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NMR spectroscopy is a powerful tool for biologists interested in the structure, dynamics, and
interactions of biological macromolecules. Several developments in isotopic labeling, magnet
technology, electronics, and spectroscopy have pushed the boundaries of biomolecular
NMR. For many years NMR has followed the footsteps of X-ray crystallography and focused
on globular proteins composed of regular secondary structure elements. It is however
important to remember that the NMR derived 3D representation of a protein is not an image
of the real structure (as for X-ray) but a model of that structure that is compatible with the
experimental data. Therefore, NMR 3D structure determination, is a complicated and
repetitive procedure, which involves a substantial book-keeping effort. Automated
procedures were developed over the years promising to increase the throughput and
accessibility of NMR in studying protein structures. In November 2020, the results of the 14th
Critical Assessment of Structure Prediction (CASP14) competition revealed that AlphaFold2
(AF2), an artificial intelligence (Al) developed by DeepMind, performed significantly better
than all other methods. Through a portal hosted by the European Bioinformatics Institute one
can now access predictions of protein structures made using AlphaFold. In an instant,
detailed, atomic-level models of protein structures have become available for most of the
protein sequences in the human proteome. Many of these proteins, especially those involved
in signaling, transcription, and coordinating protein-protein interaction networks, are likely to
feature large, disordered regions. A key question is how should one interpret the
“unstructured regions”. NMR spectroscopy has been the leading tool in characterizing
intrinsic disorder regions (IDRs) of proteins at the atomic level. Thanks to conceptual
breakthroughs in the study of IDRs facilitated by NMR and emerging NMR techniques that
bridge molecular descriptions to cellular functions, we now have the tools to tackle some of
the most challenging multi-domain proteins and can anticipate the emergence of a new, non-
reductionist era of structural biology in which the functional synergies between ordered and
disordered regions are fully revealed. The 21 research papers presented in this thesis
highlight the transformation of my NMR research throughout the years, or in other words my

scientific journey involving structures, interactions, dynamics and molecular mechanisms.

' The commentary must correspond to standard expectations in the field and must include a brief characteristic of
the investigated matter, objectives of the work, employed methodologies, obtained results and, in case of co-
authored works, a passage characterising the applicant’s contribution in terms of both quality and content.
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