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Branched actin networks exert pushing forces in eukaryotic cells, and adapt their stiffness to their
environment. The physical basis for their mechanics and adaptability is however not understood.
Indeed, here we show that their high density and low connectivity place them outside the scope
of standard elastic network models for actin. We combine high-precision mechanical experiments,
molecular dynamics simulations and a mean-field elastic theory to show that they are instead dom-
inated by the proliferation of interfilament contacts under compression. This places branched actin
in the same category as undercoordinated, fibrous materials such as sheep’s wool. When the network
is grown under force, filaments entangle as if knitted together and trap contacts in their structure.
Trapped contacts play a similar role as crosslinkers in rigidifying the network, and are thus key to
its active adaptive mechanics.

Cells dynamically assemble actin into branched net-
works to push on their environment during cell migration,
endocytosis or the healing of cell ruptures [1]. These net-
works are among the stiffest found in the cytoskeleton,
and can generate large pushing stresses against station-
ary obstacles [2–5]. When grown against a controlled
opposing stress in an atomic force microscope (AFM) [6]
or inside the cell [7], branched networks alter their own
architecture to adapt to their mechanical environment,
although the underpinnings of this adaptability is un-
clear.

Microscopically, individual filaments in branched net-
works sequentially incorporate monomers at their barbed
ends. Concurrently, Arp2/3 protein complexes bind to
their sides and nucleate new secondary branches, endow-
ing the network with a tree-like topology[8]. Several bio-
chemical mechanisms prevent the uncontrolled prolifera-
tion of new branches, including the localized activation
of Arp2/3 complexes at the outer surface of the network
and the constant inactivation of growing barbed ends by
capping proteins[9]. Branched network growth is further
promoted by the presence of Rho-family GTPases and
other nucleation-promoting factors (NPFs) at the cell
membrane [10].

While a direct dependence of such biochemical pro-
cesses on an applied force contributes to the adaptabil-
ity of branched actin subjected to large stresses [11, 12],
little is known about the possible role of other, purely
physical modifications in encoding its mechanical his-
tory. Our physical understanding of actin elasticity in-
deed largely derives from models of crosslinked elastic
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networks [13], which were developed to describe recon-
stituted in vitro actin gels with large, ≈ µm mesh sizes.
The mechanical response of such networks can largely be
understood as the sum of the bending response of indi-
vidual filament segments comprised between consecutive
crosslinkers [14, 15]. Here we however argue that this
framework fails to account for the elasticity of the much
denser branched actin found in the cell. Its high density
indeed suppresses classical thermal-fluctuations-induced
entropic elasticity, while its branched nature renders even
athermal elastic network models problematic. To under-
stand the latter shortcoming, consider a set of consecu-
tive point-like vertices constrained by springs and hinges,
which respectively account for the stretching and bend-
ing stiffness of a network’s filaments. In this network
model, a large system acquires a linear elastic modulus
only when the number of its spring- and hinge-derived
constraints exceeds the number of degrees of freedom of
its vertices [16, 17]. This cannot happen in a branched
network, as a new branch introduces as many degrees of
freedom as constraints [see Fig. 1(A) and demonstration
in the SM text]. Due to its low coordination, network
models predict it to have a vanishing linear elastic mod-
ulus, in apparent contradiction with its measured large
stiffness.

Branched network elasticity is atypical

To clarify the origin of this stiffness, we polymerize
branched actin between cylindrical, ∅ = 6µm superpara-
magnetic particles and modulate the external magnetic
field to measure the mechanical response of the actin
network [Fig. 1(B) and SM]. This microcylinder setup
achieves high densities comparable to those found in the
cell and obtained in AFM experiments, characterized by
mesh sizes ξ ≈ 50 nm [5]. This approach has a lower
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Figure 1. Tree-like branched networks have low connectivity, resulting in a vanishing linear elastic response.
(A) In contrast to the formation of a loop, the addition of a branch does not help stabilize a tree-like network. Networks
with loops (central column), including crosslinked networks, are thus typically rigid due to their having more constraints than
degrees of freedom. Loopless branched networks (right column), on the other hand, are at most critically connected. In both
cases we add two vertices (pictured by circles), each of which brings 2 degrees of freedom in 2D. Line segments materialize
spring-like constraints and circular arcs denote constraints of fixed angle. (B) Microcylinder-based setup: chain of magnetic
microcylinders (top: Bright-field image) between which actin has polymerized (bottom: fluorescence image of green-labelled
actin). (C) Stress-strain curves (grey) and average (open symbols) for branched networks grown under a weak magnetic field of
B = 3mT, implying a small growth stress < 3Pa. Data obtained by probing N = 19 independent networks. (D) Corresponding
stiffness-strain curve. It is unclear whether the elastic modulus converges to a finite value at small stress, and if it does that
value is smaller than 100Pa. The red dashed line materializes the 6 kPa small-stress modulus expected for a crosslinked network
of comparable density. (E) We propose that in branched networks, the formation of contacts upon compression rigidifies the
network as additional constraints would. (F) Randomly generated branched network used in our simulations. The filaments
are unstressed and devoid of contacts by construction, as if grown under vanishing stress. (G) Average stress-strain curves with
and without inter-filament interactions (N = 6). (H) corresponding stiffness-strain curves. Throughout the paper, simulations
reveal experimentally inaccessible small-stress regimes. Here they confirm the absence of an elastic plateau at low stress.

