
Herbert suggests flipons take on the 
Z conformation only once transcription 
is underway, because the DNA supercoil-
ing that accompanies active transcription 
is thought to promote the conformational 
change. But a 2012 study provided some 
evidence that Z-DNA may help open up 
the DNA that is normally tightly wound 
around histone proteins in nucleosomes, 
in preparation for transcription to begin. 
Keji Zhao of the National Heart, Lung, and 
Blood Institute found that a protein com-
plex called SWI/SNF (SWItch/Sucrose 
Non-Fermentable), which is involved 
in loosening DNA-histone interactions, 
caused DNA near the promoter region of 
a gene to flip into the Z conformation.8 

Zhao speculates that Z-DNA modu-
lates the placement of nucleosomes on the 
genome. “Formation of Z-DNA by the activ-
ity of SWI/SNF complexes may first generate 
an unstable nucleosome, which can slide to a 
nearby B-DNA region or eject the core his-
tones to form a nucleosome-free region,” thus 

allowing transcription to start, he explains. 
The idea that Z-DNA could be present on 
DNA molecules wound around histones is 
somewhat surprising, notes Ho. “Most of 
the data that we’ve seen from other labora-
tories have shown that Z-DNA doesn’t actu-
ally sit on nucleosomes, primarily because 
[Z-DNA] is a very stiff structure,” he says. “It’s 
very rod-like, whereas nucleosomes require a 
very large amount of flexibility in the DNA in 
order to make essentially 200 base pairs wrap 
around the small complex.” 

Zhao’s work also supports the idea 
that Z-DNA formation may be influenced 
by DNA methylation. He and his col-
leagues created DNA templates assem-
bled into nucleosomes that contained 
known Z-forming regions, including DNA 
with methylated and non-methylated gua-

nine bases. The researchers could detect 
Z-DNA using a restriction enzyme mod-
ified with two copies of the Zα binding 
domain that would cleave the DNA if the 
Z configuration was present. The team 
found that Z-DNA was only present when 
the DNA fragments were made with meth-
ylated guanines. An older study had simi-
larly found that DNA tends to switch con-
formations in the presence of methylated 
cytosines.9 Herbert adds that there are 
other types of DNA modifications, such as 
the hydroxymethylation of cytosine, that 
make the formation of Z-DNA more dif-
ficult and favor the B-DNA conformation. 

The link to epigenetics will need more 
investigation, but it has led Herbert to the idea 
that flipons ultimately have a quick and spon-
taneous role in controlling how cells react to 

It’s a different way of thinking about the biology.
 —Alan Herbert, InsideOut Bio

Z-DNA IN ACTION
Z-DNA is linked to control of the interferon immune response through the RNA-editing enzyme ADAR1, which contains a Z-DNA 
binding domain called Zα. By editing double-stranded RNAs (dsRNAs), produced by stretches of repetitive DNA known as Alu  
elements, ADAR1 limits the interferon immune response normally caused by the dsRNA molecules. Recent work has shown  
that Z-DNA regions provide ADAR1 binding sites, allowing dsRNA editing to be localized to areas where dsRNA is produced following  
transcription. Genetic mutations of the Zα domain have been linked to serious neurodevelopmental disorders that are caused by the 
overproduction of type 1 interferons.
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