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Abstract
Mechanical forces provide critical inputs for proper cellular functions. The interplay between the
generation of, and response to, mechanical forces regulate such cellular processes as
differentiation, proliferation, and migration. We postulate that adherent cells respond to a number
of physical and topographical factors, including cell size and shape, by detecting the magnitude
and/or distribution of traction forces under different conditions. To address this possibility we
introduce a new simple method for precise micropatterning of hydrogels, and then apply the
technique to systematically investigate the relationship between cell geometry, focal adhesions,
and traction forces in cells with a series of spread areas and aspect ratios. Contrary to previous
findings, we find that traction force is not determined primarily by the cell spreading area but by
the distance from cell center to the perimeter. This distance in turn controls traction forces by
regulating the size of focal adhesions, such that constraining the size of focal adhesions by
micropatterning can override the effect of geometry. We propose that the responses of traction
forces to center-periphery distance, possibly through a positive feedback mechanism that regulates
focal adhesions, provide the cell with the information on its own shape and size. A similar positive
feedback control may allow cells to respond to a variety of physical or topographical signals via a
unified mechanism.

Introduction
The shape of adherent cells is known to have profound effects on a number of important
properties including cytoskeletal structure, growth, and differentiation [1-4]. When allowed
to adhere and spread without constraints, most adhesive cells reach an extended polygonal
shape and form large cables of actin filaments, accompanied by active DNA synthesis and
growth [1]. Using patterned substrates to control cell shape, it was discovered that the rate of
fibroblast growth increases with the spreading area [1,5]. More importantly, spreading area
appears to control the differentiation of stem cells. Human mesenchymal stem cells allowed
to spread over a large area differentiate into osteocytes, whereas those confined within small
areas differentiate into adipocytes [6]. In addition to spreading area, aspect ratio has also
been found to affect the differentiation of mesenchymal stem cells [7].
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Despite the significance, how shape information is transduced into intracellular chemical
signals remains largely unclear. An important clue is that shape-dictated differentiation
requires RhoA-dependent contractility of the actin cytoskeleton, which is known to generate
“traction forces” - mechanical forces exerted by adherent cells on the underlying substrate
[8-10]. Therefore, an attractive possibility is that traction forces are involved in reading out
cell shape. Consistent with this hypothesis, responses of adherent cells to cell geometry
share similarities to those elicited by applied mechanical forces, including the reinforcement
of the actin cytoskeleton and focal adhesions [11,12] and the activation of similar signaling
pathways [13,44]. In addition, traction forces were found to increase with the cell spreading
area [15-19]. Since traction forces are actively generated near the leading edge [20-23], their
distribution and magnitude may respond to cell shape and serve as the readout as cells
actively change their geometry.

The goal of this study is to identify the aspect of cell shape that determines the responses
and the structural basis of the readout mechanism. Previous studies have been limited by
technical challenges, specifically difficulties in micro-patterning soft gels for traction force
measurements under controlled geometry [17]. To address the challenge we have developed
a novel method that allows easy and reproducible generation of adhesive micropatterns on
hydrogels at a high resolution. We then applied this approach to systematically investigate
the role of cellular geometry in traction force regulation by varying the area, aspect ratio,
and adhesion pattern of cells in various rectangular shapes. The knowledge of how cells
sense and respond to their own shape should provide the field of tissue engineering with a
diverse toolbox for controlling cellular fate when combined with other chemical and
mechanical manipulations.

Methods
Preparation of Patterned Polyacrylamide Hydrogels

A novel patterning method was developed for patterning polyacrylamide hydrogels.
Initially, 50 bloom gelatin at a concentration of 0.1% was activated by incubation with 3.6
mg/ml sodium m-periodate (Sigma, St Louis, MO) at room temperature for 30 minutes, as
previously described (24). Polydimethylsiloxane (PDMS) stamps were fabricated by
standard soft lithography procedures. Briefly, a positive photoresist, SPR-220.3
(Microchem, Newton, MA), was spun on a glass coverslip. It was then exposed to UV light
through a patterned photomask and developed for use as molding. PDMS pre-polymers
(Dow Corning, Midland, MI) were then mixed with catalyst and poured over the coverslip
and cured at 60°C for 1 hour. The PDMS stamp was then cut away from the molding and
incubated with activated gelatin solution for 30 minutes. Because of the hydrophobic nature
of the PDMS stamp, a thin layer of molecular gelatin adsorbed to the stamp. Excess solution
was blown away under a nitrogen stream and the stamp was brought into manual contact
with a small square glass coverslip for 5 minutes, causing the transfer of molecular gelatin to
the stamp.

