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a b s t r a c t

The Arp2/3 complex plays a key role in nucleating actin filaments branching. The glia maturation factor
(GMF) competes with activators for interacting with the Arp2/3 complex and initiates the debranching of
actin filaments. In this study, we performed a comparative analysis of interactions between GMF and the
Arp2/3 complex and identified new amino acid residues involved in GMF binding to the Arp2/3 complex
at two separate sites, revealed by X-ray and single particle EM techniques. Using molecular dynamics
simulations we demonstrated the quantitative and qualitative changes in hydrogen bonds upon binding
with GMF. We identified the specific amino acid residues in GMF and Arp2/3 complex that stabilize the
interactions and estimated the mean force profile for the GMF using umbrella sampling. Phylogenetic
and structural analyses of the recently defined GMF binding site on the Arp3 subunit indicate a new
mechanism for Arp2/3 complex inactivation that involves interactions between the Arp2/3 complex and
GMF at two binding sites.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

The Arp2/3 complex initiates branching of actin filaments [1]. It
is thereby involved in the processes of cell migration, cytokinetics
and intracellular transport. According to numerous studies, the
change in actin dynamics is often closely associated with neoblastic
transformation of cells [2].

The Arp2/3 complex consists of five subunits from ARPC1 to
ARPC5 and two Actin Related Protein subunits: Arp2 and Arp3
(Fig. S1). Conformation changes in the Arp2/3 complex are regu-
lated through the interactions with different factors (activators and
inactivators). The activators/NPFs, including WASP, N-WASp and
Scar/WAVE [3,4] all possess a VCA-domain on their C-termini,
comprising of three short fragments: a V-motif (verprolin homol-
ogy, also calledWH2,WASp homolog 2), a C-motif (central or cofilin
homology) and an A-motif (acidic) [5]. The Arp2/3 complex in-
teracts with the VCA domain of WASp family proteins, the actin
monomers and an actin filament during the formation of the
eation-promoting factor; EM,

kolova).
branch [6]. In this complex, the V-motif binds to actin monomers at
their pointed end [7]; the C-motif promotes the binding of VCA to
actin monomers and to the Arp2/3 complex [8], and the A-motif
binds to the Arp2/3 complex [9]. The free VCA domain is unstruc-
tured, but it obtains a secondary structure in contact with the Arp2/
3 complex [10].

By homology with the NPFs, inactivators of the Arp2/3 complex
have been discovered that compete with VCA for interacting with
the Arp2/3 complex [1,11]. One of the inactivators, Glia Maturation
Factor (GMF), is responsible for debranching of actin filaments [11].
Recently, the crystal structure of the Arp2/3 complex from Bos
taurus with the GMF from Mus musculus was published, which
revealed one binding site for GMF on the Arp2/3 complex, located
near ARPC1 and Arp2 subunits [12] (site GMF-IX on Fig. S1).

Recent experiments, including analytical ultracentrifugation,
cross-linking [13] and time-resolved FRET [10], suggested that
more than one activator is required to completely activate the Arp2/
3 complex. This may point to the fact that more than one inactivator
is required as well [10,11,14]. A model of GMF-induced debranching
of actin filaments has recently been proposed that includes two
sites of interactions of Gmf1 with the Arp2/3 complex [11]. This
model has recently been supported by our structural studies [14].
Two 3D structures of the Arp2/3 complex with Gmf1 were
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obtained: one in a ‘standard’ open conformation [15] that has an
additional mass attributed to Gmf1, close to the Arp2 subunit, and
the other in a ‘new’ open conformation that indicated the presence
of a second binding site for Gmf1 on the Arp2/3 complex, at the
back of the Arp3 subunit (site GMG-IIEM on Fig. S1).

In this study, we performed a comparative MD analysis of in-
teractions between GMF and the Arp2/3 complex in two binding
sites, revealed by single particle EM and compared them to one site
found by X-ray. We identified new amino acid residues involved in
binding of GMF to the Arp2/3 complex and demonstrated that they
are conserved throughout all homologues from evolutionarily
distant species.

