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SUPPLEMENTAL MATERIAL AND METHODS 
Atomic force microscopy (AFM) 
i. Live cell imaging 
AFM was operated in contact mode using Olympus Bio-Lever with a spring constant 
of 0.006N/m. We applied a constant force of 100pN while scanning at 0.3Hz. Images 
were corrected (plane fit) using Veeco’s Nanoscope 7.30 software. One image, 
representative of 5, is shown for each condition.  
 
ii. Surface Met quantification experiments 
Tip coating was performed using established protocol known to keep proteins 
functionality intact and applied on living cells as we previously published (1, 2). InlB 
was used at a concentration of 50µg/ml. We used Veeco DNP cantilevers with a 
nominal spring constant of 0.06N/m and a nominal tip radius of 20nm. Experiments 
were done in force-volume mode operating in MEM without Phenol Red - (10mM) 
Hepes buffer (pH 7.4) at a scan frequency of 2Hz on 20µm2 areas (64x64), with a 
relative trigger of 50nm on the cantilever deflection (i.e. 3nN nominal). We scanned 6 
cells each with a different tip (24576 force curves). Events occurring immediately 
after tip-sample contact were considered as nonspecific tip-surface adhesion events 
and were systematically discarded from our analysis. Force-distance curves were 
analysed as we previously described (2) and binding-unbinding events on the 
retraction curve were detected according to their shape and size characteristics by a 
fuzzy logic algorithm fully described in (3). Briefly, we considered unbinding events 
based on the vertical segment and the angle with the baseline in order to take into 
account both V-shaped (∆) and plateau-like events (*) (Fig. 2 C). p-values (Fig. 3 C) 
were calculated using the the Mann-Whitney test in R (2.10).  
 
iii. Unbinding force and tether experiments 
Cantilever spring constant was determined using Veeco's thermal tune calibration 
tool. We operated the AFM in the force-volume mode on 2µm2 areas (32x32 points) 
on different positions at the cell surface, using a relative trigger of 50nm on the 
cantilever deflection. Measurements were performed under similar conditions on 
different days with different cells and functionalized tips. We used 25600 curves 
obtained from 12 cells and 7 tips to perform a statistical analysis of our results. 
Loading rate and pulling velocity experiments were conducted with Veeco’s MLCT 
cantilevers with nominal spring constant 0.01N/m. The fuzzy logic algorithm was 
adapted to detect the V-shaped unbinding events and the force plateaus due to 
membrane tether elongation (4). To discriminate tethers, we applied a distance 
threshold of 400nm. For force measurements and loading rate experiments shown in 
Figure 3, only V-shaped unbinding events were considered. Rupture forces, FR, were 
determined as described (5, 6). Gaussian curves were used to fit histogram 
distributions. Force spectroscopy with decoy-Met purified protein was performed 
after the decoy-Met has been deposited on a glass surface through a nitrilotriacetic 
acid (NTA) that ensure covalent and oriented binding with the protein (7). Statistical 
analysis was performed using R (2.10). Where provided are the peak position mean 
values ± s.e.m (unbinding force experiments, Fig. 3) and mean ± s.d (tether 
experiments, Fig. 4). The statistical difference between SEPT2- and SEPT11-depleted 
cell viscosities was determined using a Prism software internal test (Fig. 4 B). A 
Student’s t-test was used to statistically compare the percentage of tether events for 
siRNA treatements (Fig. 4 D).  
 



 3

iv. Elasticity experiments 
Local elastic (or Young’s) modulii were obtained based on the Hertzian model for 
elastic indentations as previously described (2). Young’s modulii were calculated at 
50nm indentation depths and mapped onto the topograms (1, 2). 3D elasticity images 
(i.e. Fig. 5 A) were calculated from 50µm2 force-volume data (128x128 points) and 
drawn using Blender software.  
 
SUPPLEMENTAL TEXT  
Dynamic force spectroscopy experiment in terms of the Bell-Evans model 
The dissociation rate constant at a given force kd ( f ) is defined as:  

kd ( f )  kd
0 exp

f x

kBT







 

where kd
0  is the intrinsic dissociation rate (zero force), x the width of the energy 

barrier, f  the constant applied force, kB the Boltzmann constant and T the 
temperature. The dissociation constant ( KD ) is related to the association rate constant 

( ka
0 ) and to the dissociation rate constant ( kd

0 ) as:  
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kd

0
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0

 

with KD  expressed in M, kd
0  in s-1, and ka

0  in mol-1 s-1. If the force increases at a 

constant rate rf , then the most probable unbinding force f * can be written as: 
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kBT

x
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x
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0kBT


kBT

x
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The unbinding herein means overcoming one or more energy barrier. 
 
Tether pulling force 
The mechanics of membrane tether extraction depends on the effective viscosity and 
the threshold extraction force as determined in micropipette experiments (8-10) and 
laser tweezers (11). For pulling rates < 40µm s-1, the pulling force (F) is characterized 
by an effective viscosity (ηeff) and the tether growth velocity (Vt) according to a well 
characterized relationship (12): 

F=F0+2πηeffVt 
Of note, with the exception of neuronal growth cones, the tether force at zero velocity 
depends on tether length but the radius, at a fixed apparent surface tension, is 
independent of tether length (12). The threshold force F0 can be extrapolated from the 
linear equation governing the force extraction and pulling velocity relationship (9). It 
is thus different than the global interaction forces analysed (Fig. 3 B), and importantly 
refers only to those unbinding events occurring at ‘long distances’ (Fig. 4 A and 
events labeled with a * on Fig. 2 C).  
 
