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Although it may not seem like it, chemical biology has existed for a long time from
today’s perspective. One of the earliest occurrences of the term “chemical biology” is
in the book “On Fermentation” by Alonzo E. Taylor (1871–1949), published in 1907 [1].
Additionally, John B. Leathes (1864–1956) used this term in 1930 in his contribution “The
Birth of Chemical Biology, the Harveian Oration before the Royal College of Physicians” [2]
(full text freely available at [3]). Today, it is no longer possible to trace who first used the
term/phrase “chemical biology”, but it is clear that the concepts of chemical biology go
back a long way [4]. A review by Morrison and Weiss [5] also offers a well-founded insight
into the history of chemical biology.

Currently, chemical biology can be considered a bridge closely connecting chemistry
and biology; the application of chemical techniques (analysis, synthesis, and computational
chemistry) to the in vitro and in vivo studies of biological systems, where the study is
based on the use of small molecules designed or identified on the basis of biochemical or
cellular screening. These molecules are targeted to bind to biological structures, and the
biological response is monitored [6]. Thus, chemical biology has become an important
interdisciplinary field that is rooted in/seeks to link bioorganic, medicinal, and supramolec-
ular chemistry with genetics, biochemistry, molecular biology, metabolic engineering, and
pharmacology, using all known available analytical/bioanalytical methods or tools [7].
Thus, it attempts to explain the molecular nature of biological processes and interpret
biological data/observations using various chemical principles.

In general, it is thus possible to define chemical biology as the study of molecular
mechanisms of biological processes through targeted designed molecules.

In the shadow of the above definition, however, is the contribution of Hricovini et al. [8].
An evolutionary overview of molecular interactions and enzymatic activities in the yeast cell
walls and roles of extracellular proteases in tumor progression are discussed in the review
articles [9] and [10]. On the other hand, computational analysis, i.e., using bioinformatics
tools, Ramirez et al elucidated the nature of interactions between the molecular chaperone
OppA from Yersinia pseudotuberculosis and various protein ligands [11].

The role of enzymes was investigated by Alnoch et al. [12], who studied the immobi-
lization and application of recombinant xylanase for the production of xylooligosaccharides
used in the food industry. The effects of a mixture of tryptophan intestinal microbial
metabolites on the activity of aryl hydrocarbon receptors, which play a key role in intestinal
physiology and pathophysiology, were studied by Vrzalova et al. [13].

Compounds with anticancer potential were designed by Li et al. (cationic pillar[6]arene
as inductors of cell apoptosis) [14] and by Gradova et al. (amphiphilic cationic chlorines
for photodynamic therapy) [15]. Antimicrobial agents derived from natural compounds
(salicylic acid and cinnamic acid) were studied by Pindjakova et al. [16] and Strharsky
et al. [17]. Small molecules based on benzyl [4-(phenylcarbamoyl)phenyl]- carbamate
scaffold, targeted as cholinesterase inhibitors for the treatment of Alzheimer’s disease,

Int. J. Mol. Sci. 2023, 24, 3998. https://doi.org/10.3390/ijms24043998 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms24043998
https://doi.org/10.3390/ijms24043998
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0003-2003-9052
https://doi.org/10.3390/ijms24043998
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms24043998?type=check_update&version=2


Int. J. Mol. Sci. 2023, 24, 3998 2 of 4

were designed by Kos et al. [18]. The biological activities of sophisticated and highly
functionalized heterocyclic-based compounds were investigated by El-Kalyoubi et al. (5,6-
diaminouracil-imidazolone derivatives) [19] and Empel et al. (pyridoquinothiazinium
derivatives) [20]. Quinazolinones as antioxidant, cytotoxic, genotoxic, and DNA-protective
agents were studied by Hricoviniova et al. [21]. The anti-inflammatory effect of T-2054
derivative of obeticholic acid for the suppression of osteoarthritis was described by Guo
et al. [22], while cis-urocanic acid and its chelating properties were investigated by Bossak-
Ahmad et al. [23]. Interesting and functional new modifications of the sex pheromone of
the diatom Seminavis robusta were proposed by Bonneur et al. [24].

