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Editorial on the Research Topic 
Insights in theoretical modelling, structure prediction and design


The first quarter of the XXI century has seen a growth explosion of the field of Theoretical Modelling, Structure Prediction and Design. Therefore, we decided it was timely to dedicate a Research Topics of Frontiers to highlight the latest advancements across the field of Chemical Biology. As underlined in the grand Challenge of this session (Exertier and Ilari, 2025) our era is particularly stimulating for the field of structural study of biological macromolecules and their interactions with molecular partners. The competition among structural prediction methods in the 13th and 14th editions of the Critical Assessment of Structure Prediction (CASP 13 and 14) (Kryshtafovych et al., 2019; Alexander et al., 2021), witnessed the extraordinary success of the artificial intelligence programs AlphaFold and AlphaFold2 (Jumper et al., 2021). Indeed, artificial intelligence is now spreading through most aspects of life science research (Caudai et al., 2021).
A special attention was given to the challenges on top of the novel developments. In particular, we wanted to shed light on studies involving macromolecules structure-function relationships implying both experimental and computational methods. Therefore, we aimed at investigations on molecular structures, folding, design, evolution, interactions and structure-based drug design of small molecules. The research topics consists of four manuscripts representing very different areas, despite being contemporary to other similar topics in different Frontiers journals. This research topic illustrates the variety of approaches used in this field and the attractiveness of a chemical biology platform for exploration of detailed characterization in the field of Theoretical Modelling, Structure Prediction and Design.
According to the published research, a special attention is devoted to the investigation of protein interfaces, whether intramolecular oligomers or intermolecular partners. The aim of these studies was to unveil the properties of these surfaces in order to better exploit them for the rational design of non-competitive, also called allosteric, inhibitors. Investigation of protein interface properties dates back to the end of the 20th century (Lo Conte et al., 1999; Morea et al., 1997; Tsumoto et al., 1994; Vallone et al., 1998), however it was at the turn of the new century that the field sprouted, thanks to the progresses in genome sequencing, molecular and structural biology, medicinal chemistry and, of course, computing power. The first quarter of this century has seen a boost in both computational and experimental researches, especially after having understood the principles of the neural networks involved in sensing (Katayama et al., 2000; Paulin, 2005; Victor, 2005) and having transposed them into a computer architecture, paving the way to machine learning that was employed also to predict protein-protein interactions (Liu et al., 2025).
Two of the papers in this research topics, by Padilla Franzotti et al. and Testi et al., explore the hub of interfaces in two proteins important for gene transcription regulation, namely the retinoblastoma protein (pRb) and the transcription factor NANOG, respectively. pRb regulates cell proliferation by binding to E2F transcription factor. The large T antigen of simian virus 40 (LTSV40) interferes with this control pathways by binding pRb. Padilla-Franzotti and colleagues deeply investigated this interaction by Molecular Dynamic simulations and shed light on a mechanism used by viral oncoproteins to cause uncontrolled cell proliferation. The resulting knowledge of the interaction mechanisms and dynamics may pave the way for design of anticancer therapeutics blocking cell proliferation (Padilla Franzotti et al.).
In the second example of gene transcriptional regulation, described in the paper by Testi et al., one orphan point mutation is analysed and correlated with the function of NANOG-TET2 complex in the frame of haematopoiesis. Tet methylcytosine dioxygenase (TET2) catalyses the conversion of the modified DNA base methylcytosine to 5- hydroxymethylcytosine; this is the first step of DNA demethylation, which is an important epigenetic modification. TET2 is positioned at the centre of a complex interaction network, and any impairment in one of these interactions could potentially trigger a cascading effect on cellular functionality. Transcription factors like the homeobox protein NANOG bind to TET2 to regulate target gene expression, thus enabling cell differentiation processes. The authors discovered that the single point mutation from Gln to Pro at residue 1084 of TET2 compromises this interaction, thereby affecting hematopoietic stem and progenitor cells (HSPCs) differentiation, leading to an impairment of the hematopoiesis process.
The papers by Exertier et al. and Attili et al. explore the interaction of small organic molecules with surfaces of protein targets with the aim of drug screening and design. Exertier and colleagues used fragment screening to identify new fragments able to bind to the Trypanothione reductase from Trypanosoma brucei (TbTR), with the aim to design new lead compound against Human African Trypanosomiases (HAT) and the other diseases caused by Trypanosomatids, which comprise both Trypanosoma and Leishmania species. TR is a key enzyme in the redox metabolism of Trypanosomatids and is essential for parasite survival inside the human host. Since the residues lining the trypanothione binding cavity are conserved among Trypanosomatids family members, the discovery of effective inhibitors would pave the way for the developments of drugs effective against all pathologies caused by this protozoan family. The Authors performed soaking of TbTR monoclinic crystals with fragments from DSIpoised and EubOPEN DSIp libraries, at the XCHEM facility (Diamond Light Sources, United Kingdom). The first paper is a very interesting study identifying eight new fragments binding to different regions of the trypanothione reductase enzyme, including the trypanothione and the NADPH binding cavities. It also highlights the importance of this type of analysis even if such fragments do not significantly affect enzyme activity.
The second example of the interaction of small organic molecules with surfaces of protein targets is a MD simulation study of the MDM2/MDM4 heterodimer interface region, which effectively inhibits p53 oncosuppressive function. The disruption of the MDM2/MDM4 heterodimer activates p53 oncosuppressive function in vitro and in vivo; therefore, knowledge of the interaction dynamics could be exploited for the development of new lead compounds aimed at disrupting the heterodimer. Using molecular dynamics simulation followed by umbrella sampling, the Authors identified a short peptide and derivatives thereof, with increased binding affinity and better pharmacodynamics features compared with previously identified interface inhibitors.
This study explores and elucidates the intrinsic plasticity of the MDM2 RING domain, which is characterized by different binding clefts. The study also highlights the key residues involved in the interaction with peptide inhibitors and provides insight that will be useful for the design of next-generation therapeutic inhibitors.
The articles collected in this special issue provide evidence of the extent to which in silico computational techniques and experimental methods in the field of structural biology have advanced, opening up enormous possibilities for understanding pathophysiological phenomena and for designing new drugs. We hope that this article collection will inspire, inform and provide direction and guidance to researchers in the field.
AUTHOR CONTRIBUTIONS
AI: Writing – original draft, Writing – review and editing. VM: Conceptualization, Validation, Visualization, Writing – original draft, Writing – review and editing. AM: Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
CONFLICT OF INTEREST
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
REFERENCES
	Alexander, L. T., Lepore, R., Kryshtafovych, A., Adamopoulos, A., Alahuhta, M., Arvin, A. M., et al. (2021). Target highlights in CASP14: analysis of models by structure providers. Proteins 89 (12), 1647–1672. doi:10.1002/prot.26247

