












RELION beta-version 2.0 (Kimanius et al., 2016). For the Arp2/3-C1B-
C5L dataset, 1,547,329 particles were picked automatically from 3039
micrographs in RELION v1.4 and v2.0 (Kimanius et al., 2016; Scheres,
2012), with a box-size of 240×240 pixels. After iterative cleaning of the
particles using 2D classification and particle sorting, 384,330 particles
remained. These were subjected to a first 3D refinement using a crystal

structure of the bovine ARP2/3 complex (PDB: 3DXM; Nolen et al., 2009)
converted to EM density in EMAN (Ludtke et al., 1999) and filtered to 20 Å
as an initial reference. The resulting initial reconstruction was used as a
reference for several further rounds of 2D and 3D classification in RELION.
The final 3D-reconstruction containing 101,606 particles was calculated
from dose-weighted data and was automatically B-factor sharpened in

Fig. 5. See next page for legend.
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RELION using with a B-factor of −151 (Scheres, 2012). The final overall
resolution of the masked reconstruction was 4.2 Å (0.143 gold-standard-
FSC). For the Arp2/3-C1A-C5 dataset, a similar procedure was followed:
697,272 particles were picked from 1221 micrographs with a box-size of
256×256 pixels. After iterative cleaning of the particles using 2D
classification and particle sorting, 405,152 particles remained. Because of
the highly preferred orientation of particles in this dataset, particles with
over-represented orientations were removed by 2D and 3D classification.
The final 3D-reconstruction containing 130,973 particles was calculated
from dose-weighted data and was automatically B-factor sharpened in
RELION using with a B-factor of −179 (Scheres, 2012). The final overall
resolution of the masked reconstruction was 4.5 Å.

Model building
An initial model of Arp2/3-C1B-C5L was created using coordinates from
PDB file 1K8K, and was rigid-body docked to the cryo-EM map using
Chimera (Pettersen et al., 2004). Additional elements including the
nucleotides from PDB file 4XF2 were added, before the bovine sequences
from these structures were altered to human. Secondary structure-based rigid
bodies were described with Ribfind (Pandurangan and Topf, 2012), before a
combination of conjugate gradient energy minimisation and molecular
dynamics fitting of the model into the map was undertaken with Flex-EM
(Topf et al., 2008), part of the CCP-EM suite (Burnley et al., 2017). The
final model was processed using real space refinement in Phenix (Adams
et al., 2010), for which a refinement resolution cut-off of 5 Å was used.
Molprobity (Chen et al., 2010) was utilised to validate the geometry of the
resultant model, which was then improved by manual inspection and local
refinement of poor areas in Coot (Emsley et al., 2010), with Ramachandran
and secondary structure restraints utilised. Because the Arp2/3-C1A-C5
reconstruction showed substantial non-isotropic resolution, a separate model
for this structure was not calculated. Instead, the refined Arp2/3-C1B-C5L
model was rigidly docked into the Arp2/3-C1A-C5 density, the ARPC5
model was replaced with that from 1K8K and its docking was locally
refined. A full validation report for the atomic model was generated in
phenix v1.17.1-3660 (Table 1).

Production of ARPC5/C5L hybrid complexes
ARPC5/C5L hybrid-containing complexes were designed by replacing
residues 1-95 of C5L with 1-93 of C5, while for ARPC5L/C5 residues 96-
153 of C5Lwere replaced with 94-151 of C5 (Fig. 5A). DNA corresponding to
the hybrids were obtained from GeneArt Gene synthesis (Thermo Fisher
Scientific), which were cloned into pFL vector to obtain pFL-ARPC5/C5L
using BamHI/NotI sites and pFL-ARPC5L/C5 using XhoI/XmaI sites,
respectively. pFL-ARPC5/C5L was digested using BstZ17I/AvrII and the
resulting insert was ligated into pFL-ARPC3-ACTR2 that was linearised using
BstZ17I/SpeI, to create pFL-ARPC3-ACTR2-ARPC5/C5L. pFL-ARPC5L/C5
was digested using BstZ17I/PmeI and the insert was ligated into pFL-ARPC3-