The application of spectroscopic techniques for the identification of superoxide dis-
mutases was described by Kula-Maximenko et al. [25]. Masar et al. [26] focused on the
evaluation of biologically active compounds using capillary electrophoresis, while the
optimization of chromatographic techniques and conditions for the characterization of
bioactive molecules, or for metabolomics and lipidomics, are discussed in the contributions
of Szucs et al. [27] and Cajka et al. [28]. An interferometric light microscopy methodology
for evaluating small cellular particles and liposomes was developed by Romolo et al. [29].
Physical and analytical measurements of the difference between solid–liquid interfacial
adsorption of proteins in their native and amyloid forms were carried out by Abraham
et al. [30]. Cryopreservation and its harmful effects on the endothelial integrity of human
corneas were discussed by Rodriguez-Fernandez et al. [31], and the effect of UV light on
photodegradation of acetylsalicylic acid was described by Daescu et al. [32]. An analysis
of the stability of tetracycline hydrochloride in a hydrogel formulation and the overall
anti-sebum activity was performed by Kostrzebska et al. [33].

As can be seen from the above, chemical biology as a progressive multidisciplinary
interface not only enjoys great and respected attention from the world’s scientists and
leading scientific teams, but is also widely supported by sponsors due to the expected
significant achievements in the understanding of many diseases afflicting humanity in fast
and effective solutions. Using a chemical biology platform, scientists use international
research infrastructure (e.g., Instruct-ERIC [34]) to make cutting-edge technologies and
methods used in structural biology available to each other, with the aim of driving and
supporting innovation in the biomedical sciences.

Author Contributions: Conceptualization, M.H. and J.J.; writing—original draft preparation, J.J. All
authors have read and agreed to the published version of the manuscript.

Funding: This contribution was sponsored by VEGA 2/0071/22 and Instruct-ERIC.

Acknowledgments: The guest editors wish to thank all the authors for their contributions to this
Special Issue, all the reviewers for their work in evaluating the submitted articles, and the editorial
staff of International Journal of Molecular Sciences for their kind assistance.

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

References
1. Taylor, A.E. On Fermentation: From the Hearst Laboratory of Pathology; University of California—Berkeley University Press: Berkeley,

CA, USA, 1907.
2. Leathes, J.B. The Harveian Oration on the birth of chemical biology. Br. Med. J. 1930, 2, 671–676. [CrossRef] [PubMed]
3. The Harveian Oration on the Birth of Chemical Biology. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC245

1377/ (accessed on 19 January 2023).
4. Flaxbart, D. Origins of Chemical Biology. Available online: https://cen.acs.org/articles/86/i6/Origins-Chemical-Biology.html

(accessed on 19 January 2023).
5. Morrison, K.; Weiss, G. The origins of chemical biology. Nat. Chem. Biol. 2006, 2, 3–6. [CrossRef] [PubMed]
6. Rojas-Ruiz, F.A.; Vargas-Mendez, L.Y.; Kouznetsov, V.V. Challenges and Perspectives of chemical biology, a successful multidisci-

plinary field of natural sciences. Molecules 2011, 16, 2672–2687. [CrossRef] [PubMed]
7. Duca, M.; Gillingham, D.; Olsen, C.A.; Sbardella, G.; Skaanderup, P.R.; van der Stelt, M.; Vauzeilles, B.; Vazquez, O.; Auberson,

Y.P. The chemical biology-medicinal chemistry continuum: EFMC’s vision. ChemBioChem 2021, 22, 2823–2825. [CrossRef]
8. Hricovini, M.; Owens, R.J.; Bak, A.; Kozik, V.; Musial, W.; Pierattelli, R.; Majekova, M.; Rodriguez, Y.; Musiol, R.; Slodek, A.; et al.