	Caudai, C., Galizia, A., Geraci, F., Le Pera, L., Morea, V., Salerno, E., et al. (2021). AI applications in functional genomics. Comput. Struct. Biotechnol. J. 19, 5762–5790. doi:10.1016/j.csbj.2021.10.009

	Conte, L. L., Chothia, C., and Janin, J. (1999). The atomic structure of protein-protein recognition sites 1 1Edited by A. R. Fersht. J. Mol. Biol. 285 (5), 2177–2198. doi:10.1006/jmbi.1998.2439

	Exertier, C., and Ilari, A. (2025). Specialty grand challenges in theoretical modeling, structure prediction and design Front. Chem. Biol., Sec. Theor. Model. Struct. Predict. and Des. 4, 163542. doi:10.3389/fchbi.2025.163542

	Jumper, J., Evans, R., Pritzel, A., Green, T., Figurnov, M., Ronneberger, O., et al. (2021). Highly accurate protein structure prediction with AlphaFold. Nature 596 (7873), 583–589. doi:10.1038/s41586-021-03819-2

	Katayama, N., Nakao, M., Saitoh, H., and Yamamoto, M. (2000). Dynamics of a hybrid system of a brain neural network and an artificial nonlinear oscillator. Biosystems 58 (1-3), 249–257. doi:10.1016/s0303-2647(00)00129-5

	Kryshtafovych, A., Schwede, T., Topf, M., Fidelis, K., and Moult, J. (2019). Critical assessment of methods of protein structure prediction (CASP)—round XIII. Proteins 87 (12), 1011–1020. doi:10.1002/prot.25823

	Liu, J., Neupane, P., and Cheng, J. (2025). Improving AlphaFold2-and AlphaFold3-based protein complex structure prediction with MULTICOM4 in CASP16. Proteins . doi:10.1002/prot.26850

	Morea, V., Tramontano, A., Rustici, M., Chothia, C., and Lesk, A. M. (1997). Antibody structure, prediction and redesign. Biophys. Chem. 68 (1-3), 9–16. doi:10.1016/s0301-4622(96)02266-1

	Paulin, M. G. (2005). Evolution of the cerebellum as a neuronal machine for Bayesian state estimation. J. Neural Eng. 2 (3), S219–S234. doi:10.1088/1741-2560/2/3/S06

	Tsumoto, K., Ueda, Y., Maenaka, K., Watanabe, K., Ogasahara, K., Yutani, K., et al. (1994). Contribution to antibody-antigen interaction of structurally perturbed antigenic residues upon antibody binding. J. Biol. Chem. 269 (46), 28777–28782. doi:10.1016/s0021-9258(19)61973-3

	Vallone, B., Miele, A. E., Vecchini, P., Chiancone, E., and Brunori, M. (1998). Free energy of burying hydrophobic residues in the interface between protein subunits. Proc. Natl. Acad. Sci. U. S. A. 95 (11), 6103–6107. doi:10.1073/pnas.95.11.6103

	Victor, J. (2005). Analyzing receptive fields, classification images and functional images: challenges with opportunities for synergy. Nat. Neurosci. 8, 1651–1656. doi:10.1038/nn1607


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
Copyright © 2025 Ilari, Morea and Miele. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Table of Contents

		Cover

		Editorial: Insights in theoretical modelling, structure prediction and design		AUTHOR CONTRIBUTIONS

		FUNDING

		CONFLICT OF INTEREST

		GENERATIVE AI STATEMENT

		REFERENCES









OPS/images/cover.jpg
& frontiers | Frontiers in Chemical Biology

Editorial: Insights in theoretical
modelling, structure prediction
and design









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
2 frontiers | Frontiers in Chemical Biology