Polyacrylamide was prepared as described previously [25], with a final concentration of 5%
acrylamide (BioRad, Hercules, CA), 0.1% bisacrylamide (BioRad), and a 1:1000 dilution
of .2 μm fluorescent latex beads (Molecular Probes, Carlsbad, CA). 30 μL of this solution,
along with initiators ammonium persulfate and N,N,N’,N’ tetramethylethylenediamine (both
from BioRad), were pipetted onto a large Bind-Silane (GE Healthcare, Waukesha, WI)
activated coverslip. The stamp was removed from the small patterned coverslip and placed
patterned side down onto the acrylamide solution. After polymerization was complete, the
top coverslip was gently removed. The final gel had an estimated Young’s modulus of 5.8
kPa [26].
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Cell Culture
Patterned polyacrylamide hydrogels were mounted into chamber dishes and incubated in cell
culture media for 30 minutes at 37°C. NIH 3T3 cells were cultured in Dulbecco’s modified
Eagle’s medium (Sigma), supplemented with 10% donor calf serum (JHR Biosciences,
Lenexa, KS), 2 mM L-glutamine, 50 μg/ml streptomycin, and 50 U/ml penicillin (Gibco-
BRL, Gaithersburg, MD). Cells were plated on the hydrogels and allowed to spread
overnight.

Traction Force Microscopy, Immunofluorescence, and Image Analysis
For traction force microscopy, phase contrast images of single, mono-nucleated cells
adhered to an island were collected using an Axiovert S100TV (Carl Zeiss, Thornwood,
NY) microscope equipped with a 40x plan neofluar air objective. Only cells that were nearly
fully spread to the desired micropatterned domain were chosen for analysis. A fluorescent
image of the beads near the ventral surface of the cell was acquired. A second fluorescent
image of the beads in relaxed positions was acquired was acquired after removing the cell
with a microneedle. Substrate displacement fields and the corresponding traction stress maps
were computed as previously described using custom software and the LIBTRC package
[21; courtesy of Dr. Micah Dembo, Boston University]. In the calculation of traction stresses
a boundary condition was imposed that confines traction forces to within the lateral border
of the cell. This is a reasonable assumption as there is no physical basis for forces being
exerted outside of the cell boundary. Substrate strains outside of cell domain are assumed to
be a result of forces exerted inside the cell domain being transferred to the outside region via
elastic coupling. Strong traction stress at the corner was quantified as traction stress that was
concentrated at the four corners of the cell which comprised a total of 5% of the area of the
cell.

Focal adhesion images were obtained by immunofluoresence staining for paxillin after cells
were fixed with 4% paraformaldehyde (Electron Microscopy Sciences, Hatfield, PA).
Images were collected using an Axiovert 200M (Carl Zeiss) with a QLC100 (Solamere, Salt
Lake City, UT) spinning disk confocal attachment and a 40x fluar oil immersion objective
and processed with a gradient based segmentation algorithm in MATLAB (The MathWorks,
Natick, MA) to identify focal adhesions. Briefly, a Sobel operator was applied to images and
thresholded with an empirically determined value. The resulting lines were then dilated to
ensure closed shapes, which were then labeled as focal adhesions.

Statistical Analysis
Significance tests for regression slopes were conducted by linear regression analysis. The
null hypothesis states that the slope of the relationship between the two groups is 0,
indicating that there is not a linear relationship between the two. The test statistic, T, is the
slope estimate divided by its standard deviation. .α was set at 0.05. The coefficient of
determination for the linear fit was determined using Microsoft Excel.

Results
Developing a New Patterning Technique for Polyacrylamide Hydrogels

To address the question of how cell geometry regulates the generation of traction stress, it is
essential to constrain cells geometrically on adhesive islands of defined shape cast on elastic
hydrogels. Among cell culture suitable materials, protein-conjugated polyacrylamide
hydrogels have emerged as an ideal, tunable substrate for many purposes. However, it has
been technically challenging to create high-quality adhesive patterns on these non-adhesive
gels for controlling cell migration or shape, due to difficulties in microcontact printing on a
deformable surface. We have therefore developed a new technique by transferring
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chemically activated adhesive proteins, patterned at a high resolution on a glass coverslip
via microcontact printing (Figure 1), to the surface of polyacrylamide by inverting the glass
on top of a polymerizing acrylamide solution.

