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ABSTRACT: Impairment of endocytosis by mutational targeting of dynamin-1 GTPases can result in paralysis
and embryonic lethality. Dynamin-1 assembles at coated pits where it functions to cleave vesicles from
donor membranes. Receptor endocytosis is modulated by SH3 (src homology 3) domain proteins, which
directly bind to dynamin C-terminal proline motif sequences, affecting both the dynamin GTPase activity
and its recruitment to coated pits. We have determined that dynamin-dynamin interactions, which are
required for dynamin helix formation, involve these same SH3 domain-binding C-terminal proline motif
sequences. Consequently, SH3 domain proteins induce the in vitro disassembly of dynamin helices. Our
results therefore suggest the the dual function of the dynamin C-terminus (involving amino acids 800-
840) permits direct regulation of dynamin assembly and function through interaction with SH3 domain
proteins. Additionally, the N-terminal GTPase domain plays an important role in assembly. Finally, we
show that the central PH (pleckstrin homology) domain exerts a strong inhibitory effect on the capacity
for dynamin-1 self-assembly.

Intracellular vesicular transport is required for many
cellular functions, ranging from axonal transport to endocy-
tosis. Vesicle transport is in turn dependent on the biogenesis
of intracellular vesicles such as endocytic vesicles from donor
membranes. Formation of endocytic vesicles, which occurs
by invagination and fission from the plasma membrane,
generally involves the assembly of two distinct structures.
First, clathrin assembles with associated adaptor proteins on
the plasma membrane to form coated pits, which are then
released from the plasma membrane as coated vesicles
through the action of dynamin-1, which forms a helical, or
horseshoe, shaped structure at the neck of deeply invaginated
coated pits (1). Dynamin-1, a 100 kDa GTPase associated
with a specific synaptosomal membrane fraction (2), is
absolutely required for endocytosis. Expression of GTPase-
defective dynamin-1 inhibits endocytosis of plasma mem-
brane receptors (3-5) with consequences that can be severe.
For example, mutations in shibire, aDrosophilahomologue
of dynamin, are lethal at the embryonic stage (6). In adult
flies, ts shibire mutations result in rapid paralysis caused by
depletion of synaptic vesicles at the neuromuscular junction
(7-9).

Purified dynamin-1 self-assembles in vitro into horseshoe-
shaped polymers, similar in size to the dynamin-1 containing

helices observed in GTPγS-treated permeabilized synapto-
somes (10). Thus, the helical structures that form at the
necks of deeply invaginated coated pits in vivo appear to
result from the self-assembly of dynamin-1 subunits (1).
Addition of purified dynamin to liposomes has recently been
demonstrated to induce the assembly of similar membranous
tubules decorated with dynamin polymer (11,12). Although
these dynamin-1 structures clearly have a central function
in vesicle biogenesis, little is known regarding their assembly
properties.

To determine what governs the self-assembly of dynamin-
1, we have analyzed the involvement of these different
dynamin-1 structural and functional domains in dynamin-
dynamin interaction. We here present evidence for a critical
involvement of specific C-terminal SH3 binding proline-rich
motifs, the N-terminal GTPase domain, as well as the central
PH domain, in dynamin-dynamin interactions. Further,
proteins that contain SH31 domains appear to compete for
the C-terminal proline-rich binding site, suggesting they play
a controlling role in dynamin-1 assembly and disassembly
at coated pits.

