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ABSTRACT: In the present work, the effect of a surface modification protocol along with the electrode size has been
investigated for developing an efficient, label-free electrochemical biosensing method for diagnosis of traumatic brain injury
(TBI) biomarkers. A microdisk electrode array (MDEA) and a macroelectrode with a comb structure (MECS) were modified
with an anti-GFAP (GFAP = glial fibrillary acidic protein) antibody using two protocols for optimum and label-free detection of
GFAP, a promising acute-phase TBI biomarker. For the MDEA, an array of six microdisks with a 100 ym diameter and, for the
MECS, a 3.2 mm X 5.5 mm electrode 5 ym wide with 10 ym spaced comb fingers were modified using an optimized protocol for
dithiobis(succinimidyl propionate) (DSP) self-assembled monolayer formation. Anti-GFAP was covalently bound, and the
remaining free DSP groups were blocked using ethanolamine (Ea). Sensors were exposed to solutions with different GFAP
concentrations, and a labelfree electrochemical impedance spectroscopy (EIS) technique was used to determine the
concentration. EIS results confirmed that both types of Ea/anti-GFAP/DSP/Au electrodes modified with an optimized DSP-
based protocol can accurately detect GFAP in the range of 1 pg mL™" to 100 ng mL™" with a detection limit of 1 pg mL™".
However, the cross-use of the MDEA protocol on the MECS and vice versa resulted in very low sensitivity or poor signal
resolution, underscoring the importance of proper matching of the electrode size and type and the surface modification protocol.

B INTRODUCTION

Traumatic brain injury (TBI) is a predominant cause of death
and morbidity in children and adolescents.'~” TBI not only
involves the initial injury event of varying severity, but is often
followed by a destructive cascade of secondary cell death within
the injured core that spreads into adjacent brain tissue over
time.>® Therefore, there is a need for development of a suitable
technique for TBI detection. Currently, TBI diagnoses are
made by tests such as magnetic resonance imaging (MRI),
computed tomography (CT) scans, diffusion tensor imaging
(DTI), or in-hospital observation.>>~” However, these are
expensive, impractical in resource-constrained environments,
involve potentlally harmful ionizing radiation, and require
advanced expertise.*®” Studies have indicated that the cell
death occurring after TBI results in the release of various brain
proteins into biofluids."®""* The pattern and timing of post-
TBI release for such protein biomarkers in biofluids can provide
information of injury magnitude and outcome. Among various
markers for TBI, glial fibrillary acidic protein (GFAP) is specific
to brain tissue and released only after astrocyte death.">~"”
Papa et al. have shown increased levels of GFAP protein in
serum samples from human mild to moderate TBI patients. In
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their enzyme-linked immunosorbent assay (ELISA)-based
study, they were able to detect GFAP in serum within 1 h of
injury, with a lower limit of detection at 0.02 ng mL™"* In
another study by Vos et al., using a distinct ELISA protocol,
GFAP levels in serum predicted mortality and unfavorable
outcome at a cutoff of 1.5 ng mL™L'8 Moreover, current
evidence indicates that serum GFAP is a useful marker for
various types of brain damage and its serum levels correlate
with injury severity and outcome."*>'772% Therefore, there is
enormous diagnostic and prognostic promise in developing
assays that measure the GFAP biomarker levels in an accurate
and timely manner.

Recently, electrochemical biosensors, capable of a direct
transduction of the biomolecular recognition event into an
electronic signal, enabling lower detection limits are gaining
interest for sensitive and specific detection of a target
analyte.”'™>* However, to realize a biosensor with improved
parameters such as selectivity and stability, which depend on
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Figure 1. (a) Schematic for Ea/anti-GFAP/DSP/MDEA and Ea/anti-GFAP/DSP/MECS bioelectrode fabrication. (b—e) EIS spectra for the (b)
MDEA and P-I, (c¢) MDEA and P-II, (d) MECS and P-I, and (e) MECS and P-IL

the biosensing molecule attachment and its compatibility with
the solid surface, requires extensive investigations.** >’
Biosensor development using self-assembled monolayers
(SAMs) and electrochemical techniques has recently been
employed, where SAM formation allows the binding of
biomolecules in the closest vicinity of the electrode surface,
and the electrochemical detection technique results in
enhanced sensitivity, fast response, low cost, and portabil-
ity.22’28’29 Moreover, SAMs are easy to form, and the properties
of SAMs can be easily manipulated via changing the functional
groups to those compatible for the immobilization of
biomolecules. However, binding of biomolecule on a SAM
usually requires either activation or further modification that
might disturb the integrity of the SAM or biomolecule,
resulting in its denaturation and loss of activity.*>*" In  this
context, dithiobis(succinimidyl propionate) (DSP), which can
act as a binder of biomolecules onto the gold surface via SAM
formation through chemisorption and biomolecule binding via
the terminal succinimidyl group present on the surface of the
DSP SAM, has recently received interest as an immobilization
matrix 233233

Presently, large macroelectrodes are commonly used with
SAMs to fabricate biosensors.>”** However, studies have
indicated that use of a microelectrode can offer several benefits
over that of larger area macroelectrodes, such as higher
sensitivity with minimum variability due to a radial diffusion

profile as opposed to a planar diffusion profile in macro-
electrodes.?®>**> To the best of our knowledge, there are no
reports on the comparison of data obtained from use of macro-
and microelectrodes with a DSP-SAM-based biomolecule
immobilization protocol for optimum response. In this work,
two different electrodes in the form of a microdisk electrode
array (MDEA) and a macroelectrode with a comb structure
(MECS) have been investigated with two different DSP
modification protocols for optimum, ultrasensitive, and label-
free electrochemical assay of GFAP. This work demonstrates
that proper matching of the selected electrode size with the
protocol results in high sensitivity and signal resolution,
whereas inappropriate (cross) matching of the electrode size
with the protocol results in very low sensitivity or poor signal
resolution. The optimized biosensor, using an electrochemical
impedance technique, proved the feasibility of GFAP detection
in the clinically relevant range of 1 pg mL™" to 100 ng mL™/,
with a detection limit of 1 pg mL™".

