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1. Introduction

Enzymes are essential macromolecules responsible for biochemical processes occur-
ring in living organisms. The action of enzymes as biocatalysts is highly selective and
dependent on the structure of substrates. Research on the enzymes’ function in relation
to the interactions between substrates and the enzyme active site is an endless resource
of exciting discoveries. Investigating the structural fitting of ligands to the enzyme bind-
ing sites and the role of specific ligand configuration in the enzyme cavity might be the
way to learn more about the mechanisms of catalytic action of these biomolecules. Fur-
thermore, knowing the crucial structural determinants, we may design and synthesize
new ligands—the substances of better affinity to the enzyme cavity, which in turn may be
more efficient therapeutic agents. In other words, it is possible to modulate the enzyme’s
biological activity and to control substrate metabolism more precisely if the character of
enzyme—substrate interactions is known. One of the mechanisms of drug action is to
modulate, both activate and inhibit, the activity of enzymes that regulate important life
processes [1,2].

In drug design and development, computational methods such as protein structure
modeling and structure-based drug design (SBDD) are widely employed. This approach
requires knowledge of the structure of the enzyme being the target, as opposed to the
ligand-based drug design (LBDD), which does not use the three-dimensional structure of
the enzyme [3,4]. In drug design research, molecular docking is used to obtain information
about how ligands bind to a macromolecular target and to estimate the affinity of a ligand
for a protein, providing insight into the molecular recognition process [5,6]. On the other
hand, molecular dynamics (MD) simulations allow us to take into account an induced fit in the
formation of ligand—protein complexes, and help to optimize hit molecules found in virtual
screenings. MD simulations also enable the study of the phenomena of binding and unbinding
of ligands along with the kinetics and energetics of these processes [6,7]. Computational
analysis and calculations need to be integrated with experimental evaluation of the biologic
activity of the studied compounds (Scheme 1).

In the Special Issue “Synthesis, Biological Evaluation and Molecular Modeling of
Enzyme Inhibitors”, we aimed to gather the reports within the frame of computational
enzymology, the field of research devoted to the substrate—enzyme interactions studied
with the use of computational methods.
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Scheme 1. Application of computational methods in the process of drug discovery and development.

2. An Overview of Published Articles

The articles published in the Special Issue present studies performed in part with SBDD
methods, such as homology modeling, docking, and geometry optimization of ligand-
protein complexes through energy minimization or short MD simulations to analyze and
elucidate structure-activity relationships. A comprehensive review titled “New Perspec-
tives of CYP1B1 Inhibitors in the Light of Molecular Studies” (contribution 1) demonstrates
the role of molecular docking and MD simulations in the studies of cytochrome P450
1B1 (CYP1B1) ligands, which could be used to modulate CYP1B1 activity. CYP1B1 is a
member of the superfamily of cytochromes P450—the membrane-bound hemoproteins
responsible for the metabolism of numerous endo- and exogenic substrates, including
substances involved in carcinogenesis [8,9]. Inhibitors of CYP1B1 activity are supposed to
be used in chemoprevention and therapy of some diseases, such as glaucoma, metabolic
disorders, cardiovascular diseases, and cancer. Studies presented in the review point to
the dependence of enzyme-ligand interactions on the structure, flexibility, and shape of a
ligand, electrostatic environment, and malleability of the enzyme active site. The article
examines computational methods used in the CYP1B1 studies, including MD simulations
of inhibitor-enzyme interactions.

