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Pleckstrin homology (PH) domains are found in numerous membrane-associated proteins and have been
implicated in the mediation of protein-protein and protein-phospholipid interactions. Dynamin, a GTPase
required for clathrin-dependent endocytosis, contains a PH domain which binds to phosphoinositides and
participates in the interaction between dynamin and the bg subunits of heterotrimeric G proteins. The PH
domain is essential for expression of phosphoinositide-stimulated GTPase activity of dynamin in vitro, but its
involvement in the endocytic process is unknown. We expressed a series of dynamin PH domain mutants in
cultured cells and determined their effect on transferrin uptake by those cells. Endocytosis is blocked in cells
expressing a PH domain deletion mutant and a point mutant that fails to interact with phosphatidylinositol
4,5-bisphosphate [PI(4,5)P2]. In contrast, expression of a point mutant with unimpaired PI(4,5)P2 interaction
has no effect on transferrin uptake. These results demonstrate the significance of the PH domain for dynamin
function and suggest that its role may be to mediate interactions between dynamin and phosphoinositides.

Dynamins are GTPases required for budding of clathrin-
coated vesicles from the plasma membrane (reviewed in ref-
erences 7, 22, 37, and 40) and also implicated in the internal-
ization of caveolae (10, 25) and in vesicle budding from the
trans-Golgi network (15). Two forms of dynamin have been
partially characterized: neuronal specific dynamin I (DI), im-
plicated in presynaptic vesicle recycling, and ubiquitous dy-
namin II (DII), believed to participate in receptor-mediated
endocytosis. Dynamins contain three distinct domains: an N-
terminal catalytic GTP-binding domain (around residues 1 to
300); a central pleckstrin homology (PH) domain (around res-
idues 510 to 626), potentially involved in phospholipid and
protein interactions; and a C-terminal proline/arginine-rich
domain (PRD) (around residues 750 to 860) with several Src
homology 3 binding motifs, which is required for targeting
dynamin to the clathrin-coated pit (26, 30).

Numerous in vivo and in vitro studies have demonstrated
that dynamin self-assembly and GTP hydrolysis are key ele-
ments of dynamin function. Dynamin mutants deficient in GTP
binding and hydrolysis block the constriction of assembled
clathrin-coated pits (38). Synaptosomes depolarized in the pres-
ence of GTPgS accumulate membrane-tethered coated vesicles
with elongated necks surrounded by stacked dynamin collars (34).
Dynamin “tubulates” liposomes upon binding to them and ve-
siculates them upon GTP addition (32, 33). Hence, GTP hy-
drolysis seems necessary for the scission of budding vesicles
and for the disassembly of dynamin coils. Similar coiled struc-
tures can be generated from pure dynamin alone (13), pro-
vided that a region located between the PH domain and the
PRD is not deleted (23). This region, termed the GTPase
effector domain, appears to be necessary for the stimulation of
enzymatic activity that accompanies dynamin self-association.

Several in vitro activators of dynamin GTPase activity have
been identified, and it is likely that they stimulate activity by
facilitating dynamin-dynamin interactions, either by providing

a surface for self-association (as in the case of microtubules or
phospholipid vesicles) or by directly cross-linking dynamin
molecules (Grb2 and antidynamin antibodies). Until recently,
the PRD was considered the sole site of interaction between
dynamin and its GTPase activators, and indeed, deletion of
the PRD results in loss of microtubule- and Grb2-stimulated
GTPase activities (12, 18). However, stimulation of activity by
phosphatidylinositol 4,5-bisphosphate [PI(4,5)P2] is nearly un-
affected by this treatment, demonstrating that its interaction
site resides elsewhere on the dynamin molecule (18). A grow-
ing body of evidence points to the PH domain as the likeliest
phosphoinositide-binding site. PH domains are protein mod-
ules of approximately 120 amino acids with similar tertiary
structures (8, 29). The expressed dynamin PH domain, like
those of numerous other proteins, can bind to phosphoinositi-
des in vitro (27, 42). Most importantly, dynamin mutants with
deleted PH domains fail to bind phosphoinositides and conse-
quently lose PI(4,5)P2-stimulated GTPase activity (27).