Patterning with gelatin in a soluble state resulted in a molecular layer covalently attached to
the polyacrylamide surface. The resulting pattern was compared against patterns created by
direct microcontact printing onto sulfo-SANPAH activated polyacrylamide gels (Fig. 2). A
matrix of small (2 μm diameter) dots over a 50×50 μm area was used as the test pattern. The
new method was able to reproduce the dot pattern easily and faithfully (Fig. 2C), while
direct microcontact printing either transferred only a small fraction of dots when pressed
with the same pressure (Fig. 2D), or created smeared dots under increased pressure.
Furthermore, the present method was able to maintain the integrity of 92% of 50×50 μm
squares (Fig. 2A and Table 1), while direct microcontact printing generated a large fraction
of incomplete squares (56%; Fig. 2B and Table 1). Quantitative comparison of the amount
of protein conjugated on the surface (based on fluorescence intensity of the pattern relative
to background intensity) also indicated that the present method is able to deliver proteins to
the gel surface approximately five times more efficiently.

Traction forces generated by cells cultured on the patterned surface were detected based on
the displacement of fluorescent particles embedded in the gel, as described previously [21].
Only cells that covered at least 95% of the shaped adhesive area were chosen for analysis.
Note that while mechanical strains propagated outside the cell due to the coupling across the
elastic material (Figure 2), traction forces must be exerted entirely within the cell border.
This was used as part of the boundary conditions for the computation of traction stress [21].

Dissecting the Primary Parameter for Geometry Sensing
A set of patterns was designed that systematically and independently varied the area and
shape in order to determine the governing parameter of traction forces. We first investigated
traction stresses of cells confined to squares of different areas. Cells on squares concentrated
strong traction forces at the corners as reported previously [17,19,27-29], therefore average
stress in 5% of the area at corners was quantified as the average corner traction stress.

Square cells of increasing areas showed a corresponding increase in the average corner
traction stress (Supp. Figure 1), consistent with previous observations [17, 19, 27-29].
However this relationship may reflect either a direct dependence of traction stress on cell
spreading area itself or a dependence on other co-varying geometric parameters. By plating
cells on a set of rectangular patterns of a constant area but different aspect ratios (Figure 3),
we found that average corner traction stress increases with the aspect ratio despite the
constant area. In addition, by analyzing the response to a range of cell areas and aspect
ratios, we found that average corner traction stress varies linearly with the distance between
the cell center and the corner regardless of the cell area (R2=0.967). These observations
suggest that the primary factor controlling traction forces is not cell spreading area. While it
is difficult to rule out other co-varying factors, the key parameter appears to be the distance
from the cell center, i.e., the farther a given area extends away from the cell center, the more
force it generates.

Determining the Structural Basis for Geometry Sensing
To regulate traction forces as observed above, the distance from the cell center must be
translated into structural features or chemical signals. We hypothesized that the total area of
focal adhesions serves this function. By analyzing immunofluorescence images of paxillin in
cells of different spread areas and shapes, we found that focal adhesions showed an increase
in total area correlated with the increase in traction stress in square cells of increasing area
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(Figure 4). In addition, as for traction forces, the total area of focal adhesions also increased
with the distance from the corners to the center.

To test the hypothesis that the size of focal adhesions dominates over cell shape, we
designed a set of substrates that maintain a constant spreading area and aspect ratio while
constraining focal adhesions to different sizes. We allowed cells to spread over a constant
total area of 50 μm × 50 μm on patterns consisting of a solid square, a matrix of 14 μm × 14
μm islands, or a matrix of 2 μm × 2 μm islands. Focal adhesions show a similar size on solid
squares or 14 μm × 14 μm matrices. However, they are constrained to a small size on 2 μm ×
2 μm squares. Average corner traction stress similarly showed no difference between cells
on solid squares or on a matrix of 14 μm × 14 μm squares, but became significantly lower
on 2 μm × 2 μm squares (Figure 5).