Chemistry towards biology—Instruct: Snapshot. Int. J. Mol. Sci. 2022, 23, 14815. [CrossRef]

http://doi.org/10.1136/bmj.2.3642.671
http://www.ncbi.nlm.nih.gov/pubmed/20775787
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2451377/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2451377/
https://cen.acs.org/articles/86/i6/Origins-Chemical-Biology.html
http://doi.org/10.1038/nchembio0106-3
http://www.ncbi.nlm.nih.gov/pubmed/16408079
http://doi.org/10.3390/molecules16032672
http://www.ncbi.nlm.nih.gov/pubmed/21441869
http://doi.org/10.1002/cbic.202100319
http://doi.org/10.3390/ijms232314815


Int. J. Mol. Sci. 2023, 24, 3998 3 of 4

9. Teparic, R.; Lozancic, M.; Mrsa, V. Evolutionary overview of molecular interactions and enzymatic activities in the yeast cell
walls. Int. J. Mol. Sci. 2020, 21, 8996. [CrossRef]

10. Park, K.C.; Dharmasivam, M.; Richardson, D.R. The role of extracellular proteases in tumor progression and the development of
innovative metal ion chelators that inhibit their activity. Int. J. Mol. Sci. 2020, 21, 6805. [CrossRef]

11. Ramirez, M.B.; Urzua, L.S.; Martinez, M.d.l.A.M.; Morales, L.J.M. Computational analysis of the ligand-binding sites of the
molecular chaperone OppA from Yersinia pseudotuberculosis. Int. J. Mol. Sci. 2023, 24, 4023.

12. Alnoch, R.C.; Alves, G.S.; Salgado, J.C.S.; de Andrades, D.; Freitas, E.N.; Nogueira, K.M.V.; Vici, A.C.; Oliveira, D.P.; Carvalho, V.P.;
Silva, R.N.; et al. Immobilization and application of the recombinant xylanase GH10 of Malbranchea pulchella in the production of
xylooligosaccharides from hydrothermal liquor of the eucalyptus (Eucalyptus grandis) wood chips. Int. J. Mol. Sci. 2022, 23, 13329.
[CrossRef]

13. Vrzalova, A.; Pecinkova, P.; Illes, P.; Gurska, S.; Dzubak, P.; Szotkowski, M.; Hajduch, M.; Mani, S.; Dvorak, Z. Mixture effects of
tryptophan intestinal microbial metabolites on aryl hydrocarbon receptor activity. Int. J. Mol. Sci. 2022, 23, 10825. [CrossRef]

14. Li, C.P.; Lu, Y.X.; Zi, C.T.; Zhao, Y.T.; Zhao, H.; Zhang, Y.P. Cationic pillar[6]arene induces cell apoptosis by inhibiting protein
tyrosine phosphorylation via host–guest recognition. Int. J. Mol. Sci. 2020, 21, 4979. [CrossRef]

15. Gradova, M.A.; Gradov, O.V.; Lobanov, A.V.; Bychkova, A.V.; Nikolskaya, E.D.; Yabbarov, N.G.; Mollaeva, M.R.; Egorov, A.E.;
Kostyukov, A.A.; Kuzmin, V.A.; et al. Characterization of a novel amphiphilic cationic chlorin photosensitizer for photodynamic
applications. Int. J. Mol. Sci. 2023, 24, 345. [CrossRef] [PubMed]

16. Pindjakova, D.; Pilarova, E.; Pauk, K.; Michnova, H.; Hosek, J.; Magar, P.; Cizek, A.; Imramovsky, A.; Jampilek, J. Study of
biological activities and ADMET-related properties of salicylanilide-based peptidomimetics. Int. J. Mol. Sci. 2022, 23, 11648.
[CrossRef] [PubMed]

