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Tension-Dependent Formation of Stress Fibers in Fibroblasts:
A Study Using Semi-Intact Cells*

Hiroaki HIRATA**, Hitoshi TATSUMI****** and Masahiro SOKABE*****

Stress fiber is a bundle of actin filaments, which also contains myosin and cross-linking
proteins. It remains unclear how stress fibers are formed from their main components, actin
and myosin. To address this question we examined the process of formation of stress fibers
in a model system, a semi-intact cell. Fibroblasts were treated with a Rho kinase inhibitor to
disorganize stress fibers. These cells were permeabilized and used as semi-intact cells in this
study. When these cells were treated with ATP and Ca?*, stress fibers were restored within
15min. Motion analysis of actin filaments labeled with quantum dots during formation of
stress fibers revealed actin filaments were gradually assembled while they were moving to-
ward the center of the cell. This suggests that ATP-driven tension influences the stress fiber
formation. The ATP-driven tension was mimicked in this study by artificial centripetal trac-
tion force, which was carried out by dragging the micropipette attached on the cell surface.
Stress fibers were formed by the traction force application. These results suggest that tension
in actomyosin meshwork is an important element in stress fiber formation.
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1. Introduction

In fibroblasts or endotherial cells, bundles of actin fil-
aments, called stress fibers, are developed. Stress fiberis a
long linear structure ranging over almost entire cell length
and is highly oriented along the cell axis. The ends of
stress fibers are anchored to cell-to-substrate contact re-
gions, focal adhesions. Stress fiber is contractile!"? and
it exerts traction force on focal adhesions®. This force
exertion is crucial for regulating cell adhesion® and re-
modeling extracellular matrix®. Dynamic nature of stress
fibers is responsible for cell motility and remodeling of
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cell shape©®-®,

Formation of stress fibers is stimulated by some ex-
tracellular factors, such as lysophosphatidic acid® and
thrombin‘!?’. These factors activate a small GTPase, Rho,
and its effecter proteins. Rho kinase/ROCK is a major
Rho effecter protein and is responsible for stress fiber for-
mation'?-(!?_ Rho kinase enhances phosphorylation of
myosin light chain!*-(9 resulting in activation of acto-
myosin and force generation. Another major Rho effecter,
mDia, cooperates with Rho kinase in stress fiber forma-
tion, probably through the regulation of actin polymeriza-
tion!>,

Although a part of signaling cascade for regulation of
stress fiber formation has been revealed, it remains largely
unclear how stress fibers are constructed from their com-
ponents including actin and myosin. Since globular actin
(G-actin) and filamentous actin (F-actin) coexist in a cell,
G-actin or F-actin may contribute to stress fiber formation.
Some studies suggested contribution of localized de novo
actin polymerization to stress fiber formation; when fluo-
rescently labeled G-actin is introduced into living cells or
permeabilized cells, the labeled actin is assembled primar-
ily at the ends of stress fibers during stress fiber develop-
ment©®- (19.(7_ On the other hand, Machesky and Hall!®)
showed delayed incorporation of Cy3-labeled actin into
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stress fibers during stress fiber formation, concluding that
stress fibers are assembled primarily by bundling of pre-
existing F-actin. However, as pointed out by Watanabe et
al.">, contribution of F-actin could not be distinguished
completely from that of G-actin in Machesky and Hall’s
study. The actual contribution of G-actin and F-actin to
stress fiber formation is not evaluated yet, since complete
separation of actin polymerization from F-actin reorgani-
zation is practically difficult in living cells.

It has been postulated that formation of stress fibers
depends on mechanical tension. Circumstantial evidence
supports this hypothesis as follows; activation of the ac-
tomyosin interaction, which generates contractile force,
was reported to be necessary for stress fiber formation!®.
Fibroblasts within anchored collagen gel develop stress
fibers but not within floating gel®”, that is probably be-
cause the floating gel is insufficient to sustain mechanical
tension. However, it is not resolved yet how mechanical
forces work on components of stress fibers in constructing
stress fibers.

