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organization. Our recent findings on site-spe-
cific strand-discontinuities in the genomic DNA 
of eukaryotes (2) also fit such a scenario. 
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Charge-altering PTMs in the globular histone 
core—including acetylation, phosphorylation, 
crotonylation, propionylation, butyrylation, 
formylation, and citrullination—can alter the 
strong electrostatic interactions between the 
oppositely charged nucleosomal DNA and the 
histone proteins and thus modulate accessibil-
ity of the nucleosomal DNA, affecting pro-
cesses that depend on access to the genetic 
information, such as transcription� However, 
direct experimental investigation of the ef-
fects of these PTMs is very difficult. The goal 
is to make a step towards a unified theoretical 

model that connects post-translational modi-
fications in the nucleosome with transcription 
in-vivo� Methods: Theory, Atomistic 
Simulations� Results: A physics-based frame-
work is proposed that predicts the effect of 
charge-altering PTMs in the histone core, for 
most types of lysine charge-neutralizing 
PTMs including acetylation, and for phos-
phorylation� The predicted effect of charge-
altering PTMs on DNA accessibility can vary 
dramatically, from virtually none to a strong, 
region-dependent increase in accessibility of 
the nucleosomal DNA; in some cases, e�g�, 
H4K44, H2AK75, and H2BK57, the effect is 
significantly stronger than that of the exten-
sively studied acetylation sites such H3K56, 
H3K115 or H3K122� Proximity to the DNA 
is suggestive of the strength of the PTM ef-
fect, but there are many exceptions� For the 
vast majority of charge-altering PTMs, the 
predicted increase in the DNA accessibility 
should be large enough to result in a measur-
able modulation of transcription� However, a 
few possible PTMs, such as acetylation of 
H4K77, counterintuitively decrease the DNA 
accessibility, suggestive of the repressed 
chromatin� A structural explanation for the 
phenomenon is provided� Conclusions: 
Charge-altering post-translational modifica-
tions in the relatively unexplored globular 
histone core may provide a precision mecha-
nism for controlling accessibility to the nu-
cleosomal DNA� 