17. Strharsky, T.; Pindjakova, D.; Kos, J.; Vrablova, L.; Michnova, H.; Hosek, J.; Strakova, N.; Lelakova, V.; Leva, L.; Kavanova, L.; et al.
Study of biological activities and ADMET-related properties of novel chlorinated N-arylcinnamamides. Int. J. Mol. Sci. 2022, 23,
3159. [CrossRef] [PubMed]

18. Kos, J.; Kozik, V.; Pindjakova, D.; Jankech, T.; Smolinski, A.; Stepankova, S.; Hosek, J.; Oravec, M.; Jampilek, J.; Bak, A. Synthesis
and hybrid SAR property modeling of novel cholinesterase inhibitors. Int. J. Mol. Sci. 2021, 22, 3444. [CrossRef] [PubMed]

19. El-Kalyoubi, S.; Agili, F.; Zordok, W.A.; El-Sayed, A.S.A. Synthesis, in silico prediction and in vitro evaluation of antimicrobial
activity, DFT calculation and theoretical investigation of novel xanthines and uracil containing imidazolone derivatives. Int. J.
Mol. Sci. 2021, 22, 10979. [CrossRef] [PubMed]

20. Empel, A.; Bak, A.; Kozik, V.; Latocha, M.; Cizek, A.; Jampilek, J.; Suwinska, K.; Sochanik, A.; Zieba, A. Towards property
profiling: Synthesis and SAR probing of new tetracyclic diazaphenothiazine analogues. Int. J. Mol. Sci. 2021, 22, 12826. [CrossRef]

21. Hricoviniova, J.; Hricoviniova, Z.; Kozics, K. Antioxidant, cytotoxic, genotoxic, and DNA-protective potential of 2,3-substituted
quinazolinones: Structure—Activity relationship study. Int. J. Mol. Sci. 2021, 22, 610. [CrossRef]

22. Guo, D.; He, L.; Gao, Y.; Jin, C.; Lin, H.; Zhang, L.; Wang, L.; Zhou, Y.; Yao, J.; Duan, Y.; et al. Obeticholic acid derivative, T-2054
suppresses osteoarthritis via inhibiting NF-κB-signaling pathway. Int. J. Mol. Sci. 2021, 22, 3807. [CrossRef]

23. Bossak-Ahmad, K.; Wisniewska, M.D.; Bal, W.; Drew, S.C.; Fraczyk, T. Ternary Cu(II) complex with GHK peptide and cis-urocanic
acid as a potential physiologically functional copper chelate. Int. J. Mol. Sci. 2020, 21, 6190. [CrossRef]

24. Bonneure, E.; De Baets, A.; De Decker, S.; Van den Berge, K.; Clement, L.; Vyverman, W.; Mangelinckx, S. Altering the sex
pheromone cyclo(L-Pro-L-Pro) of the diatom Seminavis robusta towards a chemical probe. Int. J. Mol. Sci. 2021, 22, 1037. [CrossRef]

25. Kula-Maximenko, M.; Zielinski, K.J.; Depciuch, J.; Lekki, J.; Niemiec, M.; Slesak, I. Application of spectroscopic methods for the
identification of superoxide dismutases in cyanobacteria. Int. J. Mol. Sci. 2022, 23, 13819. [CrossRef] [PubMed]

26. Masar, M.; Hradski, J.; Schmid, M.G.; Szucs, R. Advantages and pitfalls of capillary electrophoresis of pharmaceutical compounds
and their enantiomers in complex samples: Comparison of hydrodynamically opened and closed systems. Int. J. Mol. Sci. 2020,
21, 6852. [CrossRef] [PubMed]

27. Szucs, R.; Brown, R.; Brunelli, C.; Heaton, J.C.; Hradski, J. Structure driven prediction of chromatographic retention times:
Applications to pharmaceutical analysis. Int. J. Mol. Sci. 2021, 22, 3848. [CrossRef] [PubMed]

28. Cajka, T.; Hricko, J.; Rudl Kulhava, L.; Paucova, M.; Novakova, M.; Kuda, O. Optimization of mobile phase modifiers for fast
LC-MS-based untargeted metabolomics and lipidomics. Int. J. Mol. Sci. 2023, 24, 1987. [CrossRef] [PubMed]

