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a little help from AI
Yana Bromberg and Benjamin Schuler
This collection of fifteen articles in Current Opinion in Structural Biology
focuses on the state of the art of methods and ideas related to our un-
derstanding of Protein Folding and Binding. While machine learning, in

general, had been a long standing contributor to our study of structural
biology, a central theme across many of the collection’s manuscripts is the
rise in the use of artificial intelligence (AI) to transform our understanding
of protein structure, function, and dynamics. Experimental optimization
and method development, leading to improved data collection, are also
described, highlighting the impact of experimental and computational
integration in improving our understanding of the living world.

To start off, Burley provides an essential overview of the Protein Data Bank
as a global open-access repository for structural data. He highlights the
PDB’s role in facilitating scientific discovery and in responding to global

health crises; specifically, the PDB’s role in rapid development of mRNA
vaccines and antiviral drugs. Borkakoti et. al. review recent progress in our
understanding of enzyme sequences, structures, and functions, facilitated
by the PDB’s resources, with a focus on the role of large data sets and AI-
driven prediction techniques.

In the methods realm, Dingeldein et. al. present simulation-based infer-
ence as a powerful framework integrating statistics, physics-based simu-
lators, and machine learning for analyzing single-molecule experimental
data. Yehorova et. al. describe how residue interaction networks serve as
graph-based representations of interactions within proteins, capturing

protein topological properties and serving important roles in downstream
protein structure and function analyses. Arnaudi et. al. explain how the
latest versions of protein structure prediction tools contribute to building
of novel ensemble methods that could help predict the effects of muta-
tions on protein stability, interactions, and allostery.

More generally, Weissnow and Rost explore protein language models
(pLMs) as a “new universal key” for encoding proteins that could
potentially replace multiple sequence alignments. The authors indicate
that pLMs learn the “grammar of life” from protein sequences to generate
latent space representations (embeddings) that can be used for accurate

and efficient downstream predictions of protein characteristics. They also
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make a solid argument for fine-tuning existing models rather than training
new ones in search of better predictions.

Moving from folded to intrinsically disordered proteins (IDPs) and regions
(IDRs), Erösa nd Dozstányi show how deep learning is revolutionizing
protein disorder prediction, with methods emerging to directly charac-
terize conformational ensembles from sequence data. Orand and Jensen
describe how experimental techniques, such as NMR and single-

molecule FRET, are used to explore the interaction mechanisms of
IDPs with help from AI-based methods that contribute to identifying
interaction sites and bound-state structures. Flores et. al. suggest that
disease-linked missense variants in IDPs can significantly alter structural
ensembles, revealing new disease mechanisms. Jemth examined the
evolution of protein binding and folding, highlighting how natural selec-
tion shapes protein sequences and interactions, particularly in coupled
binding and folding reactions involving IDRs.

Staying with evolutionary concepts, Ezerzer et. al. focus on describing the
evolutionofmodern-dayproteins froma shuffleof structural peptidebuilding

blocks. They highlight the challenges in merging bottom-up approaches for
exploring prebiotic chemistry of ancestral peptides with top-down ap-
proaches that search for shared components in contemporary proteins.

Chung explores the complex process of amyloid formation through novel
techniques that characterize the heterogeneity of the aggregation process.
Time-resolved cryoEM now enables the structures of transient interme-
diate species to be determined, and single-molecule fluorescence imaging
and spectroscopy, combined with deep learning, allow for real-time visu-
alization of individual fibril growth. Schafer and Stelz review how molec-
ular simulations decipher the driving forces underlying condensate

formation, with active learning being increasingly employed in predicting
phase separation propensities.

Notbohm and Perica emphasize the importance of integrating biochem-
istry and genetics to improve our understanding of genotype to phenotype
relationships, particularly in establishing causes of disease and elucidating
molecular mechanisms. Gromiha and Harini survey computational
methods for predicting the three-dimensional structures of protein-
nucleic acid complexes, along with approaches for predicting binding af-
finities. Kannan and Naganathan review the diverse mutational strategies
for engineering protein function by tuning their conformational ensembles
and longerange interaction networks.

Collectively, these contributions illustrate a shift in structural biology,
driven by artificial intelligence and high-resolution experimental tech-
niques. This integration is accelerating discoveries with broad applications
in biomedical research and synthetic biology and is pushing the boundaries
of our understanding of protein behavior in health and disease.

We would like to dedicate this issue to the memory of Professor Per Jemth,
a deeply respected scientist, colleague, and contributor to this collection.
Per brought remarkable insight and passion to the study of protein folding
and binding, with a special focus on intrinsically disordered proteins and

the evolutionary principles guiding their interactions. His work has left
a lasting impact on the field and inspired many. Despite his battle with
cancer, Per remained intellectually engaged and generous with his time
and ideas. We honor his scientific legacy and remember him with admi-
ration and deep gratitude.
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