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SI Text 

Materials and Methods:  

Microrheology.   

Sample preparation: Samples for microrheology measurements were composed of three layers. 

The layers were spin-coated sequentially; samples were stored for 8 h at 4°C between coating 

steps. BS3-protein solutions (50 L) were spin-coated as the bottom and top layers. BS3-protein 

solution (100 L) mixed with 2×109 40-nm carboxylate-modified fluorescent beads (580/605 

F8793, Invitrogen) was used for the central layer. All three layers had the same ratio of lysine 

residues to BS3 activated esters and all were spin-coated at 3000 RPM for 45 sec. 

Microrheology measurement: Fluorescent beads were imaged over 1 min at an acquisition rate of 

30 frames per second. Bead position was found by fitting a 2D Gaussian to the intensity image 

(1, 2).  Bead displacement from time zero was averaged over all the beads in the same field of 

view (10-20 beads per field of view). The average displacement was fitted to a linear curve to 

extract the microscope drift. An alternative method that gave identical results is using image 

registration (enabling translation and rotation) to calculate the transformation between the first 

and last image in the time series and treat it as the drift. At least 10 fields of view were acquired 

per surface. Moduli were calculated from the average mean square displacement by using the 

approximate solution (3-5) 
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Standard errors were estimated using bootstrap analysis (6).  

 

Brownian dynamics simulation-List of parameter values used to generate Figs. 4, 5, S5 and 

S6: 

Spring equilibrium length eqr =100 nm 

Distance between beads in an adhesion FAr = 60 nm (Fig. 4); FAr =55 nm (Fig. 5, S5 and S6) 

Distance between adhesion nuclei   d = 500 nm (Fig. 4); d = 200 nm (Fig. 5, S5 and S6) 

Spring constant  2 41000 4.27 10  B eqK k T r N m    ( 2200 B eqK k T r  for Fig. 5A)  

Viscosity  200 secPa     

Friction  = 2 4290 sec 1.25 10  secB eqk T r N m     

Cell diameter = 10 m 

Force pulse frequency Fw = 1 Hz 

Force pulse duration = 3 sec 

Force pulse amplitude = 20 pN 

Simulation time step  t  = 10 milliseconds  
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Fig. S1 Amino acid sequence of aECM protein containing the tenth fibronectin Type III domain. 

The aECM protein contains a T7 tag, a hexahistidine tag, an enterokinase cleavage site, and 

elastin-like domains containing lysine residues (italicized) for crosslinking.  
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Fig. S2: The rates of CHO-K1 cell spreading (A) and polarization (B) as functions of crosslink 

density (i.e., the ratio of equivalents of BS3 reactive groups to equivalents of lysine residues).  

Error bars represent s.e.m.  
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Fig. S3 p-Azidophenylalanine residues in an aECM protein similar to that shown in Fig. S1 (7, 

8) were labeled with BODIPY 488-cyclooctyne (a gift from Dr. John D. Fisk, (9)). 

Representative TIRFM images of the distribution of aECM-bound dye molecules before (A) and 

after (B and C) plating of CHO-K1 cells. The cells (which are not fluorescent) are in an initial 

stage of spreading in (B) and well spread in (C). The protein was crosslinked by 2 min UV 

irradiation (see (7, 8)). In (B) and (C) the dye is most visible in the regions occupied by cells.  

Dye in the surrounding areas is not as bright, but is readily detected at higher gain.  
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Fig. S4: Frequency-dependent storage (G') and loss (G") moduli for aECM1:0 (A) and aECM1:2 

(B) obtained from microrheology measurements (3, 4, 10). Error bars were estimated using 

bootstrap analysis (6). The relevant frequency window is that in which cells act to deform the 

matrix, which is not known for CHO cells. For the purposes of comparing matrices, we focused 

on the range of frequencies (0.1-10 Hz) characteristic of the beating of cardiac cells (11, 12) and 

membrane ruffling (13). 
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Fig. S5 Dynamics of cell adhesion growth obtained by Brownian dynamics simulation with 

