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Optimization of a Planar All-Polymer Transistor for
Characterization of Barrier Tissue
Marc Ramuz,*[a] Kaleigh Margita,[b] Adel Hama,[a] Pierre Leleux,[c] Jonathan Rivnay,[a]

Ingrid Bazin,[d] and Rûis�n M. Owens[a]

1. Introduction

The organic electrochemical transistor (OECT), first described
by White et al. ,[1] has recently seen a renaissance for biomedi-
cal applications. In contrast to the classical organic field-effect
transistor, in the OECT the electrolyte is an integral part of the
device structure.[2] The active material is based on poly(3,4-eth-
ylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS),
which has the ability to conduct both electronic and ionic car-
riers, and thus offers a unique platform for sensing in biomedi-
cal applications. A key feature of the OECT is its ability to act
as an ion-to-electron converter that can be operated at low
voltages. The device operates on the principle that the elec-
tronic drain current in the PEDOT:PSS channel is modulated by
the ionic current between the electrolyte and the conducting
polymer. A second key feature of the use of conducting-poly-
mer devices is the ease with which they can be fabricated, es-
pecially because it has been demonstrated that optimization

of the device geometry can greatly enhance sensing
capabilities.[3–5]

In electrically inactive cells, electronic measurements can be
used as a measure of cell coverage and differentiation, and
thus as a measure of cell viability. Additionally, electronic meas-
urements can interrogate the integrity of epithelial (and some
endothelial) cell layers, which serve as functional barriers in the
body by tightly controlling the flux of ions. Ion transport be-
tween cells is regulated by protein structures known as tight
junctions. The ability to measure the function of tight junctions
provides information about barrier tissue and is indicative of
certain disease states. Hence, the effect of drugs/toxins on
these barrier tissues can be assessed by measuring the electri-
cal resistance of the cell layers (transepithelial resistance),
which correlates well with cell viability and is an earlier deter-
minant than cytotoxicity assays such as the lactate dehydro-
genase assay.[6–8] Until recently, the majority of methods for
electrically monitoring cell health in vitro have been used in
basic research. However, there is increasing demand for relia-
ble techniques for high-throughput screening, with a prefer-
ence for label-free methods.[9, 10] Further, the development of
accurate in vitro models that can replace animal tests requires
a competent validation method. Electronic methods are partic-
ularly promising because they are dynamic and can yield time-
resolved data for both acute and chronic exposure. This can
have applications in medical diagnostics, food and water
safety, homeland security, and environmental protection. The
advantage of electrical monitoring is that it is amenable to dy-
namic measurement, as opposed to the static and time-con-
suming biochemical or immunofluorescence methods.

One of the electrical methods currently used to characterize
barrier tissue is electrical impedance spectroscopy (EIS), which
has long been used to determine mechanisms of reactions oc-

The organic electrochemical transistor (OECT) is a unique
device that shows great promise for sensing in biomedical ap-
plications such as monitoring of the integrity of epithelial
tissue. It is a label-free sensor that is amenable to low-cost pro-
duction by roll-to-roll or other printing technologies. Herein,
the optimization of a planar OECT for the characterization of
barrier tissue is presented. Evaluation of surface coating, gate
biocompatibility and performance, and optimization of the ge-
ometry of the transistor are highlighted. The conducting poly-

