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Summary

The Shigella type IIl effector IpaA contains threebinding sites for the focal adhesion
protein vinculin (VBSs), which are involved in bacerial invasion of host cells. Here, we
report that IpaA VBS3 unexpectedly binds to talin.The 2.5 A resolution crystal structure
of IpaA VBS3 in complex with the talin H1-H4 helics shows a tightly foldeda-helical
bundle, which is in contrast to the bundle unravelg upon vinculin interaction. High-
affinity binding to talin H1-H4 requires a core of hydrophobic residues and electrostatic
interactions conserved in talin VBS H46. RemarkablylpaA VBS3 localizes to filopodial
distal adhesions enriched in talin, but not vinculn. In addition, IpaA VBS3 binding to
talin was required for filopodial adhesions and efitient capture of Shigella. These results
point to the functional diversity of VBSs and suppa a specific role for talin binding by a
subset of VBSs in the formation of filopodial adhéens.

Introduction

The cytoskeletal linkers talin and vinculin playpgartant and distinct roles in integrin-
mediated cell adhesion (Atherton et al., 2016; Ktdp and Brown, 2017). While vinculin
strengthens adhesion and cytoskeletal anchoralge decritically required for the formation
and maturation of adhesion structures (Lagarrigus. £2016; Yan et al., 2015). Talin consists
of an amino-terminal FERM domain connected to gdailod domain containing VBSs buried
in helical bundles (Calderwood et al., 2013; Laigae et al., 2016; Yan et al., 2015). Upon
activation, talin bridges the cytoplasmic tail bétintegrin 31 subunit with actin filaments (Yan
et al., 2015). Stretching of the talin molecule tluactomyosin-dependent contractility leads to
the unveiling of VBSs buried in helical bundlesrajahe talin rod domain (Yan et al., 2015).
Upon exposure, talin VBSs activate vinculin thatther tethers actin filaments to adjust
adhesion strength in response to substrate stif(@mgras et al., 2005; Yan et al., 2015). In
vitro measurements on single molecules indicat¢ timveiling of VBSs in various talin

bundles occurs with a defined hierarchy, suggestifigrent talin activation states.

Bacterial pathogens have evolved remarkable siestetp invade host cells (Dunn and
Valdivia, 2010; Pizarro-Cerda et al., 2013pigellg the causative agent of bacillary dysentery,
invades intestinal epithelial cells after being toagd by filopodia using a type Il secretion
system (T3SS) that injects bacterial effectors mist cells (Dunn and Valdivia, 2010; Galan et
al., 2014; Valencia-Gallardo et al., 2015). TBkigellalpaA type lll effector contains three
exposed VBSs located within its 145 carboxy-terinmeaidues that act in concert to promote
bacterial invasion (Izard et al., 2006; Park et2011; Tran Van Nhieu and Izard, 2007). Here,



we show that in addition to vinculin, IpaA VBS3 @ldirectly targets talin. IpaA VBS3 forms a
folded globular structure with the H1-H4 heliceghe talin R1 bundle, which differs from the
stretched bundle structure expected during fulhtattivation. Our results suggest that binding
of IpaA VBS3 to a semi-stretched talin conformebdizes filopodial adhesions and stimulates

bacterial capture.

Results

Talin is recruited by IpaA and is required for Shigella invasion

IpaA recruits vinculin atShigella invasion sites to trigger the formation of a tians
adhesion required for bacterial internalizationepjthelial cells (Tran Van Nhieu et al., 1997).
Talin is also recruited a@higellaentry sites, but its role requires clarificatidihen analyzed
by immunofluorescence microscogglin was detected in coat-structures around iafexed
bacteria as early as 10 min-incubation at 37°C g§Bupigs. 1A, B, arrowhead). Talin
recruitment and coalescing around internalized dvectoccurred concomitantly with the
depolymerization of actin in membrane ruffles (Fig#, B and Suppl. Figs. 1A, B). Cell
treatment with anti-talin siRNA did not impair attpolymerization aShigellainvasion sites
but actin coat-structures surrounding invading é&@&tseldom formed, reminiscent of foci
induced by anpaA mutant (Figs. 1A, B). Consistently, bacterial isnam was reduced by 4-
fold in anti-talin siRNA-treated cells compared d¢ontrol cells (Fig. 1C). AShigellaipaA
mutant strain failed to form talin coats suggestagole for IpaA in talin recruitment at
invasion sites (Figs. 1D-E, Suppl. Figs. 1C-E).

To investigate the role of IpaA VBSs in the formoatiof talin coat structures, cells were
challenged withpaA mutant strains complemented with IpaA derivativiesin coat-structures
were not detected for thpaA mutant complemented with vector alone or IpaA weldor all
its VBSs (Figs. 1D, E). Complementation of tip@A mutant with full length IpaA, IpaA
AVBS1-2 or IpaAAVBSS, restored the formation of foci with talin ¢adructures (Fig. 1E).
However, a significant decrease in the percentdg®a forming talin coat structures was
observed for thépaA mutant strains expressing Ipa¥®/BS1-2 or IpaAAVBS3 compared to
full length IpaA, with 19 + 0.7 % and 25 £ 5 % r@le to 52 + 6.7 %, respectively (Fig. 1E).
These results indicate that talin recruitment caaddur via IpaA VBS3, or via IpaA VBS1-2

possibly through vinculin-talin interactions.



These results indicate that talin is requiredShigellainvasion and is recruited at entry sites

in an IpaA-dependent manner to form actin coatosuading invading bacteria.

IpaA VBS3 binds to talin

To confirm and further investigate how IpaA VBSZnéted talin, we performed a yeast
two-hybrid screen using an established human ptateBNA library corresponding to a total
of 82.02 million prey clones and a bait containipgA1-565 containing the VBS3 but devoid
of the VBS1-2 sites (559-633). This screen idemdifil50 clones representing 16 different
genes. Among these, talin was identified with vergh confidence in 95 prey clones, with
clones corresponding to different open reading &sum talin (Suppl. Table 1As expected,
vinculin was also identified as a prey (Suppl. Ea). To test whether IpaA VBS3 could
directly bind to talin, we performed native gel fshassays using synthetic peptides (Exp.
Procedures). As observed for vinculin, IpaA VBS8 dot bind to talin R1 (talin H1-H5), but
formed a complex with talin H1-H4 suggesting thegéting of active talin in which the
inhibitory H5 helix is removed by mechanical stretg (Papagrigoriou et al., 2004)(Fig. 2A,;
Suppl. Fig. 4B). In contrast, even at high molaios IpaA VBS1 and IpaA VBS2 did not
form any detectable complex with talin H1-H4. IT@asurements indicated that IpaA VBS3
bound to talin H1-H4 with high affinity (K= 174 + 19 nM), whereas IpaA VBS2 did not show
any detectable interaction with talin H1-H4 (Fi@;Zable 1). IpaA VBSinteracted with talin
H1-H4 with much lower affinity than IpaA VBS3 (K= 15.2 + 1.1uM; Fig. 2B; Table 1).
When native gel shift assays using IpaA 483-633ainimg all three VBS1-3 (A483) were
performed, a clear migration shift corresponding t8483-talin H1-H4 complex was observed
with depletion of free talin H1-H4 (Fig. 2C, arroedd). In contrast, when IpaA 524-634
containing only IpaA VBS 1-2 (A524) was incubateihaalin H1-H4, no migration shift
could be detected (Fig. 2C, A524).

