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Electrically conducting polymers are prospective candidates as active substrates for the development of neu-
roprosthetic devices. The utility of these substrates for promoting differentiation of embryonic stem cells paves
viable routes for regenerative medicine. Here, we have tuned the electrical and mechanical cues provided to the
embryonic stem cells during differentiation by precisely straining the conducting polymer (CP) coated, elasto-
meric-substrate. Upon straining the substrates, the neural differentiation pattern occurs in form of aggregates,
accompanied by a gradient where substrate interface reveals a higher degree of differentiation. The CP domains
align under linear stress along with the formation of local defect patterns leading to disruption of actin cyto-
skeleton of cells, and can provide a mechano-transductive basis for the observed changes in the differentiation.
Our results demonstrate that along with biochemical and mechanical cues, conductivity of the polymer plays a
major role in cellular differentiation thereby providing another control feature to modulate the differentiation
and proliferation of stem cells.

Introduction

It is well known that cells anchor on substrates through
extra-cellular matrix proteins.1–3 The formation and stabi-

lization of focal adhesion complexes on substrates are known
to be significantly influenced by local mechanical, topo-
graphical, and electrostatic environment4–9 and this eventu-
ally controls various intra-cellular activities, such as cell
division, migration, proliferation, and differentiation.10–17

Conducting polymers (CPs) provide a unique microenvi-
ronment for proliferation and differentiation of cells.18–21 The
electronic and ionic characteristics of these electrochemically
active polymers have been utilized in the generation of
neuronal probes and biosensors.22–24 The prospect of having
such smart-electrode interface on flexible-stretchable sub-
strates opens up a valuable gateway to monitor and control
biological events.25 In the field of regenerative medicine, the
CP based microelectrodes can simultaneously act as scaffolds
providing mechanical support and also provides molecular-
cues for regenerating neurons.18,26,27 Here we have high-
lighted the importance of these composite substrates for
differentiation of embryonic stem cell derived neural pro-
genitors (ES-NPs) into neurons.

The role of surface properties of the polymer on the dif-
ferentiation of adult neural stem cells has been well dem-
onstrated,28,29 where an increase in the differentiation of
neural stem cells on soft PDMS-type substrates is observed
as opposed to harder oxide surfaces.30–32 The electrostatic
aspect of the surface which stem cells perceive from the ex-
tra-cellular matrix; however, has received relatively less at-
tention. Surface charge properties of the matrix change with
the interfacial mechanical properties and hence, it is impor-
tant to discern its role since these properties are known to
alter cell adhesion.33,34 The surface charge on the substrate
can alter the recruitment of proteins, which in turn influences
the formation of focal adhesion complexes and lead to
changes in the downstream signaling events.35,36 We show
that a subtle and controlled method of modifying the poly-
mer surface is achieved by stretching. A careful study of cell
differentiation on surfaces which have different degrees of
strain provides a clear demonstration of the substrate effect.

The present report focuses on differentiation of mouse ES-
NPs into neurons on stretched and electrified PEDOT:PSS
(Poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate))
coated styrene ethylene butylene styrene (SEBS) substrates.
We further demonstrate the effect of electroactivity and
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varying charge distribution produced due to alignment of
polymer chains of the substrates upon application of strain,
on the differentiation of ES-NPs. A decrease in ES-NP dif-
ferentiation into neurons was observed with increased ap-
plied strain on CPs. Cell distribution was also affected by the
strain applied on the substrates, as indicated by significant
fraction of the differentiated neurons taking the form of ag-
gregates. Neuronal differentiation was observed in these
aggregates near the surface of polymer thereby showing the
strong guiding tendency of polymeric surface for the differ-
entiation of ES-NPs. Studies to resolve and deconvolute the
effect of mechanical cues from the electrical parameters of the
substrate in the cell distribution, cytoskeletal organization,
and differentiation of ES-NPs were also carried out.

