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Abstract
The goal of this study was to enable rational modulation of biological interfaces using electrochemical desorption of
surface-bound proteins. Coupled, surface plasmon resonance (SPR) – electrochemistry instrument was used to
monitor molecular assembly events on gold electrodes and to correlate these events with changes in electrochemical
properties of the substrate. Model proteins, bovine serum albumin (BSA) and immunoglobulin G (IgG), were
conjugated via carbodiimide (EDC) chemistry to a layer of mercaptoundecanoic acid (MUA) assembled on SPR
sensor surface. Deposition of alkanethiols and proteins were monitored by ellipsometry and SPR techniques, and was
further confirmed by cyclic voltammetry with potassium ferricyanide serving as a reporter molecule. The surfacebound proteins were completely removed by applying a reductive potential of  1200 mV vs. Pt electrode in a
physiological saline buffer. Importantly, the sequence of protein immobilization followed by desorption could be
repeated multiple times, thus demonstrating ability to modulate interfacial properties. Controlled removal of protein
molecules from electrode surfaces is envisioned to have important applications in affinity or cell-based biosensing,
cellular micropatterning and cell sorting.
Keywords: Electrochemical desorption, Alkanethiols, Surface-bound proteins, Controlled removal, Surface plasmon
resonance, Electrochemistry
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1. Introduction
Precise design of biointerfacial properties is emerging as a
key factor in the fields of biosensing and cellular engineering. Gold is commonly used for fabrication of working
electrodes; therefore, defining surface properties of this
material is important for electrochemical sensor development and electrical manipulation of cells. Modifying gold
surfaces by self-assembly of alkanethiols has been the
subject of intense investigation over the past twenty years
[1 – 4]. By synthesizing appropriate alkanethiol molecules,
gold surfaces can be rendered nonfouling, through the
inclusion of poly(ethylene glycol) molecules, or proteinreactive, by incorporating aliphatic or reactive polar groups
[3, 4]. In addition, there is interest in controlling surface
properties in a spatial and/or temporal fashion [2, 5 – 10].
Regional control of surface properties can be exercised by
designing substrates composed of different materials and
then using self-assembling molecules specific to these
materials (e.g., thiols/silane for gold/silicon [9], electrical
wiring of proteins by reconstitution of cofactor modified
monolayers assembled onto Au-electrodes [11], or thiols/
carboxylic acids for gold/Al2O3 [2]). Another approach to
controlling spatiotemporal properties of gold electrode
surfaces is exemplified by works of Lahann [10] and Mrksich
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[8] whereby self-assembled monolayer undergoes conformational or compositional changes when electrical potential
is applied, thus, resulting in switching of surface properties.
The third approach is based on the ability to strip selfassembled alkanethiols from gold via electrochemical
reduction [12]. This method has been used to create
molecular and protein concentration gradients on gold [5,
6] as well as design cell motility assays [7]. While the reports
of alkanethiol desorption from gold are common [12 – 15],
studies pertaining to electrochemical removal of large
protein molecules covalently immobilized to self-assembled
alkanethiols are infrequent.
Therefore, the main goal of the present study was to
determine feasibility of removal of model proteins covalently bound to gold electrode surfaces. In order to observe
molecular binding events in real-time and to correlate these
events to changes in electrical properties of the gold surface,
we employed combined electrochemical-surface plasmon
resonance (ESPR) instrument described in our prior work
[16]. Additional surface characterization was carried out by
ellipsometry. Model proteins, bovine serum albumin (BSA)
and immunoglobulin G (IgG) were covalently bound to selfassembled mercaptoundecanoic acid (MUA) through carbodiimide (EDC/NHS) chemistry. Deposition of alkanethiols and proteins was monitored by SPR and confirmed by
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cyclic voltammetry with potassium ferricyanide serving as a
probe molecule. Estimation of the surface coverage based
on SPR signals showed formation of densely packed
alkanethiol and protein layers. Significantly, electrochemistry and SPR experiments showed that these layers were
completely removed from gold surface after applying a
reductive potential ( 1.2 V vs. Pt electrode). The sequence
of alkanethiol/protein assembly steps followed by electrochemical stripping could be repeated multiple times,
demonstrating the ability to modulate gold electrode
properties. Studies described here are envisioned to have
significant applications in the areas of affinity or cell-based
biosensing, as well as, in developing tools for micropatterning and sorting of living cells.