EXPERIMENTAL PROCEDURES

Two Hybrid Analysis.Human dynamin-1 cDNA (the “D-
100-short” isoform) was subcloned into pGBT (Clontech),
and ∆GTP, ∆PH, and ∆COOH cDNA constructs were
generated by restriction digestion of dynamin-1 cDNA with
XhoI, ScaI-StuI, or SmaI, respectively. Yeast strain SF526
(Clontech) was transfected with either pGBT-dynamin-1 or
pGAD-dynamin-1 and verified by standard DNA sequencing
protocols. Expression of dynamin-1 fusion proteins was
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verified by anti-dynamin-1 Western blot, as previously
described (2), of lysates derived from tryptophan or leucine
auxotrophs, respectively. Sequences coding for dynamin-1
C-terminal fragments, generated by standard PCR methods
using Vent polymerase (BioLabs), were subcloned (asBamHI
andEcoRI fragments) into pGBT or pGAD. Expression of
gal4 DNA BD-dynamin-1 fragment fusion proteins was
verified by anti-gal4 DNA-BD (Santa Cruz) Western blot
of lysates derived from tryptophan auxotrophs.â-Galac-
tosidase reporter gene activity was assayed quantitatively by
measurement of OD420nmdevelopment following incubation
of cell lysates (obtained by two cycles of freeze-thawing)
with 0.6 µg/mL ONPG substrate, and relative values were
adjusted to take cell densities into account.

GST Fusion Proteins.Sequences coding for dynamin-1
C-terminal fragments were subcloned asBamHI-EcoRI
fragments into pGex-4T-3 (Pharmacia) and transformed into
XL1Blue Escherichia coli(Stratagene). Ampicillin-resistant
XL1Blue colonies were screened for expression of GST
fusion proteins by anti-GST (Pharmacia) Western blot of cell
lysates. GST fusion proteins were purified by glutathione-
agarose affinity precipitation.

In Vitro Dynamin-1 Binding Assay.Purified dynamin-1
was obtained by DEAE-cellulose and ATP-affinity chroma-
tography, as previously described (2), from clarified lysates
of Sf21 cells that had been infected 68 h with recombinant
baculovirus. Recombinant baculovirus was generated by
transfection of Sf21 cells with pBakPac (Clontech) into
which the dynamin-1 cDNA had been subcloned. Purified
GST fusion proteins (at 8µg/mL) were incubated overnight
with purified dynamin-1 (at 10µg/mL) and glutathione-
agarose in 20 mM Hepes, pH 7.0, 50 mM NaCl, and 1 mM
EGTA buffer (buffer A) containing 0.1% Triton X-100 and
0.5 mg/mL BSA. The glutathione-agarose was then washed
four times with buffer A containing 0.1% Triton X-100 prior
to treatment with SDS-PAGE buffer.

Electron Microscopy.Samples of dynamin-1, with and
without GST-SH3 fusion proteins, were diluted to concentra-
tions ranging 0.04-0.06µg/mL in buffer A. Samples were
applied to electron microscopy grids coated with carbon film
and stained with 2% uranyl acetate for 30 s. The prepara-
tions were examined using a Zeiss 10 C electron microscope
with an acceleration voltage of 80 kV. Electron micrographs
were taken at a magnification of 40 000 under low-dose
conditions.

Analytical Ultracentrifugation.Sedimentation experiments
were carried out using dynamin-1 in buffer A. The
sedimentation velocity experiments were performed at 10
°C using an Optima XL-A analytical ultracentrifuge from
Beckman equipped with a four hole An-60 Ti rotor with
double-sector of 1.2 cm path length, at 25 000 rpm. Twenty
scans showing absorbance at 278 nm as a function of radial
position were recorded at 3 min intervals.

RESULTS

Dynamin-1 contains several distinct structural and func-
tional domains, including an N-terminal GTPase domain, a
PH domain, and a proline-rich SH3 binding C-terminal
region (Figure 1A). The PH (pleckstrin homology) domain
represents a structural motif of approximately 100 amino
acids, present in a number of proteins, where it has functions

that include specific association with other proteins and with
inositolphosphates (13). Proline motifs, of PxxP consensus
sequence (14), associate specifically with SH3 (src homology
3) domains, which are conserved structural motifs involved
in protein-protein interactions, originally identified in the
src family of tyrosine kinases (15).

