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Actin dynamics: Filament end remodeling drives rapid

depolymerization
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Actin filaments turn over rapidly in cells, yet the structural basis for this has remained unclear. High-resolution
cryo-EM structures now reveal that cofilin and cyclase-associated protein remodel filament ends into
monomer-like states that promote capping protein dissociation, accelerate subunit loss, and suppress

reassembly.

In 1950, the famed Hungarian biochemist
Bruno Straub remarked that “one great
problem of actin chemistry remains still
unsolved, and that is the mode of
physiological depolymerization”'. More
than 70 years later, this paradox persists:
pure actin filaments are intrinsically
stable, yet cells achieve rapid actin
turnover in the cytoplasm?®. How filament
ends depolymerize rapidly has remained
a central unresolved question in actin
biology. A new study by Palmer et al.®> now
provides a structural explanation for how
actin filaments get dismantled from both
of their ends.

Actin filaments can disassemble via
two distinct but synergistic pathways:
severing and depolymerization. Severing
involves the fragmentation of the filament,
effectively multiplying the number of
available ends. Depolymerization involves
the physical dissociation of subunits from
those ends. Although severing increases
the number of ends, it does not by itself
promote disassembly of filaments into
monomers. While the molecular
mechanisms driving severing are now
relatively well understood”, the
mechanisms underlying high-speed
depolymerization have remained unclear.

Over the past decade, single-filament
total internal reflection fluorescence
(TIRF) imaging combined with
microfluidics has transformed our
understanding of these processes®®. By
moving away from ensemble averages of
bulk assays, we have been able to
conduct end-specific single-molecule
studies. Such analyses have revealed that
regulatory proteins can accelerate the
inherently slow off-rates of actin by more
than two orders of magnitude. However,
while these studies shed light on the
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underlying kinetics, they lacked the high-
resolution structural insights required to
explain how multiple proteins
simultaneously interact with a single
filament end to promote rapid loss of
subunits.

The primary driver of actin turnover is
actin depolymerizing factor ADF/cofilin
(referred to hereafter as cofilin), which
cooperatively binds ‘aged’ ADP-actin
subunits in filaments and severs them.
While cofilin’s role in severing is not
disputed, its role in depolymerization was
long debated, despite convincing
evidence from bulk assays®. Two TIRF
studies eventually confirmed that binding
of cofilin to actin filaments promotes
depolymerization from both barbed and
pointed ends>®. However, although the
observed rates were faster than
depolymerization of bare actin filaments,
they still fell short of expected turnover
rates in cells. This suggested that cofilin
might not function alone in cells, but
rather together with cofactors.

To achieve physiological
depolymerization rates, cofilin
collaborates with cyclase-associated
protein (CAP), a large, multi-domain
protein with a helical folded domain (HFD)
near its amino-terminal end that promotes
a 300-fold enhancement of the pointed-
end depolymerization rate of cofilin-
coated filaments”°. While the HFD binds
the pointed end, the central region
contains a WH2 domain that enhances
barbed-end depolymerization'® and a
CARP domain that catalyzes nucleotide
exchange, re-charging ADP-actin
monomers into ATP-actin''. CAP also
accelerates the dissociation of capping
protein (CP) from barbed ends and
promotes the processivity of formins,
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which nucleate and elongate actin
filaments from barbed ends'®. Thus, CAP
promotes both disassembly and the re-
charging of the monomer pool, facilitating
repeated cycles of assembly and
turnover.

The new cryo-EM study from Roberto
Dominguez’s lab now provides a
mechanistic explanation for cofilin’s
effects and its synergy with CAP®,
Through twelve high-resolution
structures, the authors show that the key
to rapid depolymerization lies in causing
the subunits at filament ends to adopt a
monomeric, G-actin-like conformation. In
a standard F-actin lattice, neighboring
subunits in a protofilament are held
together firmly by longitudinal interactions
involving the D-loop and the hydrophobic
(H) cleft. Cofilin induces a rupture of this
D-loop—H-cleft interaction, leaving
terminal subunits only loosely tethered to
the rest of the filament (Figure 1).

This effect is most dramatic at the
pointed end. The authors found that while
a single CAP-HFD cannot alter the actin
structure, the binding of a second HFD
(within the CAP tetramer) creates a steric
clash. In cofilin-decorated filaments, this
clash is amplified by the cofilin-induced
change in twist, laterally displacing the
terminal subunit by roughly 7.6 A, leading
to a splayed filament end. These
observations provide the structural basis
for the previously reported 300-fold
synergy in depolymerization”-®.

The Palmer et al.® study also brings new
insights into barbed-end disassembly.
The barbed-end subunits of a bare
filament display a stable F-actin
conformation. These authors show that
cofilin decoration induces a G-actin-like
conformation in the terminal barbed-end

R483

All rights are reserved, including those for text and data mining, Al training, and similar technologies.



mailto:shekhar@emory.edu
https://doi.org/10.1016/j.cub.2026.04.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cub.2026.04.036&domain=pdf

¢? CellPress

Stably CP
capped destabilized Uncapped
le) o
O O O © o)
% N © O
o N o4 o
50 p | .
. |
Barbed end 1 . /QF XX
> > > B f Splayed
pointed end
A t Lo
Severing t L g DN
Pointed end ] W I © % ©
kO o (2}
G-actin Capping

O conformation

F-actin
@ conformation C?

@ Cofilin XX CAP

protein (CP)

Current Biology

Figure 1. Remodeling of actin filament ends by cofilin and CAP.

