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(Fig. 1). Endocytosis begins with assembly 
at the plasma membrane of a clathrin-coat
module containing proteins involved in cargo
recruitment and coat formation. In cells lack-
ing clathrin, the other coat components still
assemble and their kinetic behaviours are 
only modestly affected. But in these cells the
number of endocytic sites on the plasma
membrane is severely reduced, implying that
clathrin facilitates the assembly of the endo-
cytic machinery.
The second module associates with the coat
module and consists of a group of proteins
involved in regulation of actin polymerization.
Actin is a small protein that polymerizes into
filaments; filament polymerization can gener-
ate the force necessary to move proteins and
membranes. 
Proteins that promote actin filament for-
mation, accelerate filament assembly and 
stabilize new filaments make up the third
module. Once this module assembles, stable
actin filaments become apparent and the
endocytic patch on the membrane begins to
move, probably indicating membrane invagi-
nation (but this remains to be demonstrated).
Treatment with a drug that abolishes actin
polymerization, or genetic deletion of third-
module components, trapped the endocytic
patches at the plasma membrane, so it seems
that actin polymerization is involved in vesicle
invagination.
The fourth module appears transiently and
contains proteins that, when purified, can 
constrict spherical membrane structures into

tubules. Remarkably, in cells lacking these pro-
teins, the endocytic patch began to jut into the
cell but sometimes snapped back to the cell
surface. The authors suggest that this behav-
iour indicates a defect in vesicle release, con-
sistent with membrane-constricting activity of
the proteins. Once the vesicle is released, the
coat protein module disassembles and the
actin network continues to drive the vesicle
deeper into the cell.
How well do the events in yeast correspond
to those in mammalian cells? Although many
components of the endocytic machinery are
evolutionarily conserved between the two,
there are differences in their requirements for
actin and clathrin. In yeast, endocytosis is
strictly dependent on actin assembly, but over-
all can proceed slowly without clathrin6. In
contrast, clathrin-mediated endocytosis in
mammalian cells seems to rely more on
clathrin than on actin4. The results from yeast
indicate that clathrin is an integral component
of endocytic coats2,7, with a significant but non-
obligatory role in coat assembly. This confirms
a long-standing observation that inactivation
of clathrin causes immediate but partial endo-
cytic defects8. Recent live-cell imaging of 
mammalian fibroblast cells revealed that, as in
yeast, actin and actin-polymerizing proteins
associate with most, if not all, clathrin coats,
and promote invagination and vesicle move-
ment9,10. However, inhibition of actin poly-
merization causes only partial defects in
endocytosis, indicating that although actin is
important it is dispensable for endocytosis in

fibroblasts. So, overall, the fundamental fea-
tures and components of clathrin-mediated
endocytosis have been well conserved. The
variation between yeast and mammalian cells
probably reflects cell-type-specific require-
ments. For example, the higher internal pres-
sure in yeast might present an energy barrier 
to vesicle formation that makes actin force-
generating mechanisms more significant than
in some mammalian cells.
The ability to visualize single vesicles form-
ing in living cells and to perturb the process by
gene inactivation provides an unprecedented
opportunity to probe the mechanism of endo-
cytosis at a molecular level. Drubin and col-
leagues have made a good start, but there are
still many questions to be answered. How are
endocytic sites selected, for example, or are
they randomly initiated? What regulatory
mechanisms ensure ordered progression from
coat assembly to vesicle release and coat dis-
assembly? How is actin polymerization trig-
gered and then harnessed to drive membrane
invagination and perhaps scission? And how 
is endocytosis coordinated with other cellu-
lar processes? It is evident that the dance has
just begun. ■
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Figure 1 |The dynamics of endocytic vesicle formation.Initially, at the outer membrane of the cell, 
an immobile coat module assembles from clathrin and other cytoplasmic proteins (module 1). The 
coat captures cargo through interactions with the intracellular regions of the cargo proteins. Next, 
actin polymerization regulators (module 2) and actin polymerization/stabilizing modules associate
with the coat, leading to the formation of actin filaments that drive slow inward movement of the coat
(module 3). Finally, a scission module is recruited to separate the budded vesicle from the membrane
(module 4). The freed vesicle moves rapidly into the cell and the coat components dissociate from the
vesicle for additional rounds of vesicle formation. 
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