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Investigating Protein Flexibility: Using Molecular Dynamics Simulations of a-1
Acid Glycoprotein and Large-Scale Normal Mode Analysis of AlphaFold Models

Summary

Proteins are inherently dynamic entities, exhibiting conformational flexibility that is essential for
various biological functions. This flexibility spans a spectrum, from complete structural disorder to
the motion of specific protein fragments, including various intermediate conformational states.
These dynamic behaviours arise from atomic coordinate fluctuations driven by thermal motion and
influenced by factors such as temperature, forces, and vibrations. Despite this intrinsic flexibility,
traditional models have often relied on static representations, failing to capture the true dynamics
of proteins. To address this limitation, this thesis explores protein flexibility using two
complementary approaches: a "close-up" perspective and a "panoramic" perspective, offering
deeper insights into protein conformational dynamics and flexibility.

The close-up perspective focuses on a-1 acid glycoprotein and its mutants how mutations and
glycosylation, individually and in combination, affect the conformational dynamics and flexibility
of a (glyco)protein, a-1 acid glycoprotein (AGP) through Molecular Dynamics (MD) simulations. The
panoramic perspective integrates computational and experimental methods to analyze protein
flexibility on a large scale. This includes using AlphaFold2's pLDDT scores, experimental data from
Nuclear Magnetic Resonance (NMR), MD simulations, and Normal Mode Analysis (NMA) to
investigate the relationship between computational predictions and experimentally observed
protein flexibility. By combining these perspectives, the thesis provides a more nuanced
understanding of protein flexibility, addressing the challenges of capturing flexibility on a large
scale and improving the understanding of a protein’'s biophysical behaviour, especially in the
context of glycosylation. The results of this thesis could serve as a framework for integrating
protein dynamics into routine protein structure prediction methodologies, paving the way for
moving beyond static models.
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