mer poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate),
which is used as the active material in the transistor, has the
added advantage of allowing significant light transmission
compared to traditional electrode materials and thus permits
high-quality optical microscopy. The combination of optical
and electronic monitoring of cells shown herein provides the
opportunity to couple two very complementary techniques to
yield a low-cost method for in vitro cell sensing.
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curring at electrode/electrolyte interfaces.[11] EIS can be em-
ployed to measure the capacitance and resistance of cell layers
in a more automated and reproducible fashion. This technolo-
gy has made significant contributions in the field but requires
relatively expensive equipment and still has limitations in
terms of temporal resolution and sensitivity. EIS does not allow
high-resolution imaging due to the typical use of gold elec-
trodes. Transistors provide an alternative to the use of simple
electrodes for monitoring cells both in vivo[12] and in vitro.[13] A
key difference in the use of a transistor as the sensing element,
as opposed to a conventional electrode, is the inher-
ent amplification associated with the former, where-
by small changes in the ionic flux are integrated and
amplified in the drain current. We previously demon-
strated the use of a PEDOT:PSS-based OECT for moni-
toring the integrity of barrier tissue to provide
a novel method for assessing toxicology of com-
pounds in vitro.[13, 14] A human colon cancer cell line
was used as a model of the gastrointestinal epitheli-
um. Cells were grown on permeable hanging Trans-
well filters until fully differentiated and then integrat-
ed with the OECT by means of a top gate electrode.
The cell monolayers act as a partial barrier to the
ionic current. This current is in turn transduced by
the OECT, and thus the channel current is a measure
of the barrier function of the cells. However, the use
of a top-gate device causes certain inconveniences in
fabrication and operation. The use of organic materi-
als has the potential for development of cheap and
possibly disposable devices, because these materials
are compatible with large-scale roll-to-roll processing.
However, to fully take advantage of these low-cost
production methods, it is necessary to produce
a planar device rather than a top-gate device. Anoth-
er motivation for moving away from a top-gate device is the
toxic nature of conventional Ag/AgCl electrodes observed on
incubation of cells with these electrodes for long-term meas-
urements.[14] A further disadvantage of a device in which the
cells are grown on a filter is the difficulty in obtaining high-res-
olution optical images. The use of a planar device to monitor
cell arrays has been investigated by Yan and co-workers, but
these devices do not measure baseline barrier-tissue
function.[15, 16]

This work focuses on the development of a long-term dy-
namic measurement of barrier tissue and presents a series of
optimizations required in terms of gate choice, geometrical
features, and improvement of cell adhesion. Herein, we pres-
ent evidence for the advantages of using PEDOT:PSS both for
gate and channel, and thus fabricating a fully planar device,
and further show enhanced biocompatibility of the resulting
device. Optimization of the adhesion of cells seeded directly
on the OECT is highlighted, since it is a key parameter for ac-
quiring valuable data about the barrier tissue. Contrary to cells
grown on filters, our system is compatible with established op-
tical characterization techniques that are common in cell biol-
ogy. It is thus possible to simultaneously measure the barrier
resistance corresponding to its integrity and record optical in-

formation on the cell morphology. The biosensor presented
herein provides a vehicle for fundamental research in life scien-
ces, facilitates studies on barrier tissue and the factors affecting
its integrity, and allows for the development of realistic in vitro
cell models for drug discovery and toxicology.

2. Results and Discussion

The biosensor consists of a glass substrate with patterned
gold/PEDOT:PSS as channel (Figure 1). The gate electrode can

be placed on top of the electrolyte, as is usually report-
ed,[13, 14, 17] or in the same plane as the channel, as shown in Fig-
ure 1 A. A thin (100 nm) layer of gold is used to improve the
contact measurement, but the active area is based on PE-
DOT:PSS alone. MDCK-I cells were chosen for this experiment
as a robust and well-characterized cell line that is known to dif-
ferentiate and create a functional barrier to ions on planar sub-
strates.[18] The cells were seeded into a well affixed to the
OECT. On application of a square pulse voltage of VGS = 0.3 V
between the gate (G) and source (S) electrodes, cations from
the electrolyte (cell medium) are forced into the channel and
dedope it.[17, 19] The barrier tissue formed by the MDCK-I cells
partially blocks the ion flow and thus slows down the dedop-
ing process. By measuring the channel-current response to the
gate pulse, it is therefore possible to detect the ability of the
cell layer to block ion flow into the device, and by corollary to
assess the quality of the cell layer.

Two key parameters of the OECT for barrier-tissue characteri-
zation are detailed in this work: the dedoping modulation of
the source-drain current and the time constant t. The current
modulation of dedoping is an intrinsic parameter of a defined
OECT, the maximization of which allows increases in the dy-
namic range and the sensitivity of the biosensor. The t value is

Figure 1. A) Schematic of the OECT with a planar PEDOT:PSS gate. Active materials were
based on PEDOT:PSS, and gold was used as contacts. Cells grew directly on the PE-
DOT:PSS inside a polydimethylsiloxane well. B) Left : Image of the planar OECTs. Eight
OECTs were fabricated on a 75 Õ 25 mm2 glass substrate. Right: gate and channel active
areas were made entirely of PEDOT:PSS (arrows) and were in the same plane.



obtained by fitting the channel current response to a gate
square pulse. This parameter is used to quantify the quality of
the barrier tissue. It is similar to the time constant used in the
charge/discharge of a resistor–capacitor circuit in electronic
systems. A large t value represents a longer time taken to
dedope the channel and is thus associated with a healthy,
functional barrier-tissue layer. In contrast, a small t value is ex-
pected in the absence of cells or in the presence of cells that
have little or no barrier function.