While the above data strongly suggest that geometry sensing is mediated by focal adhesion
size, traction forces could be affected by other parameters such as the continuity of
adhesiveness along the cell edge. We therefore plated cells on a composite pattern where
half of the 50 μm × 50 μm spreading area was solid whereas the other half consisted of a
thin frame with a width of < 2 μm (Supp. Figure 2), which limited focal adhesion size in half
of the cell (Supp. Figure 2). Traction stress was similarly reduced, consistent with the
hypothesis that focal adhesion size mediates geometric control of traction forces.
Interestingly, we found that average corner traction stress decreases globally when
compared to that on a solid 50 μm × 50 μm square, such that there is no apparent asymmetry
between the frame side and the solid side in either traction forces or focal adhesion size.

Similar constraint of focal adhesion size may explain the observation that, while traction
forces increase with aspect ratio over a wide range, this relationship reversed as aspect ratio
became exceedingly large and the adhesion area becomes a thin line (Figure 6). As for cells
plated on a thin frame, the formation of focal adhesions and the development of traction
forces are hindered by the geometry when the width of the cell approaches 10 μm (Figure 6),
which mimics cells migrating in one-dimension.

Discussion
Traction forces, generated by the actin-myosin II cytoskeleton [10], are transmitted to the
extracellular matrix through the associated focal adhesion complexes [30]. Active traction
forces are concentrated at the frontal periphery and are oriented toward the cell center
[20,21]. Their characteristics are consistent with a propulsive role during cell migration,
which has been the focus of previous analyses [21-23]. However, the present observation,
that traction forces are sensitive to specific aspects of cell geometry, suggest an equally
important function in detecting and controlling cell shape.

Our systematic investigations indicate that traction forces show strong dependence on the
distance from the cell center to the periphery. The dependence on the total spreading area or
aspect ratio, as reported previously [17,19,27-29], turns out to be secondary to center-
periphery distance. Although other geometric parameters such as the overall shape of the
cell may play an additional role (e.g. round versus rectangular shape, unpublished
observations), this dependence of traction stress on center-periphery distance represents an
economic strategy for cells to conserve energy during spreading. Inward traction forces may
be analogous to surface tension for maintaining the integrity of a viscoelastic cell body [31],
such that increasing forces are required as cells spread progressively from a sphere into a
disk. In addition, inward traction forces elicit outward counter-forces, which in essence
function like tension on a stretched tent to keep adherent cells in a spread shape. Supporting
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this role to maintain shape integrity, cells treated with blebbistatin, a myosin II inhibitor,
took highly irregular shapes and often become fragmented [31-33].

The dependence of counter-forces, exerted by the substrate on adherent cells, on center-
periphery distance may also allow a cell to detect its size and shape. Supporting this idea,
responses of adherent cells to external pulling or fluid shear forces share similarities to those
elicited by cell geometry, including reinforcement of the actin cytoskeleton and focal
adhesions at the site of force application [11,22], and activation of similar signaling
pathways [13,14]. The present results further suggest that the size of focal adhesion
functions as the structural basis for geometry sensing. By manipulating focal adhesions with
adhesive islands of different sizes (Figure 5 and Supp. Figure 2), we demonstrate that the
size of focal adhesions can override the effect of overall cell geometry and thereby function
as a determinant of traction stress and downstream events.

Note that the present result differs from that of Balaban et al. [34], where net traction force
is proportional to the size of focal adhesion for cells spread without constraint to a steady
state. This linear relationship between net forces and focal adhesion size indicates a constant
traction stress (force per area) possibly due to simple mass action effect (increase of actin
filaments in proportion to the size of focal adhesions). The present results instead show an
increase in forces per unit focal adhesion area as the cell periphery extends, which may
indicate an increase in actin filament density and/or stronger contractile forces exerted/
transmitted per filament. Possibly, the size of focal adhesions and the contractility of
associated cytoskeleton grow simultaneously during the assembly of nascent focal
adhesions. The present results also differ from those of Chen et al. [1], where cells were
similarly plated on matrices of islands but the overall cell area appeared to play a dominant
role in regulating cell growth and apoptosis. However the islands in the study were
substantially larger (7 μm2 versus 4 μm2 for the smallest islands) than in the present study
and may not have sufficiently limited the size of focal adhesions.