2. Experimental
2.1. Chemicals
O-[2-(3-Mercaptopropionylamino) ethyl]-O’-methylpolyethylene glycol (PEG-thiol), 11-mercaptoundecanoic acid
(MUA), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC), Phosphate buffered saline (PBS), and absolute
ethanol were obtained from Sigma-Aldrich. Bovine serum
albumin (BSA), Tris (hydroxymethyl) aminomethane, potassium hydroxide and ethanolamine were purchased from
Fisher Scientific. N-hydroxysuccinimide (NHS) and Potassium ferricyanide, K3Fe(CN)6 (FCN) were obtained from
Acros-Organics (through fisher). All the chemicals were
used without further purification. Organophosphorous
Hydrolase (OPH) enzyme and anti-OPH were obtained
from Texas A&M University and was used as is.
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Ellipsometric measurements were carried out using a
commercially available ellipsometer (Auto ELLE3, Rudolph Research, Inc). The thickness of immobilized multilayer was determined by null ellipsometry with refractive
indices taken to be 1.45 for alkanethiols and proteins [17,
18].

2.3. Combined Electrochemical-SPR Measurement
For combined electrochemical-SPR studies, SPREETA
sensors developed by Texas Instrument (TI) were used.
This SPR system employs a light emitting diode (840 nm)
with a polarizer, reflecting mirror, and Si-photodiode array.
The sensing region is coated with a semitransparent gold
film (ca. 50 nm) with a Cr-adhesion layer (1 – 2 nm). A 12-bit
three-channel electronic control box completes the interface between the sensor and a PC. Multichannel SPREETA
software provided by TI monitors the changes in RI near the
sensing surface, calculates the statistical noise in the signal
and displays the results. The signal is generally displayed in
the response unit (RU) (1 Response Unit ¼ 106 Refractive
index unit), and the Spreeta sensorKs detection limit is ca.
106 refractive index units. All the SPR experiments were
carried out in batch mode with no flow setup. A custom built
electrochemical-SPR cell (ESPR cell) was made of Teflon
with openings for inserting both reference electrode (Ag/
AgCl, BAS) and platinum counter electrode (Pt foil). Two
types of electrochemistry experiments were carried out.
Electrochemical reduction experiments were performed in
situ in a two or three electrode set-up with SPR sensor gold
surface serving as a working electrode (Fig. 1). BAS CV-

2.2. Surface Preparation and Characterization
Sensing surfaces were cleaned using piranha solution
(3 : 1 : H2SO4 and H2O2. Caution: Piranha solution is dangerous and should be handled with care) for 5 minutes and
rinsed thoroughly with deionized (DI) water. The efficacy of
cleaning of the sensor surface was confirmed by validating
the refractive index (RI) of water as 1.333. Prior to SPR
experiments, the sensor surface was made hydrophilic by airplasma cleaning for 5 minutes (Harrick Scientific). After
plasma cleaning, the sensor was docked with the ESPR cell
and references were obtained in air and water. For
ellipsometry and atomic force microscopy measurements,
glass slides were coated with ca. 2 nm chromium adhesion
layer followed by ca. 50 nm gold film and were cleaned with
piranha solution as described above. These surfaces were
then sonicated in acetone for 5 min., rinsed with DI water,
and then sonicated with ethanol for 5 min. After sonication,
gold coated glass slides were plasma cleaned in air for
5 minutes and immediately immersed in 1 mM ethanolic
solution of MUA for ca. 18 to 20 h. The slides were then
rinsed with ethanol and water and modified with proteins as
in Section 2.4.

Fig. 1. Combined electrochemical SPR (ESPR) setup. A homemade electrochemical-SPR cell (ESPR cell) was used for all
ESPR experiments. SPREETA sensor containing gold electrode
was used as working electrode (WE), while Ag/AgCl and Pt foil
were used as reference electrode and auxiliary electrode respectively. For two-electrode process, the Ag/AgCl reference electrode
(RE) was removed and potential was applied against Pt counter
electrode (CE). The RE and CE leads from the potentiostat were
both connected to the Pt electrode in order to use potentiostat as
power source.
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50W potentiostat was used to apply reductive potential. In a
second type of electrochemistry experiment, cyclic voltammetric measurements were used to characterize presence of
passivating (resistive) layers on the electrode surface. In
these experiments, three electrode system consisting of gold
working electrode (BAS, ˘ ¼ 1.6 mm), Pt foil as counter
electrode and Ag/AgCl reference electrode were employed.
Initially, the gold electrode was mechanically polished using
alumina and rinsed thoroughly with water. Remaining
alumina particles were removed by sonication in water for
ca. 3 minutes.