To examine the potential in vivo significance of the dynamin-
phosphoinositide interaction we tested the effect of expression
of dynamin PH domain mutants on transferrin uptake in Cos-7
cells. The same approach was used before to show that GTPase
defective mutants inhibit endocytosis of host cells (11, 38).
Those studies showed that mutant forms of DI are targeted to
the coated pit region of cells that normally express only DII
(HeLa and Cos-7), provided that the carboxyl-terminal do-
mains of the mutant dynamins are intact. We report here that
endocytosis is inhibited in cells expressing dynamin with a large
deletion in the PH domain and in those expressing a point
mutant which lacks PI(4,5)P2-stimulated GTPase activity.
These are the first dynamin dominant-negative constructs with
mutations outside the GTP-binding domain. Our results sup-
port the view that clathrin-dependent endocytosis may be sub-
ject to regulation by phosphoinositides and demonstrate the
importance of the PH domain for normal dynamin function.

MATERIALS AND METHODS

Materials. Phosphatidylcholine and PI(4,5)P2 were from Calbiochem. Mono-
clonal antibodies against residues 45 to 358 of DI were from Transduction Lab-
oratories. Antipeptide polyclonal antibodies against residues 607 to 624 (anti-PH
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domain) (31) and polyclonal antibodies raised against intact rat brain DI were a
generous gift from Thomas Südhof, University of Texas Southwestern Medical
Center. Protease inhibitors, taxol, and GTP were from Sigma. [g-32P]GTP was from
Amersham. Glutathione-Sepharose was from Pharmacia Biotech Inc. Fluorescein-
labeled transferrin and rhodamine-labeled goat anti-rabbit antibodies were from
Molecular Probes. Restriction endonucleases were from New England Biolabs.

Mutagenesis. Starting with pCMV96-7 (31) (rat dynamin Iaa in a mammalian
expression vector), a PH domain deletion mutant (DI DPH) and two point
mutants (DI K535M and DI K561M) were generated by the overlap extension
procedure (14). Amino acids 541 to 618 were deleted in DI DPH. To obtain the
DI N272 construct, a BglII site was inserted 59 of methionine 272 in a PCR
amplification; the amplified DNA was substituted for the region encoding the N
terminus of dynamin. The integrity of the constructs was verified by sequencing.

Transfection and receptor-mediated endocytosis assay. The mammalian expres-
sion vectors were transfected into coverslip-plated Cos-7 cells by using Lipofect-
amine from Gibco BRL according to the manufacturer’s instructions. Typical trans-
fection efficiencies were 10 to 20%. At 48 h after transfection the cells were starved
for 1 h in serum-free Dulbecco modified Eagle medium (DMEM). They were then
labeled for 15 min with 20 mg of fluorescein-labeled transferrin per ml, rinsed briefly
in phosphate-buffered saline, fixed with 3% paraformaldehyde for 25 min, perme-
abilized for 5 min with 220°C acetone, and immunostained with the antiserum
against purified rat DI and rhodamine-labeled goat anti-rabbit immunoglobulin G
secondary antibodies. Digital fluorescence images were acquired with a Photomet-
rics (Tucson, Ariz.) cooled charge-coupled device (CCD) (384- by 576- by 14-bit
Thompson chip) mounted on a Zeiss Axiovert 135 epifluorescence microscope.

Expression of DI mutants in Sf9 cells. Wild-type DI, DI K535M, and DI
K561M constructs were excised from the pCMV5 vector by BglII (59) and partial
SmaI (39) digestion and ligated into the corresponding sites of the pBacPAK8
plasmid (Clontech). The resulting plasmids were cotransfected with Bsu36I-
digested BacPAK6 viral DNA into Sf9 cells to produce recombinant baculovi-
ruses which were then amplified. Typical batches of extracts were prepared by
infecting 50 ml of Sf9 cells at 106 cells/ml (grown in IPL-41 medium with 10%
fetal calf serum and 1% pleuronic acid) with recombinant baculoviruses at a
multiplicity of infection of 10. After 64 h, the cells were harvested by centrifu-
gation at 1,000 3 g for 10 min and washed three times with phosphate-buffered
saline. Cell pellets were resuspended in ice-cold solution containing 0.1 M 4-mor-
pholineethanesulfonic acid (MES) (pH 7.0), 1 mM EGTA, 1 mM MgSO4, 1 mM
dithiothreitol, and a range of protease inhibitors: 0.2 mM phenylmethylsulfonyl
fluoride and 10 mg each of Na-benzoyl-L-arginine methyl ester, Na-p-tosyl-L-
arginine methyl ester, Na-p-tosyl-L-lysine chloromethyl ketone, leupeptin, and pep-
statin A per liter (buffer A). Cells were homogenized with a Dounce homogenizer
with a 0.003-in. clearance, and then the homogenate was passed through a 271/2-
gauge needle. The homogenate was centrifuged at 1,000 3 g for 15 min, and the
low-speed supernatant was centrifuged at 140,000 3 g for 1 h. As monitored by
sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis, approximately
70% of expressed dynamin and dynamin mutants was present in the high-speed
supernatants. Typically, levels of expression of wild type, DI K535M, and DI K561M
were approximately 14, 18, and 35% of total extracted protein, respectively.