2. Methods

2.1. Modeling and structural analysis of the models

The model of the Arp2/3 complex with GMF, revealed by X-ray
(further referred to as GMF-IX), has been downloaded from rscb.org
(pdb id 4JD2 [12]). Two models of the Arp2/3 complex with GMF,
revealed by single particle EM, were built based on our recently
published EM density maps [14] and referred to as GMF-IEM (GMF
positioned near Arp2/ARPC1 subunits) and GMF-IIEM (GMF posi-
tioned near Arp3 subunit). We used UCSF Chimera rigid body
docking to fit the GMF (pdb id 4JD2, chain H) into the EM map [14].
The correlation coefficient was 0.95 before MD, calculated in UCSF
Chimera.

The hydrophobic organization of interacting monomers in
complexes was analyzed by Platinum web-service [16]. The con-
tacts between the Arp2/3 complex and GMF were revealed using
the Protein Interactions Calculator (PIC) server [17]. The binding
affinity in protein-protein complexes was predicted using PRODIGY
(PROtein binDIng enerGY prediction) webserver [18].

2.2. Bioinformatics analysis

GMF sequences were found from BLAST [19] searches against
the representative sample of 84 eukaryotic genomes taken from
NCBI's RefSeq database [20] (see Table S1 for complete list). The
multiple alignment of GMF sequences was constructed with
MUSCLE [21] and visualized using GeneDoc and Jalview editing
[22]. Phylogenic trees were constructedwith theMEGA 7 [23] using
the JTT model of amino acids substitutions, with uniform rates and
partial deletion of gapped regions at 80% presence threshold.

2.3. Molecular simulation

Molecular models of the Arp2/3 complex with GMF positioned
in three binding sites were embedded in a water filled dodecahe-
dron box, a minimum distance between periodic boundary images
was 3.4 nm. Simulations were carried out using the GROMACS
v4.6.5 package [24] with a OPLS-AA (optimized potentials for liquid
simulations all atom) force field [25] and a TIP4P water model. All
ionizable residues were set to their ionization states expected at pH
7.0. The total charge of the system was neutralized by the addition
of 6 (for GMF-IX), 4 (for GMF-IIEM), 2 (for GMF-IEM) Na þ ions.
Before modeling, the system was optimized using the conjugate
gradient method. The relaxation of the system was accomplished
with stochastic dynamics simulation during 40 ns, using the
following protocol: a temperature of 27 �C maintained via sto-
chastic dynamics, integration step of 1 fs, pressure coupling at 1 bar
using Berendsen barostat, 18 Å cutoff for the Van-der-Waals in-
teractions. The last 10 ns of the trajectories were used for the
analysis. Hydrogen bonds were computed using the program
g_hbond [24]. Visualization of the results was done in UCSF Chimera
[26].
2.4. Umbrella sampling

The calculation of free energy of binding between the Arp2/3
complex in three GMF binding sites was performed using Umbrella
sampling. The relaxation of the structural model was performed for
5 ns before the sampling procedure. All titratable amino acids were
assigned their canonical state at physiological pH. Next, a molecular
mechanics model based on a GROMOS 53a6 force field [27] was
constructed. The size of the simulation cell was 210� 110� 80Å3.
The cell was filled with water (model type SPC216). The electro-
neutrality of the solution was achieved by adding counterions. The
simulation of the system was accomplished using the following
protocol: a temperature of 27 �C was maintained via stochastic
dynamics, integration step of 1 fs, pressure coupling at 1 bar using
Berendsen barostat, 14 Å cutoff for the Van-der-Waals interactions.
Periodic boundary conditions were applied in all directions. The
initial velocities of the atoms were determined by a generator of
random numbers on Maxwell distribution. GMF was pulled away
from the Arp2/3 complex along the reaction coordinate over 500 ps,
using a spring constant of 1000 kJ mol-1 nm-2 and a pull rate of
0.01 nm ps-1 (0.1 Å ps-1). The length of trajectories for a set of
statistics was 6e10 ns. Analysis of results was performed using
weighted histogram analysis [28]. Multiple sequence alignment
was performed with Muscle [21].
3. Results

3.1. Analysis of the interactions in the GMF-IX binding site

First, we analyzed the interactions of the Arp2/3 complex with
GMF in the existing crystal structure (binding site GMF-IX). The
surface contact between the Arp2/3 complex and GMF in the crystal
structure is broad ~1360 Å2 (Fig. 1A). Analysis of surface contacts in
the hydrophobic-hydrophilic representation (Table 1) revealed the
presence of a hydrophobic interface between GMF and Arp2/ARPC1
subunits of Arp2/3. The amino acids responsible for hydrophobic
interactions are listed in Table 2. Several of these hydrophobicity
positions were conservative in other organism Arp2 sequences
(Supplementary 1, Fig. S2).

