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Abstract
A novel strategy for affinity-based surface modification of the conducting polymer, polypyrrole,
(PPy), has been developed. A 12-amino acid peptide (THRTSTLDYFVI, hereafter denoted T59)
was previously identified via the phage display technique. This peptide non-covalently binds to
the chlorine-doped conducting polymer polypyrrole (PPyCl). Studies have previously shown that
conductive polymers have promising application in neural electrodes, sensors, and for improving
regeneration and healing of peripheral nerves and other tissues. Thus, the strong and specific
attachment of bio-active molecules to the surface of PPy using the T59 affinity peptide is an
exciting new approach to enhance the bioactivity of electrically active materials for various
biomedical applications. We demonstrate this by using T59 as a tether to modify PPyCl with the
laminin fragment IKVAV to enhance cell interactions, as well as with the so-called stealth
molecule poly(ethylene glycol; PEG) to decrease cell interactions. Using these two modification
strategies, we were able to control cell attachment and neurite extension on the PPy surface, which
is critical for different applications (i.e., the goal for tissue regeneration is to enhance cell
interactions, whereas the goal for electrode and sensor applications is to reduce glial cell
interactions and thus decrease scarring). Significantly, the conductivity of the PPyCl surface was
unaffected by this surface modification technique, which is not the case with other methods that
have been explored to surface modify conducting polymers. Finally, using subcutaneous implants,
we confirmed that the PPyCl treated with the T59 peptide did not react in vivo differently than
untreated PPyCl.
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Introduction
The conducting polymer, poly(pyrrole), PPy, has many potential biomedical applications,
ranging from a coating on neural electrodes, as a material in biosensing and drug delivery,
and as an electrically active platform for tissue engineering1–8. Literature suggests that the
chloride doped form, PPyCl, is a well tolerated biomaterial3,6,8–10. It is known that electrical
stimulation with implanted metallic electrets improves regeneration of sensory and motor
axons11–14. Electrical stimulation has been shown to affect numerous cell types, including
endothelial cells 10,15, the rat derived, neuron-like PC12 cell line6, dissociated dorsal root
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ganglia16, hippocampal neurons17, and is moreover capable of inducing mesenchymal stem
cells to differentiate down an osteogenic path18. The presentation of chemical and
biochemical cues in the presence of a non-metallic, electrically-active substrate will allow
the coupling of these two cues for cell signaling. In this work we discuss a surface
modification strategy that uses an affinity peptide to bind non-covalently to PPyCl. This
peptide sequence was identified using directed evolution based on the phage display
technique19. Briefly, this approach uses a library of 1014 phage, with a variable domain on
the coat of the phage to select for binding against a desired binding target. This technique
was originally applied to traditional biological systems, seeking antigens to target known
biological receptors and recognition sequences for important biomolecules, however this
approach has more recently been reported to be applicable to synthetic molecules and
inorganic materials20,21. The peptide that was selected to bind to PPyCl is composed of 12-
amino acid residues, THRTSTLDYFVI, and was isolated by iterative panning against
PPyCl; we will subsequently refer to the peptide as T59 for convenience.

Our primary interest in this approach is as a tissue engineering platform with a combination
of biochemical and electrical cues. However, we anticipate that the affinity based surface
modification approach will also be applicable to neural electrodes and sensors using PPy.
Such electrodes have received attention in the literature but are often limited by problems of
signal fidelity degradation over time1,2,22,23. Recording high-fidelity signals is dependent on
intimate contact between the electrode and the environment around electrically active cells.
Protein layers and encapsulating cells can form transport barriers to the ions involved in
signaling and result in signal degradation over time. Increased surface area is one approach
at solving this problem and conducting polymers have been utilized in this effort. There are
examples in literature of numerous approaches; synthesizing PPy scaffolds in hydrogels
surrounding recording electrodes24, depositing PPy around micron and submicron sized
beads to achieve complex geometries25, and similarly by depositing PPy around electro-
spun fibers26, all seeking to reduce impedance through greater surface area.

