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E
nzymes that use energy gained by
ATP-hydrolysis to alter nucleo-
somes, the building blocks of
chromatin, are involved in all

processes occurring on DNA (1, 2). These
ATP-dependent chromatin remodeling
factors regulate access to DNA either by
moving nucleosomes away from a tran-
scription factor binding site or into such
a site, occluding further access (1, 2). All
known ATP-dependent nucleosome re-
modeling factors contain a protein with
a highly conserved SWI/SNF-type ATPase
core domain. This ATPase is usually im-
bedded in a complex with other subunits
that regulate its function. Despite the im-
portance of these enzymes, we know little
of how they operate in the living cell. In
a paper published in PNAS, Rippe and
coworkers (3) present a study on the mo-
bility of ATP-dependent chromatin re-
modeling factors in living cells and pro-
pose a mechanism by which these factors
rapidly identify target sites in the nucleus.
Chromatin remodeling factors are sur-

prisingly abundant, given that they are
enzymes, wherein one molecule can usu-
ally successively remodel multiple nucleo-
somes (4, 5). Observations with chromatin
that was assembled in the test tube from
Drosophila embryo extracts have led to the
hypothesis that nucleosomes might be
constantly remodeled in the cell (e.g.,
shuffled back and forth) to allow access to
the underlying DNA for incoming factors
(6–8) (Fig. 1A). Rippe and coworkers (3)
present data that lead to an alternative
model called a “continuous sampling
mechanism,” wherein an abundance of re-
modeling complexes sample nucleosomes
constantly but transiently without causing
remodeling. Only after recognition of a
specific cue (e.g., targeting molecule, post-
translational histone modification) is a sta-
ble interaction with chromatin formed,
allowing processive chromatin remodeling.
Once a nucleosome is highlighted to be
remodeled, it will be rapidly bound because
of the abundance of remodeling factors
(Fig. 1B). Therefore, the combination of
a large concentration of remodelers with
transient binding reactions allows for rapid
samplingof the entire genomeand a fast but
tightly regulated response (within seconds
tominutes) on activation by special triggers.
Rippe and coworkers (3) focus on the

Imitation Switch (ISWI) class of SWI/SNF
factors, namely, the highly similar proteins
SNF2H and SNF2L and ACF1, which

binds SNF2H in the ATP-utilizing chro-
matin assembly and remodeling factor
(ACF) complex. SNF2H and SNF2L form
multiple complexes even in the same cell
type with diverse biological roles, in-
cluding gene activation and repression,
DNA replication, and repair (9–11). ISWI
complexes move nucleosomes along the
DNA without major disruption of the nu-
cleosomes (reviewed in 1). The ACF
complex is involved in creating regular
nucleosomal arrays (referred to as nucle-
osome spacing) (reviewed in 1). The au-
thors use imaging of fluorescently tagged
chromatin remodelers to study their dy-
namics in living human and mouse cells in
culture. They use fluorescence fluctuation
microscopy techniques, such as fluores-
cence recovery after photobleaching, that
give insights into the mobility and inter-
actions of proteins in living cells.

Rippe and coworkers (3) provide sev-
eral pieces of evidence in favor of the
continuous sampling mechanism. They
determine the concentrations of the ISWI
factors in the nucleus to be roughly one
SNF2H molecule for every 140 nucleo-
somes. Extrapolating to the total concen-
tration of all known SWI/SNF-type
remodeling complexes, they come up with
a value of one remodeler per ∼14 nucle-
osomes, confirming the previous notion
that remodeling factors are fairly abun-
dant molecules in the cell. They then dem-
onstrate that SNF2H and SNF2L are rel-
atively immobile at DNA replication and
repair foci (residence times of several
seconds). This observation is consistent
with studies that report roles for ISWI
complexes in chromatin replication and
DNA repair (11–14). In G1 or G2, the
majority (>95%) of the remodeler mole-
cules were shown to be highly mobile (mil-
lisecond residence time) with diffusion
rates not much different from those found
in the cytoplasm. Such a time scale seems
incompatible with the time required for
nucleosome remodeling by ACF, as mea-
sured by single-molecule analysis (15).
A SNF2L form lacking an active ATP-
binding site exhibited only slightly increased
mobility, suggesting that only a small frac-
tion of the remodelers is actively involved in
chromatin remodeling during G1 or G2.
This conclusion was corroborated by ex-
periments in which ATP was depleted in the
cell by addition of azide. Together, these
data are consistent with the scenario that the
ISWI complexes transiently interact with
chromatin unless a specific feature, such
as found in replication foci, causes these
factors to engage with the chromatin more
permanently.
The proposed continuous sampling

mechanism puts special importance on the
“trigger” that recruits chromatin remod-
eling enzymes. At replication and repair
foci, this trigger is, at least in part, the
sliding clamp proliferating cell nuclear
antigen, a key molecule of DNA replica-
tion and repair with which SNF2H inter-
acts (13). Histone modifications also play
a crucial role in targeting and regulating
nucleosome remodeling factors (16). For

Fig. 1. Two possible modes by which ATP-
dependent nucleosome remodeling factors interact
with chromatin. (A) These factors may engage with
nucleosome most of the time, continuously shoving
them back and forth, and because they are also
abundant, theywould create a highly “transparent”
and plastic chromatin, allowing rapid access to in-
coming factors. (B) These factors may interact very
transiently with nucleosomes and engage produc-
tively in nucleosome remodeling only once their in-
teractions are stabilized [e.g., by binding to pro-
liferating cell nuclear antigen (PCNA) at chromatin
replication or DNA repair sites].
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example, histoneH3 lysine 4 trimethylation
is required to stabilize the interaction of the
ISWI-containing nuclesome remodeling
factor complex with chromatin (17). In-
teraction with sequence-specific transcrip-
tion factors is also key for targeting
chromatin remodeling factors to specific
sites, including ISWI complexes (9).
It will be important to test if the re-

ported observations can be extended to
other SWI/SNF-type remodeling factors.
Although there are common aspects in
their mechanism, their interaction with

and action on nucleosomes differ signifi-
cantly in detail (1). Furthermore, it will be
exciting to test the modes of function of
chromatin remodeling factors in various
developmental states, especially stem cells.
These cells are characterized by a highly
dynamic plastic chromatin (18). This dy-
namic chromatin could, at least in part,
be possible through the promiscuous ac-
tions of ATP-dependent chromatin
remodeling factors.
The work of Rippe and coworkers (3)

highlights the important contribution that

in vivo imaging approaches can provide to
our understanding of mechanisms that
shape chromatin. Constant technological
improvements and breakthroughs, such
as superresolution microscopy, are going
to make this type of approach an in-
credibly powerful way to reveal processes
in the cell.
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