Materials and Methods

Preparation of SEBS/PEDOT:PSS substrates

SEBS (KRATON 1726-G) was processed with chloroform
as solvent to form thin stretchable films of SEBS (*400 mm).
Subsequently, 1 · 1.2 cm rectangular substrates were cut and
plasma treated for 2 min, at 0.5 bar pressure and 0.08 A
current. The aqueous dispersion of PEDOT:PSS (Agfa, Or-
gacon Printing Ink EL-P3040) was spin coated on SEBS
substrates at 2500 rpm for 60 s to obtain films of *90 nm
thickness which were annealed at 65�C for 12 h.37 The setup
for straining the PEDOT:PSS coated SEBS substrates was a
homebuilt setup with a calibrated screw gauge. Substrates
were strained by clamping at the two ends and were uni-
axially strained to different strain regimes of 10%, 20%, 30%,
and 5 cycles of 30% strain (Supplementary Fig. S1; Supple-
mentary Data are available online at www.liebertpub.com/
tea). The strained conducting substrates were maintained in
stretched condition by wedging them cleanly to a glass slide
of the same dimension using araldite. The pristine SEBS
substrates were prepared in the similar manner following the
similar procedure barring the coating with CP PEDOT:PSS.
Detailed information about the substrate preparation is
available in supplementary information.

Characterization of substrates

AFM study of the substrates was done in contact mode
using a JPK instruments Nanowizard 3 Nanoscience AFM.
Kelvin probe microscopy (KPM) was also done in contact
mode and amplitude of 0.1 V was applied during scanning.

Embryonic stem cell culture and ES-NP generation

Embryonic stem cell culture and EB induction was done
by established standard protocol.38 Briefly, mouse D3 ES
cells (ATCC) were cultured on gelatin substrate in embryonic
stem cell growth medium (ESGM) consisting of DMEM, 10%
defined fetal bovine serum (FBS), 2 mM L-glutamine, 1 ·
nucleosides, 0.1 mM b-mercaptoethanol, and 1000 U/mL
leukemia inhibitory factor (LIF). EBs were generated by
growing ES cells on uncoated plates in EB medium (ESGM
without LIF and b-mercaptoethanol) for 4 days and with EB
medium containing 0.5 mM retinoic acid (RA) for an addi-
tional 4 days. RA induced EBs were partially differentiated
on poly-D-lysine (150 mg/mL) and laminin (1 mg/mL) coated
substrate for 2 days in N2 differentiation medium (DMEM/
F12) supplemented with 1% N2 supplement, FGF2 (10 ng/

mL), or epidermal growth factor (EGF) (10 ng/mL), heparin
(2mg/mL), and 0.5% FBS.39 The partially differentiated EBs
were trypsinized mildly and plated onto uncoated six-well
plates (*1.5 · 106 cells/well) in proliferation medium con-
sisting of DMEM/F12 supplemented with 1% N2 supple-
ment, heparin (2mg/mL), and FGF2 (20 ng/mL) and allowed
to proliferate further for 4 days.

ES-NPs were differentiated on polymer substrates pre-
treated with PDL and laminin. N2 differentiation medium
was used to differentiate the ES-NPs on the substrates. After
8–10 days of differentiation, cells were fixed for immuno-
fluorescence analysis. Further, to demonstrate that the dif-
ferentiated cells are indeed physiologically active neurons,
we differentiated GAD65-EGFP expressing ES cells with the
above differentiation conditions. GAD65 is an enzyme that is
responsible for conversion of glutamate into GABA at the
synaptic terminals of physiologically active neurons.40 In
addition to this, specific localization of synaptotagmin at the
synapse was checked to confirm that the cells differentiated
from ES-NPs are indeed neurons.41