Alternatively, increasing or decreasing particular biological interactions is another strategy
which has been investigated to improve material performance. Radical insertion
chemistries17, monomer modification27, and dopant modification2 have all been attempted;
however, these processing methods may render the materials less conductive, therefore
increasing their impedances. This balancing act illustrates both the advantages and
challenges of conducting polymers.

The T59 peptide offers an alternative methodology for achieving controlled surface
chemistry without chemical modification of the PPy surface, thus decreasing the impact on
electrical activity. The addition of poly(ethylene glycol), PEG, or other masking molecules
through our affinity based technique may reduce the amount of protein adsorbed and
consequently the adsorption of cells resulting in better signal from recording electrodes. T59
was conjugated to PEG which is widely used to render surfaces less susceptible to both
protein and cell adhesion28. Alternatively, improved biological interaction gives this
approach great potential to improve PPy as a tissue engineering scaffold. To illustrate this,
T59 was conjugated to the IKVAV peptide sequence. IKVAV is found in the extracellular
matrix protein, laminin, which functions to promote cell adhesion and neurite extension in
some neurons and neuron-like cells29. Laminin is an important molecule in peripheral neural
regeneration; as a major component of the basal lamina, regenerating cells are programmed
to recognize this cue. It is therefore logical to include this functionality in biomimetic
scaffold design29.
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Experimental
Conductivity Measurement

PPyCl films were electrochemically deposited on ITO (Delta Technologies) slides for 90
seconds with a uniform surface area of 2.5 cm × 2.5 cm. ITO slides were used as the
working electrode in a three electrode cell. A platinum mesh was used as the counter
electrode and a saturated calomel electrode was used as a reference. The reaction solution
contained 0.1 M pyrrole (Sigma) and 0.25 M NaCl (Sigma) in deionized (DI) water.
Electrochemical synthesis was performed by application of a potential difference of 720 mV
for 30 seconds using a CH Instruments 620 potentiostat. Following polymerization the slides
were rinsed with DI water, soaked for 30 minutes in 70% EtOH (Sigma) in DI water, then
rinsed three more times with DI water.

These films were then cut into 1.0 cm × 2.5 cm strips and incubated 12 hours at room
temperature in 10 mM PBS (7.4 pH phosphate buffered saline) or 100 μM T59 in 10 mM
PBS. Samples were rinsed with DI water and dried overnight under vacuum and fixed to a
glass slide. The four point probe technique for material conductivity was used to compare
the conductivity of PPyCl films. The conductivity was calculated based on the method
previously published by Runyan in 197530.

Laminin Fragment Study
PPyCl films were electrochemically deposited on ITO coated slides in 1 cm radius circular
wells, according to the procedure previously described for the conductivity study described
earlier. These wells were filled with 300 μL of the experimental surface treatment. The films
were treated with 100 μM of each of the following conditions: (1) the T59 peptide, (2)
laminin A Chain (IKVAV) obtained from American Peptide, (3) T59-IKVAV
(THRTSTLDYFVIGGGGGQAASIKVAV) obtained from American Peptide, (4) the whole
protein laminin incubated at 5 mg/mL (Trevigen), and (5) DI water. The wells were then
rinsed a minimum of three times with an excess of PBS.

PC12 cells were obtained from ATCC, and were added to the wells at a concentration of
40,000 cells per cm2, in a low serum media formulation F12k (Sigma), 1% fetal bovine
serum (FBS) (Sigma) by volume. Cells were primed with NGF (nerve growth factor)
(Invitrogen) for 3 days prior to use in standard medium formulation ( F12k, 15% FBS, 2.5%
horse serum (Sigma)). Cells were passaged onto the treated PPyCl films and cultured for 48
hours, in standard conditions of 5% CO, 37°C

Electrical Stimulation Studies
Electrical stimulation samples were cultured identically to the procedures listed above for
the laminin study, with the exception that the wells included two silver wires in contact with
the culture medium to act as counter and reference electrodes, while the PPyCl film served
as the working electrode. The cells were allowed to attach for 24 hours before the
application of 100 mV for 2 hours in potentiostat mode. These cells were then allowed to
incubate for an additional 24 hours, before being fixed, stained, and analyzed.