force range and a higher throughput than AFM. This al-
lows us to probe the small-stress response of branched
actin with unprecedented resolution and statistics under
a wide range of independent experimental conditions. To
avoid introducing residual stresses in the network, we
grow branched actin networks to a thickness of several
µm under a weak magnetic field, resulting in stresses of
the order of a few Pa. Following this polymerization step,
we gradually increase the field. This induces an increas-
ing dipolar attraction between the microcylinders and an
increasing compression of the network, but no noticeable
widening in the direction transverse to the field. We as-
sess the network’s response by monitoring its deformation
as a function of the imposed stress [Fig. 1(C)]. We then
compute its tangential elastic modulus as a function of
compression. According to elastic network theories, in an
overconstrained actin network with similar density this
modulus should display a low-stress plateau of the order
of κ/ξ4 ≈ 6 kPa at low stress, where κ ≃ 4×10−26 J ·m is
the actin bending modulus. Figure 1(D) shows the con-
trast between this expectation and our networks’ elastic
moduli. At low stress, they decrease to values almost

two orders of magnitude smaller, down to levels com-
parable to the detection limit of our setup It moreover
does not display a clear low-stress plateau, confirming
that branched actin is too weakly constrained to draw
its elasticity from filament stretching and bending alone.

Increasing compressive stresses lead to a rapid increase
of the tangential modulus [Fig. 1(D)] unaccounted for by
elastic network models. We reason that within our dense
networks, even a minute compression causes filaments to
collide with one another. The resulting points of contact
should then constrain the filaments and enhance the net-
work’s mechanical response, as illustrated in Fig. 1(E).
To test this interpretation, we conduct numerical sim-
ulations of a branched network initially devoid of con-
tacts [Fig. 1(F) and SM]. Its tree-like topology ensures
that it is underconstrained. As a point of reference, we
first make contacts mechanically irrelevant by simulat-
ing “phantom” filaments that can interpenetrate without
penalty. Consistent with our discussion, this induces an
extremely soft elastic response [Fig. 1(G), grey curve].
By contrast, implementing repulsions between the ver-
tices recapitulates the plateau-less elastic response with
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stiffening exponent of 1 observed in experiments [slope of
the curve in Fig. 1(H)], thus confirming the crucial role
of interfilament contacts.

Branched networks resemble underconstrained
filament tangles

While little discussed in cytoskeletal biophysics,
contact-induced elasticity in underconstrained systems is
a familiar notion in textile mechanics. Consider a collec-
tion of long, crumpled textile fibers confined in a volume
V . As the volume is reduced, the filaments are pushed
together and form more contacts Fig. 2(A). As the typ-
ical length of the segments comprised between two such
contacts decreases, bending them becomes increasingly
difficult and the system stiffens. Contact-driven mechan-
ics additionally leads to a robust stiffening exponent of 1
under compression and the absence of a clear linear elas-
tic plateau in systems without residual stresses [Fig. 1
(D) and (H)]. To highlight this point, in Fig. 2(B) we su-
perimpose the stiffening curve of our branched actin with
data obtained by uniaxially compressing a wide variety
of macroscopic fiber packings (see SM for mehtodology).
The resulting parameter-less collapse over more than six
orders of magnitude in stress suggests that the analogy
with disordered fiber packings is a useful one. At high
compression, this mechanical argument results in a sim-
ple functional form for the compressive stress σ first de-
rived by van Wyk in 1946 to account for the compress-
ibility of sheep’s wool, namely

