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'Acidic patch' regulates access to genetic
information

August 15 2017
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Diagram depicting all histone modifications, mutants, and variants present in the
115-member nucleosome library used in this study. Residues modified or
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mutated were mapped on to the nucleosome in black. H2A (light yellow), H2B
(light red), H3 (light blue), and H4 (light green) modification and mutation
locations are indicated by boxes and lines. For clarity, connections are only
shown to a single copy of each histone protein. Credit: Nature

Chromatin remodelers—protein machines that pack and unpack
chromatin, the tightly wound DNA-protein complex in cell nuclei—are
essential and powerful regulators for critical cellular processes, such as
replication, recombination and gene transcription and repression. In a
new study published Aug. 2 in the journal Nature, a team led by
researchers from Princeton University unravels more details on how a
class of ATP-dependent chromatin remodelers, called ISWI, regulate
access to genetic information.

The researchers reported that ISWI remodelers use a structural feature
of the nucleosome, known as the "acidic patch," to remodel chromatin.
The nucleosome is the fundamental structural subunit of chromatin, and
is often compared to thread wrapped around a spool.

"The acidic patch is a negatively charged surface, presented on each face
of the nucleosome disc, that is formed by amino acids contributed by
two different histone proteins, H2A and H2B," said Geoffrey Dann, a
graduate student in the Department of Molecular Biology at Princeton
and the study's lead author. "Histone proteins are overall very positively
charged, which makes the negatively charged acidic patch region of the
nucleosome very unique. Recognition of the acidic patch has never
before been implicated in chromatin remodeling."

The research was conducted in the laboratory of Tom Muir, the Van

Zandt Williams Jr. Class of 1965 Professor of Chemistry and chair of
the Department of Chemistry. Research in the Muir group centers on
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elucidating the physiochemical basis of protein functions in biomedically
relevant systems.

Because ISWI remodelers are known to interact extensively with
nucleosomes, the researchers hypothesized that signals, in the form of
chemical modifications on histone proteins embedded within
nucleosomes, communicate to the remodelers on which nucleosome to
act. Using high throughput screening technology, an assay process often
used in drug discovery, allowed the researchers to quickly conduct tens
of thousands of biochemical measurements to test their assumptions.
"The number of chromatin modifications known to exist in vivo is
astronomical,”" Dann said.

Not only did the experiments reveal that ISWI remodelers use the
"acidic patch" to remodel chromatin, but also determined that
remodeling enzymes outside the family of ISWI remodelers also use this
structural feature, "suggesting that this feature may be a general
requirement for chromatin remodeling to occur," Dann said. Certain
chemical modifications that act on histone proteins that are adjacent to
the acidic patch also have the ability to enhance or inhibit ISWI
remodeling activity, he explained. "A handful of other proteins are
known to engage the acidic patch in their interaction with chromatin as
well, and we also found that the biochemistry of several of these proteins
was affected by such modifications. Interestingly, each protein tested
had its own signature response to this collection of modifications."

The high throughput screening technology method also generated a vast
library of data to drive the design of future studies geared toward further
understanding ISWI regulation. "This study generated an immense
amount of data pointing to many other novel regulatory inputs, in the
form of chromatin modifications, into ISWI remodeling activity," Dann
said. "A long-term goal in our lab is to use this data resource as a launch
pad for additional studies investigating how chromatin modifications
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affect ISWI remodeling, and how this plays into the various roles ISWI
remodelers assume in the cell."

Their findings may also identify a new instrument in cells' molecular
repertoire of chromatin-remodeling tools and spur investigations into
potential cancer therapeutic targets. "Mutations in the acidic patch are
known to occur in certain types of human cancers, which underscores
the emerging importance of the acidic patch in chromatin biology,"
Dann said.

More information: Geoffrey P. Dann et al, ISWI chromatin
remodellers sense nucleosome modifications to determine substrate
preference, Nature (2017). DOI: 10.1038/nature23671
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