Cell Analysis
To fix the cells, the medium was aspirated and replaced with 4% paraformaldehyde for 30
minutes at 37° C. The cells were then stained with DAPI (Molecular Probes) and phalloidin-
Alexa 488 (Molecular Probes). The stained cells were then mounted and imaged with an
inverted phase-contrast and fluorescence microscope (IX-70, Olympus), using a color CCD
video camera (Optronics MagnaFire, model S60800). Six images were taken from each well,
and each condition was replicated three times on two separate days. Images were then
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analyzed with ImageJ software (NIH) to quantify the number of cells, the number of neurites
expressed, and the length of the neurites observed.

T59-PEG Study
The T59 peptide prepared with a glycine/serine spacer and C-terminal cystine, or T59-
GGGSSC obtained from American Peptide, was reacted with mPEG-Maleimide, molecular
weight 2,000 Da, (Laysan Bio) to generate a T59-PEG conjugate. The lyophilized T59-
GGGSSC was dissolved in thiol-free PBS at pH 7.2 at 5 mg/mL and added dropwise to a
solution of mPEG-Maleimide at 100 mg/mL of thiol-free PBS at pH 7.2. The T59-PEG
conjugate was purified using a BioRad gel filtration column and re-concentrated with 3,000
molecular weight cut off membrane filtration cartridge (Millipore). PPyCl films were
prepared according to the same protocol as the earlier conductivity studies. Films were
incubated for 2 hours at room temperature with PBS, 100 μg/mL T59-PEG conjugate, 50
μg/mL T59-GGGSSC, or 50 μg/mL PEG (MW 2,000).

Cortical astrocytes were isolated and cultured according to published protocol31. Cells were
seeded at 10,000 cells/cm2 on the prepared PPyCl substrates, and cultured for 4 hours in low
serum medium (DMEM, 1% FBS by volume, Sigma); the medium was then exchanged with
standard medium (DMEM, 10% FBS) and cultured for one day. A group of samples were
imaged at this point. Remaining samples had the MTS reagent (Sigma) added to the medium
and were incubated for an additional 4 hours. 100 μL of the medium was removed from
each sample and transferred to a 96 well plate. The absorbance at 490 nm was observed with
a Flx800 spectrophotometer (BioTek).

In Vivo Study
This study was approved by the IACUC at the University of Texas at Austin. NIH
guidelines for the care and use of laboratory animals (NIH Publication #85–23 Rev. 1985)
have been observed. PPyCl implants were produced by first electrochemically depositing
PPyCl on ITO slides as described in the conductivity studies. To provide mechanical
support, the PPyCl films were backed with 1 mm PLGA (85:15) (Polysciences) which was
drop cast on the PPyCl film; the composite films were cut to a final size of 1 cm2. Implants
were placed subcutaneously in the backs of 2 month old male Sprague Dawley rats. Each
animal had three implants and one sham surgery: a PBS-treated PPyCl implant and two
PPyCl implants incubated in the T59 peptide, one at 1 and the other at 10 μg/mL. The sham
surgery consisted of the ~1cm incision and blunt dissection of the subcutaneous pouch into
which the implant would placed, then the wound was closed with three to five stitches. The
implants were distributed in a square pattern with each implant at a corner separated by ~4
cm. After 14 days the animals were euthanized and the implants removed. Tissues were
fixed with 4% paraformaldehyde (Sigma) then cryo-sectioned at 20 microns in thickness and
stained with the DAPI (Molecular Probes) nuclear stain. The implants were clearly visible in
the unstained bright-field micrographs. DAPI stain typically showed a higher density of
nuclei at the interface with the PPyCl implant associated with the foreign body response.
Stained images were acquired at a uniform exposure time of 20 ms. The images were post-
processed to align the implants in a vertical direction to facilitate intensity mapping, which
was conducted by averaging fluorescence intensity as a function of perpendicular distance
from the implant. Images used for this analysis were also cropped to 100 μm by 100 μm
sections adjacent to the implant. For reference, the profile of cells surrounding the PPyCl
implants is shown in Figure 5e, normalized for each section, and plotted as a function of
distance from the implant surface. The values from each of three sections per animal for
each of the four animals were averaged together to provide a quantitative representation of
the nuclear profile.
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2. Results and Discussion
Conductivity of Peptide-Modified Surface