To determine what governs the self-assembly of dynamin-
1, we have analyzed the involvement of these different

FIGURE 1: Two-hybrid analysis of dynamin-dynamin interaction
domains. (A) Dynamin-1 is composed of an N-terminal GTPase
domain, a central PH domain and C-terminal SH3 binding proline
motif (PxxP) sequences, as indicated by hatched (GTPase and PH
domains) or solid (proline-rich motifs) regions in the linear
representation. There are multiple PxxP motifs, and this diagram
only indicates their position, rather than number. Sequences deleted
in dynamin-1 cDNA constructs, indicated by horizontal bars,
correspond to amino acid positions 49-58 (∆GTP), 541-617
(∆PH), and 792-841 (∆COOH). The PH domain deletion repre-
sents removal of the functional region of the PH domain (29). (B)
Dynamin-1 cDNA constructs were cloned into pGBT and expres-
sion of dynamin-1-gal4DNA-BD fusion proteins in yeast was
determined by an anti-dynamin-1 Western blot of SDS-PAGE
fractionated cell lysates following transfection with pGBT (lane
1), pGBT-dynamin∆GTP (lane 2), pGBT-dynamin∆PH (lane 3),
pGBT-dynamin∆COOH (lane 4), or pGBT-dynamin-1 (full-length)
(lane 5). Molecular mass markers, corresponding to 117 and 97
kDa, are indicated. (C) Gal4DNA-BD-dynamin constructs were
expressed in yeast cells transformed with gal4 DNA-AD-dynamin
expressing plasmid. Relative activity of the gal4 promotor driven
â-galactosidase reporter gene was determined quantitatively for each
of the strains, as indicated (the ordinate values for the∆PH construct
are shown on the right scale).
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dynamin-1 structural and functional domains in dynamin-
dynamin interaction. Dynamin-1 cDNAs containing dele-
tions of portions of these domains were expressed as Gal4
DNA BD fusion proteins in yeast and could be detected by
Western blot using anti-dynamin-1 serum (Figure 1B).
Coexpression of these Gal 4 DNA BD fusion constructs with
the dynamin-1 cDNA fused to the Gal4 DNA AD sequence
has permitted a yeast two-hybrid analysis of the involvement
of the deleted sequences in dynamin-dynamin interactions.
The response is specific to the presence of dynamin-1 in
both constructs. Thus, simultaneous expression of full-length
dynamin-1 Gal4 fusion proteins from both the Gal4 DNA
BD and the Gal4 DNA AD coding plasmids resulted in a
strongâ-galactosidase reporter gene signal (Figure 1C), while
expression of dynamin-1 from only one of the Gal4 plasmids
resulted in negligibleâ-galactosidase activity (data not
shown).

Using this two-hybrid assay, we found that deletion of
either dynamin-1 carboxyl terminal sequences (residues
792-841) or a sequence between elements I and II of the
GTPase domain (residues 49-58) greatly reduced the signal
of the dynamin-dynamin interaction dependentâ-galactosi-
dase reporter gene (Figure 1C). Surprisingly, deletion of
the majority of the dynamin-1 PH domain from the Gal4
DNA BD fusion protein increased theâ-galactosidase
reporter gene signal by approximately 30-fold relative to full-
length dynamin-1 (Figure 1C). We have found that purified
PH domain deleted dynamin-1 readily self-assembles into
horseshoe-shaped structures (data not shown). Similarly, it
has recently been reported that dynamin-1 N- and C-terminal
fragments readily self-assemble following removal of the PH
domain by endoproteolytic cleavage and that the dynamin-1
PH domain may function as a negative regulator of GTP
hydrolysis (16).

Since deletion of the C-terminal amino acid residues 792-
841 appears to greatly decrease dynamin-dynamin interac-
tion, we analyzed the dynamin-1-binding properties of the
C-terminal portion of dynamin-1. Dynamin-1 C-terminal
fragments were fused to either Gal4 DNA BD or Gal4 DNA
AD (Figure 2A), and we expressed these fusion proteins in
a yeast two-hybrid system.â-Galactosidase reporter gene
activity was assayed to measure the interaction of these Gal4
DNA AD-dynamin-1 C-terminal fusion proteins with Gal4
DNA BD fused full-length dynamin-1. As anticipated,
coexpression of Gal4 DNA AD-dynamin-1 C-terminal fusion
proteins containing most of the dynamin-1 C-terminus with
Gal4 DNA BD fused full-length dynamin-1 resulted in
significant activity of theâ-galactosidase reporter gene
(Figure 2B). Fragments C-1 to C-3 are all approximately
comparable, but are suppressed relative to full-length con-
structs. The fact that C-1 has lower activity than full-length
dynamin-1 probably relates to the contribution of the
N-terminus of dynamin-1 to self-association, as indicated in
Figure 1.