Other proteins. Tubulin was purified according to the procedure of Williams
and Lee (41), but MES instead of 1,4-piperazinediethanesulfonic acid (PIPES)
buffer was used. For GTPase activation and binding experiments, tubulin was
polymerized with taxol at a twofold molar excess to tubulin dimer. Grb2 was
expressed in Escherichia coli as a fusion protein with glutathione S-transferase
(GST) and purified on glutathione-Sepharose.

GTPase assays. GTPase activities were measured by the release of 32Pi from
[g-32P]GTP (16) after incubation at 37°C in buffer A containing 1 mM MgGTP.
The reaction times varied from 5 to 15 min, depending on dynamin or activator
concentrations, to ensure that less than 15% of GTP was hydrolyzed. In some
experiments (as indicated in the figure legends) buffer A contained 0.1 M NaCl.
Dynamin concentrations used for obtaining specific activities (as in Fig. 4 and 5)
were estimated by scanning Coomassie blue-stained gels of Sf9 cell extracts, using
electrophoresed and stained bovine serum albumin to generate a standard curve.

Microtubule binding assay. Samples of Sf9 cell extracts containing equal
concentrations of expressed dynamin mutants were mixed with microtubules
in buffer A, incubated for 15 min at room temperature, and centrifuged at
140,000 3 g for 15 min. The pellets were resuspended in the original volume, and
the amount of dynamin in the supernatants and pellets was determined by
scanning densitometry of Coomassie blue-stained SDS-polyacrylamide gels.

Other methods. Phospholipid vesicles were prepared as mixtures of 10%
PI(4,5)P2 and 90% phosphatidylcholine as previously described (18). Cos-7 cells
were grown in DMEM with 10% calf serum and penicillin-streptomycin from
Gibco BRL. The protein concentration was determined as described by Bradford
(4) with bovine serum albumin as a standard. SDS-polyacrylamide gel electro-
phoresis was carried out according to the method of Laemmli (17) as modified
by Matsudaira and Burgess (21). Immunoblot analysis was carried out by the
method of Towbin et al. (35) as described previously (39).

RESULTS

Expression of mutant dynamins. Three mutants were gen-
erated to evaluate the importance of the dynamin PH domain

FIG. 1. Characterization of expressed dynamin mutants. (A) Diagram of the
expressed mutant dynamin constructs. The PH domain structural elements (8)
are shown in the bottom expansion, in which the arrows represent b-sheet
strands, and the rectangle represents an a-helix. VL, variable loop. (B) Immu-
noblots of transfected Cos cell extracts, obtained with antidynamin antibodies
raised against intact rat brain DI (anti-full length), against a synthetic peptide
corresponding to residues 607 to 624 (anti-PH domain), and against residues 45
to 358 (anti-GTPase). The construct transfected is indicated above each lane.
Numbers on the left are molecular masses, in kilodaltons. The 60-kDa band
recognized by the antibodies in DI N272 preparations is probably a degradation
product. wt, wild type.
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in endocytosis: DI DPH, which lacks most of the PH domain
(residues 541 to 618 deleted), and two point mutants, DI
K535M and DI K561M, with lysine 535 or 561 replaced by
methionine. DI DPH was shown to lack PI(4,5)P2-stimulated
GTPase activity but to retain Grb2-stimulated activity (27).
Our choice of point mutations was based on nuclear magnetic
resonance spectroscopy data (27, 42) (see Discussion). We also
expressed, as controls, wild-type DI and a deletion mutant, DI
N272, lacking most of the GTP-binding domain. Both proteins
were previously tested in endocytosis assays (11); overexpres-
sion of wild-type DI did not interfere with receptor-mediated
endocytosis, while DI N272 blocked transferrin uptake in host

cells. A diagram of the expressed mutant dynamin constructs is
shown in Fig. 1A.

