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The 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.1,2 The sort-
ing machinery is crucial for metabolism, 
intracellular signaling and protection 
against infectious diseases; dysfunctions 
can induce various diseases.3,4 The sorting 
mechanism for the degradation of mol-
ecules is known to involve protein ubiq-
uitination and the ESCRT machinery.5,6 
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,7 
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.8 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,7 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.9,10 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.11-15 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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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.22,23 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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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.21 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.16 Actin may have multiple 

dynasore (Fig. 1). Although we found that 
the N-wasp inhibitor wiskostatin affects 
early 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,16 suggesting that 
wiskostatin may inhibit other targets.17 
Instead, the WASH complex has been 
identified as a crucial regulator of actin 
in early endosomes.15,18-20 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 

Figure 1. Cortactin and Arp2/3 are localized in early endosomes and their localization is en-
hanced by treatment with dynasore. HeLa cells were allowed to internalize Alexa555-transferrin 
(red) for 15 min and treated with 0.5% DMSO (upper parts) or 400 μM 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.

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 Spire1. Tubular extension of endosomes, which are destined for the recy-
cling pathway, involves WASH and cortactin.



©2011 Landes Bioscience.
Do not distribute.

744	 Communicative & Integrative Biology	 Volume 4 Issue 6

22.	 Graham TR, Burd CG. Coordination of Golgi 
functions by phosphatidylinositol-4-kinases. Trends 
Cell Biol 2011; 21:113-21; PMID:21282087; 
DOI:10.1016/j.tcb.2010.10.002.

23.	 Dippold HC, Ng MM, Farber-Katz SE, Lee SK, 
Kerr ML, Peterman MC, et al. GOLPH3 bridges 
phosphatidylinositol-4-phosphate and actomyosin to 
stretch and shape the Golgi to promote budding. Cell 
2009; 139:337-51; PMID:19837035; DOI:10.1016/j.
cell.2009.07.052.

18.	 Derivery E, Gautreau A. Evolutionary conservation 
of the WASH complex, an actin polymerization 
machine involved in endosomal fission. Commun 
Integr Biol 2010; 3:227-30; PMID:20714399; 
DOI:10.4161/cib.3.3.11185.

19.	 David R. Endocytosis: WASHed and sorted. Nat 
Rev Mol Cell Biol 2010; 11:6-7; PMID:20050309; 
DOI:10.1038/nrm2819.

20.	 Duleh SN, Welch MD. WASH and the Arp2/3 
complex regulate endosome shape and trafficking. 
Cytoskeleton 2010; 67:193-206; PMID:20175130.

21.	 Yan Q, Sun W, Kujala P, Lotfi Y, Vida TA, Bean AJ. 
CART: an Hrs/actinin-4/BERP/myosin V protein 
complex required for efficient receptor recycling. 
Mol Biol Cell 2005; 16:2470-82; PMID:15772161; 
DOI:10.1091/mbc.E04-11-1014.

15.	 Derivery E, Sousa C, Gautier J, Lombard 
B, Loew D, Gautreau A. The Arp2/3 activator 
WASH controls the fission of endosomes through 
a large multiprotein complex. Dev Cell 2009; 
17:712-23; PMID:19922875; DOI:10.1016/j.dev-
cel.2009.09.010.

16.	 Puthenveedu MA, Lauffer B, Temkin P, Vistein 
R, Carlton P, Thorn K, et al. Sequence-Dependent 
Sorting of Recycling Proteins by Actin-Stabilized 
Endosomal Microdomains. Cell 2010; 143:761-73; 
PMID:21111236; DOI:10.1016/j.cell.2010.10.003.

17.	 Guerriero CJ, Weisz OA. N-WASP inhibitor wis-
kostatin nonselectively perturbs membrane transport 
by decreasing cellular ATP levels. Am J Physiol 
Cell Physiol 2007; 292:1562-6; PMID:17092993; 
DOI:10.1152/ajpcell.00426.2006.