Size-exclusion chromatography coupled with multgden static light scattering (SEC-
MALS) analysis indicated that A483 and A524 werenmimers in solution, as indicated by the
molecular mass determination (Fig. 2D; Suppl. T&)leOf note, H1-H4 behaved as a globular
dimer in SEC-MALS analysis (Fig. 2D; Suppl. Table @nsistent with the crystal structure of
talin rod 482-655 (Papagrigoriou et al., 2004). Whaixed prior to analysis, only single
species corresponding to the talin H1-H4 dimer 624 monomer were recovered, consistent
with the native gels and ITC results (Fig. 2D; Sufjable 2). In contrast, a compact globular

complex corresponding to one talin H1-H4 dimer lbuo a single A483 molecule was



observed (Fig. 2D, talin H1-H4 + A483; Suppl. TaBle These results are in agreement with
the ITC measurements and suggest that A483 stromiglisacts with the talin H1-H4 via IpaA
VBS3. These results indicate that in addition tacuiin, IpaA VBS3 also binds to talin with
high affinity, a property not shared with other ApeBSs.

IpaA VBS3 mimics talin H5 to form an a-helix bundle with talin H1-H4

We solved the crystal structure of the IpaA VBSiBtal1-H4 complex at 2.5 A resolution
(Suppl. Table 3). The complex was purified usingtrategy similar to that used for the IpaA
VBS3-vD1 complex (Park et al., 2011). The asymroatriit contains 6 molecules of talin H1-
H4 organized into dimers as observed in SEC-MAL8p(® Fig. 2). Each talin H1-H4
molecule shows a clear additional density corredpanto the IpaA VBS3 peptide in vicinity
of mainly the H2 and H4 helices (Suppl. Fig. 2B)l #alin H1-H4 chains in the asymmetric
unit were very similar with pairwise RMSDs in thange 0.28-0.64 A over 1400C The
interface area between IpaA VBS3 and talin H1-H4849 + 26 X and involves mainly
hydrophobic residues located in talirhelices H2, H3 and H4 (Figs. 3A, B). In addition,
electrostatic interactions, either direct, betw&d®8 and E621, or indirect with R489 pointing
within a negatively charged region, further stréiegt IpaA VBS3 binding and positioning in
the talin H2-H4 groove (Figs. 3A, B). Structuralhgoarison of IpaA VBS3 in its talin-bound
and vinculin-bound state (PDB 3rf3, Fig. 3B) indesthat the same IpaA VBS3 hydrophobic
residues are involved in binding to talin H1-H4 awidl. The IpaA VBS3-vinculin vD1
interaction surface area, however, is wider (115Dtian that of IpaA VBS3-talin H1-H4 and
comprises IpaA residues F493, K497 and E490, whaiah not involved in talin H1-H4
recognition (Fig. 3B). Strikingly, IpaA K498 specilly interacts with talin E621 and does not
establish interaction with vD1 (Fig. 3B).

Structural comparison with talin H1-H5 (Figs. 3C+yeals a remarkable superposition of
VBS3 with H5. 1492, A495, V499, L506 and 1507 gfaA VBS3 involved in hydrophobic
interaction with talin H1-H4 are homologous to L62640, V644, L651 and L652 in the talin
a -helix H5, nesting in the identical hydrophobic gve (Figs. 3C-E). Furthermore, a strong
similarity in polarity is observed between talin Hd IpaA VBS3, with IpaA R489
corresponding to talin R634 engaged in the samar ateraction with the talin H2-H3 loop.

Contact residues in IpaA VBS3 determining binding pecificity for talin



Synthetic peptides were generated to confirm tHe of IpaA polar and hydrophobic
residues in talin H1-H4 binding. Specifically, wested the effects of charge at R489 and K498,
and substitution of A495 rationalized by the stauat alignment with IpaA and talin VBSs
(Suppl. Fig. 3). ITC analysis indicated that the9BA substitution did not significantly
decrease the talin-binding affinity of IpaA VBS3pgsibly because of the complementary
charge contribution by adjacent K497 (Table 1). $Simgle charge inversion K498E, however,
led to a 1.7-fold increase in the determingd(Kp = 300 £ 2.8 nM) for talin H1-H4. A similar
increase was observed for the charge suppressutgedmutations R489A K498A with apke
328 £ 1.9 nM. Consistent with a critical role fdret hydrophobic interactions, the A495K
substitution led to a drastic defect in IpaA VBSBding to talin, with a 17-fold increase ib,K
(Kp = 2.93 + 0.3uM) (Table 1). These results were further confirmednative gel shift
experiments showing that as opposed to IpaA VBS8A IVBS3 498E and IpaA VBS3 A495K
did not induce any detectable shift of talin H1-t8uppl. Fig. 4). In contrast, shifts were still
observed in the presence of vD1, indicating tha thutations did not prevent complex
formation with vinculin, although higher peptidencentrations were required for the A495K
substitution consistent with a partial effect atlubstitution on vinculin binding (Suppl. Fig.
4B).

Talin-binding by IpaA VBS3 stimulates the formation of nascent adhesions

Our evidence suggests that IpaA VBS3 targets dameaconformer of talin containing a 4-
helix folded R1 bundle that differs from the "opdhe&onfiguration reported to interact with
vinculin (del Rio et al., 2009; Papagrigoriou et aD04). To test the targeting of a specific talin
conformer by IpaA VBS3, we took advantage of itghhaffinities for vinculin and talin and
generated a GFP fusion as a probe to analyzed#dization following cell transfection. As
shown in Suppl. Fig. 5A, GFP-IpaA VBS3 labeled FA<ells plated onto fibronectin-coated
glass coverslips, showing a strict co-localizatrath talin and vinculin. As expected, siRNA-
mediated depletion experiments showed that GFP-MBA3 labeling of adhesion structures
was vinculin- and talin-dependent (Suppl. Fig.\&hen cells were plated on 15 kPa stiffness
substrate, GFP-lpaA VBS3 labeled vinculin and tabmtaining adhesions at the cell
periphery, including at the base of filopodia adlves at the edge of lamellae. Adhesion
structures located towards the cell interior, hosvewvere less enriched in IpaA VBSS3,
consistent with labeling of nascent adhesions (Bufigs. 5E, F) (Beningo et al., 2001; van
Hoorn et al., 2014).