2.4. Adsorption and Desorption of Proteins from SPR
Sensor Surface
Prior to assembly of molecular components, SPR sensor
surface was washed with 0.12 M NaOH and 1% Triton X
solution. After this washing step, a baseline was obtained in
fresh PBS buffer. Clean gold surfaces were modified with
self-assembled monolayer (SAM) of 1 mM MUA in ethanol
for 75 minutes followed by thorough rinsing with ethanol
and DI water. Proteins were immobilized on the SAM by
activating the carboxylic acid groups of 11-MUA with
freshly prepared 0.4 M EDC/0.1 M NHS in water for
15 minutes. The activated surface was reacted with BSA
(1 mg/mL) in PBS (10 mM, pH 7.4) to covalently bind this
protein to MUA-covered gold surface. After conjugation of
BSA for ca. 75 minutes, the surface was rinsed with PBS
buffer to remove unreacted protein molecules. Antibody
immobilization occurred by a similar protocol, where
0.1 mg/mL anti-OPH antibody was reacted with activated
MUA monolayer for ca. 1 h and washed with PBS buffer.
50 mM Tris buffer was used to quench the activated carboxyl
groups of MUA to eliminate further chemical reaction with
free amines. A low concentration of antigen OPH (35 nM)
was introduced and subsequently captured by the immobilized antibody. Unbound OPH molecules were washed away
with buffer solution.
Reductive desorption of immobilized molecules were
carried out using two-electrode system. A reductive potential of  1200 mV was applied against Pt counter electrode
for 30 seconds and the surface was immediately washed with
PBS to avoid re-adsorption of alkanethiol molecules.
The thickness and surface coverage of individual adlayers
were calculated assuming Nlinear response regimeK of the
evanescent wave, in which the thickness of the adlayers is
da < ld, (ld is the decay length of the evanescent wave) [19] .
Given that the thickness of most of the SAMs and proteins
are on the order of few nanometers whereas the decay
length of the evanescent wave is on the order of 200 nm [13],
this relationship should hold true. Thickness of the adsorbed
layer was calculated using Equation 1 shown below:
da ¼ (ld/2) (neff  nb)/(na  nb)

(1)

where da is the thickness of the layer, ld is the characteristic
decay length, neff is the effective refractive index measured

by SPR, nb is the refractive index of buffer obtained from the
buffer baseline before individual assembly step, and na is the
refractive index of adlayer. For proteins and alkanethiols na
was taken to be 1.45. Once the thickness is known, the
surface coverage (in g/mm2 or mole/mm2) may be derived
from the bulk density of the molecule. Bulk density values
for proteins and MUA were taken to be 1.3 g/cm3 [19] and
0.792 g/cm3 (from www.sigma-aldrich.com), respectively.

3. Results and Discussions
The present study employed coupled electrochemistry-SPR
instrument to demonstrate electrochemical removal of
proteins covalent bound to the gold electrode surface.
Ability to exercise dynamic control over molecular assembly events demonstrated here has important applications in
the fields of biosensing and cellular engineering.

3.1. Formation of SAM on Gold
Ellipsometry, SPR and electrochemistry were used in
concert throughout this study to verify assembly and
removal of molecules from electrode surfaces. Figure 2
shows, diagrammatically, step-by-step procedure used in
this study to immobilize model proteins on Au surfaces.
Ellipsometry (Fig. 3) was performed to confirm assembly of
multiple layers on Au electrode surface. MUA thickness
measured by ellipsometry was ca. 2 nm which points to
formation of a monolayer and is in good agreement with the
values of 1.9 nm reported in the literature [20, 21]. The
observed thickness is also in good agreement with values
expected for densely packed chains extending away from
the surface [1, 22]. By converting SPR signal into thickness
(see Section 2.4 for description of the method) the MUA
layer was also determined to be ca. 1.9 nm, confirming our
ellipsometry results. The surface coverage was determined
from SPR signal to be (7.04  0.01)  1010 mol/cm2. This
value compares well with literature values of 7.6  1010
mol/cm2 and, once again, indicates formation of a tightly
packed alkanethiol monolayer [23, 24].