ACTR2 that was linearised with BstZ17I, to generate pFL-ARPC3-ACTR2-
ARPC5L/C5. The expression in Sf21 insect cells and protein purification of
ARP2/3 complexes containing the hybrids was performed as previously
described (Fig. 5B) (Abella et al., 2016). Gel band quantification was
performed using Fiji (Schindelin et al., 2012). To validate expression of the
hybrids, Near-infrared Western immunoblot using Odyssey CLx detection
system (Li-COR) was performed on the purified complexes with the following
antibodies: Arp3 (Sigma-Aldrich A5979, mouse), ARPC5L (Abcam
ab169763, rabbit), ARPC1A (Sigma-Aldrich HPA004334, rabbit), and
ARPC5 (Santa Cruz Biotechnology sc-166760, mouse) (Fig. 5C).

Actin nucleation assays
Recombinant GST-tagged VCA domain of human N-WASP (391-505) was
expressed in E.Coli Rosetta 2 (DE3) and purified by affinity chromatography
over a Sepharose 4B GSH affinity column (GE Healthcare) followed by gel
filtration over a Hiload Superdex 200 column (GE Healthcare). Skeletal
muscle actin was purified from rabbit muscle acetone powder following the
protocol described in Wioland et al. (2017). Pyrenyl-actin was made by
labelling actin with N(1-pyrene)-iodoacetamide (Thermo Fisher Scientific).

Actin assembly was detected by the change in pyrenyl-actin fluorescence
using a Safas Xenius spectrofluorimeter (Safas) at room temperature. 1 μl of
0.2 μM Arp2/3, 1 μl of 0.8 μM VCA and 8 μl of 20xKME (4 mM EGTA,
20 mMMgCl2, 1 M KCl) were mixed with 110 µl of G-buffer (10 mM Tris
HCl pH 7.0, 0.2 mM ATP, 0.1 mM CaCl2, 1 mM DTT). 40 μl of 8 μΜMg-
ATP-G-actin (5% pyrene labelled) was added to this protein solution and
mixed rapidly. The fluorescence signal was recorded immediately, and until
the curves reached the steady-state plateau. The fluorescence intensity was
normalised using I(t) = (Iobs(t)-Imin)/(Imax-Imin) where Imin, the average of the
ten lowest data points, refers to the signal intensity before actin started to
polymerise and Imax, the average of the ten highest data points, refers to the
signal intensity at steady-state. The experiments were repeated four times,
giving similar results. The different data sets were not combined.
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Fig. 5. Activity of ARPC5/C5L hybrid complexes support a role for
ARPC5/C5L N-terminus in defining functional differences between
Arp2/3 subunit isoforms. (A) Schematic and nomenclature of ARPC5/C5L
hybrids. (B) Coomassie-stained gel of purified recombinant Arp2/3
complexes containing ARPC1A together with ARPC5, ARPC5L or their
hybrids. Gel band quantification of ARPC5, ARPC5L and the hybrids
normalised to ARPC2 showed the same ratio in all cases, consistent with
equivalent subunit occupancy [ARPC5/ARPC2=0.52±0.04; ARPC5L/
ARPC2=0.52±0.09; C5C5L/ARPC2=0.46±0.04; C5LC5/ARPC2=0.46±0.04
(mean±s.d., n=3, technical replicates)]; (C) immunoblot analysis of purified
recombinant Arp2/3 complexes used in this study. (D) In vitro polymerisation
of 2 µM pyrene-actin (5% labelled), either alone (black curve) or in the
presence of 5 nM VCA and 1.25 nM of Arp2/3-C1A with the indicated
ARPC5 isoforms or hybrids (named as in panel A) shows differences in actin
assembly according to the ARPC5/5L N-terminal region present. The curves
shown here come from one representative experiment, which was repeated
four times, giving similar results. The time at half-maximum, normalised to
that of the ARPC5L isoform, is 1.27±0.06 for ARPC5, 1.32±0.10 for ARPC5/
C5L, and 1.01±0.06 for ARPC5L/C5 (average±s.e., n=4, technical
replicates).
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