In this study we examined the process of stress fiber
formation. To overcome the technical difficulties to ma-
nipulate the molecules responsible for stress fiber for-
mation in living cells, we used semi-intact cells, where
majority of soluble cellular components, including actin
monomers and ATP, are excluded while actin filaments
and their associating proteins remain in the cell®). More-
over, semi-intact cells enabled us to introduce molecules,
which are permeable through the semi-intact cell mem-
brane, into the intracellular space. Here we report that
bundles of actin filaments are reconstructed from pre-
existing actin filaments in semi-intact fibroblasts. During
the bundle formation actin filaments were gradually as-
sembled as moving toward the center of the cell. In addi-
tion, the artificially applied centripetal traction force could
also arrange pre-existing actin filaments into stress fibers,
suggesting that tension in F-actin meshwork is an essential
factor in stress fiber formation.

2. Materials and Methods

2.1 Materials

Y-27632, a specific Rho kinnase inhibitor®?, was
purchased from Calbiochem (San Diego, CA). Anti-
non-muscle myosin monoclonal antibody was from Ab-
cam Ltd. (Cambridge, UK). Anti-@¢-actinin mono-
clonal antibody was from ICN Pharmaceuticals, Inc.
(Costa Mesa CA). Anti-a-tubulin monoclonal anti-
body was from Cedarlane Laboratories Ltd. (Hornby,
Canada). Streptavidin-conjugated quantum dot (Qdot)
was from Quantum Dot Co. (Hayward, CA). Alexa488-
and biotinXX-conjugated phalloidin and Alexa546-
conjugated anti-mouse IgG polyclonal antibody were
from Molecular Probes, Inc. (Eugene, OR).
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2.2 Cell culture
The human foreskin fibroblast cell line Hs 68 was
cultured in Dulbecco’s modified Eagle’s medium (Sigma
Chemical Co., St. Louis, MO) supplemented with 10%
fetal bovine serum (Nipro, Osaka, Japan) at 37°C in 5%
CO;. For experiments cells were grown on the glass cov-
erslip.
2.3 Preparation of semi-intact cells
Cells grown for 1day were treated with 20uM
Y-27632 in DMEM/FBS for 1h at 37°C to disorga-
nize pre-existing stress fibers. To prepare semi-intact
cells with stable and visible actin filaments, Y-27632-
treated cells were permeabilized with 0.003% digitonin
in the presence of 3.3U/mL Alexa488-phalloidin in
working solution (125mM - potassium acetate, 2.5 mM
MgCl;, 1mM MnCl;, 25mM 2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid (HEPES), 12mM glu-
cose, 0.1 uM phenylarsine oxide, 10pg/mL leupeptin,
10pg/mL  pepstatin, 10pg/mL chymostatin, 10 mM
dithiothreitol; pH = 7.0) for 1 min at room tempera-
ture. To prepare semi-intact cells with actin filaments
labeled with Qdots, Y-27632-treated cells were perme-
abilized for 1min with 0.003% digitonin in the pres-
ence of 0.33 uM biotinXX-phalloidin, followed by a treat-
ment with 0.1 nM streptavidin-conjugated Qdot for 1 min.
Qdots were treated in the presence of 1% BSA. After
washing in working solution the semi-intact cells were
used for an experiment. To activate the actomyosin in-
teraction, 0.1 mM ATP and 0.1 mM CaCl, were applied to
the semi-intact cells.
2.4 Single Qdot tracking experiment
Time-sequence images of Qdot were acquired at time
interval as indicated in individual figure legends. Posi-
tion of individual Qdots was determined frame-by-frame
by calculating the centroid of the fluorescence image of
Qdot. Tracking duration of individual Qdot motion was
indicated in individual figure legends. For calculation of
an area of distribution of each Qdot, the two-dimensional
mean square displacement, (r?), was calculated for each
Qdot, where r denotes the displacement of the bead during
each time interval, ¢, and ( ) denotes the average over the
tracking duration. In the case that distribution of Qdot was
confined, the (r?) —t curve exhibited convex curvature and
reached a plateau value (here referred as L2/6*). The L?
value was determined from the (+2) values averaged over
t=4-60s and referred as the index of the area of distri-
bution of each Qdot.
2.5 Cell-dragging experiment
Glass capillaries with diameter of 1mm (G-1,
Narishige Co., Tokyo) were pulled with a Flaming/Brown
micropipette puller (P-97, Sutter Instrument Co., Novato,
CA). The micropipettes were bent in middle by burn-
ing them with a gas burner. The micropipettes were
treated with 3-aminopropyltriethoxysilane, dried, coated
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with 20% glutaraldehyde for 5 min at room temperature
and washed before use. In the presence of 0.1 mM ATPyS
and 0.1 mM CaCl, the tip of the micropipette was horizon-
tally placed on the boundary region between the lamella
and the cell body of the semi-intact cell, and then it was
dragged toward the center of the cell by using a microma-
nipulator (MC-35A, Narishige Co.). This enabled us to
apply centripetal traction force on the semi-intact cell.
2.6 Immunostaining