Immunofluorescence analysis

Immunofluorescence analysis was carried out for detec-
tion of cell specific markers.39 Briefly, 4% paraformaldehyde-
fixed cells were blocked in 5% NGS (Sigma-Aldrich) and
permeabilized with 0.2%–0.4% Triton-X 100 followed by an
overnight incubation with primary antibodies at 4�C (b-III
tubulin 1:200 Chemicon, GFAP 1:400 Sigma). Cells were ex-
amined for fluorescence after incubation with appropriate
secondary antibody conjugated to FITC (1:400) or cy3 (1:400).
Actin cytoskeleton of differentiated cells were observed by
FITC conjugated Phalloidin (1:750; Molecular Probes). Nu-
clear staining was done with DAPI (1:50000) and used for
counting total number of cells. An upright fluorescence mi-
croscope with cooled CCD camera (Olympus BX-61) was
used for capturing images under 20 · objective. Confocal
imaging was done using Zeiss LSM 510 Meta microscope.

Cell counting was done from the acquired immunostained
images of neuronal and glial cells. Briefly, 7–8 fields of each
polymeric substrate were imaged, and the number of b-III
tubulin positive and GFAP positive cells were obtained by
manual counting of the merged images. Cells stained with
nuclear stain DAPI were used for counting the total number
of cells. One-way analysis of variance was performed in all
the statistical analysis using Origin and significance was
depicted at p < 0.05. Neurite length was measured by Simple
Neurite Tracer plug-in of the Image J software.42,43 The area
of the aggregates was measured by binarizing the DAPI
images of the differentiated cells on the substrates by Image J
software.43,44

Results

Properties of conducting substrates change
on application of strain

Conducting polymeric substrates were fabricated by
coating PEDOT:PSS (a CP with anionic surfactant PSS as a
counter-ion) over an elastomer SEBS. Application of strain
increases the surface conductance of the PEDOT:PSS coated
SEBS substrates in a manner similar to our previous results.37

AFM images of the substrates revealed the changes in
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nanotopographical features of CP-coated SEBS substrates
with the application of strain (Supplementary Fig. S2).

KPM analysis provided the distribution of surface poten-
tial on conducting substrates (Fig. 1A, B). PEDOT rich clus-
ters which are arranged in the form of circular domains in
the PSS matrix, redistribute along the strain direction when
elongated, leading to a change in the distribution of surface
potential on these conducting substrates (Fig. 1B). Contact
angle measurement of the substrates showed that the ap-
plication of strain does not alter the hydrophobicity of the
substrates (Supplementary Fig. S3).

CPs influence the neuronal differentiation potential
of ES-NPs

ES-NPs were seeded onto PEDOT:PSS coated SEBS sub-
strates and SEBS with and without straining (Supplementary
Fig. S4). The glass-coverslips and PEDOT:PSS coated glass
coverslips were used as controls in the experiment. In gen-
eral ES-NPs differentiated into neuronal cells, as evident
from the uniform presence of b-III tubulin + ve cells on the
entire surface of substrates even though there was a marked
difference in gross morphology of the differentiating neurons
(Fig. 2 and Supplementary Figs. S5–S8). To further confirm
the neuronal identity of the differentiated cells, we have
differentiated GAD65-EGFP expressing ES cells on glass
coverslips. The presence of GABA in the inter-linking neu-
ronal network clearly indicates that they are active synaptic
terminals which can be present only in physiologically active
neurons. Therefore, it is clear that these differentiated neu-
rons are capable of forming interlinking networks amongst
them (Supplementary Fig. S9).

The differentiation of neurons enhances with increased
straining of nonconducting pristine SEBS-substrates and
formed a monolayer of differentiated neurons (Fig. 2B–D).
Neuronal differentiation occurred with the formation of ag-
gregate-like structures on the strained CP-coated SEBS sub-
strate The neurons present within the aggregates formed
interlinking neuronal-networks which extended to neigh-
boring aggregates (Fig. 2F–H).

