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40 CHAPTER 3

In addition to transcriptional initiation and estab-
lishing the primary contact with a promoter region, the
passage of RNA pol II (or of RNA pol I) during tran-
scriptional elongation is further obstructed by the pres-
ence of nucleosomes. Mechanisms are therefore
required to ensure the completion of nascent transcripts
(particularly of long genes). In particular, a series of his-
tone modifications and docking effectors act in concert
with chromatin-remodeling complexes such as SAGA
and FACT (for facilitate chromatin transcription)
(Orphanides et al. 1998) to allow RNA pol II passage
through nucleosomal arrays. These concerted activities
will, for example, induce increased nucleosomal mobil-
ity, displace H2A/H2B dimers, and promote the
exchange of core histones with histone variants. As such,
they provide an excellent example of the close interplay
between histone modifications, chromatin remodeling,
and histone variant exchange to facilitate transcriptional
initiation and elongation (Sims et al. 2004). Other
remodeling complexes have also been characterized, such
as Mi-2 (Zhang et al. 1998; Wade et al. 1999) and INO-
80 (Shen et al. 2000), which are involved in stabilizing
repressed rather than active chromatin.

Compositional differences of the chromatin fiber that
occur through the presence of histone variants contribute
to the indexing of chromosome regions for specialized
functions. Each histone variant represents a substitute for
a particular core histone (Fig. 12), although histone vari-
ants are often a minor proportion of the bulk histone con-
tent, and thus more difficult to study than regular
histones. An increasing body of literature (for review, see
Henikoff and Ahmad 2005; Sarma and Reinberg 2005)
documents that histone variants have their own pattern of
susceptibility to modifications, likely specified by the small
number of amino acid changes that distinguish them from
their family members. On the other hand, some histone
variants have distinct amino- and carboxy-terminal
domains with unique chromatin-regulating activity and
different affinities to binding factors. By way of example,
transcriptionally active genes have general histone H3
exchanged by the H3.3 variant, in a transcription-coupled
mechanism that does not require DNA replication
(Ahmad and Henikoff 2002). The replacement of core
histone H2A with the H2A.Z variant correlates with tran-
scriptional activity and can index the 5" end of nucleo-
some-free promoters. However, H2A.Z has also been
associated with repressed chromatin. CENP-A, the cen-
tromere-specific H3 variant, is essential for centromeric
function and hence chromosome segregation. H2A.X,
together with other histone marks, is associated with
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Figure 12. Histone Variants

(7 isoforms)

Protein domain structure for the core histones (H3, H4, H2A,
H2B), linker histone H1, and variants of histones H3 and H2A. The
histone fold domain (HFD) where histone dimerization occurs, and
regions of the protein that differ in histone variants (shown in red)
are indicated.

sensing DNA damage and appears to index a DNA lesion
for recruitment of DNA repair complexes. MacroH2A is a
histone variant that specifically associates with the inactive
X chromosome (Xi) in mammals (for more details on his-
tone variants, see Chapter 13).

Importantly, and in contrast to the commonly held
textbook notion that histones are synthesized and
deposited only during S phase, synthesis and substitution
of many of these histone variants occurs independently of
DNA replication. Hence, the replacement of core histones
by histone variants is not restricted to cell cycle stages (i.e.,
S phase), but can take immediate effect in response to
ongoing mechanisms (e.g., transcriptional activity or
kinetochore tension during cell division) or stress signals
(e.g., DNA damage or nutrient starvation). Elegant bio-
chemical studies have documented chromatin remodeling
or exchanger complexes that are specific for replacement
of distinct histone variants, such as H3.3, H2A.Z, or
H2A.X (Cairns 2005; Henikoff and Ahmad 2005; Sarma
and Reinberg 2005). For instance, replacement of H3 with
the H3.3 variant occurs via the action of the HIRA (his-
tone regulator A) exchanger complex (Tagami et al. 2004),
and H2A is replaced by H2A.Z through the activity of the
SWRI (Swi2/Snf2-related ATPase 1) exchanger complex

Copyright 2007 Cold Spring Harbor Laboratory Press.

.