In the studies reported in the article titled “Gold(I) Complexes with P-Donor Ligands
and Their Biological Evaluation” (contribution 2), three gold(I) complexes were synthe-
sized, and their cytotoxic effect on cancer cells and inhibitory activity against thioredoxin
reductase were estimated. Differences in their physicochemical and biological properties
were presumably related to the ligand in the metal complex and the mode of the ligand
binding with a Au atom. Using crystallographic analysis, the authors tried to find structural
determinants that influence the cytotoxicity of the tested compounds differing from the
complex ligands bound with Au atoms. Previous studies have shown that the gold(I)
complexes with P-donor ligands are compounds exhibiting biological activities that seem
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promising in cancer therapy [10]. Although their anticancer activity is well documented,
the mechanism of action is still being studied and as such is not fully understood. The
Au-containing metallodrug, auranofin, accepted for rheumatoid arthritis treatment exerts
an inhibitory effect against thioredoxin reductase, an enzyme engaged in the regulation
of cellular redox balance, cell growth, and survival. Therefore, thioredoxin reductase, as
a component of the thioredoxin system, is the target of anti-cancer therapy [11]. In this
article, the biological evaluation of the studied compounds as potential drugs also involved
their lipophilicity, which determines the bioavailability of compounds and can, to a large
extent, influence their action in the target cells (contribution 2).

Another subject of the studies presented in the Special Issue, levan, is a carbohydrate
homopolymer produced by plants and microorganisms, including bacterial strains, due to
the presence of the levansucrase gene (contribution 3). This polysaccharide composed of
fructose units has been recently tested for health-promoting properties, including antiox-
idative, antiobesity, antifungal, antidiabetes, and antitumor effects [12]. The authors of the
article entitled “Cloning and Expression of Levansucrase Gene of Bacillus velezensis BM-2
and Enzymatic Synthesis of Levan” (contribution 3) obtained the levansucrase with the use
of biotechnological methods and purified and optimized the process of levan enzymatic
synthesis, finally achieving very good efficiency. By means of molecular docking, it was
possible to identify the amino acid residues of levansucrase of Bacillus velezensis BM-2,
which form catalytic triads (acid-base-nucleophile) responsible for sucrose interaction with
the enzyme. It should be noted that this study is of particular importance because of
possible applications in industrial levan production.

The article entitled “Synthesis of 2-(4-hydroxyphenyl)ethyl 3,4,5-trihydroxy benzoate
and Its Inhibitory Effect on Sucrase and Maltase” (contribution 4) is devoted to the deter-
mination of kinetic properties of x-glucosidase inhibition by the compound previously
obtained from Rhodiola crenulate, in comparison with the inhibitors widely used for the
treatment of diabetes. The results show the potential of the new x-glucosidases’ inhibitor in
hyperglycemia prevention. The authors used molecular docking to identify and character-
ize inhibitor—enzyme interactions, whereas molecular modeling was used in the studies of
the effect of mutations in the binding site of human glutathione transferase P1-1 on the bind-
ing of glutathione derivatives as substrates (contribution 5). Xu et al. used SBDD methods
to a fairly large extent, generating a protein model and using it for substrate docking [13].
Three of the six recombinant mutant enzymes expressed in Escherichia coli, and generated
in the studies, showed measurable glutathione transferase activity. Steady-state kinetics
comparing glutathione with the alternative thiol substrate glutamylcysteine points to the
glycine in the glutathione molecule as an important residue on which, to a large extent, cat-
alytic efficiency depends. In this study, the authors attempt to explain the differences in the
binding energies determined for three transferase mutants and six substrates—glutathione
derivatives with molecular modeling. By superposition of molecules in the active site, they
demonstrate a similar orientation of S-hexylglutathione and TER117, the compound of
therapeutic value in the therapy of GST P1-1 expressing cancer cells.