Conductivity is the most distinguishing feature of PPy as a material. We have tested the
conductivity of T59-treated PPyCl films with the four point probe technique described by
Runyan30. In Figure 1 we compare the conductivity of PPyCl films freshly synthesized with
those incubated for 12 hours in 10 mM PBS or in 100 μM T59 in 10 mM PBS. The
conductivity was reduced after incubation in both PBS and 100 μM T59. This is expected
because of de-doping and oxidation of the polymer in aqueous solution. However, there is
no statistical difference between the PBS-treated film and the T59-treated film, which
suggests that the binding of T59 to PPy does not impair its electroactive properties.

It should be noted however, that the envisioned application of this work will likely require
large molecule conjugation using T59, which may introduce a transport barrier to the ions
involved in neuronal signal recording (weakening the signal) or in reduction of conductivity
over time due to de-doping of the polymer (potentially stabilizing conductivity). So, while
we note that the bulk conductivity of the PPyCl material is not affected by exposure to T59,
4-point probe technique measures bulk conductivity and we cannot comment about these
potential effects. In any case, the retention of conductivity upon treatment with T59 is a
significant improvement over other methods for surface modification of PPy17,32.

Cell Response to T59-Laminin Fragment Treated Surfaces
PPyCl films were treated with T59 peptide which had been conjugated to the cell adhesive
and neurite promoting sequence IKVAV33. The full sequence of this peptide is
THRTSTLDYFVIGGGGGQAASIKVAV, which we refer to as T59-IKVAV. To control for
non-specific adhesion and the signaling effects of the IKVAV sequence we used two
negative controls: the original T59 sequence and the native source of IKVAV, the laminin
A-chain residues 2091–2108, CSRRRKQAASIKVAVSADR, referred to here as IKVAV.
Finally, the intact laminin protein was non-specifically adsorbed to PPyCl as a positive
control. Laminin was used as a positive control because this is the native ECM protein from
which the IKVAV sequence was derived, and thus represents the optimum conditions for
neuron interactions. We should note that our ultimate goal of using T59-IKVAV is an
attempt to improve binding of cells to PPy, and to as closely mimic laminin as possible. We
do not use laminin to modify PPy because the non-specifically adsorbed laminin would
eventually be displaced over time in the body. Our goal is to demonstrate that we can use a
higher affinity binding interaction (via T59) to approximate and approach binding that is
provided with the intact, natural ECM molecule. In contrast, we could in theory use T59-
laminin to provide a strong interaction of the laminin with PPy and to promote cell adhesion,
but this is not currently practical because it is cost prohibitive for synthesis.

PC12 cells34 reversibly differentiate into neuron like cells that extend neurites (projections
from the cell body of a neuron, that are either axons or dendrites) when exposed NGF. Cells
were cultured for two days at 37° C and 5% CO2. Cells were then fixed with
paraformaldehyde and stained with phalloidin and DAPI. We analyzed attachment, neurite
number and neurite length. Figure 2(a) shows the results for the average number of attached
cells on the modified PPyCl surfaces. The number of adhered cells on T59-IKVAV was
statistically greater than for the negative controls and significantly lower than for the
positive control laminin (ANOVA cut off α ≤ 0.05). The results confirm that we have
successfully rendered the PPyCl surface more cell adhesive with the T59-IKVAV surface
modification.