29. Romolo, A.; Jan, Z.; Bedina Zavec, A.; Kisovec, M.; Arrigler, V.; Spasovski, V.; Podobnik, M.; Iglic, A.; Pocsfalvi, G.; Kogej, K.; et al.
Assessment of small cellular particles from four different natural sources and liposomes by interferometric light microscopy. Int.
J. Mol. Sci. 2022, 23, 15801. [CrossRef]

30. Abraham, A.; Massignan, F.; Gyulai, G.; Katona, M.; Taricska, N.; Kiss, E. Comparative study of the solid-liquid interfacial
adsorption of proteins in their native and amyloid forms. Int. J. Mol. Sci. 2022, 23, 13219. [CrossRef]

31. Rodriguez-Fernandez, S.; Alvarez-Portela, M.; Rendal-Vazquez, E.; Pineiro-Ramil, M.; Sanjurjo-Rodriguez, C.; Castro-Vinuelas,
R.; Sanchez-Ibanez, J.; Fuentes-Boquete, I.; Diaz-Prado, S. Analysis of cryopreservation protocols and their harmful effects on the
endothelial integrity of human corneas. Int. J. Mol. Sci. 2021, 22, 12564. [CrossRef]

32. Daescu, M.; Iota, M.; Serbschi, C.; Ion, A.C.; Baibarac, M. The influence of UV light on photodegradation of acetylsalicylic acid.
Int. J. Mol. Sci. 2021, 22, 4046. [CrossRef]

http://doi.org/10.3390/ijms21238996
http://doi.org/10.3390/ijms21186805
http://doi.org/10.3390/ijms232113329
http://doi.org/10.3390/ijms231810825
http://doi.org/10.3390/ijms21144979
http://doi.org/10.3390/ijms24010345
http://www.ncbi.nlm.nih.gov/pubmed/36613788
http://doi.org/10.3390/ijms231911648
http://www.ncbi.nlm.nih.gov/pubmed/36232947
http://doi.org/10.3390/ijms23063159
http://www.ncbi.nlm.nih.gov/pubmed/35328580
http://doi.org/10.3390/ijms22073444
http://www.ncbi.nlm.nih.gov/pubmed/33810550
http://doi.org/10.3390/ijms222010979
http://www.ncbi.nlm.nih.gov/pubmed/34681643
http://doi.org/10.3390/ijms222312826
http://doi.org/10.3390/ijms22020610
http://doi.org/10.3390/ijms22083807
http://doi.org/10.3390/ijms21176190
http://doi.org/10.3390/ijms22031037
http://doi.org/10.3390/ijms232213819
http://www.ncbi.nlm.nih.gov/pubmed/36430299
http://doi.org/10.3390/ijms21186852
http://www.ncbi.nlm.nih.gov/pubmed/32961980
http://doi.org/10.3390/ijms22083848
http://www.ncbi.nlm.nih.gov/pubmed/33917733
http://doi.org/10.3390/ijms24031987
http://www.ncbi.nlm.nih.gov/pubmed/36768308
http://doi.org/10.3390/ijms232415801
http://doi.org/10.3390/ijms232113219
http://doi.org/10.3390/ijms222212564
http://doi.org/10.3390/ijms22084046


Int. J. Mol. Sci. 2023, 24, 3998 4 of 4

33. Kostrzebska, A.; Paczek, K.; Weselak, A.; Musial, W. Effect of hydrogel substrate components on the stability of tetracycline
hydrochloride and swelling activity against model skin sebum. Int. J. Mol. Sci. 2023, 24, 2678. [CrossRef]

34. Instruct-ERIC Hub, The University of Oxford. Available online: https://instruct-eric.org/ (accessed on 19 January 2023).

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.

http://doi.org/10.3390/ijms24032678
https://instruct-eric.org/

	References