Hydrophobic interactions were supplemented by hydrogen
bonds (Fig. 2A and B) between GMF, Arp2 and ARPC1 subunits, that
form a dense net (Table 2). Van-der-Waals interactions occur be-
tween Val133 and Trp131 in the ARPC1 and the aliphatic portion of
Arg64 and Lys97 in GMF. Trp131 packs against the backbone of
residues 95e97 in GMF. A comparison to the open Arp2/3 complex
[5] reveals the change of rotamers in Trp131 upon binding the GMF,
thus allowing the favorable interactions described above and pre-
venting a steric clash between Trp131 and Lys97 in the GMF [12].

The MD simulation confirms that the GMF-IX binding site is
stable (Supplementary 2). It revealed a decrease in the number of
hydrogen bonds between Arp2, ARPC1 subunits and the GMF
(13e8) (Table 2). The center of mass of GMF shifts by ~5.8 Å during
the first 20 ns towards the Arp2 subunit (video S1). This movement
of GMF led to the formation of new сation-pi interactions (Fig. 2 C,
D), thus contributing to the stability of an inactive Arp2/3 confor-
mation. The strongest bonds in the complex preserve during MD
simulation and hydrogen bonds GMF with the ARPC1 subunit
(Table 2). Several residues with new hydrogen bonds between Arp2
and ARPC1 subunits and GMF are almost strictly conserved
(Supplementary 1, bold in Table 2).

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.bbrc.2018.01.080.
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Fig. 1. The surface of the intersubunit contacts of the Arp2/3 complex with the GMF in the hydrophobic-hydrophilic representation in the following binding sites: (A) GMF-IX; (B)
GMF-IEM; (C) GMF-IIEM. Hydrophobic regions are colored red and the hydrophilic regions are colored blue. GMF is deployed at 180� . (For interpretation of the references to color in
this figure legend, the reader is referred to the Web version of this article.)

Table 1
Hydrophobic surfaces in three binding sites of GMF to Arp2/3 complex.

GMF-IX GMF-IEM GMF-IIEM

GMF Arp2 ARPC1 GMF Arp2 ARPC1 GMF Arp3 ARPC2 Arp2

Leu5 Tyr137 Trp131 Leu5 Ile291 Trp131 Leu5 Val158 Tyr137 Ile40
Val7 Leu 144 Val7 Val329 Val7 Tyr184 Leu144 Leu199
Phe90 Tyr147 Phe21 Phe21 Ile309 Tyr147 Val273
Ser92 Ala148 Phe23 Phe23 Val367 Ala148
Lys97 Leu 152 Phe90 Leu86 Ile368 Leu152
Pro98 Val360 Ser92 Phe90 Phe414 Val360
Met102 Leu361 Lys97 Ser92 Val416 Leu361
Met103 Ile364 Pro98 Lys97 Ile364
Ala105 Met365 Met102 Pro98 Met365

Phe371 Met103 Met102 Phe371
Ala105 Met103
Phe 140 Ala105

Val120
Phe121
Ala139
Phe140
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3.2. Analysis of the interactions in the GMF-IEM binding site

To study the interactions in the GMF-IEM binding site, we build
a molecular model by fitting GMF and Arp2/3 crystal structures into
a 3D-EM map of the Arp2/3-Gmf complex in open conformation
[14]. There, the additional mass was located close to the Arp2
subunit (yellow arrow on Fig. S1). The contact surface in the GMF-
IEM binding site was significantly smaller than in the X-ray struc-
ture ~445 Å2 (Fig. 1B). This may reveal some flattening of the EM
structure under negative stain. GMF, Arp2 and ARPC1 subunits all
have hydrophobic cavities framed by loops and beta-sheets. These
cavities may form the GMF-IEM binding site between the a1-helix,
a1-b1-loop of GMF and a10-a11, a13-a14 helixes of Arp2 (Table 2).
Analysis of the contact surface revealed the presence of a
hydrophobic interface between GMF and the Arp2 subunit (Fig. 3A
and B). Several hydrophobic interactions were detected, as well as
hydrogen bonds (Table 2).