3. Conclusions

To summarize, the articles included in the Special Issue of “Synthesis, Biological Evalua-
tion and Molecular Modeling of Enzyme Inhibitors” present various applications of molecular
docking, modeling, and crystallographic analysis in relation to the biological activity of
enzymes and structural properties of their ligands: inhibitors or substrates [13-16]. SBDD
methods, although known and used for a long time, are constantly being developed and im-
proved, providing increasingly detailed data on the ligand—protein interactions that determine
enzyme catalytic activity. Regarding docking, there are new attempts to solve the problems
related to the flexibility of the ligand and protein, the role of the conserved structural water
molecules in ligand binding, docking of covalent inhibitors, or a ligand’s interactions with
metal cofactors [5,6]. Scoring functions (SFs) are constantly improving, especially those
from the machine-learning-based group [17]. Docking programs using new hardware such
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as graphical processing units (GPUs) are also developing [18-20]. New perspectives are cre-
ated by the improvement of algorithms used in simulations [7,21-24] and force fields (FFs),
including FFs that contain an explicit representation of polarizability [22-25]. It remains to
be hoped that further development of in silico methods will facilitate a consent search for
new bioactive molecules, including drug candidates [26,27]. Consequently, studies of the
structure—activity relationship at the molecular level are particularly important due to their
use in designing new effective and safe therapeutic agents.

We would like to express our thanks to all the authors and Prof. Dr. Krist V. Gernaey,
the Section Editor-in-Chief, for their invaluable contribution to the Special Issue, as well as
to the editorial staff of Processes for their assistance and effort.

Author Contributions: Writing—original draft preparation, R.M. and Z.D.; review and editing, R.M.
and Z.D.; supervision, RM., Z.D. and M.W. All authors have read and agreed to the published
version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

List of Contributions:

1. Mikstacka, R.; Dutkiewicz, Z. New Perspectives of CYP1B1 Inhibition in the Light of Molecular
Studies. Processes 2021, 9, 817.

2. Richert, M.; Mikstacka, R.; Walczyk, M.; Cieslak, M.].; Kazmierczak-Bararska, J.; Krolewska-
Goliniska, K.; Muziot, T.M.; Biniak, S. Gold(I) Complexes with P-Donor Ligands and Their
Biological Evaluation. Processes 2021, 9, 2100.

3. Xu, M.; Zhang, L.; Zhao, F.; Wang, J.; Zhao, B.; Zhou, Z.; Han, Y. Cloning and Expression of
Levansucrase Gene of Bacillus velezensis BM-2 and Enzymatic Synthesis of Levan. Processes 2021,
9,317.

4. Li, W.-T,; Chuang, Y.-H.; Liao, ].-H.; Hsieh, ].-F. Synthesis of 2-(4-hydroxyphenyl)ethyl 3,4,5-
Trihydroxybenzoate and Its Inhibitory Effect on Sucrase and Maltase. Processes 2020, 8, 1603.

5. Shokeer, A.; Ismail, A.; Hegazy, U.M.; Kolm, R.H.; Mannervik, B. Mutational Analysis of the
Binding of Alternative Substrates and Inhibitors to the Active Site of Human Glutathione
Transferase P1-1. Processes 2020, 8, 1232.

References

1.  Geronikaki, A. Recent Trends in Enzyme Inhibition and Activation in Drug Design. Molecules 2020, 26, 17. [CrossRef]

2. Rufer, A.C. Drug discovery for enzymes. Drug Discov. Today 2021, 26, 875-886. [CrossRef]

3. Talevi, A. Computer-Aided Drug Discovery and Design: Recent Advances and Future Prospects. Methods Mol. Biol. 2023,
2714, 1-20. [CrossRef]

4. Zhang, Y,; Luo, M.; Wu, P; Wu, S.; Lee, T.Y,; Bai, C. Application of Computational Biology and Artificial Intelligence in Drug
Design. Int. J. Mol. Sci. 2022, 23, 13568. [CrossRef]

5. Prieto-Martinez, FD.; Arciniega, M.; Medina-Franco, J.L. Molecular docking: Current advances and challenges. Tip Rev. Espec.
Cienc. Quim. Biol. 2018, 21, 65-87. [CrossRef]

6.  Sledz, P; Caflisch, A. Protein structure-based drug design: From docking to molecular dynamics. Curr. Opin. Struct. Biol. 2018,
48,93-102. [CrossRef] [PubMed]