In replating experiments, GFP-lpaA VBS3 labeledntand vinculin-containing peripheral
adhesions, consistent with nascent adhesions, lhssvprominent adhesions (Fig. 4A-C). As
expected, control cells transfected with GFP alsimnewed a diffuse cytoplasmic labeling and
virtually no recruitment in adhesion structuregg&-i4B, C). When cells were transfected with
the mutated IpaA VBS3 variants, a 6- and 7.8-fa@duction in the number of GFP-IpaA
VBS3-positive adhesions per cell were observed IfmA VBS3 A495K and K498E,
respectively, compared to parental IpaA-VBS3 (Fis-C). In addition, the size of adhesions
was significantly reduced in GFP-IpaA VBS3 A495KIa498E transfected cells compared to
GFP-lpaA VBS3 transfectants (Figs. 4D, E). Of notdile showing reduced stimulatory
effects on adhesion formation, the talin-bindindiadent variants A495K and K498E showed
an increase in the size of focal adhesions comp&réaFP-transfected control cells, with a
mediant MAD of 1.53+ 0.51 and 1.2% 0.39, respectively (Figs. 4D, E), likely due teith

residual vinculin-binding ability.

IpaA VBS3 regulates filopodial extension through i$ talin- but not vinculin-binding
activity

In replating experiments, talin was also enricheddhesions in the filopodial shaft distal
moiety while vinculin preferentially localized dig filopodial shaft proximal moiety and base
(Fig. 5A), with a median distanegeMAD of 2.5+ 1.8um and 1.7 1.3um, respectively (Fig.
5B; Exp. Proc.). In addition, GFP-lpaA VBS3 was arssted with distal filopodial talin
adhesions, whereas association with vinculin wasenied in more proximal filopodial
adhesions, with a median distance of 2 B5um compared to 1.4 0.9um, respectively (Fig.
5C; Suppl. Fig. 6). VBS3- and talin-labeled adbesiwere located more distally than talin-
and vinculin-labeled adhesions in filopodia, sugggsthe formation of distinct complexes
(Fig. 5C). Consistent with different talin conforragthe canonical talin-binding domain of
vinculin vD1 labeled filopodial clusters that wameore proximal to the cell body than those
labeled with VBS3, with a median distance to thié lmedy of 2.5+ 1.8um and 3.1+ 2.2um,
respectively (Fig. 5D). As expected, GFP alonerhtl label structures in filopodia (Fig. 5E;
Suppl. Fig. 6).

To test the role of talin-binding in the targetiofgfilopodial distal adhesions by IpaA VBSS3,
we analyzed the localization of the GFP-lpaA VBS®BK and K498E mutants. As opposed
to GFP-IpaA VBS3, the mutated VBS3 variants impaifer talin binding showed a 2.7-fold
decrease labeling of large filopodial adhesionggFbA, E). Binding of vD1 to activated talin



was shown to inhibit its refolding, thereby stabilg focal adhesions (Atherton et al., 2015;
Yao et al., 2014). We therefore expected bindingpaA VBS3 to favor filopodial extension by
stabilizing filopodial adhesions. Consistently, gtigcation indicated that filopodia in GFP-
IpaA VBS3 transfectants were longer than those rebsein cells transfected with GFP-talin
with a median lengtit MAD of 4.1 £ 1.9 um and 3.4+ 1.9 um, respectively (Fig. 5F).
Remarkably, cells transfected with GFP-IpaA VBS®BK and K498E showed filopodia that
were significantly shorter than cells transfectathucFP-IpaA VBS3 with a median length of
2.6+ 0.8pum and 2.9+ 1 um, respectively, and comparable to the filopodedth in cells
transfected with vD1 (Fig. 5F, median 2t51.8 um). In control experiments, the filopodial
length in cells co-transfected with GFP and mChéaaliyn or vinculin-mCherry were
comparable to those of GFP-talin alone or GFP-VB898E, with a median length of 38
1.1 and 2.% 0.1um, respectively (Fig. 5F).

Together, these results suggest that through lbafiding, IpaA VBS3 stabilizes filopodial
adhesions thereby favoring their extension. The ofl IpaA VBS3 in the regulation of both
filopodial and nascent adhesions further suppdrés link reported between these adhesion
structures (Hoffmann and Schafer, 2010; Jacquemat,e2015; Partridge and Marcantonio,
2006).

Talin binding by IpaA VBS3 stimulates filopodial cgpture and Shigella-induced cell
adhesion formation

Shigellainvasion of epithelial cells is preceded by itptoae by filopodia (Romero et al.,
2011). We next analyzed the effects of GFP-lpaA $Bf&nsfection in bacterial capture
(Romero et al., 2011). As shown in Fig. 6A, GFPAPEBS3 and talin structures could be
observed at the tip of 84.6 % of filopodia captgrbacteria (Fig. 6A, arrowhead; 13 filopodia,
N = 3), but only in 12.8 % of filopodia devoid o&dteria (304 filopodia, N = 3). To test the
relevance of talin-binding by IpaA VBS3 during filodial capture, cells were challenged with
ipaA mutant strains complemented with various IpaA tmiets. As shown in Fig. 6B, deletion
of all IpaA VBSs resulted in a five-fold reductiaomthe number of bacterial capture compared
to full-length IpaA. While deletion of IpaA VBS1-¢bntaining VBS3 did not affect filopodial
capture, deletion of IpaA VBS3 reduced filopodiapture by 2.4-fold (Fig. 6B). The A495K or
K498E mutations that impaired talin binding redud#apodial capture to similar extent than
IpaA AVBS3 (Fig. 6B).



In addition to forming pseudo-adhesion structumesmembrane ruffles during invasion,
Shigella stabilizes FAs to prevent early detachment ofatdé cells (Sun et al.,, 2017). To
investigate the role of IpaA VBS3 in this processlls were challenged with bacteria for 30
min and talin-containing adhesions were analyzednfiyjunofluorescence microscopy (EXxp.
Procedures). As shown in Figs. 6C,D, while showass focal adhesions than uninfected cells,
cells infected with thépaA mutant complemented with full length IpaA remairggiead and
showed large adhesion structures. In contrass chhllenged witlipaA mutant complemented
with vector alone showed a significant decreas&za and number of adhesions (Figs. 6C-D).
Complementation with IpaAVBS1-2 containing VBS3 restored adhesion structaféseugh
these latter were smaller than those observedufblehgth IpaA (Figs. 6C, D). Strikingly, the
A495K and K498E mutations affected the IpaA VBS®amdent formation of adhesion
structures at different degrees. Cells infectedhwpaA / IpaA AVBS1-2-A495K were similar
to cells infected withpaA complemented with vector alone, with smaller aaer adhesion
structures compared tipaA / IpaA AVBS1-2 (Figs. 6C-D). Complementation with IpaA
AVBS1-2-K498E led to an intermediate phenotype withilar numbers of adhesions per cell

but a clear shift in the distribution towards call®wing smaller adhesions (Figs. 6C-F).

Together, these results indicate that talin bindigdpaA VBS3 plays an important role in

bacterial capture by filopodia and stabilizes edlhesions durin§higellainfection.