σ∝(V0/V )3 − 1, (1)

where V0 is the resting volume of the system [18]. Con-
sistent with Fig. 2(B), this relation implies a stiffening
exponent of 1 at high compression. To more fully test the
prediction of Eq. (1), we grow branched actin in the pres-
ence of the protein cofilin. Under the conditions and sto-
ichiometry used in our experiments, cofilin is expected to
coat individual actin filaments and decrease their bend-
ing rigidity [19]. These networks are softer than those
without cofilin, which allows us to compress them down
to smaller volumes and test Eq. (1) over a broad range of
(V0/V )3. As shown in Fig. 2(C), the affine dependence
of Eq. (1) is remarkably well verified.

Stressed growth locks contacts into the network
structure

Cells typically assemble branched actin networks in re-
sponse to opposing stresses exerted at its boundary [25].
To assess the influence of the magnitude σg of such
growth stresses on the network’s mechanics, we subject
our microcylinders to a controlled magnetic field during
actin growth. We thus produce branched networks grown
under mean stresses ranging from 0.9 to 30.8 Pa. We next

Figure 2. Branched network elasticity strongly resem-
bles that of fiber packings, which stiffen due to the
proliferation of filament contacts. (A) Compression of
the packing generically induces such a proliferation, leading
to a decrease of the typical inter-contact length. (B) Similar
stiffening behaviors are observed in networks made of fibers
whose lengths cover over five orders of magnitude [20–24].
(C) Equation (1) is remarkably well verified in our networks
(N = 89; bars in all figures show standard error; all actin
data in this figure is from networks grown in the presence of
500 nM cofilin).

release this growth stress and allow the networks to re-
lax before characterizing their nonlinear elastic response.
We observe a dramatic stiffening of the networks grown
under large compressive stresses [Fig. 3(A)]. Using an-
other representation that focuses on the small stress re-
sponse [Fig. 3(B)], we see that branched networks grown
under stress also develop a stress-dependent linear elas-
tic plateau. Stressed growth thus restores some aspects
of the familiar elastic network models. To explain this
behavior, we reason that an opposing stress forces actin
filaments to bend during growth. Bent filaments entan-
gle with one another, and form many contacts that sub-
sist after the growth stress is released. To confirm this
stiffening mechanism, we introduce a controlled amount
of entanglements in our simulations. We thus first turn
off interfilament repulsions, then compress the network
to cause the resulting phantom filaments to bend and
move through each other. Once the interpenetrating fil-
aments are mechanically equilibrated, we turn their in-
terfilament repulsions back on, thus locking the filament
entanglements into the network. As we relax the external
compression, the networks relax only partially and ac-
quire interfilament contacts which endow them with very
similar mechanics as their experimental counterparts, as
shown in Figs. 3(D-E).

To capture the effects of this contact accumulation un-
der stressed growth in a simple mean-field model, we ex-
tend Eq. (1) to include two additional effects. First, we
replace the infinitely long filaments of the van Wyk model
by finite-length branches. Each such branch may have
fewer constraints than degrees of freedom; we denote by n
the number of such missing constraints per branch in the
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Figure 3. Branched networks are stiffer when grown
under stress. This stiffening captured in our contact-based
simulations and analytical model, which uses only three global
parameters to collectively fit all experiments, and three for
all simulations. Solid lines represent the analytical predic-
tions from Eq. 2 throughout.s (A) Experimental compression
curves using the representation of Fig. 2(C), although with a
smaller horizontal range. The asymptotic V0/V ≫ 1 behavior
recapitulates the affine prediction of Eq. (1) (N = 46, N ≥ 6
per condition). (B) Stiffness-stress representation of the same
data. Theoretical curves are obtained by simultaneously fit-
ting all 4 + 4 = 8 curves in both panels, yielding parameters
n ≃ 1.02, κ/ℓ3d ≃ 606Pa and Σ ≃ 17.3Pa. (C) Larger
growth stresses result in a detectable elastic plateau at low
stresses, in agreement with theory. (D) Compression curves
for simulated networks with built-in entanglements added
through a phantomized prestrain γp recapitulate the behav-
ior of their experimental counterparts. (N = 3 per condi-
tion) (E) A simultaneous fit similar to the one performed
in the experiments yields n = 1.02, κ/ℓ3d ≃ 195Pa and
α0 ≃ 1.11×| ln(1−γp)|. Here α0 is imposed through a change
in volume and not stress, making Σ irrelevant. (F) Consistent
with our discussion, build-in entanglements recapitulate the
influence of stressed growth on the elastic plateau.