3.2. Immobilization of Proteins on Sensing Surfaces
Immobilization of proteins was carried out by activating
carboxylic acid groups of MUA monolayer with EDC-NHS
mixture. Proteins containing amine groups on the surface
interact readily with the activated MUA intermediates and
form covalent amide linkages. SPR was used to monitor
covalent immobilization of proteins in real time. The
thickness of protein layer was calculated according to the
Equation 1 and compared to ellipsometry results. Figure 4a
shows the real-time binding of BSA to EDC/NHS activated
MUA layer. A sharp increase in RI was noticed for EDC/
NHS injection, which is due to bulk refractive index change
between buffer and EDC/NHS in water. After rinsing with
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Fig. 2. Schematic of a sequence of surface modification steps employed in the study.

[25]) under neutral pH is not expected to be significant. SPR
signal associated with BSA binding (shown in Figure 4),
corresponded to surface coverage of (1.08  0.14) ng/mm2 or
(9.68  1.2)  1011 molecules/cm2. Similar coverage values
(1.2 to 1.8 ng/mm2) were reported in the literature [19, 26].
To determine approximate ideal surface coverage for a
given protein, a simple approximation has been shown to
work [27]:
Pideal  MW/pabNa

Fig. 3. Ellipsometric thickness measurements for gold surface
modified with anti-OPH immobilized on MUA SAM.

buffer, BSA of 1 mg/mL solution was reacted with the
surface for ca. 75 minutes. The surface was then washed with
buffer to remove nonspecifically or loosely adsorbed
molecules. Since, at pH 7.4 BSA carries a net negative
charge, nonspecific adsorption of BSA to MUA (pKa  6.5

(2)

where, P is surface coverage, MW is molecular weight of the
protein, a and b are dimensions of the molecule and Na is
AvagadroKs number. Using this relationship and assuming
BSA to be a spherical molecule with approximate dimensions of 5  5  5 nm [28], Pideal was calculated to be 1.4 ng/
mm2. This translates to ca. 77% surface coverage for BSA
molecules.
In addition to BSA, we investigated surface deposition
and removal of an antibody specific to organophosphorous
hydrolase (OPH) – an enzyme hydrolyzing organophosphate neurotoxins. Anti-OPH antibody was reacted for 1 h
with Au surfaces containing EDC/NHS activated MUA
layer. Binding of antibody resulted in a SPR signal of ca.

Table 1. Adlayer thickness from SPR measurements.
Adlayer

Adlayer thickness (nm, SPR )

Surface coverage (molecules/cm2)

Adlayer thickness (nm, ellipsometry)

MUA
BSA
MUA
Anti-OPH
OPH

1.9  0.18
0.83  0.1
1.98  0.13
1.86  0.45
1.48  0.05

4.15( 0.4)  1014
9.68( 1.2)  1011
4.33 ( 0.29)  1014
9.69 ( 2.3)  1011
1.61( 0.05)  1012

2.02  0.05
–
2.05  0.08
5.75  0.2
1  0.02
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Fig. 4. a) Protein immobilization and reductive desorption using SPR. The sequences of the steps are as follows: 1) modification with
1 mM MUA; 2) washing with ethanol and PBS; 3) activation of surface carboxylates using 0.4 M EDC/0.1 M NHS mixture; 4) washing
with PBS; 5) covalent immobilization of BSA (1mg/mL) to the activated SAM surface; 6) PBS wash and; 7) reductive desorption of the
immobilized molecules at  1200 mV vs. Pt electrode in PBS using two-electrode setup and 8) confirmation of reductive desorption by
applying  1200 mV. Insert figure shows the steps 3 to 8. b) Two cycles demonstrating adsorption and desorption of BSA from the
electrode surface. These results point to possibility of regenerating electrode surface.