The identity of expressed proteins was verified by immuno-
blotting (Fig. 1B). All five expressed proteins are recognized by
antiserum generated against full-length rat DI. As expected,
DI DPH is not recognized by antibodies directed against the
PH domain, and DI N272 is not recognized by antibodies
against the GTP-binding domain. Mutants DI K535M and DI
K561M were recognized by all three antidynamin antibodies.
Expressed proteins migrated on SDS gels with expected ap-
parent molecular masses (97 kDa for wild-type DI, DI K535M,
and DI K561M; 90 kDa for DI DPH; and 72 kDa for DI N272).

FIG. 2. Effects of DI mutants on transferrin internalization. (A) Immunofluorescence images of cells. Left panels show the transfected cells identified by staining
with antiserum against full-length DI (a-dynamin). Right panels show the fluorescence signals from cells which have internalized FITC-transferrin; arrowheads point
to the cell transfected with DI N272. Bar, 10 mm. (B) Quantitative assessment of the endocytic poisoning potential of each construct. Cells considered endocytosis
incompetent lacked any FITC-transferrin spots. wt, wild type.
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The protein of approximately 60 kDa that was recognized by
anti-full-length-dynamin antibodies in DI N272 cell extract was
probably a degradation product of DI N272. Since this band
was consistently observed despite the presence of protease
inhibitors, it is possible that some degradation occurs in vivo.
However, this control had the expected dominant-negative ef-
fect (see Fig. 2).

Effect of mutant dynamin on endocytosis. Our primary goal
was to determine if mutations in the PH domain interfere with
the ability of dynamin to function in endocytosis. Thus, we
transiently transfected Cos-7 cells with the DI mutants de-
scribed above and examined the ability of transfected cells to
internalize transferrin. After a 15-min incubation with fluores-
cein isothiocyanate (FITC)-transferrin, the cells were pro-
cessed for immunofluorescence with antibodies against full-
length dynamin. In agreement with a previous report (11),
staining was not evident in untransfected cells, allowing us to
distinguish transfected from untransfected cells. Also consis-
tent with previous observations (11), the mutant DI N272 gives
a punctate staining pattern whereas the wild-type dynamin has
a more diffuse distribution (Fig. 2A, left). Interestingly, mu-
tants DI DPH, DI K561M, and DI K535M also have diffuse
staining patterns, indicating a mainly cytosolic localization.

As expected, overexpression of wild-type DI did not affect
the uptake of fluorescein-labeled transferrin, whereas uptake
was essentially abolished in cells transfected with DI N272 (11)
(Fig. 2A, right). Expression of DI DPH also blocked endocy-
tosis in host cells. We next tested the effects on endocytosis
of overexpression of the two PH domain point mutants, DI
K535M and DI K561M. The mutant defective in phosphoino-
sitide binding, DI K535M (see below) blocked transferrin up-
take in host cells, whereas mutation of lysine 561, which does
not interfere with phosphoinositide binding, did not yield a
dominantly inhibitory dynamin. Only 7% of cells with ex-
pressed DI K535M (n 5 86) were able to internalize trans-
ferrin, compared to 82% of cells with the DI K561M mutation
(n 5 63) (Fig. 2B).

In vitro properties of dynamin mutants. The above results
suggested to us that the inhibitory effect of DI K535M on en-
docytosis could be due to the inability of this mutant to interact
with phosphoinositides. To test this possibility we overex-
pressed that mutant, as well as mutant DI K561M and wild-
type DI, in Sf9 cells for biochemical characterization. As evi-
dent in Coomassie blue-stained gels (Fig. 3A), the expressed
dynamins were by far the most abundant proteins of infected
Sf9 cell extracts. In a typical preparation, bands corresponding
to DI K535M, DI K561M, and wild-type dynamins accounted
for 18, 35, and 14%, respectively, of the staining intensities of
electrophoresed extracts. The identities of expressed dynamins
were verified by immunoblotting, as in Fig. 1B. GTPase activa-
tion of wild-type and mutant dynamins by microtubules, Grb2,
and PI(4,5)P2 were assayed by using extracts of infected Sf9
cells. Dynamins were not further purified because the extracts
of uninfected cells had very low basal GTPase activities, which,
most importantly, were unaffected by dynamin activators. More-
over, the estimated basal activities of wild-type and mutant
dynamins in infected cell extracts were nearly identical to that
of purified bovine brain dynamin (5 to 10 min21) (18), indi-
cating that they were neither stimulated nor inhibited signifi-
cantly by endogenous factors.