We propose the following mechanistic hypothesis to explain the relationship between cell
shape, focal adhesions, and traction forces: 1) initially, the cell forms small focal adhesions
as it adheres to the substrate, 2) these small focal adhesions produce weak traction stresses,
which allow the cell to start probing mechanical properties of the substrate, 3) positive
feedback from the initial probing forces serves to stimulate the assembly of the actin
cytoskeleton, which in turn stimulates further spreading, formation of larger focal adhesions,
and generation of stronger forces, and 4) this positive cycle continues, leading to a
continuous increase in the size of focal adhesions and magnitude of traction stress until the
cell reaches its limit of spreading or fills up the adhesive area.

Interestingly geometry sensing involves both global and local components. In addition to
local geometry-dependent concentration of traction forces and focal adhesions at corners of
rectangles, there is a global coordination as evidenced by the decrease in focal adhesions and
traction forces throughout the cell when the adhesion of half of a cell is confined to a thin
frame. Local responses may involve the activation of enzyme or substrate activities as a
result of force-induced protein conformational change [35-37], and may include the Rho
family GTPases [38], or components of tyrosine kinase pathways such as P130Cas [37].
Downstream signals may then propagate globally, reaching the nucleus via the Erk1/2
pathway to regulate gene expression [39]. In addition, due to the viscoelastic nature of the
cytoplasm, mechanical forces propagate throughout the cell causing global cross-talks
among different regions [40]. The law of physics mandates that these forces be balanced
against each other globally to maintain overall mechanical neutrality.
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A similar mechanism may serve as a means for adhesive cells to detect and respond to
substrate rigidity. Stiff substrates induce strong positive feedback and promote cell
spreading, large focal adhesions, large stress fibers, and strong traction forces [41-43].
Conversely, weak mechanical signals on soft substrates would limit the overall feedback, the
size of focal adhesions and stress fibers, and the magnitude of traction forces, thereby the
spread area. This general mechanism, in which cells respond to substrate stiffness and cell
shape with a common signaling pathway, is also consistent with the observation that well
spread cells on soft matrices behave similarly to moderately spread cells on stiffer matrices,
as reported with both fibroblasts and mesenchymal stem cells [1,6,43,44].

The present results have important practical implications. The pivoting role of focal
adhesion size explains the differences between cells on 2-D surfaces and those adhering to a
matrix of fibers [45], where focal adhesions are confined to a small size along the thin fiber.
It also explains why cells on thin lines or with a very large aspect ratio (Figure 6) behave
strikingly similar to those in 3-D extracellular matrix [46]. In addition, our results indicate
that cell behavior may be controlled by a combination of shape, size, adhesion pattern,
rigidity, contractility, external forces, and chemical factors. As these parameters share a
common basic mechanism of mechanosensing, they may compensate one another such that
similar differentiation fates may be reached under a range of conditions. This general
principle should guide regenerative medicine to tailor the treatment for specific needs. The
output and input of mechanical forces, whether they are controlled by chemicals,
topography, rigidity, or external forces, serve as the key parameter for obtaining the desired
outcome of cell growth, differentiation, and migration.