absence of interfilament contacts. In weakly compressed
networks with few contacts, many branches have too few

contacts to be stabilized mechanically. They thus do not
participate in the network’s mechanics, which results in a
soft, initial response that accounts for the small slope at
low compression (V0/V small) in Figs. 3(A) and (D). The
network then stiffens more rapidly than expected from
Eq. (1) as an increasing number of branches become sta-
bilized upon increasing compression. Equation (1) thus
becomes

σ ≈ κ

ℓ3d
[Sn(α0V0/V ) − Sn(α0)] . (2)

Here the parameter α0 is the number of contacts per
branch in the absence of imposed stress (i.e., for σ = 0),
d = 8 nm is the filament diameter and ℓ is the mean
distance between two branching points along a filament,
which is of the order of but potentially distinct from the
network mesh size ξ. Similar to the original van Wyk
theory, Eq. (2) is only meant to model the compressive
σ ≥ 0 regime. The full definition of the dimensionless
function Sn(α) in Eq. (2) is detailed in the SM. Qualita-
tively, it interpolates between two regimes. In the small-
compression regime (V0−V ≪ V0), the network response
depends on the extent to which it is undercoordinated,
which is characterized by the parameter n. By contrast,
the high-compression regime does not depend on n and
recapitulates the σ ∝ V −3 asymptotics of Eq. (1) for
V → 0: Sn(α) ∼ α3/3 for α ≫ 1. In the experimentally
important n = 1 case, Sn(α) vanishes for α ≤ 1. Just
above this threshold we have S1(α) ∼α→1+ 8(α − 1)3/3.
The SM presents a simple rational function that approx-
imates the way in which S1 smoothly interpolates be-
tween these two asymptotic behaviors. The existence of
a threshold value for α implies that if the number α0 of
trapped contacts per branch is smaller than 1, then the
network’s differential modulus − dσ

d lnV vanishes in the lin-

ear response regime V → V −
0 . By contrast, for α0 > 1

trapped contacts overconstrain the network and induce a
finite linear modulus.

The second ingredient of our model is an analytical
prediction for the dependence of α0 on the growth pres-
sure σg based on the modeling of the bending of growing
filaments subjected to an opposing stress. Qualitatively,
α0 increases with increasing σg and crosses over from an
n-dependent, weak compression regime into a van-Wyk-
like large compression regime at a typical growth stress
Σ. We fit our model to our data using fitting parame-
ters n, ℓ and Σ in common for all experimental curves
in Fig. 3(A-B). While the curves in these two panels are
extracted the same data, they respectively highlight the
networks’ large- and small-compression behaviors. To-
gether, they demonstrate that our model satisfactorily
describes both regimes. We fit the simulations similarly
in Fig. 3(D-E), although since there we mimic the growth
stress by our aforementioned pre-compression protocol
the stress parameter Σ is replaced by a deformation pa-
rameter. Despite some local deviations, the behavior of
the data is satisfactorily captured by the model in both
cases using only three global parameters to respectively
fit eight and ten curves. The optimal value of the fitting
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parameters indicate a branch length ℓ ≃ 202 nm in the
experiments and ℓ ≃ 253 nm in the simulations, similar to
the values observed in lamellipodial branched networks in
living cells [26] Applying a constraint counting argument
to our simulations, we expect n = 1 due to the absence of
constraints hindering the rotation of a daughter branch
around its mother in our numerical scheme. The fit in-
deed yields n ≃ 1.02. It moreover indicates a very similar
value in the experiments. This could indicate that just
like in the simulations, the torsional stiffness of actin may
only weakly constrain the mechanics of our system, al-
though other defects in the branched architecture of the
network could alternatively result in the same behavior.
Finally, we show in the insets of Figs. 3(C) and (F) that
our scheme correctly predicts the elastic plateaus of our
network without any further fitting parameters.