1500 DRU (see Fig. 5) compared to ca. 1000 DRU for BSA.
This difference in signal is expected given the larger size of
an IgG molecule (150 kDa) compared with BSA (66 kDa).
After antibody immobilization, unconjugated active carboxyl groups of MUA were quenched with Tris buffer
(50 mM) followed by PBS washing. Binding of the antibody
resulted in a significant SPR signal (ca. 600 DRU). Injection
of OPH (35 nM) followed by buffer washing produced an
additional signal of ca. 500 DRU (see inset of Figure 5). SPR
signal from antibody binding was converted to surface
coverage in a fashion similar to that described for BSA. The
surface coverage for antibody was found to be 9.69 ( 2.3) 
1011 molecules/cm2 or 1.67 ng/mm2 whereas OPH had
1.61( 0.05)  1012 molecules/cm2. Therefore, each antibody
molecule was bound to roughly 1.6 OPH molecules, which is

expected given that this bivalent antibody captures two
antigen molecules. These results offer a direct proof that
covalently bound antibody retained activity and ability to
bind its antigen.
Using Equation 2, taking dimensions of the antibody to be
14.5  8.5 nm [29], and assuming ellipsoidal projection onto
a plane, Pideal for IgG protein (MW 150 000 Da) is approximated to be 0.64 ng/mm2. Given the actual surface density of
1.67 ng/ mm2 determined by SPR measurements and
Equation 1, the surface coverage for IgG is ca. 260%,
pointing to some possibility of multilayer formation. This
value may not be precise as it hinges on the approximate
relationship described in Equation 2 and assumes that
antibody molecule creates an elliptical projection onto an
xy plane. However, our surface coverage estimations do
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Fig. 5. Anti-OPH antibody immobilization and reductive desorption using SPR. The sequences of the steps are follows: 1)
modification with 1 mM MUA, 2) activation of surface carboxylates using 0.4 M EDC/0.1 M NHS mixture, 3) covalent immobilization of anti-OPH (0.1 mg/mL) to the activated SAM surface,
4) quenching with 50 mM Tris buffer, 5) injection of OPH
(35 nM), and 6) Reductive desorption of the immobilized
molecules at  1200 mV vs. Pt electrode in PBS using twoelectrode setup. Insert figure represents the steps from 2 to 6.

point to formation of dense layers of IgG and BSA
molecules on the gold electrode surface.

3.3. Reductive Desorption of Immobilized Proteins
Through SAM
Preceding sections of this article ascertained formation of a
densely packed alkanethiol and protein layers on gold.
Question central to this study was whether proteins could be
removed by reductive desorption of the underlying alkanethiol monolayer? Electrochemical-SPR (ESPR) instrument is a perfect tool for probing such questions. This
instrument allows to monitor molecular assembly events in
real-time, to apply electrical potential in situ and then to
observe subsequent changes in the composition of the
biointerface. Prior to performing protein-stripping experiments, ability to perform electrochemistry on the SPR
sensor surface was demonstrated. Figure 6a shows a representative cyclic voltammetry experiment performed in
HClO4 solution using SPR sensor surface as working
electrode. The shape of the curve is similar to results
reported previously for Au (111) in HClO4 solution [30 – 32].
The region from 0.2 to 0.92 V corresponds to the double
layer charging effect while the oxidation of gold electrode
commences at 0.96 V. The two peaks denoted as OA I
(1.1 V) and OA II (1.19 V) have previously been attributed
to two-electron transfer involved in the oxidation of gold to
gold oxide [30, 31]. There is also dependence of the SPR
curve on the applied potential as shown in Figure 6b. The
peaks OA I and OA II can be observed in the DRI vs.
potential curve while the sharp reduction in the current vs.

Fig. 6. Cyclic voltammogram of 0.1 M HClO4 from combined
ESPR setup. a) Cyclic voltammogram collected using ESPR
device; b) DRI vs. E, i.e., potential-dependent change in SPR
response.

potential curve (Fig. 6a) is seen as sudden drop in DRI
occurring around 0.89 V. These changes in SPR response for
interfacial process on the bare electrode have been reported
in the literature [33, 34]. It is important to note that the SPR
signal is only affected by the electrical field while the
potential is being applied. It stabilizes once the electrochemical experiment is stopped. Effects of applied potential
on the SPR readout are manifested by sharp drops in DRI
signal seen for example in step 7 of Figure 4, where reductive
potential is applied. However, as one can see from this
Figure, SPR signal stabilizes afterwards.
After validating ESPR instrument, electrochemistry experiments were performed in situ using SPR sensor as a
working electrode. These experiments were used to complement SPR sensograms. Figure 5 shows SPR sensogram of
assembly of anti-OPH antibody on activated alkanethiol
monolayers. Results shown in this Figure can be correlated
with Figure 7 where surface properties of the SPR sensor are
characterized by cyclic voltammetry (CV) with potassium
ferricyanide as redox species. As seen from Figure 7,
assembly of MUA followed by the antibody immobilization
passivates the electrode surface, prevents electron exchange
between the redox molecule and the electrode, and almost
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Fig. 7. Cyclic voltammogram of commercial BAS electrode
modified with SAM and antibody. All the CVKs were performed
in 5mM FCN solution prepared in 10 mM PBS, pH 7.4. a) Bare
gold electrode; b) gold electrode modified with 1mM MUA for
20 h; c) gold electrode modified with antibody (1 h) after SAM
activation with EDC/NHS mixture; d) after reductive desorption
using two-electrode system at  1200 mV vs. Pt electrode; and e)
after reductive desorption using two-electrode system at
 1400 mV vs. Pt electrode.