Conclusion
A systematic study of the effect of adherent cell shape on traction stresses using a new
hydrogel micropatterning method led to the conclusion that traction stress correlates linearly
with the center to corner distance of rectangular cells. Shape control of traction stress is in
turn mediated by the regulation of focal adhesion size, which dominates over the overall cell
size and shape. Importantly, this same mechanism is capable of detecting a wide range of
mechanical and geometrical signals.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic diagram of novel polyacrylamide patterning technique. A PDMS stamp is cast on
photoresist molding fabricated with standard photolithography. It is inked with activated
protein and dried with an inert gas stream. The stamp is then manually brought into contact
with a small glass coverslip. Acrylamide solution is prepared and activated as described
previously. A small volume is immediately placed onto a Bind-Silane treated coverslip. The
stamped coverglass is inverted on top of the polymerizing acrylamide solution to transfer the
patterned protein and removed after polymerization is complete.
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Figure 2.
Comparison of protein pattern generated with the present method to that generated by direct
microcontact printing on gel surfaces. Fluorescently tagged fibronectin was patterned as
50×50 μm squares using either the present approach (A), or direct microcontact printing on
sulfo-SANPAH activated gel surface (B). The present method was able to transfer more
protein and cover the adhesive area more completely. It also generated more reproducible
patterns and at a higher resolution, as indicated by printing a matrix of 2 μm diameter dots
(C, D). Scale bar, 25 μm.
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Figure 3.
Dependence of traction stress on cell shape and spreading area. Phase contrast and
corresponding traction stress maps of cells patterned on a 40×40 μm square (A, C) or 24×7
μm rectangle (B, D). The bar graph shows average corner traction stress for cells spreading
over various rectangular areas and aspect ratios (E; n~17). Each group of bars indicates cells
of the same area. Error bars represent SEM. Plotting average corner traction stress against
the center-to-corner distance shows a linear relationship regardless of the spreading area (F).
The trend is highly significant (p<0.0001) compared to random data.
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Figure 4.
Dependence of focal adhesions on cell shape. Areas of focal adhesions were measured using
immunofluorescence images of paxillin (A, B), as shown for cells with an aspect ratio of 1
(A; 40×40 μm) or 2.8 (B; 24×67 μm). For rectangular cells of the same area, focal adhesions
also increased with the aspect ratio (C). Across all rectangular shaped cells, the total focal
adhesion area as quantified using a custom gradient based image segmentation algorithm
showed a linear increase in focal adhesions with the center to periphery distance (D). Errors
bars represent SEM. Scale bar, 20 μm. N=11, 15, 20, 14, 26 for 20×20, 30×30, 40×40,
30×55, and 24×67 μm, respectively.
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Figure 5.
Decrease of traction stress upon constraint of the focal adhesion area. Each cell occupied a
50×50 μm square area. Each pattern consisted of a matrix of small squares, with a side
dimension X and a spacing Y covering a total area of 50×50 μm (A, B). For pattern 1, X=2
μm, Y=2 μm (A, C). For pattern 2, X=14 μm, Y=4 μm (B, D). Traction stress maps showed
that, despite the identical spreading area and aspect ratio, traction force decreased
significantly as the area of adhesive squares becomes a limiting factor for the formation of
focal adhesions (note the decrease of purple in C relative to D). Immunofluorescence
staining of paxillin showed a similar decrease in focal adhesions on pattern 1 relative to
pattern 2 (E, F). Focal adhesions on pattern 1 appeared as isolated dots, whereas those in
pattern 2 are elongated along lines of tension. Average corner traction stress indicated a
decrease as adhesive areas became constrained (G). Error bars represent SEM. N=15, 18, 18,
for traction stress on pattern 1, pattern 2, and 50×50 μm square, respectively and N=18, 31,
17 for focal adhesion analysis. P-value was calculated with Student’s T-Test (* = p<0.005, $
= p<.000001). Scale bar, 25 μm.
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Figure 6.
Decrease in traction stress and focal adhesions for highly elongated cells. Cells were
allowed to spread to the same area of 1,600 μm2 but at different aspect ratios of 2.8 (A-C),
and 11 (D-F). Phase contrast images (A, C) and corresponding traction stress maps (B, E)
showed a decrease in traction forces as the aspect ratio increased from 2.8 to 11 (B and E;
note purple at the corners of B and lack of purple in E). Focal adhesions showed a similar
decrease (B, F). The decreases of both traction stress and total focal adhesion area are
statistically significant (G). P-value was determined using a Student’s T-Test (* = p<0.005,
# = p<.05). Error bars represent SEM. N=19, 18 for 24×67, and 12×133 μm, respectively for
traction force and N=15, 26 for focal adhesions. Scale bar, 25 μm.
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Table 1

Comparison of the performance of the present patterning method with direct microcontact printing onto sulfo-
SANPAH activated gels. The present method was able to transfer a significantly larger amount of proteins
(p<.00005, by Student’s T-Test) and to create a larger percentage of perfect squares (3 trials of 100 squares for
each patterning method). Furthermore, the present method took a considerably smaller amount of time.
Standard deviations are presented as +/−.

Current Method Direct Microcontact
Printing

Ability to achieve 2 μm resolution Yes No

Percentage of perfectly transferred 50×50 μm
squares

92 +/− 2 44 +/− 3.6

Relative amount of protein conjugated 0.633 +/− .178 0.124 +/− .045

Total estimated time of procedure ~1 hr. ~4 hr.
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