The total aggregate size was measured by binarizing the
DAPI image which gave the surface area covered by the nu-
cleus of all the cell types present within the aggregates. The
surface area of the aggregates also increased with an increase in

the applied strain (Fig. 2F–H). On unstrained CP substrates, the
cellular aggregates had an average size of 12,020 – 3203mm2 in
terms of their nuclear area, whereas on highly strained (30%)
CP substrates the average nuclear surface area of aggregates
increased to 85,285 – 9728mm2 (Fig. 2I). The average nuclear
surface area of the aggregates formed on SEBS substrates were
found to be generally low with 9367 – 802mm2 for unstrained
SEBS substrates as compared to 3504 – 907mm2 in case of 30%
strained pristine SEBS substrates.

We further analyzed other parameters of neuronal differ-
entiation, such as the percentage of differentiated neurons
and the neurite length on CP-coated as well as SEBS controls.
The percentage of b-III tubulin + ve cells decreased with in-
crease in strain regime on PEDOT:PSS coated substrate
compared to SEBS (Fig. 3A). Differentiation of ES-NPs on
30% strained PEDOT:PSS coated substrates resulted in a
significant reduction of neuronal differentiation compared to
unstrained (0%) PEDOT:PSS coated substrates (11.8% – 1.8%
and 26.7% – 2.5%, respectively; p < 0.05). We also found a
significant increase in the neuronal differentiation on
strained (30%) pristine SEBS substrates compared to simi-
larly strained CP-coated substrates (36.2% – 1.2% and
11.8% – 1.8%, respectively) ( p < 0.05). Another interesting
observation was the difference in length of neurites. Neurite
length (NL) was measured using an imaging-software where
only surface-neurons were sampled and the possibility of
three-dimensional growth and extension deep into the ag-
gregate were not considered. The differentiated neurons on
unstrained (0%) PEDOT:PSS coated substrates had signifi-
cantly longer neurites (115.5 – 4.7 mm) compared to highly
strained (30%) substrates (41.7 – 2.6 mm, Fig. 3B). In contrast
to this, average NL of differentiated neurons on SEBS-
substrates were found to be proportionate to the strain, with
NL extending from (145.7 – 9.1 mm) for unstrained SEBS to
(215.5 – 5.6 mm) for 30% strained SEBS.

The formation of aggregates during the differentiation
process is clearly correlated to the presence of conducting
layer. Therefore, we further probed the aggregated cells
present at the substrate-cell interface using confocal micros-
copy. The substrate-cell interface is the region where the cells
come directly in contact with the substrate. Confocal imaging
of the differentiated cellular aggregates showed that the
neuronal differentiation occurred at all the strata of the ag-
gregates (Fig. 4A, B). It was also observed that the number of

FIG. 1. Kelvin probe microscopy
(KPM) image showing variation in
the surface potential of (A) SEBS
PEDOT:PSS 0% Stretched (B) SEBS
PEDOT:PSS 30% Stretched sub-
strates. Bold arrow indicates the di-
rection of strain, while small arrows
indicate the PEDOT domains. The
alignment and distribution of PED-
OT domains change on straining the
substrates. SEBS, styrene ethylene
butylene styrene; PEDOT:PSS,
(poly(3,4-ethylenedioxythiophene)
poly(styrene sulfonate)). Color
images available online at www
.liebertpub.com/tea
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differentiated cells was more at the substrate-cell interface
than at the upper half of the aggregates (Fig. 4B). The neu-
rons present at the top region of these aggregates exhibited
much shorter neurites with very little branching. At the
substrate-cell interface, neurons formed well defined net-
work of interconnected neurites with a decrease in neurite
length as the function of distance from the substrate (Fig.
4A). Populations of differentiated neurons were present
within the aggregate on strained CP-substrates and were
comparable with their nonconducting strained counterparts.

Glial differentiation was also analyzed using GFAP
staining and significant change in their differentiation was
not observed upon straining the conducting substrate (Sup-
plementary Fig. S10 A–I).

