Novel histone modifications couple
metabolism to gene activity
24 October 2017
In this study, Robert Schneider's team from the
Institute of Functional Epigenetics (IFE) at
Helmholtz Zentrum München and LMU looked at
two novel modifications, propionylation and
butyrylation (i.e. the addition of propionyl and
butyryl groups to the histone proteins). The
researchers found that propionyl and butyryl groups
can be present on histone H3, specifically at lysine
residue 14 (H3K14).
Propionate and butyrate are products of fatty
acid metabolism

Two new classes of histone modifications couple diet
and cellular metabolism to gene activity. Credit:
Helmholtz Zentrum München

Scientists of Helmholtz Zentrum München and
Ludwig-Maximilians-Universität Munich (LMU)
have discovered that two new classes of histone
modifications couple cellular metabolism to gene
activity. The study was published in Nature
Structural and Molecular Biology.
DNA is wrapped around proteins called histones,
which serve to package the DNA inside the cell
nucleus and play an important role in regulating
gene expression. Histone proteins can be modified
with small chemical groups, many of which are
products of cellular metabolism. By impairing or
enhancing transcription, these modifications are
able to influence gene activity.
While this could provide a potential mechanism
through which our environment - for example the
food we eat - can lead to changes in gene
expression, it remains unclear how histone marks
are really coupled to cellular metabolism and how
this might affect chromatin organisation and gene
activity.

According to the study, these modifications
specifically mark highly expressed genes and their
presence changes upon metabolic alterations, for
example upon fasting. The researchers also
showed that histone propionylation can drive
transcription in the test tube (in vitro) suggesting it
is a stimulatory mark capable of causing genes to
be expressed when it is present. "Interestingly,
propionate and butyrate are products of fatty acid
metabolism" explains Robert Schneider. "This
means that these histone modifications might be a
way through which the metabolic state of the cell is
linked to chromatin architecture."
One way in which histone modifications elicit
biological responses is by being recognised by
specific proteins, so-called "readers". Using a
combination of pulldown assays and mass
spectrometry, the team identified the specific
reader proteins for these novel marks. The addition
of these marks in response to fatty acid metabolism
and binding of the reader proteins changes the
signature of chromatin and thus it's functional state.
"These results are especially significant with regard
to metabolic diseases, like diabetes and obesity"
said Schneider. "Our aim now is to study the role of
these new gene switches in disease models."
The results suggest a possible role for histone
propionylation in metabolic signalling and disease
as propionyl-CoA carboxylase (the enzyme that
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degrades this co-factor) is implicated in metabolic
diseases and indeed alters histone propionylation.
More information: Adam F Kebede et al. Histone
propionylation is a mark of active chromatin, Nature
Structural & Molecular Biology (2017). DOI:
10.1038/nsmb.3490
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