2.1. Gate Choice

As mentioned above, the characterization of barrier tissue by
using the OECT was previously performed with an Ag/AgCl
gate electrode immersed in the cell medium as a top
gate.[2, 8, 13, 13, 14] However, Ag/AgCl was found to deteriorate the
barrier properties of an epithelial cell layer and so could not
be used for long-term experiments (>12 h).[14] To assess the
biocompatibility of different materials for use as gate elec-
trode, a variety of gate electrodes were tested by immersing
them in the cell medium (nonplanar configuration). Gate elec-
trodes consisting of PEDOT:PSS, Ag, Ti, Cr, Au, Ni, Ag/AgCl, and

Cu were evaluated for biocompatibility. To assess biocompati-
bility, MDCK-I cells were seeded into tissue-culture-treated
plastic wells and allowed to grow for 3 days. Into each of these
wells, a gate electrode of 9 mm2 was placed in contact with
the medium at day zero, while avoiding contact with the cells.
No bias was applied, and the toxicity of the gates to cell
growth was monitored by optical imaging.

Figure 2 A shows light-microscopy images of the cells taken
3 days after seeding. Using the cell morphology and coverage
as a crude indicator of the biocompatibility of the different
electrodes reveals that PEDOT:PSS, Ag, Ti, Cr, and Au do not
appear to have a detrimental effect on the formation of the
MDCK-I cell layer. However, in the case of Ni, Ag/AgCl, and Cu,
the cells failed to proliferate and indeed appeared to die when
cultured in the presence of these materials. Although the use
of Ag/AgCl electrodes is widespread in electrophysiology, it is
important to highlight the cytotoxic effects of this material on
cells, at least for long-term experiments, which has previously
been documented.[20, 21]

An important function of the gate electrode is the ability to
properly dedope the PEDOT:PSS channel. The different electro-
des were used as gates on a deliberately large PEDOT:PSS

Figure 2. Biocompatibility and electrical performance of the various gate electrodes immersed in the electrolyte (nonplanar configuration). Original data are
provided in Figure S1. A) Images of MDCK-I cells grown in culture plates in the presence of different gate materials (at day 3). B) Modulations in current and t

parameter for each gate electrode material without cells. The area of the channel was 10 mm2, and the area of the gate was 9 mm2 in all cases.



channel (10 mm2) in order to detect how fast (t
value) these electrodes can operate and how much
current modulation they generate when used as gate
for our application. In this experiment, the intrinsic
characteristics of the OECT were observed in the ab-
sence of cells. Thus, a high current modulation and
a low t value were targeted, which correspond to
a large dynamic range and fast dedoping of the
channel, respectively. As shown in Figure 2 B, Ni, Cr,
Ti, and Au have high t values. However, they cannot
be used as gate electrodes, since they cannot
dedope the channel fast enough, which would result
in a device of lower sensitivity and decreased dynam-
ic range. The four other electrodes tested (PE-
DOT:PSS, Ag/AgCl, Ag, and Cu) show low t values
that make them usable as gate electrodes.

Owing to their combinations of electrical-per-
formance data (Figure 2 B) and biocompatibility (Fig-
ure 2 A), Ag/AgCl and Cu must be discarded as gate
choices, leaving PEDOT:PSS and Ag as suitable gate
electrodes for the planar OECT barrier-tissue sensor.
Although Ag shows superior current modulation, PE-
DOT:PSS has the major advantage that it can be pro-
cessed during the same fabrication step as the chan-
nel. Moreover, by increasing the gate/channel area
ratio, it is possible to dramatically increase the cur-
rent modulation when PEDOT:PSS is used as the
gate.