Neurons tend to follow the cues from local defect
patterns produced by stretching the CPs

Even though the surface texture and film quality is
maintained at the micrometer level, the strained bilayer-

substrates are expected to have crack-type defects which
emerge orthogonal to the strain direction. The appearance of
crevices on the top conducting layer of the strained films can
dock and immobilize the cell aggregates.45 The jagged crack
edges can possibly offer the cell aggregates a preferred di-
rection, which is indicated by the ellipsoidal geometry of the
aggregates where the long axis is largely distributed within
an angle of 20o orthogonal to the strain (Fig. 5A–F and
Supplementary Figs. S11 and S12). This viewpoint is con-
sistent with the observation on 30% strained CP substrates
where 70.2% – 5.3% of aggregates were aligned along these
local defects in contrast to only 21.9% – 4% aggregates being
aligned on nonconducting SEBS substrates strained to simi-
lar regime ( p < 0.05; Fig. 5G). The alignment of aggregates
along the defects decreased sharply for substrates which
were exposed to a lower strain magnitude. 39.8% – 6.4% of
aggregates were aligned along the defect patterns on 20%
strained CP substrates, while no significant alignment was
observed on the corresponding nonconducting strained SEBS
counterparts.

FIG. 2. Immunocyto-
chemistry for differentiation
of ES-NPs into neurons (b-III
tubulin) on (B–D) SEBS, (F–
H) PEDOT:PSS coated SEBS
substrates and (A, E) glass-
coverslips and PEDOT:PSS
coated glass-coverslips (con-
trol). (I) Distribution of the
surface area of the cell ag-
gregates (nuclear) formed on
each substrate (*p < 0.05,
One-way analysis of variance
(ANOVA)). Data are re-
presented as mean – SD, n = 3.
(A–H): Scale bar 50mm. Color
images available online at
www.liebertpub.com/tea

CONDUCTING POLYMERS FOR NEURONAL DIFFERENTIATION 1987



Rearrangement of Actin-based cytoskeleton

Arrangement of actin cytoskeleton was observed by stain-
ing the differentiated ES-NPs with phalloidin (Fig. 6A–F and
Supplementary Fig. S13). Aggregated cells on the CP surface
revealed disruption in the arrangement of actin fibers, while
the differentiated neurons on nonconducting pristine SEBS
substrates and control glass-coverslips exhibited well-ar-
ranged actin fibers. A similar feature was also seen on the
patterned SEBS/PEDOT:PSS substrates where the differenti-
ated cells adopted a circular morphology with a disrupted
actin fiber network on the conducting side of this substrate.
Neurons which originated from the nonconducting SEBS side
were seen to be abruptly terminated at the conducting/non-
conducting interface. Actin fibers were uniformly arranged on
the nonconducting SEBS side leading to a better neuronal
distribution and differentiation. Along with neurons, other
cell types like fibroblasts, which differentiated from ES-NPs,
also exhibited disruption of actin fibers and had a tendency to
circularize on the conducting side of the substrate.

Discussion

In general, our observations point towards trends which
indicate that the neuronal differentiation of ES-NPs is

controllable, by tuning the local electrostatics and mechanical
factors. The surface conductance and the morphology of the
CP substrates are varied by the application of increasing
strain regime. The randomly distributed spherical PEDOT
domains transform into ellipsoidal domains within the an-
ionic PSS matrix.46 The remodeling of PEDOT domains
contribute to the changes in the surface potential distribution
of CP substrates, suggesting a control in distribution of these
surface potentials at nanometer length scales by straining
(Fig. 1A, B).

Application of strain also leads to the variation in the
neuronal differentiation potential of ES-NPs on conducting
as well as nonconducting substrates. A decrease in the neu-
ronal differentiation was observed along with an inhibition
in cell spreading on the strained CP-substrates, forcing the
cells to grow within the aggregates (Figs. 2A–I and 3A). The
shorter length of neurites on the surface of strained CP
substrates can be attributed to the presence of varying sur-
face potential regions and local defects which affect the cell
attachment and also impede the neurite elongation (Fig. 3B).
Confocal scanning of the cellular aggregates on CP-
substrates showed that the differentiation occurred in all the
strata of the aggregates but the morphology of neurons
spread on the substrate was distinct from these neurons (Fig.