In the underconstrained regime, crosslinkers act as
obligatory contacts

Our model implicitly likens trapped contacts to
crosslinkers. To test the validity of this analogy, we grow
branched networks under low stress in the presence of the
cytoskeletal protein alpha-actinin, which crosslinks actin
filaments into networks and bundles and is involved in
many aspects of cell motility and structure [27]. We in-
vestigate crosslinker concentrations ranging from 0 (be-
low the physiological concentration) to 2µM (well above
it). As shown in Fig. 4(A-B), this results in a stiffen-
ing comparable to that resulting from stressed growth.
To account for it in our theory, we assume that the ad-
dition of crosslinkers is equivalent to the introduction
of a number of irreversible contacts proportional to the
crosslinker concentration. Reusing the parameters fitted
in Fig. 3(A-B), we use the corresponding proportionality
constant as our only fitting parameter across 10 curves in
Fig. 4(A-B) and find a good agreement with the experi-
mental data. Our model however overestimates the mag-
nitude of the crosslinker-induced stiffening at high con-
centrations [Fig. 4(C)], as would be the case if the density
of crosslinkers actually incorporated in the experimental
network would saturate at high concentration. To probe
the effect of better controlled, larger crosslinker densities
as well as stronger compression than our experiments al-
low, we incorporate up to as many as 8 crosslinkers per
branch in our simulations and fit our model using the
same protocol [Fig. 4(D-E)]. As expected, both the low-
crosslinker and the low-force response of our networks re-
mains consistent with our contact-induced elasticity the-
ory, thus validating our interpretation that the discrepan-
cies seen in Fig. 4(C) were due to insufficient crosslinker
incorporation. In addition, we predict and verify that
networks where the number of crosslinkers per branch
exceeds 2.7 deviate from our model and start resembling
the linear elastic response predicted by elastic network
theories.

Figure 4. Crosslinks act as additional contacts, al-
though only at relatively low concentrations. The fits
here parallel Fig. 3 and reuse its parameters, adding only
one single global fitting parameter. (A-B) Increasing the
crosslinker concentration c stiffens branched networks. Our
only fitting parameter is the number of additional contacts
per branch added per unit of c, which we find to be equal to
0.16µM−1. Thus networks with c < 6.1µM should remain
underconstrained (N = 31, N ≥ 5 per condition, all with
σg ≃ 1Pa). (C) High crosslinker concentrations affect the
experiments less than predicted by the model, likely due to a
saturation of the incorporation of the crosslinkers into the net-
work. (D-E) Response of simulated networks with a known
number x of crosslinkers per branch. As a result of our fit, we
find that each unit of x contributes 0.36 contacts per branch,
and so that networks with x > 2.7 are overconstrained. This
is the case of our two most crosslinked network, while our
third most crosslinked is a marginal case. The former two
indeed exhibit a response more consistent with a standard
linear elastic response (dashed lines) than with our undercon-
strained model (solid lines). We thus ignore these two curves
in our fit. (F) A saturation of the incorporation of crosslink-
ers cannot occur in our simulations, and the resulting increase
of modulus with increasing concentration matches the theory
much more closely than in the experiments.
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Figure 5. The number of contacts predicts the elastic
modulus in all our numerical simulations. The initial
number of contacts for each system is estimated from the
fitting parameters, and the additional contacts are directly
counted in the simulations (see SM for details). The relation-
ship predicted by theory is widely valid and breaks down only
for heavily crosslinked networks (gray circles), as discussed in
Fig. 3(G-H). Some prestresses and crosslinking values shown
here were omitted in previous figures for the sake of legibility.

Number of contacts predicts the stiffness of
underconstrained networks

As a final challenge to our understanding of branched
network elasticity, we note that our theory directly links
the elastic modulus of the network to the density of its
interfilament contacts, be they induced by a reversible
compression of the network, trapped entanglements or
crosslinking. By directly counting the number of con-
tacts in all simulations presented above, we indeed find
in Fig. 5 that regardless of their origin, the number of
contacts predicts the rigidity of the network consistent
with theory.