7. Salmaso, V.; Moro, S. Bridging Molecular Docking to molecular dynamics in exploring ligand-protein recognition process: An
overview. Front. Pharmacol. 2018, 9, 923. [CrossRef] [PubMed]

8.  Zhao, M.; Ma, J.; Li, M.; Zhang, Y.; Jiang, B.; Zhao, X.; Huai, C.; Shen, L.; Zhang, N.; He, L.; et al. Cytochrome P450 Enzymes and
Drug Metabolism in Humans. Int. J. Mol. Sci. 2021, 22, 12808. [CrossRef]

9.  Manikandan, P.; Nagini, S. Cytochrome P450 Structure, Function and Clinical Significance: A Review. Curr. Drug Targets 2018,
19, 38-54. [CrossRef] [PubMed]

10. Zou, T.; Lum, C.T;; Lok, C.-N.; Zhang, ] .-].; Che, C.-M. Chemical biology of anticancer gold(IIl) and gold(I) complexes. Chem. Soc.
Rev. 2015, 44, 8786-8801. [CrossRef]

11. Mohammadi, F; Soltani, A.; Ghahremanloo, A.; Javid, H.; Hashemy, S.I. The thioredoxin system and cancer therapy: A review.
Cancer Chemother. Pharmacol. 2019, 84, 925-935. [CrossRef] [PubMed]

12.  Netrusov, A.L; Liyaskina, E.V.; Kurgaeva, 1.V,; Liyaskina, A.U.; Yang, G.; Revin, V.V. Exopolysaccharides Producing Bacteria: A
Review. Microorganisms 2023, 11, 1541. [CrossRef] [PubMed]

13. Xu, M,; Zhang, L.; Zhao, F; Wang, J.; Zhao, B.; Zhou, Z.; Han, Y. Cloning and Expression of Levansucrase Gene of Bacillus
velezensis BM-2 and Enzymatic Synthesis of Levan. Processes 2021, 9, 317. [CrossRef]

14. Mikstacka, R.; Dutkiewicz, Z. New Perspectives of CYP1B1 Inhibition in the Light of Molecular Studies. Processes 2021, 9, 817.

[CrossRef]


https://doi.org/10.3390/molecules26010017
https://doi.org/10.1016/j.drudis.2021.01.006
https://doi.org/10.1007/978-1-0716-3441-7_1
https://doi.org/10.3390/ijms232113568
https://doi.org/10.22201/fesz.23958723e.2018.0.143
https://doi.org/10.1016/j.sbi.2017.10.010
https://www.ncbi.nlm.nih.gov/pubmed/29149726
https://doi.org/10.3389/fphar.2018.00923
https://www.ncbi.nlm.nih.gov/pubmed/30186166
https://doi.org/10.3390/ijms222312808
https://doi.org/10.2174/1389450118666170125144557
https://www.ncbi.nlm.nih.gov/pubmed/28124606
https://doi.org/10.1039/C5CS00132C
https://doi.org/10.1007/s00280-019-03912-4
https://www.ncbi.nlm.nih.gov/pubmed/31367788
https://doi.org/10.3390/microorganisms11061541
https://www.ncbi.nlm.nih.gov/pubmed/37375041
https://doi.org/10.3390/pr9020317
https://doi.org/10.3390/pr9050817

Processes 2023, 11, 3128 50f5

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Li, W-T.; Chuang, Y.-H.; Liao, J.-H.; Hsieh, ]J.-F. Synthesis of 2-(4-hydroxyphenyl)ethyl 3,4,5-Trihydroxybenzoate and Its Inhibitory
Effect on Sucrase and Maltase. Processes 2020, 8, 1603. [CrossRef]

Shokeer, A.; Ismail, A.; Hegazy, UM.; Kolm, R.H.; Mannervik, B. Mutational Analysis of the Binding of Alternative Substrates
and Inhibitors to the Active Site of Human Glutathione Transferase P1-1. Processes 2020, 8, 1232. [CrossRef]