In contrast to the longer C terminal fragments, expression
of Gal4 AD fused to more extensively truncated C-terminal
fragments (fragments C4 and C5) resulted in complete loss
in the activity of theâ-galactosidase reporter gene (Figure
2B). Deletion of dynamin-1 C-terminal residues 800-840
resulted in background activity levels of theâ-galactosidase
reporter gene, comparable to those obtained when Gal4 DNA
BD-dynamin-1 or Gal4 DNA AD-dynamin-1 C-terminal

fragments are coexpressed with Gal4 DNA AD or Gal4 DNA
BD, respectively (Figure 2B).

Our yeast two-hybrid results indicated that dynamin-1
C-terminal sequences contribute to dynamin-dynamin in-
teractions. We therefore wished to directly assay the
dynamin-binding capability of the dynamin C-terminal
region. Various dynamin-1 C-terminal sequences were hence
expressed inE. coli as GST fusion proteins (Figure 3A) and
their dynamin-1 binding was assayed following purification.
Purified baculovirus-expressed dynamin-1 was incubated
with glutathione-agarose immobilized GST-dynamin-1 C-
terminal fragments. Bound dynamin-1 was detected fol-
lowing SDS-PAGE and Western blotting with anti-
dynamin-1 serum. Using this assay, we found that a GST
fusion protein containing dynamin-1 amino acid residues
651-851 can indeed bind dynamin-1 in vitro (Figure 3B).
This in vitro interaction appears to be quite weak, however,
since only a small fraction of the total dynamin pool bound

FIGURE 2: Two-hybrid analysis of the interaction of the dynamin-1
C-terminus with full-length dynamin-1. (A) The entire dynamin-1
C-terminus (fragment C-1, corresponding to amino acid residues
651-851) and four stepwise deletion constructs [fragments C-2
(amino acid residues 651-840), C-3 (residues 651-830), C-4
(residues 651-810), and C-5 (residues 651-800)] were generated
by PCR. The filled boxes in the representation of the dynamin-1 C
terminus represent the proline rich motifs. (B) Gal4-DNA-AD
dynamin-1 cDNA constructs C-1 through C-5 were expressed in
yeast transformed with plasmid expressing gal4DNA-BD-dynamin.
Relative activity of the gal4 promotor drivenâ-galactosidase
reporter gene was determined quantitatively for each of the strains,
as indicated (BD, BD-Dyn, AD, AD-C-1, and AD-C-5 correspond
to pGBT, pGBD-dyn, pGAD, pGAD-C-1, and pGAD-C-5, respec-
tively).

Control of Dynamin-1 Self-Assembly by SH3 Proteins Biochemistry, Vol. 37, No. 51, 199817675



to the immobilized dynamin C-terminus fragment (data not
shown).

Two-hybrid analysis of dynamin-dynamin interactions
indicated that dynamin-1 residues 800-840 are important
for dynamin-dynamin interaction. In vitro binding analysis
supports this result. Above, we showed that removal of these
residues by truncation of the dynamin-1 C-terminus GST
fusion protein at amino acid residue 800 diminished its ability
to bind dynamin-1 (Figure 2B). To further investigate the
dynamin-1-binding properties of dynamin-1 amino acid
residues 800-840, we expressed this short segment of
dynamin-1 as a GST fusion protein. Strikingly, we found
that this short GST fusion protein (containing dynamin-1
residues 800-840) binds dynamin-1 (Figure 3B) at a level
similar to that found with the larger dynamin-1 C-terminal
fragment C-1 (amino acid residues 651-851). Therefore,
we have demonstrated that a short deletion of the C-terminus
containing proline-rich motifs greatly reduces dynamin-
dynamin interaction, while almost precisely the same se-

quence has dynamin-1 binding activity when expressed and
assayed in vitro.