After MD, new hydrogen bonds between the Arp2 subunit and
GMF were formed: Lys336-Tyr84, and, as an example, the double
bond between Lys20¼Asp292 (Fig. 3 C, D) et al. Additionally, the
new ion pair between GMF and the ARPC1/Arc40 subunit and hy-
drophobic interactions appeared (Table 2). The GMF center of mass
shifted by ~3.9 Å towards the Arp2 subunit during the first
20 ns (video S2). We noticed that residue Asp292 with new
hydrogen bonds between Arp2 and GMF is almost strictly
conserved (Supplementary 1).

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.bbrc.2018.01.080.
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Table 2
The residues involved in interactions between GMF and Arp23 complex, identified before and after MD (the residues, involved in interactions after 15e20 ns and the residues,
involved in new interactions at last 5 ns MD simultaneously are green, the residues, involved in new interactions at last 5 ns MD are yellow, the conserved residues are bold).

GMF-IX GMF-IEM GMF-IIEM

Before MD After MD Before MD After MD Before MD After MD

GMF Arp2 ARPC1 GMF Arp2 ARPC1 GMF Arp2 ARPC1 GMF Arp2 ARPC1 GMF Arp3 Arp2 GMF Arp3 Arp2

Hydrophobic interactions Hydrophobic interactions Hydrophobic interactions

L5 Y137 W131 L5 Y137 W131 F23 Y325 ND P12 K336 W131 R81 E75 F140 Y184 I194
V7 L144 V6 A139 K25 K339 Y35
P98 Y147 V7 V143 M42
M102 A148 V94 L144
M103 L152 P98 Y147
A105 I291 M102 A148
F140 V360 M103 L152

L361 A105 V360
I364 L361
M365 I364
F371 M365

F371

Salt bridges Salt bridges Salt bridges

D3 R120 E128 E9 E296 D130 K20 D292 ND E13 E230 E50 R81 E182 E75 K15 E160 R80
K35 E171 D130 E63 K368 K135 R22 R294 K15 D292 R74 K137 K317 R19 E182 H269
K38 D292 K135 K97 R384 K174 E26 E335 K20 K331 R97 E136 K25 D310 E274
E63 E296 R124 R22 E335 E126 D79 R313
R67 K299 K25 K341 E128 E116 K317
K97 H300 E26 D346 K174 K119
K108 K341 K74 R349 E175 R124
E122 R343 D79 H352 E136
R124 E345 R110 K137
E128 K388 E116
K137

Hydrogen bonds Hydrogen bonds Hydrogen bonds

V7 R149 R74 D3 N26 D19 R24 Y325 ND E13 K331 E126 R81 E75 D3 G159 R80
K38 T153 E126 E9 F27 T21 K25 K336 K15 E335 E128 K15 E160 D183
Q41 E296 E128 K38 Y137 Q22 K20 K336 N129 R22 D310 H269
Q65 K299 N129 Q41 Y147 H30 R22 S338 K174 K25 R313 N272 V273
S92 E345 D130 Q44 N149 Y35 K25 K339 E175 D79 Q392 E274
G95 D346 W131 E63 G150 E36 E26 K341 R80 G275
K97 K368 R64 L152 Q44 M42 V82
Q100 Q65 E242 E47 E48 Y84
K108 C96 S243 Q127 Q50 Q113
N109 K97 T245 E128 D79 E116
E122 E99 H300 N129 S83 K119
R124 Q100 R349 E175 Y84 R124
K137 Q101 I364 R110 W133

Y104 M365 E116 E136
R124 K368 A139 K137

N370
W372
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3.3. Analysis of the interactions in the GMF-IIEM binding site

To build a second EM-derived model we performed a rigid
fitting of GMF and Arp2/3 crystal structures into a 3D-EM map of
the Arp2/3-Gmf complex in a ‘new’ open conformation (additional
mass at the back of Arp3) [14] (Fig. S1). Analysis of the contact
surface in the hydrophobic-hydrophilic representation revealed the
presence of a hydrophobic interface formed by the GMF, Arp2 and
Arp3 (Fig. 1C). The surface of the contact between the Arp2/3
complex and GMF was ~358 Å2. Hydrophobic surfaces were sup-
plemented by hydrogen bonds and a double salt bridge (Table 2).
These interactions may form a GMF-IIEM binding site between the
b3-b4-loop (GMF), a5/a6-helixes (GMF) and b5-a2-loop (Arp2),
a15-helix (Arp3) (Fig. 4A). The correlation coefficient of docking
this new model into the EM density map using UCSF Chimera
increased and became 0.98 after MD.