completely eliminates anodic/cathodic redox peaks of
potassium ferricyanide. Time-based amperometry was
used to remove this resistive molecular layer and to
regenerate the electrode surface. Previous studies reported
that reductive desorption of alkanethiols from Au occurred
at  0.9 V [14, 35] vs. Ag/AgCl reference electrode. To
ensure that both the alkanethiol and protein layers are
removed, the gold electrode was biased at  1.2 V (vs. Pt
electrode) for 30 s in PBS buffer. Desorption of MUA and
antibody layers was verified by CV with ferricyanide.
Figure 7d demonstrates regeneration of the electrode surface and appearance of ferricyanide redox peaks similar in
magnitude to an unmodified electrode. Additional desorption experiment carried out at  1.4 V for 30 s in PBS only
slightly improved the shape of the ferricyanide CVas shown
in Figure 7e.
Combined ESPR experiment using BSA confirm the
above results (see Fig. 4). After covalent immobilization of
BSA to chemisorbed SAMs, the SPR gold electrode was
polarized at  1.2 V vs. Pt electrode. After reductive
electrochemical desorption, SPR response returns to its
initial baseline, demonstrating the complete removal of
BSA/MUA layers (see Fig. 4a, step 7). A second application
of  1.2 V did not significantly change the SPR response
(Fig. 4a, step 8). Assembly and removal of protein molecules
coupled to alkanethiols is repeatable, as demonstrated by
Figure 4b which shows two cycles of BSA/MUA adsorption
and desorption. Thus, the electrochemical desorption enables regeneration of the electrode surface for further use
modification.
Similar desorption experiments were performed to remove antigen – antibody couple from the electrode surface.
Figure 5 shows representative ESPR curve for these experi-

ments. After immobilizing the anti-OPH antibody through
EDC/NHS chemistry, antigen (OPH) was introduced to
interact with anti-OPH. Antibody – antigen pair was removed from the surface by electrochemical desorption of
underlying alkanethiol by applying reductive potential of
 1.2 V vs. Pt electrode in PBS. As seen in the Figure 5
(insert, step 6) SPR signal drops sharply after reductive
desorption and reaches its starting baseline (Fig. 5, main,
step 6). Results presented in Figure 5 demonstrate that
active antibodies can be immobilized on the electrode
surfaces and subsequently removed by applying reductive
potential. These results are important as a demonstration of
electrode surface regeneration. In addition, removal of
biomolecules from the electrode surface may be coupled
with a fluidic delivery and down stream sample analysis in
the future.

4. Conclusions
While electrochemical stripping of alkanethiols has been
reported widely as a method of biointerface engineering,
removal of large protein molecules covalently bound to
alkanethiols has not been demonstrated. This study employed electrochemistry and SPR techniques to assemble
model proteins, BSA and IgG, on alkanethiol-modified gold
electrode surfaces. SPR characterization of the molecular
assembly pointed to formation of a densely packed MUA
layer followed by covalent attachment of model proteins.
Surface coverage for BSA and IgG was estimated being
77% and 260% respectively, pointing to the abundance of
protein molecules present on gold. Complete removal of
proteins through reductive desorption of underlying MUA
was verified by electrochemical-SPR instrument and by
cyclic voltammetry performed in parallel. Controlled desorption of proteins from the gold surface demonstrated in
this study represents simple and effective method for
designing electrode surface properties. Approach presented
here will be applicable in biosensor development, where it
may be used to assemble different sensing elements onto
individually addressable gold microelectrodes. Controlling
protein deposition and removal also defines the surface as
cell-adhesive or nonadhesive. Therefore, electrochemistry
methods presented here may be used to pattern multiple
cells on the surface or to remove cells that are interacting
with surface-bound proteins.
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