Discussion

Our work provides a mechanistic basis for how IpABS3 acts as a dual talin-vinculin
binder, a property not shared by IpaA VBS1 or IpABS2. IpaA residues V499-L503-L507
are involved in interactions with talin or vinculisuggesting that these constitute a common
hydrophobic core essential for binding but not eorihg specificity. Two other hydrophobic
residues, IpaA 1492-A495, however, appear to beciBpefor talin interaction. Also,
electrostatic interactions involving residues Ip&%89 and K498 are important for talin
specificity. Specifically, the lysine residue atsgmn 498 in IpaA VBS3 is critical for specific
and high affinity binding to talin. The sequenceg@amment of IpaA and talin VBSs and ITC-
based affinity measurements highlight that amoregWBSs analyzed, only talin H46 share
properties similar to IpaA VBS3 in binding to talihl-H4 (Table 1, Suppl. Fig. 3). These
findings indicate functional diversity between VB8sth IpaA VBS3 and talin H46 acting as

dual vinculin- and talin-binding sites. While thigs not investigated in the current study, IpaA



VBS3 may also bind to talin 2, a talin 1 relatedbtpm that presents conserved structural
features in the R1 bundle (Suppl. Fig. 7).

Our structural and cell labeling data suggest tipatA VBS3 targets an active talin
conformer presenting a folded R1 bundle in filopddlistal adhesions that differs from fully
active talin. Stretching experiments on purifielintbundles failed to detect intermediate steps
during R1 unfolding (Yao et al., 2014, Yao et aD16). Current magnetic tweezers resolution
limits, however, do not enable to detect displacenté a single helix, such as that of H5
expected to occur during IpaA VBS3 binding to RZcént single molecule atomic force
microscopy combined with steered molecular dynan{8sDs), however, supported the
existence of 3-helix intermediates during unfoldmigthe talin R9 and R11 5-helix bundles
(Mykuliak et al., 2018). SMDs also predict thaiosiger hydrogen and salt bridges interactions
between the talin H1 and H4 helices result in guerleading to dissociation of talin H5 from
H4 under applied force (Hytonen and Vogel, 2008 k¢ al., 2007), consistent with a talin
conformer with a partially unfolded R1 bundle. Besa of their structure, the talin R2 and R3
bundles are proposed to unfold first in responsesttetching forces, leading to RIAM
dissociation and vinculin binding (Goult et al., 13D), while R1 and R10 unfold at
intermediate forces (del Rio et al., 2009; Wang &al 2013; Yao et al.,, 2014; Yao et al.,
2016). Talin VBSs' exposure in cells, however, nhayaltered by ligands stabilizing talin
bundles or in the talin auto-inhibited state (Gaulal., 2013a).

Early studies had pointed to a role for talin imtrolling filopodial elongation and retraction
(Sydor et al., 1996). In line with this, the furmctal analysis of mutated IpaA VBS3 indicated
that talin-binding is specifically required for dpodial adhesions and bacterial capture.
Consistently, IpaA A495K and K498E mutations thatmase talin-binding activity prevented
the localization of IpaA VBS3 in filopodial shaftdlaesions and its effects on filopodia
elongation. We propose that in crawling filopodjgaA VBS3 favors filopodial protrusion by
stabilizing talin-mediated cytoskeletal anchoragélepodial shaft adhesions. Talin contains a
C-terminal F-actin-binding domain involved in talmer formation (Gingras et al., 2008). It is
possible that talin-talin interactions are favordgring initial activation steps. Interactions
between talin H1-H4 and IpaA VBS3 or talin H46 nstgbilize and / or contribute to the
formation of higher order talin oligomers devoid whculin in filopodial tip and distal

adhesions, acting as a molecular clutch adaptetietdow force range exerted by filopodia.
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Adhesions involving this talin-based clutch woudsh& as anchoring points favoring filopodial

extension through actin polymerization at the fifilopodia.

Unlike talin VBSs, IpaA VBSs are not buried withiundles and may bind to available
ligands in an opportunistic manner. Following capthy swirling filopodia, IpaA VBS3 may
bind to talin R1 to stabilize the filopodial tiplaesion. Because pathogens often mimic cellular
processes, a similar role may be performed by tdi6 in the R10 bundle during filopodial
sensing. Upon filopodial retraction IpaA VBS3 mayoperate with IpaA VBS1-2 to trigger
vinculin activation and reinforce cytoskeletal tatihg. IpaA could possibly also bridge
activated vinculin through its VBS1, 2 and taliough its VBS3, thereby contributing in the
cross-linking of cytoskeletal network &higellainvasion sites. As force increases, further
stretching of talin will lead to the dissociatioh\éBS3- talin recipient bundle interaction and
subsequent VBS-vinculin interaction, in line withet enrichment of vinculin at proximal

filopodial shaft and basal adhesions.
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Figures legends

Fig. 1. Talin is required for Shigella invasion and is recruited in an IpaA-dependent
manner.

Representative micrographs of control cells ants ¢edated with anti-talin sSiRNA prior
to bacterial challenge at 37°C for 15 min. Greestinared: bacterial LPS. The arrows
point to actin “cups” at bacterial cell contact (RO) or at the periphery of the foci
(SiRNA talin). Scale bar = gm.

The average intensity of actin foci was determiatthe indicated time points following
bacterial challenge for control cells (empty sgagrer anti-talin siRNA treated cells
(black squares). N = 3, > 30 foci.

Cells were treated with anti-talin SIRNA prior tadterial challenge at 37°C for 15 min.
The percentage of internalized bacteria after 30uites of infection with WTShigella
was determined (Methods). For each samples, n fo@5n at least three independent.
Wilcoxon test. ****: p < 0.001.

Representative micrographs of cells were trandflesi¢h talin-GFP and challenged with
Shigellastrains for 30 min at 37°C. Red: bacterial; blaetin; green: talin-GFP. Cells
challenged with thgaA mutant strain complemented with full length IpariCogne et
al.), vector alone (2.1), IpaAVBS3 and IpaAAVBS1-2. The arrows point to talin coat

structures surrounding invading bacteria. Scale=ldlapm.

Average percentage of actin foci forming tatmat structures induced by the indicated
bacterial strain £ SD (Methods). For each sampbe 35 foci in at least three independent
experiments. Chi Squared Test with post-hoc comparison (FDR correction for p-

value).

Figure 2 — IpaA VBS3 interacts with talin.

Analysis of IpaA VBSs and talin H1-H4 interactiosing 6-18 % gradient native PAGE.
The talin H1-H4: IpaA VBS molar ratio is indicatedth 1 corresponding to a final
concentration of 25M. Arrowheads point to talin H1-H4 and talin H1-H4:Ap&BS3.
Isothermal titration calorimetry (ITC) analysistbe interaction between talin H1-H4 and
the indicated IpaA VBSs. The estimated &te indicated. IpaA VBS2 showed no binding

to talin.
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Native PAGE analysis. The talin H1-H4: IpaA derivatmolar ratios are indicated with
1 corresponding to a final concentration of|2\8.

SEC-MALS analysis. Indicated proteins were incudte 60 min in column buffer prior
to SEC analysis using a Superdex 200 10/300 Gleass column. Traces: normalized
absorbance at 280 nm of the indicated proteinoompex species in the corresponding
color. Dotted lines: molecular mass of the indidgbeoteins or complexes determined by

MALS in the corresponding colors.