Figures 2(b) and 2(c) illustrate the average neurite length and ratio of neurites per attached
cell on each treated material. The average neurite length on T59-IKVAV treated films was
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significantly longer than was the neurite length on the PBS treated films. Neurite lengths on
films treated with T59-IKVAV were also greater than for the other two negative controls,
T59 and IKVAV, but this result is not statistically significant. As expected, the positive
control laminin promoted significantly longer neurites than all other conditions. The T59-
IKVAV treatment generated more neurites per cell than any of the negative controls. Again,
the laminin positive control produced more neurites per cell than T59-IKVAV. This is
anticipated as IKVAV is one of several cell adhesive and neurite promoting sequences from
laminin. The ratio of observed neurites per attached cell cannot distinguish between a single
neurite on many cells or many neurites on a single cell, but is intended as a broad measure of
neurite formation scaled to cell density. Both of these measures show that the T59-IKVAV
surface treatment is a significant improvement over an untreated film in terms of cell
adhesion and neuritogenesis. Although not a statistically significant difference from the
other two negative controls we did observe more and longer neurites on T59-IKVAV treated
films than on films treated with T59 or IKVAV individually.

We have not directly measured the surface concentration of the T59-IKVAV bound to PPy.
We have instead chosen an incubation concentration above the saturation limit such that we
can predict that the concentration will be in the upper limit of 1.27 +/− 0.42 femtomoles/
cm2. Primary neuronal cell types have reported differing critical surface concentrations of
IKVAV of 3 picomoles/cm2 35 and 8 picomoles/cm2 36 in order to induce cellular response
to IKVAV. However, using PC12 cells, responses to surface concentrations as low as 8–150
femtomoles/cm2 have been reported37. Our findings suggest that T59-IKVAV can promote
cellular response in PC12 cells at similar concentrations.

An important observation about cell attachment is that the maturation of focal adhesions
requires the clustering of integrins38,39. This observation suggests a possible mechanism for
the improved cellular attachment on the T59-IKVAV treated substrate. While we have not
stained for focal adhesions in this work, future work may be focused on this hypothesis.

Cell Response to Electrically-Stimulated T59-Laminin Fragment Treated Surfaces
The affinity surface modification strategy allows us to combine the electrical properties of
PPyCl (which are not impacted with this approach) with the biological properties imparted
by the T59-IKVAV molecule. Similar to the laminin fragment study, PC12 cells were
cultured on PPyCl films treated with either: PBS, 100 μM T59-IKVAV, or 5 mg/mL
laminin. Cells were cultured for 24 hours at 37° C and 5% CO2 and then subjected to 100
mV for 2 hours in which the PPy film acted as the working electrode. Following electrical
stimulation the media was exchanged and the cells were cultured for an additional 2 days.
Cells were then fixed and stained using the same protocol as described in the previous
section.

Cells cultured on the T59-IKVAV treated film exhibited a statistically significant increase in
attachment relative to an untreated film, as seen in Figure 3(a). Interestingly, the data show
that there was no statistically significant difference in cell attachment between the T59-
IKVAV and the positive control laminin on the stimulated films. Figures 3(b) and 3(c) show
a statistically relevant increase in neurite length on the T59-IKVAV treated surfaces versus
the unmodified surface following electrical stimulation; as well as a greater number of
neurites per attached cell. The T59-IKVAV again underperformed the laminin positive
control in terms of both average neurite length and number of neurites observed.

It has been previously shown that PC12 cells respond to electrical stimulation on PPyCl by
extending longer neurites6. With this result, we show that our T59-IKVAV can be used as a
surface modification technique in conjunction with electrical stimulation to generate more
neurites per cell. This experiment also is consistent with the previously reported benefits of
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electrical stimulation on neurite length of PC12 cells on PPyCl6, even if the observed
increase in neurite length is not statistically significant in the T59-IKVAV result. Parallel to
this earlier experiment, which used high serum conditions with electrical stimulation, we
observe an increase in the average neurite length on laminin treated films by more than 40%.
Our work with bare PPy films, in a low serum medium, compares poorly with this result,
suggesting again how critical the role of protein absorption is to cell attachment and neurite
extension40.