2.2. Geometry Optimization

Previous work by Malliaras and co-workers on the ge-
ometry of the OECT demonstrated that maintenance
of a low gate/channel area ratio allows the potential
drop to occur mainly at the gate/electrolyte interface,
and the dedoping of the channel is thus limited.[22]

This is explained by the unbalanced potential distri-
bution between the gate and the channel. Another explana-
tion for the small modulation at gate/channel ratios of less
than eight is that the PEDOT:PSS gate electrode becomes fully
oxidized and limits the extent of reduction of PEDOT:PSS in
the transistor channel.[23, 24] In agreement with these works, we
observed that, by increasing the aspect ratio of the gate with
respect to the channel by up to a factor of eight, the current
modulation was improved. Figure 3 A shows the current modu-
lation achieved (in the absence of cells) while increasing the
gate width with respect to the channel width, but keeping the
length of both gate and channel identical. In this data set the
channel width was 200 mm and the channel length 4 mm. At
ratios greater than eight, a plateau is reached corresponding
to complete dedoping of the channel. However, at large gate/
channel ratios, the drop of potential occurs at the channel in-
terface, and this demonstrates the proficiency of PEDOT:PSS as
a gate.

To assess the effect of geometry on the t value, t measure-
ments were carried out with MDCK-I cells 4 days after seeding.
Without cells (Figure 2 B, PEDOT:PSS gate), t was about 0.1 s,

which means the channel of the OECT was dedoped rapidly.
The cells act as a barrier that increases the time t to dedope
the channel. With cells, the dedoping time t must be as high
as possible so that the cases cells/no cells can be properly dis-
tinguished. In this way, the biosensor has a large dynamic
range of measurement. As shown in Figure 3 A, t decreases
continuously with increasing gate/channel ratio. In this geo-
metrical configuration, current modulation and by corollary
the ion flux between gate and channel is reduced. Thus, the
OECT becomes more sensitive to small changes, such as the
presence of cells, which tend to improve its sensitivity and dy-
namic range. A tradeoff between high current modulation and
high t value in the presence of cells is thus found for gate/
channel ratios of 8–10, as indicated by the boxed area in
Figure 3 A.

Another important aspect of the geometry of the planar
OECT for barrier-tissue characterization is the distance between
the gate and the channel. As shown in Figure 3 B, in the ab-
sence of cells the current modulation remains constant with in-
creasing distance between the channel and the gate up to

Figure 3. Variation of geometrical parameters of the planar OECT with a PEDOT:PSS gate.
A), B) Current modulation data measured on OECTs in the absence of cells ; t values were
measured on OECTs with MDCK-I cells 4 days after seeding. A) Evolution of current mod-
ulation and t for various ratios (gate width/channel width). Channel and gate length
were constant at 4 mm. B) Influence of the gate/channel distance.



a maximum of 1 mm. This demonstrates that the movement of
cations from the gate to the channel is not a limiting factor for
proper operation of the OECT. This geometrical parameter was
also studied in the presence of cells. The t value was measured
4 days after seeding of MDCK-I cells on the devices. Figure 3 B
shows the absence of variation in t when the distance be-
tween gate and channel varies from 100 mm to 1 mm. As ex-
pected, the cations do not move laterally between adjacent
cells. In that case the t parameter would have increased with
increasing distance between gate and channel. Without cells, t

was less than or equal to 0.1 s (Figure S2 in the Supporting In-
formation). This provides evidence that the passage of the ions
occurs predominantly through the cell layer. More precisely,
the cations flow from the gate through the cells to the
medium, and then again through the cell layer from the
medium to the channel. This dual passage of ions through the
cell layer improves the sensitivity.

2.3. Cell Adhesion

Another important aspect of device optimization is the adhe-
sion of the cells to the active layer of the OECT. Increased inter-
action with or adhesion of the cells to the surface can reduce
the cell-interface resistance and thus improve the measure-
ment quality.[18, 25] Coating of substrates with different extracel-
lular matrix (ECM) proteins is a commonly used technique to
improve adhesion to the surface. We coated the device surfa-
ces with a number of different ECM-derived proteins, namely,
collagen I, gelatin, poly-lysine, and fibronectin.

Figure 4 A shows that, in the absence of cells, the t value of
the OECT is identical for each coating and is about 25 ms, that
means the ECM-derived proteins do not influence the behavior
of the transistor and do not generate any resistance. This is ex-
pected due to the highly porous nature of these protein
layers. However, in the presence of cells (Figure 4 B), the t

value is modified according to the protein used, with the ex-
ception of collagen I. Gelatin and poly-lysine slightly improve
adhesion, with a 20 % increase of the t value. In the case of fi-
bronectin, the t value is greatly enhanced, by a factor of
almost three compared with PEDOT:PSS alone. This increase in
t value may be attributable to a reduction of the space be-
tween the basal membrane of the cell and the PEDOT:PSS
film,[26, 27] which increases the overall cell-layer resistance.