Analysis of MD trajectories in this site revealed an increase of
the number of hydrogen bonds between the Arp2/3 complex and
GMF. New hydrogen bonds were formed between GMF and the
Arp3 subunit (for example: a double bond between Lys317(ARP3)-
Glu136(GMF)-Arg313(ARP3)) and the GMF-Arp2 subunit (Fig. 4B
and C). Eight new ion pairs between GMF and the Arp2/3 complex
emerged. The GMF center of mass shifts by ~2.2 Å along the Arp2/3
complex during the first 20 ns (video S3). The analysis of multiple
alignments revealed conserved residues with new hydrogen bonds
between subunits Arp2, Arp3 and GMF after MD (Supplementary
1).

Supplementary video related to this article can be found at
https://doi.org/10.1016/j.bbrc.2018.01.080.
3.4. Sequence analysis of subunits, involved into formation of GMF-
IIEM binding site

We analyzed the conservation of residues in Arp2 and Arp3
identified in MD simulations as forming salt bridges with GMF
(Supplementary 1, 2). The results are presented in Figs. S2 and S3.

https://doi.org/10.1016/j.bbrc.2018.01.080


Fig. 2. The contacts between the GMF and the Arp2/3 complex in the GMF-IX binding
site. (A) Before MD, (C) after MD, (B, D) enlargement of the contact area.

Fig. 3. The contacts between the GMF and the Arp2/3 complex in the GMF-IEM
binding site. (A) Before MD, (C) after MD, (B, D) enlargement of the contact area.

Fig. 4. Contacts between the GMF and the Arp2/3 complex in the binding site GMF-
IIEM. (A) Before MD, (B) after MD (C) enlargement of the contact area; complex is
rotated 90� , compared to the complex in (B).
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Glu160 is located in the variable loop which has various length and
sequence in different clades. The top clade containing animals and
fungi (orange bar, branch support - 51) contains 6e8 conserved
residues, the plant clade (green bar, branch support - 100) is
shorter, has different conversed sequences (4 residues in most se-
quences), and, in the less conserved bottom clade, longer sequences
are poorly conserved. Glu182 is frequently replaced with aspartate,
but almost no other replacements are observed (except for the
asparagine in two plant sequences). Asp310 was found to be
absolutely conserved, Arg313 almost conserved, but in some spe-
cies it is replaced with lysine, and Lys317 is conserved in all top
parts of the tree, except Drosophila melanogaster, Caenorhabditis
elegans, Schistosoma mansoni and Saccharomyces cerevisiae, but is
replaced with various residues in the less conserved bottom part of
the tree.

3.5. Calculation of the free binding energy

The free energy of the GMF binding with the Arp2/3 complex in
all binding sites was calculated using Umbrella sampling [29]. At a
distance of ~3.8 nm (403 frames) no further interactions between
GMF and the Arp2/3 complex in site GMF-IX were detected. The
calculated value for the free binding energy of GMF to the Arp2/3
complex at this site was 79 kcal/mol (330.5 kJ/mol). This value
corresponds to the breaking of all eight hydrogen bonds, which
remained after 10 ns of MD.

Similarly, the free binding energy has been calculated for two
EM binding sites. Both low-affinity EM binding sites possess lower
free binding energy (62 kcal/mol for GMF-IEM binding site and
45 kcal/mol for GMF-IIEM binding site), probably due to tight in-
teractions in crystal. Additionally, the solvent has an influence on
binding of proteins [30].

4. Discussion

Recently, several research groups [5,10,13] with the help of
various biochemical and biophysical methods demonstrated that
the C-terminus of NPF binds to the Arp2/3 complex at a ratio of 2:1,
indicating the presence of two binding sites with different affinity
to NPFs: site 1, between Arp2 and ARPC1, that has a higher affinity
to NPF [31], and low affinity site 2 on Arp3, close to ARPC3.