Figure 3B shows that DI K561M, like wild-type dynamin, is
stimulated about 10-fold by PI(4,5)P2. This stimulation is on a
level similar to that obtained for purified bovine brain dynamin
(2, 18). In contrast, the GTPase activity of DI K535M is not
affected by PI(4,5)P2. These results are consistent with the lipid
binding experiments of Salim et al. (27) mentioned above. We

and others have previously shown that, in the presence of mi-
crotubules or PI(4,5)P2-containing liposomes, specific GTPase
activity increases cooperatively as a function of dynamin con-
centration (18, 36). This kinetic behavior is presumably due to
dynamin self-association, which is facilitated by binding to sur-
faces provided by microtubules or liposomes. As shown in Fig.
4, wild-type dynamin and DI K561M display this characteristic
cooperative increase in PI(4,5)P2-stimulated activity but DI
K535M is not activated, even at high enzyme concentrations.
The figure shows data obtained with 4 mM PI(4,5)P2, a con-
centration of lipid which is optimal for stimulation of wild-type
and K561M dynamins. There was no evidence of PI(4,5)P2-
stimulated GTPase activity of DI K535M over the range of
lipid concentrations tested (0.5 to 10 mM).

We next asked whether PH domain point mutations affected
dynamin’s interactions with microtubules or Grb2, two GTPase
activators reported to interact with the C-terminal PRD (12).
Grb2, a much less potent activator than PI(4,5)P2 or microtu-
bules, stimulated the enzymatic activities of mutant and wild-
type dynamins equally well (Fig. 5A) (27). This result indicates
that the mutations altered neither the Grb2-binding site within
the PRD (which overlaps the putative coated-pit targeting re-
gion of dynamin [26, 30]) nor the self-assembly associated with
high enzymatic activity. Surprisingly, microtubule-stimulated
GTPase activities of the PH domain point mutants were inhib-
ited (Fig. 5B). Inhibition was more pronounced in DI K535M,
which also has a much lower affinity for microtubules than do
wild-type and DI K561M proteins (Fig. 5C). The physiological
significance of this result is unclear because microtubules ap-
pear not to be involved in dynamin-dependent steps of endo-
cytosis (24, 28). Also, unlike phosphoinositide- and Grb2-stim-
ulated GTPase activities, microtubule-stimulated activity must
be assayed under essentially salt-free conditions because the
dynamin-microtubule interaction is abolished at physiological

FIG. 3. PI(4,5)P2 stimulation of the GTPase activity of dynamins expressed
in Sf9 cells. (A) Coomassie blue-stained gel of Sf9 cell extracts used for GTPase
assays. The arrow indicates dynamin. wt, wild type. Numbers on the left are
molecular masses, in kilodaltons. (B) GTPase activities of Sf9 cell extracts con-
taining wild-type (wt) or mutant dynamins measured in the absence or presence
of 5 mM PI(4,5)P2. Assays were carried out in buffer A containing additionally
0.1 M NaCl for 5 min. Dynamin concentrations (0.44 mM wt DI, 0.57 mM DI
K535M, and 0.53 mM K561M) were estimated by densitometric scanning of
Coomassie blue-stained gels (as in panel A), using electrophoresed bovine serum
albumin to generate a standard curve. Typical GTPase activities of mock-in-
fected Sf9 cell extracts were one-third to one-half of the basal values of dynamin-
expressing extracts.
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ionic strength. Apparently, lysines in the PH domain, along
with arginines within the PRD, contribute to the charge-charge
interactions that determine microtubule-dynamin binding.