For immunostaining, intact and semi-intact cells were
fixed with 3.7% formaldehyde for 30 min, permeabilized
with 0.2% Triton X-100 for 5 min, followed by blocking
with 1% BSA and 1% glycine for 30 min and were sub-
jected to immunostaining. Treatment with antibodies were
for 40 min. Dilutions were 1: 100 for primary antibodies
and 1 : 50 for secondary antibody with working solution
including 1% BSA. Actin filaments of intact cells were
stained with 0.67 U/mL Alexa488-phalloidin for 40 min.

2.7 Fluorescence microscopy

Observations were performed with an IX70 epi-
fluorescence microscope (OLYMPUS, Tokyo) equipped
with an oil immersion objective (NA 1.40, 100x;
PlanApo, OLYMPUS) and a charge-coupled device cam-
era (Micromax, Princeton Instruments, Trenton, NJ). The
fluorescent probes were illuminated with a xenon lamp,
and Qdots with a solid state blue laser (1 = 473 nm;
HK-5512-01, SHIMADZU Co., Kyoto, Japan). Images
were acquired and analyzed with the software MetaMorph
(Universal Imaging Co., Downingtown, PA).

3. Results

Human foreskin fibroblasts grown for 1day exhib-
ited well-developed stress fibers (Fig. 1 (a)). After a treat-
ment with 20 uM Rho kinase inhibitor, Y-27632, for 1 h
at 37°C, most of stress fibers were lost, and large lamel-
lae were protruded (Fig. 1 (b), arrows). Stress fibers re-
covered after removal of Y-27632 and following incuba-
tion for 2h at 37°C (Fig. 1 (c)), showing disorganization
of stress fibers by Y-27632-treatment was reversible. In
lamellae developed after the treatment with Y-27632, there
were no apparent actin filament bundles but blur F-actin
was observed ((Fig. 1 (d)). Only 15 min after the removal
of the inhibitor, stress fibers were formed in the lamella
(Fig. 1 (e)). However, in cell bodies, stress fibers were not
formed clearly (data not shown).

To examine the molecular mechanism of formation
of stress fibers, we analyzed the stress fiber formation in
a semi-intact cell system, in which we can manipulate
molecular composition inside the cell. The effect of free
actin monomers can be excluded in the semi-intact cell
experiments since they presumably diffuse away through
the permeabilized plasma membrane. Cells were treated
with Y-27632 for 1h to disorganize stress fibers and then
permeabilized with 0.003% digitonin in the presence of
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Fig. 1 Reversible disorganization of stress fibers by a Rho
kinase inhibitor in intact cells. (a): F-actin in a human
foreskin fibroblast stained with Alexa488-phalloidin.
(b): F-actin in a cell after a treatment with 20uM Y-
27632, a specific Rho kinase inhibitor, for 1h at 37°C.
(c): F-actin in a cell treated with 20uM Y-27632 for
1 h, followed by washing out Y-27632 and incubation
for 2h at 37°C. (d): F-actin in a lamella of a cell treated
with 20 uM Y-27632 for 1 h. (e): F-actin in a lamella of
a cell treated with 20 uM Y-27632 for 1h, followed by
washing out Y-27632 and incubation for 15 min at 37°C.
Bars, 50 um in (a—c), 10um in (d) and (¢)

3.3 U/mL Alexa488-phalloidin to make semi-intact cells
with fluorescently labeled F-actin. Figure 2 (a) shows a
lamella of a semi-intact cell (arrow), in which blur F-
actin staining was exhibited, as seen in fixed intact cells
(Fig. 1(d)). Such blur F-actin staining corresponds to F-
actin meshwork. When 0.1 mM ATP and 0.1 mM CaCl,
were applied to this semi-intact cell, bundles of actin fila-
ments appeared in the lamella within 15 min (Fig. 2 (b), ar-
rows). Time lapse imaging of such a process revealed that
the pre-existing F-actin was gradually rearranged into bun-
dles (Fig. 2 (c)). These results indicate that actin filament
bundles, stress fibers, can be formed from pre-existing
actin filaments without de novo actin polymerization.