Comparing neurite length on electrically stimulated films to the unstimulated films, we
observe that films treated with T59-IKVAV had more cells attached and increased neurite
lengths. When comparing the fraction of cells expressing neurites however, the positive
effect of electrical stimulation is very clear. In both the case of the T59-IKVAV treated
surface and the laminin treated surface there were approximately 50% more neurites per cell
in the presence of electrical stimulation. Electrical stimulation in conjunction with a properly
modified surface promotes the formation of neurites and thus shows great promise as a
future avenue for neural regeneration strategies.

T59-Poly(Ethylene Glycol) Modified PPyCl
The T59-GGGSSC peptide was reacted with a poly(ethylene-glycol)-maleimide, using a
standard conjugation coupling of a thiol with a maleimide41, and will be referred to as T59-
PEG. The molecular weight of the PEG chain was 2,000 Da. This molecular weight of PEG
was chosen because it was most similar in molecular weight to the IKVAV
(GGGGGQAASIKVAV) conjugate which was used. This is useful in approximating a
similar surface coverage and binding behavior, or at least in reducing the effect of excluded
volume as much as possible. Cortical astrocytes were used as the model cell for this study.
These cells are a major component of the glial cell population in the central nervous system,
and are among the cells that interfere with chronic neural recording electrodes. The PPyCl
films used for this experiment were prepared identically to those used for the laminin
fragment studies, and were incubated for 2 hours with either PBS, 100 μg/mL T59-PEG
(~22 μM), 50 μg/mL T59 (~28 μM), or 50 μg/mL PEG (~23 μM). Astrocytes were then
seeded on the surfaces at 10,000 cells per square centimeter and cultured for 24 hours in
standard culture conditions.

Phase micrographs of two PPyCl surfaces seeded with 10,000 cells per square centimeter are
shown in Figure 4. In 4(a) we see an untreated PPyCl surface with a population of attached
astrocytes in their star-shaped, spread morphology. This is in contrast to 4(b) in which we
see a T59-PEG treated film, with fewer attached cells, predominately in a rounded
morphology, reflecting poorly attached astrocytes. To quantify the cell population on the
modified surfaces, we performed the MTS cell viability assay on the cell populations after
24 hours in culture. The T59-PEG treated surface exhibited a statistically significant
decrease in cell population relative to all control surfaces as shown in Figure 4(c).

Poly(ethylene glycol) surface modification is a common strategy to render surfaces less
susceptible to cell and protein adhesion. This is a clear demonstration of utilizing T59 to
present negative cell adhesion cues. We suggest that the T59 affinity peptide technique can
be used to engineer non-cell-adhesive/non-metallic electrodes.

In Vivo Study
In this study we have compared subcutaneous PPyCl implants, which have been treated with
the T59 peptide at two concentrations, or were incubated in PBS for an equivalent time of 2
hours. We present a quantitative analysis based on cell nuclear density, taken from
micrographs of 20 μm tissue sections. Figure 5(c) shows tissue treated with 10 μg/mL T59
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whereas 5(d) shows an untreated PPyCl implant. Figures 5(a) and 5(b) are fluorescence
micrographs corresponding to the same tissue section and magnification as 5(c)and
5(d),_stained with DAPI to highlight cell nuclei. Nuclear density was measured as intensity,
which was numerically averaged in the vertical direction as a function of distance from the
implant as seen in Figure 5e. There is a marked increase in cell nuclei, expected as part of
the foreign body response and is typical of implanted materials. Importantly, the maximum
intensity of nuclear stain is not statistically different for the implants both treated and
untreated with T59.