The C-terminal dynamin-1 sequence that appears to be
involved in dynamin-dynamin interactions contains several
SH3 domain binding proline motifs (Figure 1A). We
therefore wished to determine whether dynamin-dynamin
interaction, or dynamin-1 self-assembly, is perturbed by
binding of SH3 domain proteins to the dynamin-1 C-terminal
sequences. Dynamin-dynamin self-association can be di-
rectly observed by electron microscopy of purified dynamin-1
samples. Purified dynamin-1 self-associates into horseshoe-
shaped structures (Figure 4A) and occasionally into helical
superstructures (Figure 4D). While addition of GST alone
has no effect on these structures (Figure 4C), we found that
addition of purified GST-SH3 domain of Grb2 (Figure 4B)
and of PLCγ, p85-SH3, and src (data not shown) caused
these horseshoe-shaped structures to disassemble. The
apparent disassembly induced by SH3 domain, as observed
by electron microscopy, was confirmed by quantitative

FIGURE 3: Binding of dynamin-1 to bacterially expressed dynamin-1 C-terminal fragment. (A) Anti-GST Western blot of cell lysates
derived from XL1Blue bacteria transformed with pGex plasmid containing sequence for the entire dynamin-1 C-terminus (GST-C-1,
corresponding to dynamin-1 amino acid residues 651-851, lane 1), dynamin-1 residues 651-800 (GST C-5, lane 2), dynamin-1 residues
801-840 (GST COOH, lane 3) or GST (lane 4). Molecular mass markers, corresponding to 48, 33, and 28 kDa, are indicated. (B) Dynamin-1
was incubated with glutathione-agarose immobilized GST dynamin-1 C-terminal fragments C-1, C-5, C-COOH, or GST, and glutathione-
agarose-associated proteins were subjected to SDS-PAGE and anti-dynamin-1 Western blot. Lane 1, GST C-1; lane 2, GST C-5; lane 3,
GST COOH; lane 4, GST. Molecular mass markers, corresponding to 117 and 97 kDa, are indicated. Dynamin appears as a doublet band,
possibly as a result of proteolysis of C-terminal residues. Some proteolysis may have resulted from storage of dynamin at 4°C. Such
storage conditions were necessary since we have found that freezing of dynamin completely inactivates subsequent dynamin-dynamin
interactions.
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FIGURE 4: SH3 protein induced disassembly of dynamin-1 polymers. Negative stain electron microscopy images of (A) dynamin-1 (at 0.06
mg/mL), (B) dynamin-1 in the presence of GST fused to the Grb2 C-SH3 domain (0.1 mg/mL), (C) dynamin-1 in the presence of GST
alone (0.1 mg/mL), and (D) occasional helical superstructures formed during control dynamin-1 assembly. The bar represents 100 nm.
Incubation of samples for electron microscopy was done at room temperature in 20 mM Hepes, pH 7.0, 50 mM NaCl, and 1 mM EGTA.
No Mg2+ or GTP was included in the incubation. (E-G) Analytical ultracentrifugation analysis of dynamin-1 disassembly. (E) Time
course of sedimentation of assembled dynamin-1 (s20,w) 32 S), (F) Time course of sedimentation of assembled dynamin-1 exposed to
1:10 ratio of GST-Grb2 C-SH3 domain. There is no significant shift from the mass of dynamin-1 alone. (G) Time course of dynamin-1
sedimentation in the presence of stoichiometric amounts of GST-Grb2 C-SH3 domain (s20,w) 7 S). Sedimentation profiles after 0, 10,
25, 40, and 55 min of centrifugation at 42 000 rpm at 10°C are shown from left to right. Similar results for both electron microscopy and
analytical ultracentrifugation were also obtained with SH3 domains of PLCγ, p85, and src.
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analytical ultracentrifugation, which revealed a strong shift
in mass on addition of a stoichiometric level of Grb2 C-SH3
to assembled dynamin-1 (Figure 4, panels E-G). The
assembled form (Figure 4E) migrated with a calculated
sedimentation coefficient of 32 S, equivalent to between an
Mr of (2 and 3)× 106, assuming an elongated structure (we
also resolve a minor peak representing approximately 5%
of the protein, which migrates at 6 S), whereas dynamin-1
treated with stoichiometric amounts of GST-SH3 (Figure 4G)
migrated at 7 S, equivalent to anMr of approximately 1.3×
105 and consistent with a monomer bound to GST-SH3. A
ratio of Grb2 C-SH3 10-fold lower than dynamin resulted
in no significant shift in mass of the assembled structure
(Figure 4F).

