
M
M

M
M

M

a

b

c

Histone tail

DNA

Histone

P

P

P

P

Histones Histone
tail

DNA

Co-Act

Basal transcription 
complex

Active

Permissive

Repressed

Inactive

P P

Rep
Rep

Rep

RepRep
Rep

?

Histone
tail

H3 K4 K9 
S10 K14 K18 

K23 K27 S28 K36 K79

A

A

A
A A

A

A
A A

A

A

A A
A A

A

M M M

MM
M

M

MM
M

M

M

M

M M

M M

M

M

MM

MM

Deacetylation

HAT HDAC

Acetylation
(activating)

PK PP

Phosphorylation
(activating)

Dephosphorylation

Demethylation

Methylation
(activating)

Methylation
(repressing)

Demethylation

HMT HMTHDM HDM

Acetylation

Methylation

Phosphorylation

H2B

H2A

H3

H4

Transcription factor
+

Overview of epigenetic mechanisms
Chromatin is the complex of DNA, histones and non-
histone proteins in the cell nucleus. Remodelling of 
chromatin is a dynamic process that modulates gene 
expression. The fundamental unit of chromatin is the 
nucleosome, which consists of ~147 base pairs of DNA 
wrapped around a core histone octamer (~1.65 turns). 
Each octamer contains two copies each of the histones 
H2A, H2B, H3 and H4 (FIG. 1a). The nucleosomal struc-
ture of chromatin allows DNA to be tightly packaged 
into the nucleus by organized folding5. Intricate chroma-
tin remodelling mechanisms ensure that DNA remains 
accessible to the transcriptional machinery. These 
epigenetic mechanisms alter gene activity by modulat-
ing DNA–protein interactions without changing the 
genetic code.

In simplified terms, chromatin exists in an inac-
tivated, condensed state, heterochromatin, which does 
not allow transcription of genes, and in an activated, 
open state, euchromatin, which allows individual genes 
to be transcribed (FIG. 1b). The opening of chroma-
tin is associated with acetylation of nearby histones, 
although it remains unclear whether acetylation 
mediates or reflects chromatin decondensation. In 
reality, chromatin can exist in many states in between 

Figure 1 | General scheme of chromatin remodelling. 
a | Picture of a nucleosome showing a DNA strand wrapped 
around a histone octamer composed of two copies each of 
the histones H2A, H2B, H3 and H4. The amino (N) termini of 
the histones face outward from the nucleosome complex. 
b | Chromatin can be conceptualized as existing in two 
primary structural states: as active, or open, euchromatin 
(top left) in which histone acetylation (A) is associated 
with opening the nucleosome to allow binding of the 
basal transcriptional complex and other activators of 
transcription; or as inactive, or condensed, 
heterochromatin where all gene activity is permanently 
silenced (bottom left). In reality, chromatin exists in a 
continuum of several functional states (active; permissive 
(top right); repressed (bottom right); and inactive). 
Enrichment of histone modifications such as acetylation  
and methylation (M) at histone N-terminal tails and related 
binding of transcription factors and co-activators (Co-Act) 
or repressors (Rep) to chromatin modulates the 
transcriptional state of the nucleosome. Recent evidence 
suggests that inactivated chromatin may in some cases be 
subject to reactivation in adult nerve cells, although this 
remains uncertain. c | Summary of common covalent 
modifications of H3, which include acetylation, 
methylation and phosphorylation (P) at several amino acid 
residues. H3 phosphoacetylation commonly involves 
phosphorylation of S10 and acetylation of K14. Acetylation 
is catalysed by histone acetyltransferases (HATs) and 
reversed by histone deacetylases (HDACs); lysine 
methylation (which can be either activating or repressing) 
is catalysed by histone methyltransferases (HMTs) and 
reversed by histone demethylases (HDMs); and 
phosphorylation is catalysed by protein kinases (PK) and 
reversed by protein phosphatases (PP), which have not yet 
been identified with certainty. K, lysine residue; S, serine 
residue. Panels a,c modified, with permission, from Nature 
Rev. Neurosci. REF. 62 ! (2005) Macmillan Publishers Ltd.

REVIEWS

356 | MAY 2007 | VOLUME 8  www.nature.com/reviews/neuro