Figure 3 — IpaA VBS3 forms a compact fold with taln H1-H4

X-ray structure of the talin H1-H4:lpaA VBS3 corapl Blue: talin polypeptide chain.
White: interacting residues. Green: bound IpaA VB8® interacting residues in green.
VBS3 residues are annotated according to full lemgaA.

Molecular detail of the interaction between IpaA VBS3 with talin H1-H4 and vD1. Top
panels: IpaA VBS3 is shown in cartoon with its relevant interacting residues. Bottom
panels: Talin H1-H4 and vinculin D1 are illustrated by their vacuum electrostatic potential
generated with APBS [38]. Of note, the aminoterminal residues Thr 489 to Thr 487 of IpaA
VBS3 form an additional helical turn when bound to talin H1-H4 as opposed to the vD1
complex, suggesting that this different fold further tunes recognition specificity.
Superimposition of talin H1-H4:IpaA VBS3 and talin H1-H5 structures. Talin H1-H4 bound
to IpaA VBS3 (green) and to talin H5 (pink) are shown as a cartoon in blue and magenta,
respectively.

Helical wheel analysis of IpaA VBS3 (top) and taHb (bottom) indicates that both are
amphipathiar-helices with conserved residues in their hydrophotierphase. The
hydrophobic residues, polar residues, positively megatively charged residues are
colored yellow, green, blue, and red, respectively.

Comparison of talin H1-H4 binding to IpaA VBS3 atatin H5. Talin H1-H4 is shown in
white cylinder while the electrostatic surface pdA VBS3 and H5 are represented as
calculated with APBS.

Fig. 4. Talin-binding by IpaA VBS3 promotes focal @ahesions formation.

Cells were trypsinized and replated onto fibrormmectated glass coverslip for 15 min
prior to fixation and processing for fluorescentarsng. Samples were analyzed by
spinning disk microscopy. Cells transfected withRG GFP-lpaA VBS3 (VBS3),
A495K, or K498E variant and talin-mCherry (talimyraCherry-vinculin (vinculin).
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(A) Representative fluorescence micrographs of @cadfbasal planes. Scale bar grb.

(B) Wavelet Spot Detection (green) of adhesion cttmes in replated cells (Exp.

(C) Distribution of cells as a function of the nuenlof detected VBS3-labeled adhesions.

Procedures).

Median + MAD: VBS3: 23 = 10.5 (18 cells, N=3); A4R52.5 + 2.5 (14 cells, N=3);
K498E: 1 + 1 (17 cells, N=3); GFP; 0 £ 0 (9 ceMss3) Dunn's test. ***: p < 0.005.
*kk: p < 0.001.

(D) Size distribution of FAs for talin-mCherry trsfiected cells. Median £+ MAD: VBSS:

1.79 + 0.76 (774 FAs, N=3); A495K: 1.53 + 0.51 (568s, N=3); K498E: 1.53 + 0.51
(383 FAs, N=3); GFP: 1.29 + 0.39 (878 FAs, N=3)nDis test. ***: p < 0.005. ****;
p < 0.001.

(E) Size distribution of FAs for mCherry-vinculimahsfected cells. Median + MAD:

(A)
(B, D)

©

(E)

VBS3: 2.04 £ 0.76 (629 FAs, N=3); A495K: 1.79 + ©.7595 FAs, N=3), K498E:
1.53 £ 0.51 (480 FAs, N=3); GFP: 1.23 + 0.32 (483 AN=3). Dunn's test.. ****: p <
0.001.

Fig. 5. IpaA VBS3 targets talin-containing filopodal adhesions

Cells transfected with vinculin-mCherry and: tatitGherry, GFP-IpaA VBS3, A495K or
K498E variants.

Representative confocal micrographs. Scale=tapm.

Distribution of the distance relative tcetbell body (d) of filopodial clusters labeled with
the indicated marker in cells co transfected wiafP-talin and vinculin-mCherry (B);
VBS3 or vD1 and vincuiin-mCherry (D). Median + MAEalin: 2.48 + 1.81 (858 clusters,
N = 3); vinculin: 1.71 + 1.31 (252 clusters, N 5 ¥BS3: 3.08 + 2.22 (1008 clusters, N
= 3); vD1: 2.53 + 1.79 (537 clusters, N = 3). Mammitney test. **: p < 0.01. ***: p <
0.001.

Distribution of the distance relative to thdl dedy (d) of filopodial clusters co-labeled
with the indicated markers in co-transfected céledian + MAD: VBS3+talin: 2.86 +
1.49 (285 clusters, N =3); VBS3+vinculin: 1.43 +88. (128 clusters, N = 3);
talin+vinculin: 2.32 £ 1.36 (209 clusters, N = Bunn's test. *: p < 0.05. ***: p < 0.005.
*kkp < 0.001.

Percent of filopodia showing VBS3 cluster838 (563 filopodia, N = 3); A495K (375
filopodia, N = 3); K498E ( 332 filopodia, N = 3);RP (495 filopodia, N=3). Pearson;$
test. ****: p <0.001
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(F)

Dot plot of filopodial lengths. Bar: medianMAD. VBS3: 34.5+ 3.6 um (656 filopodia,
N = 4); talin: 24.1+ 4.4um (435 filopodia, N = 4); vD1: 21.8 3.6 um (336 filopodia, N
= 3); A495K: 2.6+ 0.9 um (345 filopodia, N = 3); K498E: 2.9 1 um (434 filopodia, N
= 3); GFP+Talin: 3.04 0.01um (589 filopodia, N=3); GFP+Vinculin: 2.96 0.01um
(516 filopodia, N=3); Dunn's test. **: p < 0.01.**p < 0.005. ****: p < 0.001.

Figure 6. IpaA VBS3 stabilizesShigella-induced cell adhesions

(A)

(B)

Representative micrographs of bacterial captweilopodia. Cells co-transfected with
IpaA-VBS3 and talin-mCherry and challenged priorbtecterial challenge. Green IpaA
VBS3; red: talin; blue: bacteria; cyan: F-actinafecbar = 5um. Talin and GFP-lpaA
VBS3 are detected at the filopodial tip where baatecapture occurs, as well as in
bacterial coats in invasion foci induced by \8Higellabut not thapaA mutant.

Cells were challenged witlpaA mutant complemented with: full-length IpaA (1739
cells, N = 5);AVBS3: IpaAAVBS3 (1258 cells, N = 2AVBS1-2: IpaAAVBS1-2 (1728
cells, N = 5); A495K: IpaAVBS1-2 A495K (1316 cells, N = 4); K498E: |pAXBS1-2
K498E (1291 cells, N = 4AVBSs: IpaAAVBS1-3 (909 cells, N = 2). The number of
bacteria associated with filopodia per cell wasresdo Mann-Whitney test. ****. p <
0.001.

(C) HeLa cells were challenged with bacteria for Bh at 37°C, fixed and processed for

immunofluorescence staining. Representative miagmus. Red: bacteria; green: talin.