Li, J.; Fu, A,; Zhang, L. An overview of scoring functions used for protein-ligand interactions in molecular docking. Interdiscip.
Sci. Comput. Sci. 2019, 11, 320-328. [CrossRef]

Fan, M.; Wang, J.; Jiang, H.; Feng, Y.; Mahdavi, M.; Madduri, K.; Kandemir, M.T.; Dokholyan, N.V. GPU-accelerated flexible
molecular docking. J. Phys. Chem. B 2021, 125, 1049-1060. [CrossRef]

Solis-Vasquez, L.; Tillack, A.E.; Santos-Martins, D.; Koch, A.; LeGrand, S.; Forli, S. Benchmarking the performance of irregular
computations in AutoDock-GPU molecular docking. Parallel Comput. 2022, 109, 102861. [CrossRef]

Yu, Y; Cai, C.; Wang, ].; Bo, Z.; Zhu, Z.; Zheng, H. Uni-Dock: GPU-accelerated docking enables ultralarge virtual screening.
J. Chem. Theory Comput. 2023, 19, 3336-3345. [CrossRef]

Wang, J.; Arantes, PR.; Bhattarai, A.; Hsu, R.V.; Pawnikar, S.; Huang, Y.M.; Palermo, G.; Miao, Y. Gaussian accelerated molecular
dynamics: Principles and applications. WIREs Comput. Mol. Sci. 2021, 11, e1521. [CrossRef]

Bernardi, R.C.; Melo, M.C.R,; Schulten, K. Enhanced sampling techniques in molecular dynamics simulations of Biological
Systems. Biochim. Biophys. Acta-Gen. Subj. 2015, 1850, 872-877. [CrossRef]

Rydzewski, J.; Nowak, W. Ligand diffusion in proteins via enhanced sampling in molecular dynamics. Phys. Life Rev. 2017, 22-23,
58-74. [CrossRef] [PubMed]

Kuzmanic, A.; Bowman, G.R.; Juarez-Jimenez, J.; Michel, ]J.; Gervasio, EL. Investigating cryptic binding sites by molecular
dynamics simulations. Acc. Chem. Res. 2020, 53, 654-661. [CrossRef] [PubMed]

Nerenberg, P.S.; Head-Gordon, T. New developments in force fields for biomolecular simulations. Curr. Opin. Struct. Biol. 2018,
49, 129-138. [CrossRef] [PubMed]

Liu, X,; Shi, D.; Zhou, S; Liu, H; Liu, H.; Yao, X. Molecular dynamics simulations and novel drug discovery. Expert Opin. Drug
Discov. 2017, 13, 23-37. [CrossRef] [PubMed]

Pinzi, L.; Rastelli, G. Molecular docking: Shifting paradigms in drug discovery. Int. J. Mol. Sci. 2019, 20, 4331. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/pr8121603
https://doi.org/10.3390/pr8101232
https://doi.org/10.1007/s12539-019-00327-w
https://doi.org/10.1021/acs.jpcb.0c09051
https://doi.org/10.1016/j.parco.2021.102861
https://doi.org/10.1021/acs.jctc.2c01145
https://doi.org/10.1002/wcms.1521
https://doi.org/10.1016/j.bbagen.2014.10.019
https://doi.org/10.1016/j.plrev.2017.03.003
https://www.ncbi.nlm.nih.gov/pubmed/28410930
https://doi.org/10.1021/acs.accounts.9b00613
https://www.ncbi.nlm.nih.gov/pubmed/32134250
https://doi.org/10.1016/j.sbi.2018.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29477047
https://doi.org/10.1080/17460441.2018.1403419
https://www.ncbi.nlm.nih.gov/pubmed/29139324
https://doi.org/10.3390/ijms20184331

	Introduction 
	An Overview of Published Articles 
	Conclusions 
	References