DISCUSSION

In this study, we analyzed dynamin-dynamin interactions,
which are required for self-assembly of dynamin-1 into
helical structures that appear to be required for biogenesis
of endocytic or synaptic vesicles (1,10). In a yeast two
hybrid system usingâ-galactosidase as the reporter gene,
dynamin-1 was expressed either as a gal4 DNA BD fusion
protein or as a gal4 AD DNA AD fusion protein. Dynamin-
dynamin interactions can readily be detected in this system.
For example,â-galactosidase signal develops within minutes
in yeast strains expressing both of the gal4-dynamin-1 fusion

constructs. Such a strong dynamin-dynamin interaction is
expected in light of the ability of dynamin-1 to form a stable
protein superstructure.

We have found that either deletion of a small segment of
the dynamin-1 GTPase domain (between elements I and II)
or deletion of a portion of the dynamin-1 C-terminal proline-
rich sequence greatly diminishes dynamin-dynamin interac-
tions. The dynamin-1-related anti-viral Mx also self-
assembles into horseshoe-shaped structures (17). Mx protein
sequence between elements I and II of the GTPase domain
appears to be required for homologous interaction between
Mx proteins, and our results show that dynamin-1 has a
similar requirement. The effect of deleting this portion of
the GTPase domain on the overall structure or folding of
these proteins has not been established. These results are
supported by in vitro binding assays, in which dynamin-1
binds to a GST fusion protein linked to the dynamin-1
GTPase domain (RMS and RLM, unpublished observations).
Our results indicate that both the GTPase domain and the
proline-rich motif are required for dynamin-1 assembly. It
remains to be determined if this dual requirement results from
a cooperative binding interaction between these two sites.

It has previously been reported that removal of the
dynamin-1 C-terminus by limited proteolysis abolishes its
ability to self-assemble in the absence of phospholipid (10).
In agreement with this study, our results demonstrate that
the dynamin-1 C-terminal proline-rich sequences have a
direct role in dynamin-dynamin interactions. Expression
of gal4 AD fused with dynamin-1 C-terminal fragments gave
rise to a significantâ-galactosidase signal when coexpressed
with gal4 BD-dynamin-1. Further, bacterially expressed
GST-dynamin-1 C-terminal fragments are able to bind in
vitro to purified dynamin-1. By stepwise deletion analysis,
we identified the portion of the dynamin-1 C-terminus
involved in homologous interactions. Surprisingly, our
results indicated that amino acid residues 800-840, which
have previously been identified as specific SH3 domain
binding sites (18,19), correspond to the dynamin-dynamin
interaction site. This finding suggested that binding of SH3
domain proteins to proline motifs that lie between amino
acid positions 800 and 840 could directly interfere with the
dynamin-dynamin interactions that occur at this site. Dy-
namin-1 has been demonstrated to interact with several SH3
domain proteins in vivo (19-21). For example, dynamin-1
forms a complex with Grb2 in CHO-IR cells, both before
and after insulin activation (22). Further, in MDCK cells,
microinjection of a Grb2 SH3 domain impairs EGF-receptor
internalization (23) while microinjection of the amphiphysin
SH3 domain into lamprey synapses prevents synaptic vesicle
biogenesis by coated vesicle fission from the plasma
membrane (24). These results clearly demonstrate that SH3
domain proteins may modulate the biological activity of
dynamin-1. Our results suggest that one means by which
they do so is through interference with dynamin-dynamin
interaction.