Scale bar = fim.

(D, E) FAs were scored using automatic detectiop( Procedures). The median adhesion size

(F)

(B) and median number per cell (C) are indicateccéich sample. (B) Median + MAD:
IpaA: 0.4949 + 0.3535 (81 cells, N=3)VBS1-2 0.4242 + 0.2828 (60 cells, N=3);
A495K 0.3535 £ 0.3535 (70 cells, N=3); K498E 0.424Q2.2828 (75 cells, N=3); 2.1
0.3535 £ 0.2121 (111 cells N=3); Not Infected: BZ2# 0.5914 (80 cells, N=3). (C)
Median £ MAD: IpaA: 17 £ 11 (81 cells, N=3xVBS1-2 29 + 19 (60 cells, N=3);

A495K 5 + 5 (70 cells, N=3); K498E 23 + 16 (75 selN=3); 2.1 5 + 4 (111 cells N=3);
Not Infected: 29 £ 8 (80 cells, N=3). . (B) Kolmagu- Smirnov test of probability
distribution: *: p < 0.05; ****: p <0.001. (C) Krugal-Wallis: **: p < 0.01; ****: p <

0.001.

The median size of FAs is plotted for each @gla function of the adhesions' number per

cell.
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Table 1 — Non-linear fit values for ITC measuremers.

The affinity of synthetic peptides correspondingtatin VBS6, VBS9, VBS33, VBS36,
VBS46 and VBS50 for talin H1-H4. Talin VBSs could bdivided in four classes according to
their affinity for talin H1-H4: while VBS33 and VB did not show detectable binding,
VBS6, VBS50 and VBS9 showed weak or moderate #ffifor talin H1-H4. Talin VBS46,
however, interacted with talin H1-H4 with an affincomparable to that of IpaA VBS3, with
an estimated K= 60 + 0.8 nM. While consistently displaying higffinity for vD1, IpaA and
talin VBSs bound to talin H1-H4 with a broad rangfeKp values. N (stoichiometry), K
(affinity constant), AH (cal/mol) enthalpy, -AS (cal/mol) entropic contribution andG
(cal/mol) free enthalpy. IpaA VBS3 and talin H46nhdling to talin H1-H4 is exothermic
(AG<0) and mainly driven by enthalpyKl<O andAH<-TAS). Talin H1-H4 binding to IpaA
peptides VB% and VBS3 show an important enthalpic and minoragi¢ contribution. Talin
H1-H4 binding to Talin VBS’s shows an important ledpic contribution and an unfavorable
entropic contribution taAG. The estimated of other talin VBSs for vinculin D1 (KvD1)
was inferred from previous studies (Izard et Q& lzard and Vonrhein, 2004; Park et al.,
2011; Yogesha et al., 2012).
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STAR Methods
CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for resources and reagents should be directed to and will

be fulfilled by the Lead Contact, Guy Tran van Nhieu (guy.tran-van-nhieu@-college-de-france.fr)

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Cell lines

HelLa cells (ATCC CCL-2) were incubated in RPMI (Redl Park Memorial Institute)
medium containing 5% FCS (fetal calf serum, Gibca®an incubator with 5% C£O Mouse
Embryo Fibroblast (MEF) cells were incubated in DMIE11965092, GIBCO) medium
containing 10% FCS (fetal calf serum, Gibco®) inirrzubator with 5% C@

Bacterial strains

The wild typeShigella flexnetiisogenic mutants, and complementemlA mutant strains, as
well as wild typeShigellaexpressing the AfaE adhesin were previously desdr(Park et al.,
2011). Bacterial strains were cultured in trypteeasy broth (TCS) medium at 37°C. When

specified, antibiotics were added at the followtogicentrations: carbenicillin 1Q@/ml,

kanamycin 2qug/ml.

METHOD DETAILS

Antibodies

The antiShigella serotype V LPS rabbit antibody was described presty (Tran Van
Nhieu et al., 1997)]. The mouse monoclonal antirtalone 8d4 antibody was from Sigma-
Aldrich. Alexa 405 coupled anti-rabbit and Alexa848oupled anti-mouse IgGs were from

Jackson Immunoresearch. Alexa 647-coupled phatiaidis from Invitrogen.

Generation of expression constructs.

Full-length human vinculin-mCherry (residues 1-8Pp@&as generated by polymerase chain
reaction using 5- CTGTCGACTGATGCCAGTGTTTCATACG-3" / 5-
CTCCCGGGTCTGGTACCAGGGAGTCTTTC-3' primers and clorietb the pmCherry-N1
(Clontech) vector using th8all - Smal sites. Human talin-mCherry was from Addgene.
Human talin-GFP was a gift from K. Yamada. TA483 construct was PCR amplified using
5'- GGCGAATTCCCGGAGACACATATTTAACACG -3’ / 5'-
GCCGTCGACTTAATCCTTATTGATATTCT -3’ primers and clodeinto theEcadRl - Sal
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sites of pGEX-4T-2 (GE Lifesciences). The GFP-A483smid was generated by PCR
amplification ~ using the  5-GCGATATCATGGCCAGCAAAGG-3 and 5-
GCGCGGCCGCTTAATCCTTATTGATATTC-3’ primers and clona@to a pcDNA3.1 NT-
GFP Topo (Invitrogen). The GFP-lpaAVBS3 plasmid vgenerated by PCR amplification
using the 5-ACCCGGGGATTAAGCGGCC-3 and 5'-
ACCCGGGATCCTGATTTAGTTCC-3 primers and the GFP-A4BB&smid as matrix. The
amplicon was digested witBmal and ligated using a T4 DNA Ligase. Mutagenesis to
generate the GFP-IpaA VBS3 A495K and K498E variaras performed using the following
pairs of primers 5-CACGGGAAACGATATTTGAAAAATCAAAAAAMAGTAACAAACTC-

3 5-GAGTTTGTTACTTTTTTTGATTTTTCAAATATCGTTTCCCGTG3, and 5'-
CGATATTTGAAGCTTCAAAAGAAGTAACAACAAACTCCCTAA-3' and 5-
TTAGGGAGTTTGTTGTTACTTCTTTTGAAGCTTCAAATATCG-3', resgctively, using
the Quickchange Il site-directed mutagenesis praee(Stratagene). All other enzymes were
from New England Biolabs. Plasmids containing tAllBS1 (H1-H4) residues 482-636 and
GST-IpaA 524-633, as well as peptides IpaA-VBS11(633) and VBS2 (565-586) were
previously described (lzard et al., 2006; Papagidogoet al., 2004; Ramarao et al., 2007; Tran
Van Nhieu and lzard, 2007). IpaA VBS3 (N-TRETIFEA®KTNSLSNLISLIGT-C, 488-
512), and VBS3 variant peptides K9498A (N-TRETIFE¥S/TNSLSNLISLIGT-C),
K498E (N- TRETIFEASKEVTNSLSNLISLIGT-C), R489A K498A (N-
TAETIFEASKAVTNSLSNLISLIGT-C) and A495K (N-
TRETIFEKSKKVTNSLSNLISLIGT-C) were synthetized by @script USA Inc. Talin
peptides VBS4¢N-YTKKELIECARRVSEKVSHVLAALQ-C, 1945-1970), Talin \BS6 (N-
FQDVLMQLANAVASAAAALVLKAKS-C, 664-689), Talin VBS9 (N-
RGVGAAATAVTQALNELLQHVKAH-C, 765-789), Talin (N-
NLKSQLAAAARAVTDSINQLITMCT-C, 1330-1357) and Talin BS50 (N-
QVVLINAVKDVAKALGDLISATKAA-C, 2077-2102) were synthsized at the Scripps

