
Chromatin Remodeling: A Case Study

Chromatin remodeling is regulated by two distinct, yet complementary, processes. One 
process is comprised of DNA methylation and histone modifications (discussed earlier in 
this subunit). The latter modifications are performed by histone-modifying enzymes: 
histone methylation is performed by histone methylases and reversed by demethylases, 
while histone acetylation is reversed by histone deacetylases, for example. The second 
chromatin-remodeling process is the actual recognition of histone modifications by ATP-
dependent chromatin-remodeling complexes, a prerequisite for the modifications’ impact 
on gene expression. ATP-dependent chromatin-remodeling complexes, upon reading 
the histone code of specific histone modifications, modify or entirely remove the 
nucleosome in accordance with the instructions in that code, changing the 
transcriptional competence of the affected DNA (see figure 1). ATP-dependent 
chromatin-remodeling complexes are very large, consisting of up to 17 subunits, and, as 
their name implies, hydrolyze ATP molecules—the cell’s main energy currency—into 
ADP to derive the energy that is necessary for their function. There are four types of 
ATP-dependent chromatin-remodeling complexes: SWI/SNF, ISWI, NURD/Mi-2/CHD, 
and INO80. Here, we concentrate on one example, the SWI/SNF complex, in order to 
introduce the role of ATP-dependent chromatin-remodeling complexes.

Figure 1. ATP-dependent chromatin remodeling. The effects may include nucleosome and/or 
configuration changes (facilitated by DNA-binding proteins, DBPs).

SWI/SNF was first discovered in brewer’s yeast, Saccharomyces cerevisae, a 
unicellular eukaryote whose cells share key structural and mechanistic commonalities 
with the cells of multicellular eukaryotes, such as humans (unit 11 will introduce you to 
the many ways in which brewer’s yeast and other model organisms have aided our 
understanding of molecular biology). SWI is yeast geneticists’ abbreviation for “mating-
type SWItching,” and SNF for Sucrose Non-Fermenting. When this complex was 
purified, it was still able to remodel nucleosomes in vitro when ATP was provided. This 
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demonstration of molecular function paved the way for investigations of SWI/SNF in 
more complex model organisms and eventually in humans. Chromatin-remodeling 
complexes, including SWI/SNF, are multiprotein assemblies that have components with 
two different types of interaction modules: DNA-protein (i.e., DNA-binding) interactions 
(for example, to help unwind the DNA), and protein-protein interactions (for example, to 
directly recognize histone modifications) (see figure 2). The central core of SWI/SNF is 
its energy-supplying ATPase hydrolytic subunit. Interestingly, some of the DNA-binding 
components are histone-like in their structure, capable of holding the DNA in place—as 
do histones—while the DNA is temporarily displaced during nucleosome remodeling.

Figure 2. SWI/SNF roles in chromatin remodeling. This example shows how a static nucleosome 
configuration in the yeast HIS3 locus (top) is remodeled by SWI/SNF and other complexes into a dynamic 
configuration (bottom) as a prerequisite for transcriptional regulation. DNA-protein interactions between 
the genomic DNA and these complexes, as well as protein-protein interactions between the complexes 
and co-factors such as Gcn4p, occur during this process.

The energy from ATP hydrolysis helps to move DNA during nucleosome remodeling. 
The first step of such remodeling is binding between SWI/SNF and the nucleosome. 
Once bound, SWI/SNF abolishes the existing DNA-histone contacts. A temporary, 
transient DNA loop is created at this time to aid nucleosome repositioning (see figure 3). 
Protein-crosslinking experiments demonstrate that in yeast, the ATPase and several 
other SWI/SNF complex components directly interact with histones. The interacting 
components line a large surface of SWI/SNF that serves as the interface for interactions 
between this complex and the nucleosome. RSC, an SWI/SNF-like complex that has 
been better studied, contains protein domains that have been documented to recognize 
specific histone modifications—in particular, the acetylation of specific amino acids of 
histone H3. Recognition of these acetylated residues by RSC appears to be a 
prerequisite for nucleosome remodeling. High-resolution analysis of SWI/SNF-
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nucleosome interactions, and an enhanced understanding of how the complex 
interfaces with specific histone modifications, are priorities for future work in this field 
(Tang, Nogales, and Ciferri 2010).

Figure 3. DNA loop formation and resolution during nucleosome repositioning.
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