Immunofluorescence staining revealed that the actin
filament bundles formed in semi-intact cells contain
myosin (Fig. 3 (a) and (b)) like as in intact cells (Fig. 3 (c)
and (d)). In semi-intact cells a-actinin in F-actin bundles
was scarce (data not shown) and microtubules were frag-
mented (Fig. 3 (e)), suggesting that ¢-actinin and micro-
tubules are not essential for the formation of stress fibers
in semi-intact cells.

To track the motion of actin filaments during stress
fiber formation, actin filaments in semi-intact cells were
sparsely labeled with Qdots. Qdot is a nano-crystal of
semiconductor with bright fluorescence and high photo-
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Fig. 2 Formation of actin filament bundles in semi-intact cells
induced by ATP and Ca®*. Human foreskin fibroblasts
treated with 20 pM Y-27632 for 1 h were permeabilized
with 0.003% digitonin in the presence of Alexa488-
phalloidin. (a): F-actin in a lamella of a non-fixed semi-
intact cell. (b): Same field as in (a) but 15 min after the
application of 0.1 mM ATP and 0.1 mM CaCl,. Actin
filament bundles were formed (arrows). (c): Time lapse
images of F-actin in a lamella of a non-fixed semi-intact
cell after application of 0.1 mM ATP and 0.1 mM CaCl,.
Elapse time after the application of ATP and CaCl, is
indicated by numbers in minutes. Bars, 10 um

stability®®, therefore, it can be used as a fluores-
cent marker for long-term tracking. F-actin decorated
with biotin-phalloidin could be labeled specifically with
streptavidin-Qdots owing to the sepecific and tight interac-
tion between streptavidin and biotin. Figure 4 (a) shows a
lamella of a semi-intact cell treated with biotin-phalloidin
and then with streptavidin-Qdots. When semi-intact cells
were treated with phalloidin instead of biotin-phalloidin in
control experiments, few streptavidin-Qdots were bound
to the semi-intact cells (Fig. 4 (b)), indicating that labeling
of actin filaments with Qdots was highly specific. Fig-
ure 4 (c) and (d) show the typical trajectories of the single
Qdots fixed on the glass surface and those bound to F-actin
in a lamella of a semi-intact cell in the absence of ATP and
Ca®*, respectively. To fix Qdots on the glass surface, Qdot
suspension was dropped onto the glass and air-dried. The
area of distribution (L2 =0.0064 +0.003 8 um?, n="7; see
Materials and methods) of Qdots bound to F-actin in semi-
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Fig.3 Distribution of myosin and microtubules in lamellae of
semi-intact cells and intact cells. Semi-intact cells were
prepared as in Fig. 2. (a): F-actin in a lamella of a semi-
intact cell treated with 0.1 mM ATP and 0.1 mM CaCl,
for 15 min. (b): Myosin in the same field as in (a). (c): F-
actin in a lamella of an intact cell treated with 20 pM
Y-27632 for 1h, followed by washing out Y-27632 and
incubation for 15 min at 37°C. (d): Myosin in the same
field as in (d). (e): a-tubulin in a lamella of a semi-intact
cell. (f): a-tubulin in a lamella of an intact cell treated
with 20 uM Y-27632 for 1 h. Bar, 10 pm

