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Editorial on the Research Topic
Exploring molecular recognition: integrating experimental and
computational approaches
s

Molecular recognition, the process by which molecules interact through noncovalent
forces, underpins the foundation of cellular function and human health. In biological
systems, biomolecules such as proteins, nucleic acids, carbohydrates, and lipids bind to one
another with remarkable specificity. These interactions drive essential processes, including
signal transduction, metabolic regulation, gene expression, and immune responses. The
strength and accuracy of these interactions ensure proper cellular communication and
homeostasis. Disruptions in molecular recognition often lead to disease, which highlights
its importance in health and therapeutic development (Figure 1).

The significance of molecular recognition has been acknowledged for decades.
For instance, Boehr et al. (2006) demonstrated that molecular flexibility and dynamic
interactions are key to enzyme activity and regulation. Additionally, Nussinov and Tsai
(2013) highlighted the central role of allosteric regulation inmodulating signaling pathways
under both normal and pathological conditions, thereby opening new avenues for drug
discovery. Schreiber et al. (2009) and Baron and McCammon (2013) reviewed the
fundamental principles of noncovalent binding, helping to explain how biological systems
achieve such high specificity and selectivity. More recently, impaired molecular recognition
has been linked to diseases such as cancer and autoimmune disorders, reinforcing its central
role in both fundamental biology and clinical medicine (Deng et al., 2025; Jiang et al., 2024).

Recent advances in computational methods are revolutionizing the study of
molecular recognition. This Special Topic of Frontiers in Molecular Biosciences focuses
on innovative and comprehensive approaches that bridge experimental techniques
and computational tools to better understand biomolecular recognition. Artificial

Frontiers in Molecular Biosciences 01 frontiersin.org

https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/journals/molecular-biosciences#editorial-board
https://doi.org/10.3389/fmolb.2025.1637793
https://crossmark.crossref.org/dialog/?doi=10.3389/fmolb.2025.1637793&domain=pdf&date_stamp=2025-06-09
mailto:tgc@solfarcos.com
mailto:tgc@solfarcos.com
https://doi.org/10.3389/fmolb.2025.1637793
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmolb.2025.1637793/full
https://www.frontiersin.org/articles/10.3389/fmolb.2025.1637793/full
https://www.frontiersin.org/articles/10.3389/fmolb.2025.1637793/full
https://www.frontiersin.org/articles/10.3389/fmolb.2025.1637793/full
https://www.frontiersin.org/research-topics/64853
https://www.frontiersin.org/research-topics/64853
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org


Matamá et al. 10.3389/fmolb.2025.1637793

FIGURE 1
Overview of molecular recognition in biology and medicine. Illustration created with the inputs of Biorender and FreePick.

intelligence and machine learning are now pivotal in deciphering
complex biomolecular interactions, enabling rapid virtual screening,
predictive modelling, and the rational design of novel therapeutic
agents (D'Hondt et al., 2025; Chen et al., 2018). By integrating
experimental and computational methods, we are gaining deeper
insights into recognition mechanisms and opening new possibilities
for precision medicine and targeted therapies (Figure 1).

With this Research Topic, our initial aim was to explore
molecular recognition using combined computational and
experimental approaches, especially in contexts relevant to human
health. The final collection of four articles, while broader in
scope than originally anticipated, offers valuable insights into how
molecular mechanisms drive biological complexity and disease.
Whilst only one article focuses specifically on structural aspects of
molecular recognition, all four contribute to a deeper understanding
of biological specificity, molecular function, and their potential in
biomedical discovery.

Longshore-Neate et al. examined the conformational flexibility
of the nSrc loop in the Src SH3 domain and its modulation
by a conserved WX motif found in SH3 domains, contributing
to our understanding of protein interactions and specificity
in cellular signaling processes. By leveraging experimental
approaches combined with structural modelling and molecular
dynamics simulations, the study sheds light on how sequence-level
conservation can dictate protein-protein recognition dynamics,
offering a precise example of molecular recognition in action. Of
note, structural modelling was conducted using deep learning
techniques via AlphaFold-Multimer, which can predict ligand-
bound SH3 domains with remarkable confidence, eliminating

the need for traditional docking methods. Indeed, AlphaFold 3
outperforms traditional docking methods across a diverse range
of ligands, including proteins, peptides, nucleic acids, and small
molecules (Abramson et al., 2024).

Jia et al. presented a comprehensive analysis of Alzheimer’s
disease (AD) molecular subtypes based on cuproptosis-related
genes. The study employs bioinformatics and machine learning
to identify a diagnostic signature, with validation across external
datasets and AD mouse models. Amongst the employed tools,
several R packages were contemplated for statistical computing
of variance, correlation, and weighted networks, such as DESeq2,
GSVA, WGCNA, and clusterProfiler. Though not framed as
molecular recognition per se, it uncovers molecular interactions
relevant to neuroinflammation and immune infiltration, which
are increasingly understood as recognition-driven processes. A
diagnosticmodel was constructed and validated, providing potential
targets for AD treatment. The findings offer novel insights into the
pathogenesis of AD.

Soleimani et al. analyzed the immune landscape of chronic liver
disease (CLD) using transcriptomics and flow cytometry across
three etiologies: chronic viral hepatitis, alcohol-related liver disease,
and hepatocellular carcinoma. This work contributes detailed
immunophenotyping data and highlights context-dependent shifts
in immune cell signatures, offering indirect but significant insight
into immune recognition and evasion mechanisms in liver disease.
In this study, cell-type deconvolution was achieved using the
Dampened Weighted Least Squares (DWLS) algorithm in the R
programming language. The Kallisto program was used to quantify
and align bulk RNA-Seq.
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Jin et al. explored the identification of biomarkers and immune
microenvironment features in heart failure through bioinformatics
and two machine learning algorithms: Random Forest (RF) and
Least Absolute Shrinkage and Selection Operator (LASSO). By
integrating gene expression data with immune infiltration profiles,
the authors highlight novel markers and cellular contexts relevant
to disease progression, pointing toward pathways where molecular
recognition events may shape immune–cardiac interactions. The
findings suggest potential therapeutic targets for future research in
heart failure.

The articles featured in this Special Topic explore the
fundamental aspects of molecular recognition but highlight the
transformative impact of in silico methodologies on advancing
the state of the art. Their insights illustrate how the integration
of cutting-edge computational tools with classical biochemical
techniques is enhancing our mechanistic understanding of
cellular processes while revolutionizing strategies for disease
intervention. Whether by discovering disease-specific molecular
signatures, deciphering the dynamic nature of noncovalent
interactions, or employing artificial intelligence for predictive
modelling, the articles collectively highlight the power of
interdisciplinary innovation to deepen our understanding of
biological systems—and ultimately, to drive new diagnostic and
therapeutic advances. As the boundaries between technology
and biology continue to blur, embracing these interdisciplinary
advances is essential for driving future breakthroughs in
health sciences.

We extend our sincere gratitude to the contributing authors
and peer reviewers for their commitment and insights. We hope
this Special Topic will stimulate future research that continues
to bridge molecular recognition with emerging technologies and
disease-relevant applications.
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