Institute proteomics facility (Jupiter Florida, UpAFor crystallographic studies, the human

talin H1-H4 domain (residues 481-636) preceded rbyngernal ribosome-binding site and a
start codon was PCR-amplified and cloned into BbeRISacl sites of pET28a-IpaA-
VBS3 (Park et al, 2011) using the  following pairsof  primers 5-
CGAATTCAGGAGGACAGCTATGCACCGAGGACACATG-3 and 5-
CGAGCTCGTTACTGACGGGGCTCAGCACTG-3 to generate theidironic expression
vector pET28a-IpaA-VBS3/VTBS-talinH1-H4. Plasmidsemn transformed into tHe.
coli BL21 (DE3) strain (Invitrogen).
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Yeast double hybrid analysis.
The yeast two-hybrid analysis was performed uspaAL-565 as bait to screen a human
placental RP1 library, according to standard pracesl and the Y2H protocole (Hybrigenics

services).

Protein purification.

The talin H1-H4 derivative was purified by affinihromatography in 25 mM Tris—HCI pH
7.4, 0.5 M NaCl and 30 mM imidazole using a HisTrndp 5ml affinity column (GE
Healthcare). For crystallographic studies, the fyirmmplex of IpaA-VBS3 / talinH1-H4 was
purified by passage over a HisTrap HP 5 ml affimbyumn (GE Healthcare) in 25 mM Tris—
HCl pH 7.4, 0.5 M NaCl and 30 mM imidazole. The ten fractions were pooled and
concentrated with a 3 kDa cut-off ultrafiltrationiti(Amicon), and the buffer was exchanged
to phosphate-buffered saline (PBS) and digestedhbymbin digestion. The complex was
loaded onto a Superdex 200 size chromatographyntoand fractions containing IpaA-VBS3

/ talinH1-H4 complex concentrated up to 30 mg/ml.

IpaA derivatives were purified by affinity chromgtaphy in PBS (Phosphate Buffer Saline)
using a GSTrap HP affinity column (GE Healthca@gaved with thrombin to remove the
GST moiety, followed by size exclusion chromato¢magHiLoad S200, Ge Healthcare). For
crystallographic studies, talin H1-H4-IpaA-VBS3 dniyp complex was purified as described
(Park et al., 2011). Protein concentration was rdgteed using the BCA assay (Thermo
Scientific). Samples were dialyzed in binding bufénd stored at -80°C at concentrations

ranging from 1 to 10 mg/ ml.

Native-PAGE analysis.

Talin H1-H4 and IpaA peptides were incubated irdbig buffer (25 mM Tris-HCI PH 7.0,
100 mM NaCl and 1 mMB-Mercaptoethanol) for 1hr at 4°C. After incubatisamples were
resuspended in 2 x Native loading buffer (62,5mNs pH 6,8 containing 25% Glycerol) and
separated by Tris-Glycine Native-PAGE electrophisréSchagger et al., 1994). Gels were

stained using standard colloidal Coomassie stain.

SEC-MALS



The purified proteins 1paA483-633, 1paA524-633 aatin H1-H4 were used at pM
equimolar concentrations and incubated at 4°C fer lwour in binding buffer (25 mM Tris-HCI
PH 7.0, 100 mM NaCl and 1 mi@-Mercaptoethanol). 2Q0s of the protein mixtures were
analyzed by size-exclusion chromatography (SEC)aosuperdex 200 10/300 GL (GE
Healthcare) using a Shimadzu Prominence HPLC. Mulgle laser light scattering (MALS)
was measured with a MiniDAWN TREO8quipped with a quasi-elastic light
scattering modul eand a refractometer Optilab T-rEX (Wyatt TechnglogProtein

concentration was determined using a specific céfraindex (dn/dc) of 0.183 at 658 nm.

Crystallization, structure determination, and crystallographic refinement

Crystals of the IpaA-VBS3 / talin H1-H4 complex wesbtained by mixing 1 pl of protein
complex at 7 mg/ml in buffer 25 mM Tris pH 7.4 ah80 mM NaCl with 1 pl of 0.2 mM
ammonium sulfate, 0.1 mM sodium acetate pH 4.63né&oc PEG 4000 by vapor diffusion at
292 K. Crystals were cryoprotected with a solutammsisting of the reservoir supplemented
with 20 % v/v ethylene glycol and flash frozen. a§rdiffraction data were collected at 100 K
on a single crystal at PROXIMA-1 beamline at the . EQ@ synchrotron (Saint-Aubin, France).
Data were indexed and processed using XDS (Kalisah €010) and corrected for anisotropy

with the STARANISO servers(araniso.globalphasing.grdstructure solution was obtained by

molecular replacement with PhaskrcCoyet al., 2007) using as search template a monomer of
talin-H1-H4 derived from the pdb entry 1sj8 lackirggidues 515 to 538. A clear solution was
obtained (TFZ = 28.5; LLG = 2105.5) Refinement wiasmie with autoBUSTERB(icogneet

al., 2010) using NCS and alternating with manualdmg in Coot Emsleyet al., 2010). One
TLS group per chain was used at the end of theeefent. Final structure is deposited on
ProteinDataBank (PDB ID: 5NL1).

Isothermal titration calorimetry.

Protein interaction was analyzed by microcalorigetrsing an ITC200 calorimeter
(MicroCal) at 25°C. 20Quls of 20-100uM of talin H1-H4 protein in binding buffer (25 mM
Tris-HCI pH 7.0, 100 mM NaCl and 1 mi@mercaptoethanol) were added to the cell and
binding was measured in the presence of differententrations of IpaA / talin VBSs peptides.
In other experiments, A483 or A524 were added edéll and binding of talin H1-H4 (100

uM) was measured. Typically 20-40 injections ofil2 of ligand were made with intervals of
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320 seconds between each addition, with a refereoer of 12ucal / sec. Data was analyzed
using the MicroCal software provided by manufaature

SiRNA transfection

HelLa cells were seeded at a density ofddlls in wells containing a 22 x 22 mm coverslip
in a 6-well plate. The following day, cells werarisfected with of anti-talin 1 siRNA (Stealth
Select RNAI, catalogue no. 1299003, Invitrogen, goli 804; sequence: 5
CCAAGAACGGAAACCUGCCAGAGUU-3) or anti-vinculin siR (Stealth Select RNAI,
catalogue no. 1299001, Invitrogen, oligo VCLH55139p duplex at the indicated

concentrations and time periods.

