
Ring Around the Axon
Cytoskeletal proteins form a unique structure in nerve cells.
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Xiaowei Zhuang and her team used a microscopy technique called STORM to show 
that actin protein forms evenly-spaced rings around the axons of nerve cells.
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In the thin, extending part of a nerve cell, 
called the axon, actin forms rings, encircling 
the length of the fiber at regular intervals. 
Zhuang suggests that these repeated rings 
lend flexible yet robust support to axons. She 
also proposes that the pattern may affect how 
electric signals are transmitted along axons.

“No one has ever seen periodic rings 
like this formed by actin,” says Zhuang, a 
biophysicist at Harvard University whose 
team published the findings on January 
25, 2013, in Science. The discovery comes 
as a surprise to neuroscientists, who have 
pondered the structure of actin within 
brain cells—in particular, within axons 
and the threadlike extensions of the nerve 
cell body known as dendrites. 

At less than a ten-millionth of a millime-
ter (10 nanometers) in diameter, the protein 
was too small for most light microscopes to 
visualize in detail. Early last year, Zhuang’s 
postdoc Ke Xu improved a microscopic 
technique developed in Zhuang’s lab called 
STORM (stochastic optical reconstruction 
microscopy) and captured high-resolution 
images of individual filaments of actin in 
fibroblasts and epithelial cells—work pub-
lished January 8, 2012, in Nature Methods. 
Soon after, Zhuang challenged Xu and 
another postdoc in the lab, Guisheng 
Zhong, to image actin within brain cells, 
where its structural organization is thought 
to influence brain cell communication and 
other neurologic processes.

Zhuang suggested that Xu and Zhong 
focus on actin in the synapses—special-
ized cell–cell junctions responsible for 
communication—because neuroscientists 
predicted that the protein’s structure at 
these junctions would influence chemical 
signaling. Instead, the two became preoc-
cupied with fluorescent dots that aligned 
along the neurons’ axonal fibers. Over the 
following months, Xu and Zhong perfected 

their methods of labeling and imaging neu-
rons until they could image actin clearly 
in three dimensions. The images revealed 
that the dots were in fact individual rings 
of actin periodically encircling the axonal 
fibers just beneath the membrane. 

 In addition, they found that one of 
actin’s binding partners, a protein called 
spectrin, was also part of the pattern. Zhong 
and Xu fluorescently labeled spectrin and 
saw that a long stretch of the protein—180 to 
190 nanometers—bridged each actin ring.

The team revealed that sodium ion chan-
nels embedded in the axonal membrane 
follow a periodic pattern as well. Ions pass-
ing through these channels create electric 
charges that rise and fall rapidly, sending 
signals throughout the brain as they travel 
along axons. This electric movement is 
detailed in a mathematical model called 
the cable equation. As a result of the team’s 

findings, “The outcome of the equation that 
describes how electrical signals propagate 
along axons may now need to be modified,” 
says Zhuang’s colleague, Harvard chemical 
biologist Xiaoliang “Sunney” Xie.

Zhuang credits her postdocs for having 
the intuition to pursue whether the “dots” 
they saw in STORM’s first image were more 
than an artifact and for having the endurance 
to enrich and perfect the results until they 
could construct a model of this molecular 
lattice. “When they first noticed the seem-
ingly periodic pattern, it was not so obvious at 
all, but they did not let it go,” recalls Zhuang. 

“These talented guys were so persistent in 
overcoming one difficulty after another to 
optimize the experimental conditions and 
generate these convincing images.” 

Zhuang would like to capture even finer 
images of actin–spectrin interaction within 
the lattice and to better understand the func-
tional role it serves. She plans to improve 
STORM so that it can delve down from 
10 nanometers to just a few nanometers. A 
STORM microscope snaps only a subset of 
glowing fluorescent molecules in a sample 
at a time and then iterates this process until 
a high-resolution image is reconstructed. In 
contrast, conventional microscopes image 
all glowing molecules at once, creating 
a blur that limits resolution. To increase 
STORM’s power, Zhuang needs to find 
brighter fluorescent tags that label mole-
cules of interest in the sample more densely 
and hone the microscope to determine the 
positions of the molecules more precisely. 

Xie attributes Zhuang’s unexpected find-
ing to her focus on perfecting techniques 
and exploring biologically important topics. 

She had the foresight to focus on actin in 
the brain, he says, with one of the only tools 
capable of doing it.

Unveiling the structure of the actin–
spectrin rings speaks to the worth of 
super-resolution microscopes like STORM, 
Zhuang says. “Making a scientific discov-
ery is extremely rewarding for people like 
us who develop new methods. It is the ulti-
mate validation of a method.”
   –   a m y  m a x m e N
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organizes to support the cell’s shape. it typically does so in  
linear or branched formations. Turns out, actin can come  
together in a completely different way as well, according to work  
by hhmi investigator Xiaowei zhuang and her lab team.

“These talented guys were so persistent in 
overcoming one difficulty after another to 
optimize the experimental conditions and 
generate these convincing images.”X I AOW E I  Z H UA N G

 
W E B  E X T R A :�  To learn more about SToRm, visit  
www.hhmi.org/bulletin/spring2013.
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