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Carmichael’s Concise Review

Actin Assembly Takes Off Like a
Rocket!

Stephen W. Carmichael' * and Jeffrey L. Salisbury?
' Mayo Clinic, Rochester, MN 55905

*carmichael.stephen@mayo.edu

Actin filament assembly occurs in all eukaryotic cells and involves a delicate
balance between factors that promote assembly and factors that inhibit assembly.
Filament assembly begins with a process of nucleation and then proceeds via
elongation. Filament assembly in vivo requires nucleation and elongation factors
to overcome barriers that could either bind actin monomers to inhibit nucleation
or “cap” the ends of elongating filaments. The formation of most cellular actin
structures depends on two or more such factors, which may interact directly. The
interaction between two factors that initiate nucleation and promote assembly
has recently been demonstrated by Dennis Breitsprecher, Richa Jaiswal, Jeffrey
Bombardier, Christopher Gould, Jeff Gelles, and Bruce Goode [1]. Interestingly,
the model of these factors in action (Figure 1) resembles a rocket launcher!

In many cases actin assembly is thought to involve pairs of “assembly-
promoting factors” (APFs), with one of the molecules being a “formin.” The formin-
homology 2 (FH2) domains of formins processively track the growing barbed
end of the actin filament, protecting it from capping proteins. Actin monomers
bind with profilin before assembly. The adjacent FH1 domains recruit profilin-
actin monomer complexes and can increase the rate of elongation at barbed ends.
Whereas profilin enhances formin-mediated filament elongation, it also strongly
suppresses filament nucleation by formins. One APF is the tumor suppressor
adenomatous polyposis coli (APC), which was known to directly interact with
the forming mDial. Collaboration of formins with other APFs that bind actin
monomers may be required to overcome the inhibitory effects of profilin and
capping proteins. However, direct evidence for this mechanism has been lacking.
To address this, Breitsprecher et al. reconstituted APC-formin-mediated actin
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Figure 1: Factors involved in the assembly of actin filaments. Schematic of the factors and their
assembly process (left). Fluorescently tagged proteins revealed by total internal refection fluorescence
microscopy (right).
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assembly with purified, fluorescently tagged proteins and
used multi-wavelength single-molecule total internal
refection fluorescence microscopy (TIRFM) to directly
visualize and define the mechanisms promoting colla-
borative filament assembly.

Dual-color TIRFM was used to directly visualize the
process of actin filament formation by a SNAP-tagged
dye-labeled C-terminal fragment of APC (APC-C) that
catalyzes actin nucleation. The dimeric APC-C molecules
appeared as discrete spots during assembly of filaments
with tagged actin molecules. From some of the spots,
Breitsprecher et al. observed actin filaments emerge and
grow primarily from their barbed ends, and APC-C did
not alter the filament elongation rate in the presence or
absence of profilin. Furthermore, APC-C remained at the
site of filament nucleation but did not cap the pointed ends,
which suggests that it stays bound to the filament side at
the site of nucleation. In their model, this forms the base of
the rocket launcher. Other experiments with a dye-labeled
SNAP-tagged formin (with FH1 and FH2 domains) showed
that it moved processively with the growing barbed ends
of filaments, both in the presence and absence of profilin.
Their observations provide the first direct visualization of
single formin molecules processively tracking the growing
ends of filaments and confirm that processive movement

occurs independent of profilin, whereas accelerated fila-
ment elongation requires profilin.

Breitsprecher et al. performed many other experiments
using differentially labeled formin and APC molecules in
the same reaction, which revealed a mechanism in which
APC-C dimers recruit actin monomers and bind the
formin to form a tripartite nucleation complex. At the onset
of actin polymerization, the complex separates, leaving
the APC-C at the base of the rocket (the pointed end of
the filament) while the formin ring is propelled away on the
rapidly growing barbed end as profilin-bound actin subunits
are added. Profilin is thought to dissociate from actin
upon subunit addition to the filament. This collaborative
mechanism involving two different APFs may result in
site-specific actin assembly in cells. This may in turn serve
to promote directed cell migration or other functions
that require a coordinated reorganization of the actin
cytoskeleton.
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