The crystal structure of an open Arp2/3 complex with bound
GMF [12] uncovered the basics of Arp2/3 complex inhibition. Ac-
cording to this structure, GMF binds to the Arp2/3 complex at the



A. Popinako et al. / Biochemical and Biophysical Research Communications 496 (2018) 529e535534
barbed end of Arp2 and competes with the NPFs for site 1 [5]. The
structure of GMF bound to site 2 has not been demonstrated until
recently [14]. We recently solved the 3D structure of the Arp2/3
complex with a bound Gmf1 in both sites. Unfortunately, the ob-
tained resolution (22Å) was not enough to reveal the exact con-
tacts of GMFwith Arp2/3, thus the steeredMD simulationwas used
here to predict them. We conducted a structural and dynamic
analysis of Arp2/3 complex interactions with GMF in binding sites 1
and 2 and characterized the corresponded hydrophobic interfaces
(Fig. 1). Also, the quantitative and qualitative changes in hydrogen
bonds in the GMF-Arp2/3 complex have been demonstrated in the
course of the MD (Table 2).

To validate the EM data by the X-ray crystallography, we first
performed MD simulations and analyzed trajectories for the Arp2/
3-GMF crystal structure [12]. This analysis revealed a decrease in
the number of hydrogen bonds between the GMF, Arp2 and ARPC1
subunits after MD of the complex. Interestingly, after MD, the GMF
center mass was offset by 1 Å on the z-axis towards the Arp2
subunit (video S1). This suggests that the interactions revealed in
the crystal structure are dynamic. Next, we analyzed the MD tra-
jectories of the Arp2/3 complex with GMF at the binding sites
revealed by single particle EM: GMF-IEM (Fig. 3) and GMF-IIEM
(Fig. 4). We detected an increase in the number of hydrogen
bonds between the GMF and the Arp2/3 complex in both sites after
MD. This suggests that interactions in both EM-determined sites
were determined correctly. The majority of hydrophobic-
hydrophilic interactions were detected in the binding site GMF-
IEM, which is consistent with it being a high-affinity binding site 1.

It is interesting to note that the initially distant positions of GMF
relative to Arp2 in GMF-IX and GMF-IEM sites shifted after MD
towards each other to roughly the same position. This is supported
by the fact that the identified key interacting residues at site 1 are
the same in both structures, solved by X-ray crystallography and
single particle EM: W131, E128 (Table 2). However, the evaluation
of the potential profile of moderate strength demonstrated that
these structures differ in GMF binding energy: 79 kcal/mol for
GMF-IX versus 62 kcal/mol for GMF-IEM.

The binding site GMF-IIEM (site 2) does not have a crystal
analogue. So we positioned the GMF into a difference density, ob-
tained by subtracting 3D-EM structures of Arp2/3-GMF [14] and the
Arp2/3 complex [32]. This volume was large enough to roughly fit
the GMF monomer at the back of the Arp3 subunit (Fig. S1). After
MD, this newly identified binding site demonstrated a good posi-
tion of GMF, with balanced salt bridges and a hydrophobic envi-
ronment. The binding site for GMF is formed by residues Glu160,
Asp310, Arg313, Lys317 of the Arp3 subunit and residues Asn272
and Glu274 of the Arp2 subunit (Fig. 4C). No interactions of GMF
with the Arp2 subunit were identified before. The number of
formed salt bridges between GMF and the Arp2/3 complex was
fewer than for site 1 (Table 2), suggesting that this site has a lower
affinity to GMF. Accordingly, the free binding energy of GMF in this
site was lower, 45 kcal/mol.

Finally, we looked deeper into the phylogenic origin of the
amino acids in Arp3 and Arp2 subunits that form a newly identified
binding site for GMF.We searched for homologues of chain A (Arp3)
and B (Arp2) from the bovine Arp2/3 complex (pdb id 4JD2) in a
representative sample of 84 eukaryotic genomes (see Table S1 for a
complete list). The specific amino acid residues in GMF that interact
with the Arp2/3 complex in both binding sites specified by MD
simulations are conserved throughout all homologues from
evolutionarily distant species (Figs. S3 and S4). This suggests the
universality of the molecular mechanisms of interaction of the
Arp2/3 complex with GMF in binding site 2.

Together, crystal structures fitting, EM and homology modeling
approaches allowed us to make complementary and testable
predictions about the specific Arp2/3 complex surface residues that
are involved in interactions with GMF in two binding sites. These
findings may now be used to characterize the binding of other
Arp2/3 complex inactivators in two above-mentioned sites.
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