intact cells in the absence of ATP and Ca?* was not sig-
nificantly different from that (L? = 0.005 3 +0.002 6 um?,
n =6) of Qdots fixed on the glass surface (p > 0.55), in-
dicating that Qdots bound to F-actin in semi-intact cells
were kept still in the absence of ATP and Ca’*. After ap-
plication of 0.1 mM ATP and 0.1 mM CacCl,, Qdots bound
to F-actin in lamellae of semi-intact cells began to move
(a typical trajectory is shown in Fig.4 (e)). Figure 4 (f)
shows trajectories of neighboring 4 Qdots in a lamella af-
ter the application of ATP and Ca*; every Qdot moved
from upper to lower, corresponding to the movement to-
ward the center of the cell. Trajectories of 4 Qdots became
closer each other as they moved toward the center of the
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Fig. 4 Analysis of motion of Qdot bound to F-actin in
a semi-intact cell during treatment with ATP and
Ca’*. Fibroblasts treated with 20uM Y-27632 for
1h were permeabilized with 0.003% digitonin in the
presence of biotin-phalloidin. (a): A lamella of a
streptavidin-Qdot-treated semi-intact cell, in which F-
actin was decorated with biotin-phalloidin. (b): A
lamella of a streptavidin-Qdot-treated semi-intact cell,
in which F-actin was decorated with non-conjugated
phalloidin instead of biotin-phalloidin. The line drawing
represents the boundary of the semi-intact cell obtained
from its differential interference contrast image. (c—
e): Trajectory of Qdot fixed on the glass surface (c),
trajectory of Qdot bound to F-actin in a lamella of a
semi-intact cell in the absence of ATP and CaCl, (d)
and trajectory of Qdot bound to F-actin in a lamella
of a semi-intact cell in the presence 0.1 mM ATP and
0.1 mM CaCl, (¢). Motion of Qdot was tracked in 2s
interval for 240 s in (¢) and (d) or for 800s in (e). In (e),
motion of Qdot was tracked from immediately after the
application of ATP and Ca?*, and Qdot moved from the
lower right to the upper left. An arrow and an arrowhead
indicate start and end points of the trajectory of Qdot,
respectively. (f): Trajectories of 4 Qdots bound to F-
actin in a lamella of a semi-intact cell in the presence of
0.1 mM ATP and 0.1 mM CaCl,. Motion of Qdots was
tracked from immediately after the application of ATP
and Ca®* in 2s interval for 800s. Every Qdot moved
from upper to lower, corresponding to the movement
toward the center of the cell. Arrows and arrowheads
indicate start and end points of the trajectories of Qdots,
respectively. Axis ticked every 1 um. Bars, 10 um in (a)
and (b), lumin (c—e)
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Formation of stress fibers in a semi-intact cell induced
by artificially applied mechanical force. Fibroblasts
treated with 20 uM Y-27632 for 1 h were permeabilized
with 0.003% digitonin in the presence of Alexa488-
phalloidin. (a): Scheme depicting the method for force
application. A bent glass micropipette, which was
coated with glutaraldehyde, was horizontally placed on
the boundary between the lamella and the cell body of
a semi-intact cell, and then it was dragged toward the
center of the cell. (b) and (c): F-actin in a lamella
of a non-fixed semi-intact cell before (b) and after (c)
dragging the micropipette. The micropipette is out of
these images. After the application of artificial force
stress fibers appeared (white small arrows). A large
black arrow indicates the direction of dragging the
micropipette. Bar, 10 um

Fig. 5

~ cell, suggesting actin filaments were bundled gradually.

The directed movement of Qdots suggests a certain force
that pulled the F-actin meshwork in a lamella toward the
center of the cell and may facilitate the bundling of actin
filaments.

To directly examine the role of traction force in the
formation of actin filament bundles, we artificially pulled
the F-actin meshwork toward the center of the cell. A glass
micropipette coated with glutaraldehyde was horizontally
attached on the boundary between a lamella and a cell
body of a semi-intact cell. Then the pipette was dragged
toward the center of the cell to apply traction force onto
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the F-actin meshwork, as shown in Fig. 5 (a). To release
F-actin from the rigor state actomyosin interaction but
prohibit actomyosin-dependent force generation, experi-
ments were performed in the presence of ATPyS, a non-
hydrolyzable analog of ATP®>. Application of 0.1 mM
ATPyS and 0.1 mM CaCl, alone did not cause formation
of bundles of actin filaments; Fig. 5 (b) shows blur F-actin
staining in a lamella before applying traction force. Fig-
ure 5 (c) shows the same lamella after an application of
traction force, in which the pre-existing F-actin was rear-
ranged and stress fibers were formed (arrows). This result
indicates that centripetal traction force is essential for the
formation of stress fibers from pre-existing F-actin mesh-
work in semi-intact cells. In the absence of ATPyS the
stress fibers were hardly formed by the artificial traction
force, suggesting that actin filaments are rigidly cross-
linked by myosin in a rigor state and are not rearranged
by the traction force.

4. Discussion

In this study we demonstrated that bundles of actin
filaments were formed by application of ATP and Ca®*
and by artificial traction force in semi-intact cells. The
actin filament bundles formed in semi-intact cells con-
tained myosin as stress fibers in intact cells, suggesting
that stress fibers are reconstructed in semi-intact cells. The
semi-intact cell developed in this study is useful for study-
ing on the mechanism of stress fiber formation.

