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Figure 1 (Color online) Schematic diagram of chemical structures after post-translational modifications. (a) Phosphorylation, which primarily occurs
at the hydroxyl groups of serine and threonine. (b) Glycosylation, as exemplified by N-glycosylation at glutamine residues, where hexagons with
different colors represent various types of monosaccharide subunits. (c) Ubiquitination, which occurs at lysine residues and the N-terminal amino
groups of proteins. (d) Acetylation, where acetyl groups primarily modify lysine and the N-terminal amino groups of proteins.
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Figure 2 (Color online) Post-translational modification (PTM) of proteins and its close relationship with dynamic structures of proteins. On one
hand, phosphorylation (denoted as P) regulates transitions between different structures and activity states of proteins, while ubiquitination (denoted as
Ub) modulates the stability and degradability of proteins. Additionally, PTM such as acetylation (denoted as Ac) may compete with ubiquitination for
the same modification sites, and glycosylation may compete with phosphorylation for the same modification sites. The intricate interplay of diverse
modifications at distinct sites—through mutual influence and synergistic effects—further amplifies the complexity of functional regulation in proteins.
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Figure 3 (Color online) NMR experiments characterizing the dynamic properties of proteins across different time scales, including those detailed in
the article: N relaxation, relaxation dispersion (RD), chemical exchange saturation transfer (CEST), as well as other methodologies such as residual
dipolar coupling (RDC), pseudocontact chemical shift (PCS), paramagnetic relaxation enhancement (PRE), and ZZ-exchange experiments.
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How post-translational modifications impact protein dynamics and
stability—experimental and theoretical investigations
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Abstract: Post-translational modifications (PTMs) play crucial regulatory roles in modulating protein structural
dynamics, stability, and functionality. Common modifications such as phosphorylation, glycosylation, acetylation, and
ubiquitination covalently modify proteins, altering their local structures, electrostatic interactions, hydrophobicity, and
hydrogen-bonding patterns. These changes influence protein stability and intracellular degradation rates. The interplay
between various PTMs through synergistic or sequential modifications adds further complexity to the regulation of
protein functions. To investigate PTM effects, researchers have employed a multitude of experimental techniques
including infrared spectroscopy (IR), nuclear magnetic resonance (NMR), and hydrogen-deuterium exchange mass
spectrometry (HDX-MS), which unveil PTM-induced conformational and dynamic changes at multiple resolutions.
These methods can capture localized structural perturbations and allosteric effects, as well as lowly populated excited-
states that impact protein stability. Moreover, it has been shown that PTMs may suppress protein unfolding and
aggregation. In biopharmaceutical applications, PTMs enhance therapeutic protein performance by enabling targeted
delivery and reduced immunogenicity, thereby improving drug efficacy and safety. In conclusion, in-depth investigation
of the molecular mechanisms underlying PTMs, coupled with integrated characterization with multidisciplinary
technical approaches, will allow researchers to design and develop better protein therapeutics and treatment strategies.

Keywords: protein, post-translational modifications, structure dynamics, thermodynamic coupling, spectroscopic
methods
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