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regulation in single cells

Abstract:
Long noncoding RNAs (lncRNAs) are increasingly recognized for their roles
in human physiology and disease; however, mechanistic insights into most
lncRNAs remain elusive. In this study, we explored the regulatory
mechanisms of antisense lncRNAs at the X-chromosome inactivation (XCI)
locus. We found that stochastic transcription plays a critical role in
determining the mechanism of regulation for Xist and Tsix. At moderate
transcription levels, RNA polymerases transcribe both Xist and Tsix from
the same site, leading to significant deposition of the repressive histone
mark H3K36me3, which inhibits Xist. At higher transcription levels,
transcriptional interference occurs due to the simultaneous transcription
of Xist or Tsix by many RNA polymerases. Our results highlight that
transcriptional variability is not merely noise but a regulatory feature that
enables a single locus to employ multiple regulatory mechanisms across a
cell population. Additionally, we investigated how cells respond to
dynamic stress environments, specifically in the context of changes in
extracellular osmolarity, which are crucial in various physiological and
pathological processes. We discovered that human cells can withstand
gradual but not acute hyperosmotic stress. Gradual stress conditions do
not activate typical stress pathways, including caspase and apoptosis
signaling, unlike acute stress. Notably, we observed an unexpected
accumulation of proline under gradual stress conditions, which protects
cells from osmotic damage, similar to the Osmo protective mechanisms
observed in plants and bacteria. This finding reveals a novel cell fate
switch that enables survival in gradually changing stress environments by
inhibiting caspase activation and utilizing proline for protection.
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contributing valuable insights to the fields of molecular physiology and
biophysics.
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