Plasma membrane of the semi-intact cells permeabi-
lized with digitonin was permeable for soluble proteins
and streptavidin-conjugated Qdots (ca. 10nm in diame-
ter). When fluorescently labeled G-actin was applied to
semi-intact cells and then washed out, the exogenous G-
actin was incorporated into actin filaments without dis-
tribution all over the intracellular space (unpublished ob-
servation), suggesting that G-actin is not left inside semi-
intact cells after washing it out. Therefore, it is conceiv-
able that rearrangement of F-actin is responsible for the
formation of stress fibers in semi-intact cells.

In the cytoskeletal system there exist microtuble-
associated motor proteins, i.e. kinesins and dyneins, and
actin filament-associated motor proteins, i.e. myosins®?®.
Since microtubules in semi-intact cells were fragmented,
it is unlikely that microtuble-associated motor proteins
generate force to reorganize the F-actin meshwork in a
large scale. Non-muscle myosin generates force in the
presence of ATP and Ca®*®?. Actomyosin-dependent
force generation seems to be responsible for reorganiza-
tion of the pre-existing F-actin meshwork into stress fibers
in semi-intact cells during treatment with ATP and Ca?*.

In single Qdot tracking experiments, Qdots bound
to F-actin in lamella region moved in centripetal direc-
tion during treatment with ATP and Ca**, however, those
bound to F-actin in the cell body did not (unpublished ob-
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servation), indicating that F-actin meshwork was pulled
toward the cell body only in the lamella. Stress fibers were
formed in the lamella but not in the cell body in a semi-
intact cell. Same observation was made in intact cells
15 min after the recovery from the Rho kinase inhibitor.
A lamella may be a region where the F-actin meshwork is
subjected to mechanical traction force, and consequently,
formation of stress fibers is enhanced.

The ATP-driven traction force was mimicked by arti-
ficially applied traction force onto the F-actin meshwork.
The artificially applied traction force rearranges the F-
actin meshwork into actin filament bundles oriented along
the traction direction, which are the same as the stress
fibers formed in semi-intact cells in the presence of ATP.
This suggests that mechanical tension in F-actin mesh-
work is an important element in stress fiber formation.

When ATP and Ca?* were applied, stress fibers were
formed in lamellae of almost all semi-intact cells. In con-
trast, artificially applied traction force sometimes failed
to form stress fibers. This suggests factor(s) other than
traction force affects stress fiber formation during treat-
ment with ATP and Ca?*. Centripetal traction force
may roughly reorganize the F-actin meshwork and con-
comitantly occurred local zippering of actin filaments by
myosin molecules along actin filaments would facilitate
stress fiber formation.

In intact cells, stress fiber formation is regulated by
Rho kinase!'™(1? which enhances phosphorylation of
myosin light chain'®-(%_ Constitutively active form of
Rho kinase induces stress fiber formation without acti-
vation of Rho!!"-U2, However, stress fibers induced by
Rho kinase are locally accumulated, which are distinct
from stress fibers induced by activated Rho('>»@®_ Active
mDia, another effecter of Rho, induces the complete phe-
notype of stress fibers in cooperation with Rho kinase(!>,
suggesting that in addition to Rho kinase-dependent acti-
vation of actomyosin, mDia-dependent actin polymeriza-
tion is necessary for completion of stress fiber formation.
While stress fibers were reformed completely 2 h after re-
moval of the Rho kinase inhibitor in intact cells, actin fil-
ament bundles were poor in the cell body of a semi-intact
cell, in which actin polymerization was excluded, even
2h after the application of ATP and Ca®* (unpublished
observation). This incompleteness of formation of stress
fibers in the cell body may be due to the lack of mDia-
dependent actin polymerization in semi-intact cells. The
stress fibers formed in lamellae may work as precursors
of mature stress fibers extending over almost entire cell
length and mDia-induced supply of additional actin fila-
ments may thicken and elongate the stress fibers.

In intact cells, stress fiber formation is coupled to
formation of focal adhesions. It was revealed by reflec-
tion interference microscopy that stress fiber formation
was not accompanied by formation of focal adhesions in

Series C, Vol. 47, No. 4, 2004

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

968

Engi neers

semi-intact cells (unpublished observation). Riveline et
al. showed that mDia and actin polymerization are re-
quired for formation of focal adhesions®”. Introduction
of mDia-dependent actin polymerization into semi-intact
cells would be useful to acquire information about forma-
tion of focal adhesions accompanied by stress fiber forma-

tion.
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