2.4. Combined Optical and Electrical Measurements

The planar OECT described herein allows simultaneous record-
ing of the electrical behavior of a barrier tissue and optical
imaging. In Figure 5, we demonstrate the use of the optimized
device for monitoring the disruption of a functional barrier-
tissue layer by addition of trypsin. Trypsin is an enzyme that is
well-known to indiscriminately cleave all protein types and
therefore is used to detach cells from surfaces. In Figure 5 A,
trypsin was added at t = 0 min. After 6 min, the normalized t

values start to decrease constantly until t = 45 min, at which
the barrier function of the MDCK-I cell layer is completely com-
promised. The decrease in t represents a disruption of the bar-

rier properties of the cell layer resulting from faster dedoping
of the channel on application of a square gate-voltage pulse.
In the corresponding optical images, cell detachment is first
observed at t = 30 min, that is, 24 min after t begins to de-
crease. As expected, the electrical recording provides greater
resolution in monitoring the barrier-tissue properties.

3. Conclusions

OECTs show great promise as a tool to characterize barrier-
tissue properties of cells. The planar OECT reported herein has
two great advantages: the first is the facile fabrication process,
and the second is the ability to record optical images simulta-
neously with electrical characterization of the barrier tissue. We
validated the use of a planar OECT with PEDOT:PSS as both
channel and gate for barrier-tissue sensing. The use of PE-
DOT:PSS facilitates the fabrication process and has the poten-
tial to lower device cost. For proper working operation, the
voltage drop at the PEDOT:PSS can be compensated by in-
creasing the gate/channel ratio to improve the current modu-
lation. We further demonstrated that operation of the planar
OECT is greatly improved by coating with fibronectin, un-
doubtedly due to increased adhesion of the cell layer on the
PEDOT:PSS film. Finally, we demonstrated the operation of the
optimized device for monitoring the disruption of functional
MDCK-I barrier tissue grown on the planar OECT, with in-

Figure 4. Optimization of cell adhesion on a planar PEDOT:PSS gate device.
A) Effect of different adhesion-promoter proteins on the t value in the ab-
sence of cells. B) Effect of different adhesion-promoter proteins on the t

value in the presence of MDCK-I cells measured at day 4. All OECTs used
were identical (channel and gate length of 4 mm; gate width/channel area
ratio of 8). Original data are provided in Figure S3.



creased temporal resolution compared to the simultaneously
collected optical images. Future work will focus on exploiting
the combined optical and electronic approach by labeling the
tight junctions and toxic agents in order to directly correlate
biological phenomena of barrier disruption at the molecular
level with measured electrical signals.

Experimental Section

OECT Fabrication

The conducting polymer formulation consisted of PEDOT:PSS (Her-
aeus, Clevios PH 1000), supplemented with ethylene glycol (Sigma
Aldrich, 0.25 mL for 1 mL of PEDOT:PSS solution), 4-dodecylben-
zenesulfonic acid (0.5 mL mL¢1), and 3-glycidoxypropyltrimethoxy-
silane (10 mg mL¢1). On a clean glass substrate (75 Õ 25 mm), gold
source and drain contacts were patterned by lift-off lithography
and then thermally evaporated. Photoresist S1813 (MicroChem
Corp.) was spin-coated at 3000 rpm for 30 s on the glass substrate.
Patterns were defined by photolithography (chrome mask and
Mask Aligner). MF-26A was used as developer. Then, 5 nm and
100 nm of chromium and gold, respectively, were evaporated. Fi-
nally, the photoresist was lifted off in an acetone bath under soni-
cation for 1 h, which left the substrate with the source and drain
Au contacts only. PEDOT:PSS channels were patterned by a Parylene

Data Analysis

The modulation was calculated as the channel current IDS with ap-
plied gate voltage minus IDS without applied gate voltage, divided
by IDS without applied gate voltage [Eq. (1)]:

Modulation ¼ IðVg>0Þ ¢ IðVg¼0Þ
IðVg¼0Þ

ð1Þ

Data were analyzed by using a customized Matlab program to iso-
late and fit the time constant for each pulse. The time constant t

was extracted by performing a least-squares fit of the data from
each pulse current response to Equation (1) [Eq. (2)]:

Id ¼ a1 1¢ e
¢ t¢t0ð Þ

t

h i
þ a2 1¢ e

¢ t¢t0ð Þ
t0

h in o
ð2Þ

where a is a constant scaling term describing the magnitude of
the current response, t0 the time at which the pulse starts, and t is
the time constant discussed above. Equation (1) was found to fit
the experimental data well, both with and without cells, as already
demonstrated previously.[14] The second exponential term, de-
scribed by a time offset t’ and time constant t’, is incorporated to
describe the long-time evolution of the drain current, likely associ-
ated with the OECT rather than the barrier tissue. The contribution

Figure 5. Simultaneous recording of the electrical and optical barrier behavior after addition of trypsin. MDCK-I
cells were previously grown on an optimized OECT for 4 days. Then, the OECT with cells was placed under a micro-
scope in time-lapse mode while the electrical signal was simultaneously recorded. A) The normalized t parameter
measured after addition of trypsin. Trypsin 0.1X was added at t = 0 min. Original data are provided in Figure S4.
B) Corresponding optical images. The darker band in the middle of the images is the channel of the OECT. The
complete video is shown in Figure S4.

peel-off technique described previ-
ously[28] to give a PEDOT:PSS chan-
nel thickness of 460 nm. Following 
PEDOT:PSS deposition, devices 
were baked for 1 h  at 140 8C under 
atmospheric conditions. A PDMS 
well of 0.5 cm2 (hole diameter of 
0.8 cm) defined the cell-growth 
area.

Electronics

All measurements were done by 
using the PEDOT:PSS film as the
channel and cell medium (see 
below) as the electrolyte. Experi-
ments were performed in ambient 
atmosphere when no cells were in-
volved. In the presence of cells, 
measurements were done inside 
a biological incubator with tem-
perature and CO2 level of 37 8C 
and 5 %, respectively. Measure-
ment parameters were chosen to 
avoid exposing the cell layers to 
a voltage drop greater than 0.5 V, 
because high voltages have been 
shown to damage bilayer mem-
branes.[29] The measurements on 
the OECTs were performed with 
a Keithley 2612 Source Meter and 
customized Labview software. 
OECT data were collected using 
the following parameters: VDS =
¢0.2 V, with a 2 s pulse of VGS = 
0.3 V and a 30 s  duty cycle.



from the second, slow exponential does not vary significantly over
the timescale of the experiment.

The data were then normalized by using the following equation:
NR = (tno cells¢t)/(tno cells¢tcells), where tcells is the RC rise time of the
drain current in response to the application of the gate voltage of
a barrier-forming monolayer and tno cells refers to t value in re-
sponse to the application of the gate voltage of no barrier, with
the dataset subsequently normalized to a to [0,1] scale, where
1 corresponds to intact cell layer and 0 to a disrupted one.

Cell Culture

MDCK-I cells from HPA culture collection (catalogue no. 86010202)
were seeded at a density of 5 Õ 104cells per well. Cells were routine-
ly maintained at 37 8C in a humidified atmosphere of 5 % CO2 in
Dulbecco’s modified Eagle’s medium low glucose (Advanced
DMEM Reduced Serum Medium 1X, Invitrogen) with 2 mm gluta-
mine (Glutamax-1, Invitrogen), 10 % fetal bovine serum (Invitro-
gen), 0.5 % PenStrep (PenStrep 100X, Invitrogen), and 0.1 % genta-
micin (Gentamicin 100X, Invitrogen).

Coating

ECM proteins such as collagen I, gelatin, poly-lysine, and fibronec-
tin were prepared at a concentration of 150 mg mL¢1 in phosphate-
buffered saline (PBS). The solution was coated on the wells of the
OECT and left for 90 min inside a cell culture incubator at 37 8C.
Then, wells were emptied and rinsed twice with PBS.

Trypsin Experiments

MDCK-I cells were grown directly on top of the OECT. They were
maintained inside the incubator for 4 days for full confluence and
stable barrier properties. Then, a substrate with the OECTs seeded
with cells was placed onto an Axio Observer Z1 microscope from
Carl Zeiss MicroImaging equipped with humidified incubator XL
multi SI from PeCon GmbH. After 1 h of stabilization, recording of
the electrical signal of the OECT and time-lapse optical recording
were started. After about 15 min and while continuing the record-
ing, the desired concentration of trypsin (Trypsin 0.1X) was added
to the well ; this corresponds to time t = 0 min in Figure 5. Note
that Trypsin 1X corresponds to 0.05 % trypsin with 0.02% ethylene-
diaminetetraacetic acid.
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