DISCUSSION

The present results demonstrate the importance of the PH
domain for dynamin function and support the hypothesis that
interactions between the PH domain and phosphoinositides
are critical for clathrin-dependent endocytosis. The most per-
tinent evidence for this is our finding that DI K535M, which
is not stimulatable by PI(4,5)P2, is an inhibitor of transferrin
uptake whereas mutant DI K561M, which behaves like wild-
type dynamin in this regard, is not. A role for phosphoinositi-

des in endocytosis was also implied by Bauerfeind et al. (3),
who showed that synaptojanin, a phosphoinositide-5-phospha-
tase, forms a complex with dynamin and amphiphysin and
localizes to the clathrin-coated pit. In a previous paper mem-
bers of our group speculated that synaptojanin regulates dy-
namin by converting PI(4,5)P2 and PI(3,4,5)P3, which stimu-
late GTPase activity, to PI(4)P and PI(3,4)P2, which do not (2).
Recently, an inactivating mutation in phosphatidylinositol 5-ki-
nase, a key enzyme in the production of PI(4,5)P2 and PI(3,4,5)
P3, was found to inhibit colony-stimulating factor 1 receptor-
mediated endocytosis in NIH 3T3 cells (5).

Our data do not exclude the possibility that the PH domain
serves to promote a protein-protein interaction rather than (or
in addition to) a protein-lipid interaction. At present the only
known protein to bind to the dynamin PH domain is the bg
subunit complex of heterotrimeric G protein, which was shown
to inhibit basal and PI(4,5)P2-stimulated GTPase activities (19).
However, Gbg interacts with the C-terminal a-helical portion
of the PH domain (20), which is far removed from residue 535
in the three-dimensional structure (8, 9). The strongest evi-
dence that dynamin PH domains interact with specific proteins
was provided by Artalejo et al. (1). They showed that rapid
endocytosis following stimulation of chromaffin cells is blocked
by introduction of expressed DI PH domains but not by the
DII PH domain, even though DI and DII are stimulated
equally well by PI(4,5)P2 (18). If specific PH domain-binding
proteins are eventually identified it will be of great interest to
measure their affinities for dynamin mutants, such as K535M,
which block clathrin-dependent endocytosis.

The in vitro interaction between dynamin’s PH domain and
phosphoinositides has been explored by two different groups
(27, 42). Using nuclear magnetic resonance spectroscopy and
soluble PI(4,5)P2 head group analogs, they proposed different
phospholipid binding sites on the PH domain. Thus, Zheng et
al. (42) found that K561 (and other residues, but not K535)
showed chemical shift differences upon 1-(a-glycerophosphor-
yl)-inositol 4,5-bisphosphate binding. In contrast, the data of
Salim et al. (27) implicate K535 (and other residues, but not
K561) in D-myo-inositol 1,4,5-trisphosphate binding; moreover,
binding of PI(4,5)P2 liposomes to GST-PH domains was abol-
ished by the K535M mutation but nearly unaffected by the
K561M mutation. Consistent with the report by Salim et al.
(27), our GTPase activation data (Fig. 4) indicate that in the

FIG. 4. Specific PI(4,5)P2-stimulated GTPase activities of wild-type (wt) and
mutant dynamins as a function of dynamin concentration. Specific activities were
calculated by dividing moles of Pi released per minute by the dynamin concen-
tration in each assay. Activities in the absence of PI(4,5)P2 were subtracted from
each data point. Experiments were performed in buffer A containing 0.1 M NaCl.
The PI(4,5)P2 concentration was 5 mM.

FIG. 5. Interactions of dynamin mutants with GST-Grb2 and microtubules. (A) GTPase activation by GST-Grb2. The assays were performed in buffer A containing
0.1 M NaCl. (B) Effect of microtubules (MT) on GTPase activity. Assays were carried out in buffer A without added salt. (C) Binding of expressed dynamins to
microtubules. Wild-type (wt) and mutant dynamins were subjected to a cosedimentation assay with microtubules (5 mM tubulin dimer). Means and standard errors of
triplicate measurements are shown. Concentrations of wt DI, DI K561M, and DI K535M were, respectively, 0.33, 0.95, and 0.76 mM for panel A, 0.14, 0.47, and 0.39
mM for panel B, and 0.8, 0.8, and 1.14 mM for panel C.
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context of the full-length protein, K535 is necessary for PIP2
binding, but K561 does not affect this interaction significantly.

As dynamin mediates several stages of the coated-pit cycle,
it remains to be determined at which step the PH domain’s
function is crucial. In this regard, further insights may be ob-
tained from electron microscopy and in vitro endocytosis as-
says. Our data, together with a substantial body of additional
circumstantial evidence (6), implicate phosphoinositides in
clathrin-mediated endocytosis. However, while phosphoinosi-
tides are probably not inert membrane components during
receptor-mediated endocytosis, details of their role remain to
be clarified.
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