FIG. 3. Substrate depen-
dence of neuronal differenti-
ation and average neurite
length. Neurite length was
measured by Image J soft-
ware and only those neurons
were considered for sampling
which were spread out on the
substrates. (A) Distribution of
the percentage of b-III tubulin
positive cells on various sub-
strates (*p < 0.05, One-way
ANOVA). (B) Distribution of
the average neurite length of
the neurons on various sub-
strates (*p < 0.05, One-way
ANOVA). Data are presented
as mean – SD, (n = 3). Color
images available online at
www.liebertpub.com/tea
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4A, B). The neurons differentiating in the close proximity of
the polymer surface had a characteristic shape of a neuronal
cell, while those at a distance were less spread and extended
fewer neurites. These changes corroborate the possible role
of polymeric substrate for the physical guidance during
differentiation of ES-NPs. Cell adhesion on CP substrates is
primarily attributed to the adsorption of extra-cellular matrix
proteins like laminin on the surface of the substrate.35 The
changes in the local electrostatics of the substrate may lead
to the differential adsorption of these ECM which affects
the cell adhesion and formation of stable focal adhesion
complexes.

As discussed earlier, application of strain on the substrates
also leads to the generation of slip defects on CP-coated
substrates due to delamination of PEDOT:PSS film resulting

in a local defect pattern due to which underlying SEBS sur-
face is exposed. The ‘‘crack patterning’’ of the aggregates
along these jagged edges is solely due to the defects formed
in the PEDOT:PSS layer on SEBS which yields easily to allow
the generation of these defects, while SEBS surface, in com-
parison, maintains its texture at such strain levels.

The changes in the cytoskeleton arrangement of the dif-
ferentiated ES-NPs were investigated on polymeric sub-
strates, primarily to understand the variations occurring
within the cells on these substrates (Fig. 6A–F). The CP-
coated substrates, where cells tend to aggregate, exhibited
disruption of actin fibers, while on the control glass-cover-
slips or SEBS substrates, the actin fibers were arranged in an
ordered fashion. These observations are in complete con-
junction with the role of cytoskeletal tension in modulating

FIG. 4. Confocal image of cell aggregate
density with focal plane at (A) z = 0 corre-
sponding to the substrate-cell interface (B)
Top of the cell aggregate. Neuronal differ-
entiation occurs at all the strata of the ag-
gregates with extensive neurite branching on
strained CP substrates. Scale bar, 50mm.
Color images available online at www
.liebertpub.com/tea
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the differentiation, movement and growth of cells. Rho-A
and ROCK signaling which modulates the stress generated
by actin-myosin complex has been shown to regulate the
mesenchymal stem cell differentiation into osteoblasts and
chondrocytes.47 The role of substrate stiffness in directing the
differentiation of stem cells leading to similar changes in
cytoskeletal system has also been reported.30,48 The cells
form focal adhesion complexes, tethered to the actin fibers,
upon attachment to the substrate. The change in the actin
distribution upon the attachment of the cells to the substrate
modulates these focal adhesion complexes leading to chan-
ges in cellular differentiation and spreading of cells. The
maturation of focal adhesion complexes is mediated by in-
tegrin clustering which recruits other down-stream signaling
molecules and this process is controlled by cytoskeletal ten-

sion.49 The changes in the cell shape are the potent mediator
of the actin-myosin contractility which affects the stabiliza-
tion of focal adhesion complexes and other down-stream
signaling events triggering a mechanotransduction like re-
sponse in the cells.