Cell challenge withShigella strains

HeLa cells seeded at 2 x°L6ells in coverslip-containing 33 mm-diameter wehe day
before, were transfected with the indicated corssrusing the JetPei® transfection reagent.
After 16 hours, cells were challenged wiBhigella strains coated with poly-L-lysine, as
follows. Bacteria grown to an Qg nmof 0.6 - 0.8 were washed three-times by successive
centrifugation at 13 Kg for 30 sec and resuspensiddM buffer (120 mM NaCl, 7 mM KCl,
1.8 mM CaC4, 0.8 mM MgC}, 5 mM glucose, and 25 mM HEPES, pH = 7.3). Sampiese
resuspended in EM buffer containing 5@ ml poly-L-lysine and incubated for 15 min at 21°C
washed three times in EM bufer and resuspendédteisame buffer at a final OD of @fonm=
0.2. Cell samples were washed three times in EMebwnd challenged with 1 ml of the
bacterial suspension and incubated at 37°C. Samyptes fixed with PBS containing 3.7%
PFA after 15 min incubation for the analysis obgibdial capture. Alternatively, for the
analysis of focal adhesions in infected cellsnailar procedure was used except that cells were
seeded at a density of 400 000 cells / well andlesinged after 16H for 60 min with poly-L-
lysine coated bacteria prior to fixation with a Ethanol-acetone solution for 5 min at -20°C.

Samples were processed for immunofluoresence noiopys

Immunofluorescence microscopy analysis

For GFP-IpaA VBS3, GFP and talin / vinculin co-lbzation experiments MEF cells were
seeded at a density of 1 x*1¢®lls in a p-Dish 35 mm 15 kPa stiffness chambat ¢81391,
ibidi) coated with 10 pg / ml of Fibronectin (Calbhem). Cells were transfected with plasmids
encoding human talin-mCherry, vinculin-mCherry, GBRBA VBS3 and GFP using the
Lipofectamine 2000 transfection reagent (Life Teabgies). For replating experiments HelLa

cells co-transfected with vinculin-mCherry andrnaBFP, were resuspended by trypsinization
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and replated on glass coverslips. After 20 minutes samples were fixed, processed for
immunofluorescence microscopy, and mounted onssliseng Dako mounting medium (Dako,
Agilent Technologies), as described (Romero efall2).

Samples were analyzed using an Eclipse Ti micrasddpkon) equipped with a 100x
objective, a CSU-X1 spinning disk confocal head Kd@gawa), and a Coolsnap HQ2 camera
(Roper Scientific Instruments), controlled by thest&morph 7.7 softwarelhe percent of
internalized bacteria was scored as one if the murob internalized bacteria per foci was at
least the 50% of the total number of bacteria & fdci or zero if below, in three independent
experiments (Rnro=27, NirnaTn=23). For control and anti-talin siRNA transfecteells, the

percent of internalized bacteria was compared wsi6i-Squared test (R Statistical Software).

Image processing and analysis

Analysis was performed in Icy Bioimaging Analysisftevare (de Chaumont et al., 2012).
Scans of GFP-IpaA VBS3, Vinculin-mCherry and Tatw®Gherry were performed as follows.
Defined ROIs in median projections of basal in-®qlanes were segmented in concentric
areas from the edge of the cell. Average valueatehsities were normalized to the maximum
and minimum average intensities of the ROIl. Foni{&FP and vinculin-mCherry filopodial
distribution, saturated sum projections of imagesf20 minutes-replated cells were used for
Concentric Area Scan analysis. For the quantificatf the number of FAs, a semi-automated
protocol was developed using Icy software (de Chaumet al., 2012). Spinning-disk
fluorescent microscopy planes were used to detE&-paA VBS3 structures using HK means
thresholding and overlaid binary masks obtainednfrine threshold projections of F-actin
labeled images (Max-entropy method). FAs were detkeas spots positive for both GFP- IpaA
VBS3 and actin structures using Wavelet Spot Dete€¥As were detected as spots positive for
both GFP- IpaA VBS3 above background intensity levEilopodia length and number were
determined manually from actin-labeled projectiolmA VBS3, talin, vinculin and vD1
filopodial clusters were identified using Wavelgiof Detector in Saturated sum projections.
Co-localizing clusters were determined by overlgyine separate detections. Distance to cell

body was determined using ROI Inclusion analysisipl.

QUANTIFICATION AND STATISTICAL ANALYSIS.

Bacterial internalization and talin coat-structdogmation were analyzed a contingency
table using in a Pearson Chi-Squared test (R StalisSoftware). A Post-hoc pairwise Chi-
square test (NCStats package, R Statistical Saéjwaith FDR p-value correction was further
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used to compare the distribution between the vargtrains. n > 35 foci, N = 3. The correlation
of the intensity of talin and vinculin labeling wasalyzed using a Wilcoxon rank sum test (R
Statistical software).

For all statistical tests a D’Agostino-Pearson ralriy test was performed in order to decide
if performing a parametric or a non-parametric .tespplied statistical test, number of
datapoints (n) and number of experimental replE@t8 are indicated in the figure legends; as

well as mean + SEM, for normally-distributed datagd median + MAD, otherwise.

DATA AND SOFTWARE AVAILABILITY
Crystallographic structure of the IpaA-VBS3 / takti-H4 complex was deposited on the
Protein Data Bank, with PDB ID: 5NL1.
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Fig. 3. IpaA VTBS interacts with talin and vinculin via different mechanisms
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Cell Titrant :SI'DaJin HiHay [N (E:<Hca1/mo|) (KT cI:DaIS/moI) (E:<Gca1/mo|) E/[En)
IpaA VBSL 52+1uM | 122 | -410 2.47 657 110p
| paA VBS2 ; : ; ; - |e6nm
IpaAVBS3 | 1745+189nM| 089| -6.65 2.81 94] 54
IpaA VBS3
K 498A 163.1+11nM| 118| 6.8 -2.97 924 nd.
IpaA VBS3
K 498E 3003+28nM| 073] 121 3.25 89d  nd.
IpaA VBS3

TalinH1-H4  |R489AKageA | 3289+19nM| 069| -8.68 0.16 884 nd.
IpaA VBS3
A495K 203+02uM | 105 | 373 3.81 54|  nad
Talin VBS46 | 60 0.8nM | 092 | -16.97 7.20 070 3an
Talin VBS6 21 +34M | 126 | -14.34 7.97 637] nd
Talin VBS9 1 +0.1uM 129 | -14.65 6.47 818| nd
Talin VBS50 45 + 7.54M 102 | -13.23 7.31 592] 99n
Talin VBS33 No binding - - - - n.d.
Talin VBS36 No binding - - - - n.d.

483 (Ste 1) 1157+32.15nM 1 6.38 3.07 045| nd.

A483(Ste?)  [TalinHI-H4 | 4.6+0.6uM 1 6.76 501 727| nd.

A524 (Sites 1+ 2) 20+05M | 152 | -3.97 3.78 776| nd.
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