Septin discussion 
Our data show different roles for septins during InlB-Met interactions, and highlight 
different functions for SEPT2 and SEPT11. SEPT2 and SEPT11 belong to different 
septin groups (the SEPT2 and SEPT6 groups respectively) (13) and have been 
associated to different septin complexes, in particular the crystallized SEPT2-SEPT6-
SEPT7 complex (14) and the SEPT7-SEPT9-SEPT11 (15) or SEPT5-SEPT7-SEPT11 
(16) complexes. Whether or not the different functions of SEPT2 and SEPT11 are 
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achieved in the framework of any of these reported complexes, or even as individual 
septins, is currently unknown. It has been proposed that members of the SEPT6 group 
are interchangeable, at least in the context of the SEPT2-SEPT6-SEPT7 complex (17, 
18). Thus, some of the control-like phenotypes observed in cells depleted for SEPT11 
may be because SEPT6 group members are partially redundant. Nevertheless, cells 
depleted for SEPT11 do not present all the control cell phenotypes (i.e. cell 
morphology, increased Met expression, effective viscosity, cell elasitcity), suggesting 
that other SEPT6 group members cannot fully substitute for SEPT11.  

The situation is different for SEPT2. From the recent structural data, septins 
are ordered in the isolated complex as SEPT7-SEPT6-SEPT2-SEPT2-SEPT6-SEPT7 
(14). As the central subunit in this septin complex, SEPT2 has so far not been 
described as ‘replaceable’ by other septins. All our findings (i.e. cell morphology, 
decreased Met expression, effective viscosity, cell elasitcity), motivated by the 
original observation that SEPT2-depletion has a negative impact on bacterial invasion 
(19), consistently demonstrate that SEPT2 is not replaceable.  

As we show in this manuscript, there are several reasons why SEPT2-depleted 
cells are less permissive to Listeria entry, and SEPT11-depleted cells are more 
permissive to Listeria entry. SEPT2-depleted cells are less permissive to Listeria 
InlB-mediated entry because cells are smaller (Fig. 1), less Met is available at the cell 
surface (Fig. 2), and Met receptor is not functionally anchored to the actin 
cytoskeleton (Figs. 3 and 4). On the other hand, SEPT11-depleted cells are more 
permissive to Listeria entry because cells are bigger (Fig. 1), more Met is available at 
the cell surface (Fig. 2), and a population of Met receptors remain functionally 
anchored to the actin cytoskeleton (Figs. 3 and 4). 

We have previously shown that septin collars are recruited to the site of 
bacterial entry, and that SEPT2 depletion eliminates the recruitment of these collars 
(19). SEPT11 is not essential for the recruitment of septin collars (20, 21) 
(unpublished observations). Thus, differences in septin collar recruitment to the site of 
bacterial entry upon SEPT2- versus SEPT11-depletion is likely another contributing 
factor to differences in Listeria entry. However, we do not yet fully understand the 
role of septin collar recruitment to the site of bacterial entry (22, 23), and in this 
manuscript we focus on the role of septin in the functional interaction between InlB 
and Met receptor. 
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SUPPLEMENTAL FIGURE LEGENDS 
SUPPLEMENTAL FIGURE S1 Met mapping on the surface of living cells. Met 
mapping was performed for control (CTRL), SEPT2-depleted, SEPT11-depleted, or 
latrunculin B (LatB)-treated  cells. Each image represents an AFM scan of 2µm2 
made of 32x32 pixels (force curves). Height is represented as false color ranging from 
dark (low) to light (high). Blue * indicates positions where unbinding events were 
detected. 
 
SUPPLEMENTAL FIGURE S2 InlB-Met interactions on a model surface. (A) 
Surface characterization of decoy-Met oriented and covalently attached to a glass 
surface by AFM. Top is a height image (color scale 20nm) showing a homogeneous 
functionalization of the surface by Met. Bottom left shows an image obtained after 
scratching 1µm2 of the surface with the AFM tip. The resulting height profile (bottom 
right) shows the height of the protein layer on the glass to be about 8nm. Scale bar = 
500nm. (B) Top shows representative examples of retraction force curves recorded at 
the Met surface with (black) and without (brown) interaction events. Bottom bar plots 
represent the probability of having 0, 1, 2, or 3 events on a curve. (C) Dynamic force 
spectroscopy of the decoy-Met-InlB interaction representing the unbinding force (pN) 
versus loading rate (nN s-1). Force increases linearly with the loading rate and gives 
values of x  and kd

0  similar to those obtained on living cells. (D) Energy diagram of 
the InlB-Met interaction (single energy barrier). 
 
SUPPLEMENTAL FIGURE S3 HeLa cells were treated with control (CTRL), 
SEPT2, or SEPT11 siRNA. Whole-cell lysates of siRNA-treated cells were 
immunoblotted for GAPDH, actin, SEPT2, or SEPT11 to show the efficiency of 
septin depletion. GAPDH is shown as a loading control.  
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