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he sorting machinery in early endo-

somes is crucial for intracellular
homeostasis and signal transduction and
its disruption leads to the development
of various diseases. In spite of its signifi-
cance, the molecular mechanism under-
lying this machinery remains largely
unknown. Actin filaments are implicated
in intracellular trafficking, including
membrane fission at endocytosis, mem-
brane stretching at the Golgi complex
and maturation of endosomes. We have
recently found that actin is required
for receptor sorting in early endosomes
and identified cortactin as a candidate
for actin regulation in early endosomes.
Inhibition of actin dynamics leads to
enlargement of early endosomes and
impairment of the sorting; the latter is
also observed in cortactin-depleted cells.
The endosomal localization of cortactin
was enhanced by dynasore, a dynamin
inhibitor that effectively inhibits endo-
somal sorting, indicating that cortactin
is involved in the sorting machinery in
early endosomes. Here we discuss the
role of actin filaments in early endosomes
and other molecules implicated in endo-
somal trafficking.
Cells sort internalized molecules into
either recycling or degradation path-
ways using early endosomes."* The sort-
ing machinery is crucial for metabolism,
intracellular signaling and protection
against infectious diseases; dysfunctions
can induce various diseases.>* The sorting
mechanism for the degradation of mol-
ecules is known to involve protein ubig-
uitination and the ESCRT machinery.>®
The recycling pathway utilizes “geometri-
cal sorting” of tubular endosomes, which
have a high membrane surface-to-content
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ratio. However, in spite of its significance,”
the sorting mechanism for recycling mol-
ecules is yet to be elucidated.

While screening inhibitors that affect
transport from early endosomes to recy-
cling endosomes, we found that actin
inhibitors effectively impaired endosomal
traffic.® These inhibitors did not signifi-
cantly affect late endosome-to-lysosome
traffic. When actin dynamics were inhib-
ited, early endosomes fused with each
other and induced the formation of large
endosomes that contained molecules for
both degradation and recycling. When
the drug was removed, endosomal sorting
restarted. Our results indicate that actin
dynamics is  required for the prevention
of homotypic fusion and sorting in early
endosomes.

In addition, we determined that cor-
tactin is required for transport from early
endosomes. Cortactin is localized on early
endosomes. When we blocked transport
from early endosomes by treatment with
dynasore,” colocalization of cortactin
and internalized transferrin significantly
increased (Fig. 1). Moreover, in cortactin-
depleted cells both receptor sorting and
recovery from actin depolymerization
were delayed, indicating that cortactin is
essential in early endosomal transport.

Cortactin regulates actin dynamics
through activation of the Arp2/3 com-
plex.>'® A similar mechanism is utilized
by other activators of the Arp2/3 com-
plex, termed nucleation-promoting fac-
tors, which include N-wasp, WAVE,
JMY, WHAMM, and the recently iden-
tified WASH complex.'""> N-wasp is also
an actin regulator of endocytosis, and we
found the partial localization of N-wasp
in early endosomes; however, its localiza-
tion is not enhanced by the treatment with
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Figure 1. Cortactin and Arp2/3 are localized in early endosomes and their localization is en-
hanced by treatment with dynasore. HelLa cells were allowed to internalize Alexa555-transferrin
(red) for 15 min and treated with 0.5% DMSO (upper parts) or 400 .M dynasore (lower parts)

5 min after internalization. They were stained with anti-cortactin, anti-Arp2/3, or exogenously
expressed myc-N-wasp (green). The colocalization of cortactin and Arp2/3, but not of N-wasp,
with internalized transferrin was significantly enhanced by dynasore.
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Figure 2. Actin-associated proteins implicated in endosomal transport. The large globular region,
which contains molecules for degradation, involves the Hrs/actinin-4/BERP/myosin V complex
(CART), Annexin A2 and Spirel. Tubular extension of endosomes, which are destined for the recy-

dynasore (Fig. 1). Although we found that
the N-wasp inhibitor wiskostatin affects
carly endosomal transport, its depletion
by siRNA has no effect on transport (data
not shown). Our results are in agreement
with a recent report that found no sig-
nificant localization of N-wasp or WAVE
in early endosomes,'® suggesting that
wiskostatin may inhibit other targets.”
Instead, the WASH complex has been
identified as a crucial regulator of actin
in early endosomes.””'®2° The depletion
of WASH results in the tubular exten-
sion of early endosomes, probably by
inhibiting tubular fission. Moreover, its
depletion impairs the recruitment of cor-
tactin to endosomes. Our results imply
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that both WASH and cortactin may act

cooperatively in actin dynamics in early

endosomes.

We revealed that the inhibition of
actin dynamics induces the formation of

enlarged early endosomes and impairs
receptor sorting. However, cortactin-
depleted cells do not form enlarged endo-
somes, implying that other factors, such
as Hrs/actinin-4/BERP/myosinV, may
regulate endosomal fusion by regulating
actin dynamics.”! Cortactin and WASH
may affect receptor sorting in early endo-
somes (Fig. 2), whereas actin itself appears
to be involved in sorting for the regulated
recycling pathway, including beta2-adren-
ergic receptors.'® Actin may have multiple
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roles in regulating endosomes, including
fusion, membrane segregation and recep-
tor sorting. Interestingly, GOLPH3 binds
to both phosphatidylinositol and actomy-
osin, providing tensile force to stretch the
Golgi structure.?”? A similar mechanism
may create membrane tubulation in early
endosomes because tubular membrane
carriers are located in the Golgi and early
endosomes. Future studies are necessary
to elucidate how membrane deformation
and cytoskeletal remodeling are coordi-
nated for the sorting mechanism.
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