Bare actin filaments elongate rapidly at barbed ends and depolymerize slowly at pointed ends. Filaments
with their barbed ends capped undergo slow pointed end depolymerization. Cofilin binding promotes
severing (between cofilin clusters), accelerates pointed end depolymerization, and destabilizes capping
protein (CP), leading to uncapping and depolymerization from both ends. CAP binding to pointed ends
of cofilin-coated filaments promotes splaying of terminal subunits and drives rapid pointed end
depolymerization. White and gray actin subunits indicate G-actin-like and F-actin conformations,
respectively. Arrow direction and thickness indicate the direction and relative rates of elongation
(green) and depolymerization (red). Note: splaying between pointed end subunits is exaggerated for

clarity.

subunits. By forcing the barbed end to
look like a monomer, cofilin makes this
end structurally incompatible with
capping and further monomer addition.
This explains previously reported cofilin-
mediated uncapping and persistent
barbed-end depolymerization of cofilin-
coated filaments even in the presence of
polymerizable monomers®. Notably,
however, these biochemical and
structural observations are at odds with
those of the landmark study from the
Condeelis lab, which showed that

acute cofilin activation in vivo actually
enhances actin assembly'?. In summary,
cofilin and CAP don’t just increase the
off-rate of actin subunits, they also
reduce the on-rate by altering the end
geometry.

Despite the advances, the structural
snapshots from Palmer et al.® also raise
new questions. First, we must reconcile
these findings with the debated role of
CAP in severing. While earlier studies
showed that CAP enhances cofilin-
mediated severing'®'4, a more recent
study did not see any enhancement’.
Consistent with the latter study, Palmer
et al.® did not observe any side-binding

of CAP and instead proposed that the
HFD-actin interaction is sterically
hindered along the filament sides except
at the pointed end. This raises a
fundamental question: does CAP’s
severing-enhancing function result from
differences in the experimental
techniques used in the previous studies?
Or does CAP have an alternative binding
mode not observed in the cryo-EM study?
Interestingly, a recent study has
suggested a role for CAP’s WH2 domain
in filament side-binding'®, but how this
interaction affects disassembly remains
to be studied.

Second, we must consider these
interactions in light of the ‘age’ of the
filament. We typically assume the pointed
end is composed of ‘old’ ADP-actin.
However, the discovery of pointed-end
polymerization activity by proteins like the
Vibrio effector VopF suggests that, in
certain contexts, pointed ends could also
be rich in ATP-actin'®'". This implies the
existence of filaments with ‘young’ ATP/
ADP-P; caps at both ends and ‘old’ ADP-
actin in the middle. How do CAP and
cofilin handle such pointed ends? What
effects do these proteins have on the
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structure of such hybrid filaments? Could
a pointed-end ATP/ADP-P; cap protect
against disassembly?

Thirdly, these snapshots hint at a
‘renaissance’ of complexity at the
pointed end. At the barbed end, we know
that formins and CP can coexist in a so-
called ‘decision complex’, where their
mutually weakened binding allows for
rapid displacement'®'®. Does a similar
elongator-blocker complex exist at the
pointed end? Could pointed-end
polymerases form transient trimeric
complexes with pointed-end cappers like
tropomodulin? If such complexes exist,
depolymerases like CAP and cofilin
might tune their dynamics, just as
twinfilin acts as a ‘pro-formin’ factor at
the barbed end by displacing CP from
formin—-CP complexes®’. One can
imagine CAP or cofilin exerting a similar
control to decide whether a pointed
end grows, is capped, or is
depolymerized.

Finally, while Palmer et al.® have
provided the most detailed look yet at
pointed-end depolymerization by CAP,
the barbed-end activities of CAP, namely
its ability to uncap and depolymerize
barbed ends, and to enhance formin
processivity, remain structurally
unexplored. Future studies must bridge
these gaps to provide a truly complete
view of the actin disassembly machinery.
Seventy-six years after Straub first
articulated the depolymerization paradox,
we are finally moving toward resolving this
fundamental question.
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Blowfly motion vision is tuned not simply to represent optic flow, but to support rapid flight control. A recent
study shows that blowfly visual neurons preferentially encode the self-motion signals most useful for
stabilisation, revealing an embodied principle of sensory coding.

Why does a fly see the world the way it
does: to encode the environment
efficiently, or to control its body
effectively? For decades, an influential
answer in sensory neuroscience came
from efficient coding: the idea that
sensory systems are adapted to the
statistical structure of natural inputs and
use limited neural resources
economically’?. In vision, this has often
been taken to imply that neural coding
should reduce redundancy and allocate
limited resources to the most informative
features of the visual world. But for a
flying insect that must remain upright,
stable and manoeuvrable while being
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continually buffeted by gusts and
reshaped by its own motor commands,
efficient coding of the visual world may
not be the main goal. Under those
conditions, vision matters not simply
because it describes the world, but
because it helps stabilise an unstable
body. Humbert et al.®> have now given
that intuition a formal control-theoretic
basis, arguing that blowfly motion
vision is tuned less to encoding
optic flow in general, and more to
supporting the control of that unstable
body in flight.

This argument extends, rather than
overturns, a long neuroethological
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tradition in which fly lobula plate
tangential cells were first described as
decoders of retinal image flow?, then
shown to encode specific combinations
of self-motion®®, and later formalised as
matched filters for optic flow’.
Elementary motion detectors earlier in
the pathway are likewise adapted to
each species’ visual ecology®®. Later
work under naturalistic conditions
showed that motion-sensitive responses
are shaped by the statistics of free flight,
by adaptation, by behavioural state, and
by visuomotor demands'®~'“. Together,
these studies established that fly
motion vision is highly specialised for
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