The initial events leading to cell adhesion on any substrate
are accompanied by seeding of extra-cellular matrix proteins
on which the surface receptors of the cells are bound. The
confirmation, orientation, and quantity of proteins adsorbed
are influenced by the surface features, roughness, and oxi-
dation state of the polymers.35,36 The alignment of PEDOT
domains in the matrix of PSS and generation of local defect
patterns result in the formation of regions exhibiting vari-
ability in the surface potential and conductivity which
modulates the overall distribution of proteins adsorbed on

FIG. 5. Directional align-
ment of the cell aggregates
along the local defects gener-
ated orthogonal to the strain
direction (A–F). Arrows in
the figure indicate the strain
direction. (G) Distribution of
the directional alignment of
cellular aggregates along the
‘‘defect patterns’’ generated
on polymeric substrates
(*p < 0.05, One-way analysis
of variance). Data are re-
presented as mean – SD,
(n = 3). (A–F): Scale bar,
50 mm. Color images available
online at www.liebertpub
.com/tea
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the CP substrates. The modulation of cell adhesion results in
the variation of traction forces which the cells perceive from
the substrate and it leads to the changes in the actin based
cytoskeletal assembly. Initial cell adhesion events are de-
pendent upon the favorable surface potential regions but the
aggregate formation and cell spreading is influenced
strongly by the underlying macroscopic film quality. On
highly strained CP substrates, the distribution of surface
potential is more prominent leading to confinement of cells
and presence of larger defect patterns influence the cell
spreading which leads to an increase in the number of cel-
lular aggregates. The absence of conducting surface leads to

uniform surface potential regions, and this results in a dif-
ferent pattern of cell differentiation on nonconducting pris-
tine SEBS controls.

Strain hardening of the SEBS leads to further increase in
the stiffness of the substrates upon application of strain, the
surface of elastomeric polymer SEBS is quite stiff (*2 MPa) in
comparison to the natural environment in which neurons
grow.31,50 The changes in the stiff CP and pristine SEBS-
substrates do not lead to large variations in the formation
and maturation of focal adhesion complexes which are pri-
mary effectors of cytoskeletal arrangement and other down-
stream signaling events like cell adhesion and differentiation.

FIG. 6. Actin cytoskeleton (Phalloidin) of
the differentiated cells on polymeric sub-
strates (A–D, F). Regular arrangement of
actin cytoskeleton is seen on (A) glass-
coverslips (C) SEBS 0% stretched. Disruption
of actin fibers occur on PEDOT:PSS coated
SEBS substrates leading to rounded mor-
phology and aggregation of cells (B, D).
Nucleus (DAPI) of the differentiated cells
on the substrate containing SEBS and
PEDOT:PSS coated SEBS (E). The arrows
in (F) show the neurite ending on the inter-
face of PEDOT: PSS and SEBS. Disruption
of actin cytoskeleton is also seen on the
conducting side of the patterned substrate.
Scale bar, 50 mm. Color images available
online at www.liebertpub.com/tea
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CP SEBS substrates allow potential development of im-
plantable electrodes by providing a mechanical environment
whose surface conductance can be modulated by application
of strain. These substrates are biocompatible and provide
spatial cues for directing the neuronal differentiation of ES-
NPs. The polymeric substrates are quite stretchable and can
be used as scaffold for the regeneration of axons in the in-
jured tissue areas. Local defect patterning of the differenti-
ated cells on strained CP substrates is an example of physical
guidance provided by the substrate and has implications in
guiding the neurites to extend along a particular direction
without any chemical patterning and may have far-reaching
application in designing the implants or conduits for the
regeneration of axons. The flexibility of these substrates
confers great advantage in the field of flexible neural im-
plants and sensors in the human body. The modulation of
actin cytoskeleton of differentiated cells by the surface con-
ductance of the polymers and its subsequent role in regu-
lating differentiation of ES-NPs opens up a new possibility
for controlling the stem cell differentiation. However, the
transduction of the effect of the electroactivity of the polymer
into biochemical signals which essentially modulate the dif-
ferentiation of stem cells needs to be understood at the
fundamental level. The results also suggest an interesting
possibility on the cellular sensing of nanodimensional con-
ducting PEDOT domains in the insulating PSS matrix.
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