Discussion

The good agreement of our experimental, numerical
and theoretical data under multiple conditions with re-
markably few parameters indicate that branched actin
elasticity is chiefly based on labile interfilament contacts,
and is thus markedly different from that of crosslinked
actin. Its undercoordinated nature endows it with me-
chanical properties that are finely tuned to its growth
conditions: growth stresses entangle the filaments and
make the network sturdier in much the same way that
knitted wool is more rigid than loose wool. This mech-
anism could endow physiological networks with adap-
tive characteristics beyond those stemming from a di-
rect regulation by the cell. According to our measure-
ments, the addition of crosslinkers in physiological con-
centrations, i.e., a few hundred nM at most, hardly af-
fect the mechanics of branched actin. Even the networks
obtained at higher concentrations (≈ 1 crosslinker per
branch) are still well described by contact-induced elas-
ticity. Contact-induced elasticity may be harnessed by
the cell to effect rapid and substantial changes in the net-
work’s elastic properties through limited actin severing
and debranching by relaxing some of the entanglement-
induced residual stress. More broadly, our work con-
trast with many previous in vitro physical studies of cy-
toskeletal networks and the extracellular matrix, which
for technical reasons consider networks much more dilute
than their physiological counterparts. The high-density
regime we consider makes interfilament contacts more
frequent and influential, and the ability of our setup to
probe low-stress grown networks compared to AFM ex-
periments [6, 12] allow us to detect their specific me-
chanical signatures for the first time. While the underco-
ordinated nature of the branched networks studied here
makes them particularly susceptible to this influence, fu-
ture work may reveal that they constitute a crucial, yet
overlooked aspect of cellular mechanics at large.
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d’Excellence, “Investissements d’avenir,” program ANR-
10- EQPX-34). ML was supported by Marie Curie In-
tegration Grant PCIG12-GA-2012-334053, “Investisse-
ments d’Avenir” LabEx PALM (ANR-10-LABX-0039-
PALM), ANR-21-CE11-0004-02, ANR-22-ERCC-0004-
01 and ANR-22-CE30-0024-01, as well as ERC Starting
Grant 677532 and the Impulscience program of Fonda-
tion Bettencourt-Schueller. JH, OdR and ML’s groups
belong to the CNRS consortium AQV.

AUTHOR CONTRIBUTIONS

M.B. conceptualized the project, performed and ana-
lyzed the numerical simulations, wrote the original draft,
reviewed and edited the manuscript. C.V.G. performed
and analyzed experiments. M.K. performed and ana-
lyzed experiments. L.K. performed preliminary numer-
ical simulations. G.F. helped supervise the numerical
simulations. J.H. conceptualized the project, designed
and developed the experimental methodology, supervised
the experiments, analyzed the experimental data, secured
funding, reviewed and edited the manuscript. O.d.R.
conceptualized the project, designed and developed the
experimental methodology, supervised the experiments,
secured funding, reviewed and edited the manuscript.
M.L. conceptualized the project, supervised the numer-
ical simulations, designed and performed the analytical
theory and associated data analysis, secured funding, co-
wrote, reviewed and edited the manuscript.

LIST OF SUPPLEMENTARY MATERIALS

Supplementary text.
Supplementary figures S1 to S10.

These materials are available as a .pdf ancillary file from
this preprint’s arXiv abstract page.

https://doi.org/10.1038/44183
https://doi.org/10.1038/44183
https://doi.org/10.1073/pnas.1114292109
https://doi.org/10.1073/pnas.1114292109
https://doi.org/10.7554/eLife.73145
https://doi.org/10.1103/RevModPhys.86.995
https://doi.org/10.1103/RevModPhys.86.995
https://doi.org/10.1126/science.1095087
https://doi.org/10.1126/science.1095087
https://doi.org/10.1038/nature03521
https://doi.org/10.1103/PhysRevB.31.276
https://doi.org/10.1080/19447024608659279
https://doi.org/10.1080/19447024608659279
https://doi.org/10.1016/j.jmb.2008.05.055
https://doi.org/10.1111/j.1745-4603.1999.tb00235.x
https://doi.org/10.1111/j.1745-4603.1999.tb00235.x
https://doi.org/10.1016/j.scriptamat.2012.05.047
https://doi.org/10.1016/j.biomaterials.2014.04.056
https://doi.org/10.1371/journal.pone.0122132
https://doi.org/10.1016/j.tcb.2020.03.005
https://doi.org/10.1242/jcs.107623
https://doi.org/10.1074/jbc.M110.123117

	Transient contacts between filaments impart its elasticity to branched actin
	Abstract
	Branched network elasticity is atypical
	Branched networks resemble underconstrained filament tangles
	Stressed growth locks contacts into the network structure
	In the underconstrained regime, crosslinkers act as obligatory contacts
	Number of contacts predicts the stiffness of underconstrained networks
	Discussion

	References
	Acknowledgments
	Author contributions
	List of supplementary materials


