the characteristics of each substituent involved in the chemical structure
of each compound. For this reason, in this research, both MR and MV values using ChemSketch program; the
results showed that both MR and MV were higher for 23 compared to 1-22, 24, and 25. Other data indicate that
lipophilicity degree for compound 22 was higher in comparison with 1-21, 24, and 25 (Table 3). All, these data
suggest that steric hindrance, conformational preferences, internal rotation, and lipophilicity degree may be
factors that could influence the biological activity exerted by compound 23 in some biological models.

4.2 Ligand-Protein complex

From several years several theoretical methods have been used to determinate the interaction of different
compounds with some biomolecules; in this way, molecular docking is a computational method that has been
used to design and characterize the possible biological activity of several drugs (Verkhivker et al., 2000; roche et
al., 2001; Clark and Labute, 2007; Kurczab et al., 2018). For example, a study showed that eugenol could have
biological activity against breast cancer using AutoDock Vina program (Rasul et al., 2022). Other data indicate
that an isoquinolinone derivative can act as Tyrosine Kinase Inhibitor using the AutoDok4 program (Zhao et al.,
2012). Analyzing these data, in this study the interaction of amino derivatives with WRN exonuclease was
determined using the 2fbt protein as theoretical tool. Besides, HOR761, NSC19630, NSC617145, and NCS
drugs were used as controls in DockingServer. The results showed differences in aminoacid residues involved in
the interaction of amino-derivatives (1-25) with the 2fbt protein surface compared with the controls (Table 4).
This phenomenon could produce changes in the biological activity of WRN exonuclease; however, is necessary
evaluate some thermodynamic parameters to support this hypothesis.

4.3 Thermodynamic parameters

For several years, some thermodynamic parameters involved in protein-ligand formation have been determined
using different methods such as isothermal titration calorimetry (Damian, 2013), and computer programs which
involve intramolecular energies and the inhibition constant that serve to predict the affinity degree of a molecule
(Liu et al., 2012; Figueroa-Valverde et al., 2024). For this reason, in this study some thermodynamic parameters
were determinate using DockinServer program; the results displayed differences in energies levels involved in
the coupling of amino-derivatives (1-25) with 2fbt protein surface. However, the inhibition constant (Ki) for the
compounds 3, 6-8, 14, 15, and 21 was lower compared with the HOR761, NSC19630, and NSC617145 drugs.
For this reason, the type of bonds involved in the interaction of 3, 6-8, 14, 15, and 21 was determined. Besides, it
is noteworthy that Ki for compound 8 was lower compared with 3, 6, 7, 15, and 21. This phenomenon could be
due to coupling of 8 with amino acid residues Arg225 and Asn226, which may confer a higher affinity of
compound 8 for the 2fbt protein surface.

5. Conclusions

In this study, we describe some physicochemical parameters, such as HOMO-LUMO, MR, and MV, involved in
the chemical structure of compounds 1-25. The results showed differences in HOMO-LUMO, MR, and MV for
compounds 1-25. This data suggests that the reactivity of each compound could depend on different functional
groups involved in their chemical structure. In this way, the HOMO-LUMO gap value was higher for amino
derivative 21 compared with compounds 1-20 and 22-25; this data suggests that 21 may have higher reactivity
than 1-20. However, it is important to mention that differences in MR and MV values could condition the
interaction of compounds 1-25 with some biomolecules, such as happens with other types of compounds (). For
this reason, in this study the coupling of amino derivatives with the 2fbt protein surface was determined. The
results showed differences in the number of amino acids involved in the interaction of compounds 1-25 with the
2fbt protein surface compared to HOR761, NSC19630, NSC617145, and NCS drugs (controls). These results
showed that the inhibition constant for compounds 3, 6-8, 14, 15, and 21 was lower in comparison with the
controls. This data suggests that compounds 3, 6-8, 14, 15, and 20 may act as 2fbt protein inhibitors; this
phenomenon can be translated as changes in the biological activity of the WRN exonuclease and produce
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changes in cancer cell growth. However, to support this hypothesis, alternative experiments are necessary to
evaluate their effect in some biological models.
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