Deletion of the SH3 domain binding sequence from amino
acid residue 785 to 851 was found to abolish colocalization
of dynamin-1 with clathrin coated pits (25). Further, Wigge
et al. (26) have demonstrated that the SH3 domain of
amphiphysin, which binds to residues 827-839 of dynamin
(18), specifically inhibits endocytosis. These results could
reflect a requirement for interaction with an SH3 domain

FIGURE 5: A model for the involvement of SH3 domain proteins
in dynamin-1 function. Dynamin subunits (1) may be recruited to
the plasma membrane in an unassembled form by amphiphysin (2)
(30), where they subsequently assemble into collars around invagi-
nated pits (3). Binding of SH3 proteins (4) destabilizes the polymer
by disrupting dynamin-dynamin interactions, resulting in a con-
formational change in the polymer (5). This conformational change,
which may permit the scission of the neck of the nascent coated
vesicle, is followed by GTPase-dependent fragmentation of the
metastable polymer.
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protein in order to localize dynamin to coated pits. Our
results indicate that these same sequences contribute to
dynamin-dynamin interactions. It is hence possible that
involvement of these C-terminal sequences in dynamin
localization to coated pits may reflect a requirement for
dynamin oligomerization before binding to coated pits.

Our results indicate that the C-terminal proline-rich domain
of dynamin-1 from amino acid 800 to 840 can either bind
to another dynamin-1 subunit or can associate with an SH3
domain, but it cannot do both simultaneously. These results
demonstrate that sequences in the proline-rich domain,
though not necessarily overlapping, have at least two distinct
binding functions. It is reasonable to conclude that these
mutually exclusive binding functions indicate a controlling
role in the availability of this site for dynamin-1 self-associ-
ation. The SH3 protein required for delivery of dynamin-1
to a receptor may thus serve also to prevent its premature
assembly. At the point when the assembled dynamin-1 must
cleave the neck of the budding vesicle, reassociation of an
SH3 protein can both stimulate the necessary GTPase activity
and induce the conformational changes necessary for the
ordered disassembly of the helical dynamin-1 structure that
is required for the scission event (11).

In addition to demonstrating a role for the dynamin-1
C-terminus in dynamin-dynamin interactions, our results
indicate a potential regulatory role for the dynamin-1 PH
domain in dynamin-1 self-association. PH domains have
previously been reported to function in homologous protein
interactions. In the case of the signal transducing kinase
akt, the PH domain appears to be required for dimerization
(27). It has recently been suggested that the PH domain
plays an important regulatory role in dynamin-1 GTPase
activity (16). Our results with dynamin-1 complement these
results and indicate that the dynamin-1 PH domain may play
an important negative regulatory role in dynamin-dynamin
interactions, and hence also in dynamin-1 self-assembly.
Deletion of the dynamin-1 PH domain does not appear to
affect the overall conformation or folding of the protein since
PH domain deleted dynamin-1 retains SH3 domain activated
GTPase activity (28). In contrast, we found that deletion of
the dynamin-1 PH domain greatly augments the dynamin-
dynamin interaction. The assembly of dynamin-1 may hence
be regulated by PH domain ligands such as phosphatidyl
inositols, which are generated upon receptor tyrosine kinase
activation. Recent data indicate a major role for phospho-
rylation in regulating the interaction between dynamin-1 and
the SH3 protein amphiphysin (29). This raises the possibility
of further physiological controls that may modulate the
switch between dynamin-SH3 protein binding and dynamin-
dynamin assembly. Additional work will be required to
further explore these intriguing possibilities and to firmly
establish the regulatory mechanisms involved in the complex
series of events that take place between SH3 proteins and
the dynamin-1 C-terminus during dynamin-1 self-assembly
and endocytosis.
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