These results suggest and are consistent with previous studies showing that PPy is a well-
tolerated biomaterial3,8,9. We did not seek to repeat these general biocompatibility studies,
rather we looked to compare the tissue response to PPy with and without T59. It appears that
PPy/T59 is similarly well tolerated in vivo. We did not anticipate any negative effects from
the introduction of the T59 peptide in vivo as the T59 sequence has no putative conserved
domains with any known protein (NCBI BLAST search of the sequence, THRTSTLDYFVI,
at blast.ncbi.nlm.nih.gov/). In this study we present results which we believe lay the
foundation for the use of the T59 peptide in vivo, and for use in modifying PPy for various
biomedical applications.

Conclusions
We have demonstrated the ability to use a novel peptide (T59) isolated using phage display
to successfully modify the surface of the conducting polymer, PPy. By conjugating both the
cell adhesive sequence IKVAV, and the non cell-adhesive polymer PEG, we illustrate the
diversity of potential application. In the case of the T59 peptide conjugated to IKVAV, we
observed that the neuron like PC12 cells exhibited improved attachment and longer and
more neurites, indicating successful surface modification. We were also able to passivate the
surface and prevent adhesion of activated cortical astrocytes with the surface treatment of
T59 conjugated to PEG. Importantly, the T59 peptide treatment of the surface did not reduce
the bulk conductivity of PPy. Furthermore, we have shown that there was no significant
change in response to a subcutaneous implant of PPy with the addition of the T59 sequence.
These results highlight the promise of this and other molecular recognition based techniques
to modify material surfaces.
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Figure 1.
Four point probe conductivity measurements for a freshly synthesized PPyCl film, and films
incubated in PBS and T59 at 10 μm in PBS; n=3.
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Figure 2.
(a). PC12 cell density on PPyCl films treated with PBS, T59, IKVAV peptide, T59-IKVAV,
and laminin after 48 hours in culture. ANOVA was performed; the T59-IKVAV treated film
had a significantly greater number of cells attached relative to the negative controls and
significantly fewer cells than the positive control, laminin. (b). Mean neurite lengths of
PC12 cells on treated surfaces, ANOVA was performed; T59-IKVAV treated films had
significantly longer neurites than the untreated films, and significantly shorter neurites than
the laminin-treated films, but the neurite lengths for the T59 and IKVAV negative controls
although shorter, were not statistically significant. (c.) Ratio of neurites to number of
attached PC12 cells. (*Denotes statistical significance with an acceptance condition α≤0.05)
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Figure 3.
(a). PC12 cell density on PPyCl films treated with PBS, T59-IKVAV, or laminin after
electrical stimulation of 100 mV, for 2 hours. ANOVA was performed; the T59-IKVAV
treated films had significantly more cells than the untreated films, but were not different
from the positive control, laminin. (b.) Mean neurite length, ANOVA was performed T59-
IKVAV condition was statistically different from both the untreated surface and the laminin-
treated positive control. (c.) Ratio of neurites to the number of attached PC12 cells.
(*Denotes statistical significance with an acceptance condition α≤0.05)
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Figure 4.
Representative images of cortical astrocytes seeded on (A) PPyCl and (B) PPyCl treated
with T59-PEG at 28 hours after seeding. Note the rounded, unattached morphology of the
astrocytes on the PPyCl treated with T59-PEG. (C) MTS assay results showing viability of
astrocytes on PPyCl after being treated with T59-PEG or controls. T59-PEG treated film had
a statistically significant reduction in astrocyte population (*Denotes statistical significance
with an acceptance condition α≤0.05)
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Figure 5.
Representative sections of subcutaneous PPyCl implants. Panels (A) and (C) show PPyCl
implant treated with 10 μg/mL T59 while panels (B) and (D) show an untreated control
implant. (A) and (B) show the DAPI staining of the sections while (C) and (D) show phase
micrographs of PPyCl implants allowing for clear identification of the implant. (E)
Normalized intensity profiles of DAPI nuclear stain versus distance from the PPyCl implant.
Data was taken from 20 μm thick sections.
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