0.55FA eqr r  and 200d nm .  (A) Position of maximal growth rate (filled circles) and maximal 

compressive deformation (empty circles) along the cell contour as a function of time. (B) The 

corresponding snapshots from the simulation. Only a small part of the cell contour is shown, and 

only the beads that are part of an adhesion complex are displayed. Notice that adhesions grow 

sequentially along the cell contour (see also Video S4). 
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Fig. S6 Adhesion configuration (A) and material deformation (B) for the case of a small 

simulation box (140 x 140 beads, 0.55FA eqr r , 200d nm ). In A only the beads that are part of 

an adhesion are shown. All numbers are in units of eqr . The deformations are defined for each 

spring as:  eq eqr r r  where r is the length of the spring. Positive values correspond to 

extension; negative values correspond to compression. The polarized configuration of cell 

adhesions is a result of coupling between the opposite edges of the cell, mediated by material 

deformation. Deformation caused by adhesion formation at the “top” edge of the cell deforms the 

material at the “bottom” edge of the cell as a consequence of the periodic boundary condition. 

The size of the simulation box corresponds to the effective cell density. The configuration shown 

here corresponds to high cell density, which allows cells to communicate by deforming the 

material and synchronizing their polarization states.  
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Fig. S7   Representative plots of cell projected area (A) and polarization (C) as a function of time 

for aECM1:2. (B) and (D) are the corresponding linear fit to the spreading and polarization 

phases of the curve respectively. 
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Fig. S8 A representative plot of adhesion size as a function of time for aECM1:2. 

 

 
 

Fig. S9 Cell polarization for soft (A; 2200 B eqK k T r ) and rigid (B; 21000 B eqK k T r ) 

matrices as obtained by Brownian dynamics simulations. These plots correspond to videos S5 

and S6. Cell polarization (cell aspect ratio) was calculated by finding the minimum area ellipse 
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that includes all adhesion complexes, and determining the ratio of major and minor axes of the 

ellipse. 

 

 

 

 

 

 

 

 

 

 

 

 

Videos S1 Dynamics of paxillin/eGFP-labeled adhesions during spreading of CHO-K1 cells on 

highly crosslinked aECM substrate (aECM1:2). Images of paxillin/eGFP were collected every 10 

sec using TIRF microscopy. The pink arrows indicate the position of maximal adhesion growth 

rate. Notice that the maximal adhesion growth rate travels along the cell contour. Video S1 

corresponds to Fig. 2. 
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Videos S2 Dynamics of paxillin/eGFP-labeled adhesions during spreading of CHO-K1 cells on 

highly crosslinked aECM substrate (aECM1:2). Images of paxillin/eGFP were collected every 10 

sec using TIRF microscopy. The pink arrows indicate the position of maximal adhesion growth 

rate. Notice that the maximal adhesion growth rate travels along the cell contour.  
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Video S3 Dynamics of adhesion growth obtained by Brownian dynamics simulation with 

0.6FA eqr r  and 500d nm . A small part of the cell contour is shown. The Video corresponds to 

Fig. 4.  Left: Beads that are part of an adhesion complex are shown in red. Beads that are not part 

of an adhesion complex are shown in blue. Adhesion growth is represented by aggregation of 

beads; a bead that joins an adhesion complex turns from blue to red. Right: Only beads that are 

part of an adhesion complex are shown. The pink arrows indicate the position of maximal 

adhesion growth rate. Notice that adhesions grow sequentially along the cell contour. 
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Video S4  Dynamics of cell adhesion growth obtained by Brownian dynamics simulation with 

0.55FA eqr r  and  200d nm . A small part of the cell contour is shown. The video corresponds 

to Fig. S5.  Only beads that are part of an adhesion complex are shown. Notice that adhesions 

grow sequentially along the cell contour. 

 
 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



 39

 

 

 

 

 

 

 

 

 

 

 

 

 

Video S5  Dynamics of cell adhesion growth for soft matrix obtained by Brownian dynamics 

simulation with 0.55FA eqr r  and  200d nm . The video corresponds to Fig. 5A and Fig S9-A.  

Only beads that are part of an adhesion complex are shown.  
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Video S6  Dynamics of cell adhesion growth for rigid matrix obtained by Brownian dynamics 

simulation with 0.55FA eqr r  and  200d nm . Only beads that are part of an adhesion complex 

are shown.  
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Videos S7 Dynamics of paxillin/eGFP-labeled adhesions during spreading of CHO-K1 cells on 

uncrosslinked aECM substrate (aECM1:0). Images of paxillin/eGFP were collected every 10 sec 

using TIRF microscopy.  
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