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Résumé

Abstract
Compositionally biased sequences confer unique structural and functional properties to pro-
teins. Among them, homorepeats, stretches of a single amino acid, are particularly intriguing.
Poly-alanine (poly-A) repeats stand out due to their abundance, specially in transcription
factors, although their precise functional role remains to be fully elucidated. Moreover, aber-
rant poly-A expansions have been implicated in nine rare developmental diseases, suggesting
previously unrecognized biological functions for these repeats. The inherent disorder and
compositional bias of poly-A pose significant challenges for high-resolution investigations of
their structure-function relationships. In this work, we present our efforts to tackle this
challenge by combining theoretical and experimental approaches.

We have focused our structural study on Phox2B, a transcription factor essential for au-
tonomic nervous system development. Phox2B contains two poly-A tracts of 9 and 20
consecutive alanines, which is the longest poly-A tract in the human proteome. Interest-
ingly, expansions of +7 or +13 additional alanines on the longest tract lead to Congenital
Central Hypoventilation Syndrome (CCHS), a rare autosomal dominant disorder that im-
pairs autonomous respiration. To experimentally investigate the poly-A tracts in Phox2B,
we employed the site-specific isotopic labeling (SSIL) approach developed in our group1,
enabling the measurement of the chemical shifts of individual alanines by Nuclear Magnetic
Resonance (NMR).

From a theoretical perspective, we performed Replica Exchange with Solute Tempering 3
molecular dynamics (REST3 MD) simulations on the 9- and 20-residue poly-A tracts using
three force fields adapted to the study of intrinsically disordered proteins. Among them, am-
ber03ws exhibited the best agreement with the NMR chemical shifts for both poly-A tracts.
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We further refined the MD trajectory by reweighting2 it using the experimental data3. The
resulting Phox2B structural model indicated the presence of fluctuating α-helices in the
poly-A tracts, and helical populations that strongly depended on the length, the flanking
sequences and the temperature. We then extended our REST3 MD simulations to the +7
and +13 poly-A expansions using the amber03ws force field. The simulations revealed an
increase in helicity that correlated with the number of alanines present in the poly-A. Taken
together, our results pave the way towards a structural understanding of poly-A function
and the mechanisms underlying poly-A expansion disorders. Our theoretical strategy is par-
ticularly relevant for these aberrant expansions, for which the experimental manipulation
remains extremely challenging.
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