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents. DSP was procured from
Proteochem. Anti-GFAP antibody and GFAP antigen were purchased
from Abnova. Phosphate buffer solution (PBS; pH 7.4) was obtained
from Invitrogen, Grand Island, NY. Dimethylsulfoxide (DMSO) and
tris(2-carboxyethyl)phosphine hydrochloride (TCEP) solution were
procured from Sigma. All other chemicals were of analytical grade and
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used without purification. Working solutions of GFAP were prepared
by dilution in PBS.

2.2. Measurement and Apparatus. Electrochemical impedance
spectroscopy (EIS) was utilized to characterize the Ea/anti-GFAP/
DSP/Au (Ea = ethanolamine) bioelectrode and to estimate the GFAP
concentration. EIS is a powerful and sensitive tool for studying the
charge transfer processes occurring at electrode—solution or modified
electrode—solution interfaces. In the Nyquist plot of the impedance
spectra, the usually observed semicircle corresponds to the electron-
transfer resistance process (R,). The magnitude of R, depends on the
dielectric and insulating features at the electrode—electrolyte interface
and can be used to interpret electrode—electrolyte interface properties.

EIS measurements were carried out in the frequency range of 0.5
Hz to 500 kHz with a 25 mV amplitude using an Autolab potentiostat/
galvanostat (Eco Chemie, The Netherlands). EIS measurements were
carried out using 15 and 60 uL PBS solutions (10 mM, pH 7.4)
containing a mixture of 5 mM Fe(CN)¢*~ (ferrocyanide) and 5§ mM
Fe(CN),>~ (ferricyanide), ie, 5 mM Fe(CN)s>~/+, as a redox probe
on the MDEA and MECS, respectively, in a three-electrode
configuration with gold as the counter and pseudo reference
electrodes. Experiments were carried out in triplicate, and an Autolab
frequency response analyzer, version 4.9.006, was used to assess charge
transfer resistance values.

Contact angle measurements were conducted to check the
hydrophilic/hydrophobic nature of the surface before and after
modification and the immobilization of antibody by the sessile drop
method using a drop shape analyzer (DSA 100) from Kruss Gmbh,
Hamburg, Germany.

2.2. Gold Electrode and Ea/Anti-GFAP/DSP/Au Bioelectrode
Fabrication. The MDEA and MECS were fabricated on an oxidized
silicon wafer using standard microfabrication techniques as described
in an earlier paper.”® For the MDEA, an array of six microdisks with a
100 ym diameter and, for the MECS, a 3.2 mm X 5.5 mm electrode 5
pum wide with 10 ym spaced comb fingers were fabricated and utilized.

The fabricated electrodes were precleaned with acetone, ethanol,
and copious amounts of deionized water. The electrodes were cleaned
again with oxygen plasma for 10 min before use. The electrodes were
modified with DSP using two different protocols (Figure 1). Protocol I
(P-I): A 2 mg mL™" DSP solution in acetone was first reduced for 10
min at room temperature using 10 mg mL™" NaBH, solution in
deionized water. For reduction S uL of NaBH, solution was added per
milliliter of DSP solution. The electrodes were then incubated in
reduced DSP solution for SAM formation for 2 h on a shaker at 50
rpm. Protocol II (P—II): A 2 mg mL™" DSP solution in DMSO was
first reduced for 10 min at room temperature using 0.5 M TCEP
solution. For reduction 10 uL of TCEP solution was added per
milliliter of DSP solution. The electrodes were then incubated in
reduced DSP solution for SAM formation for 1 h on a shaker at S0
rpm. Two different reducing agents (NaBH, and TCEP) in two
different media resulted in reduction and breaking of the disulfide
bond to different extents, thus producing SAMs with different
properties (Figure 1). Before using these optimized amounts, the
volume and time for DSP and reducing agents, a large number of
iterations were tested, and the present work describes only the
optimum values under which the best results and comparison were
observed. The DSP-SAM-modified electrodes were then rinsed with
acetone/DMSO to remove any unbound DSP followed by water
rinsing and drying under nitrogen gas.

GFAP antibodies were covalently attached to the DSP SAM by
incubating the electrode in 15 and 50 uL of 2 ug mL™" antibody in
PBS solution (10 mM, pH 7.4) for 1 h on the MDEA and MECS,
respectively. Covalent binding (amide bond formation) results from
the facile reaction between the amino group of the antibody and the
reactive succinimidyl group of DSP on the SAM surface (Figure 1).
The bioelectrode was washed thoroughly with PBS to remove any
unbound biomolecules followed by a 10 min washing with 10%
ethanolamine solution in PBS. Ethanolamine was used to block
unreacted succinimidyl groups on the DSP SAM and to remove extra
unbound antibodies on the electrode surface.

3. RESULTS AND DISCUSSION

3.1. Ea/Anti-GFAP/DSP/MDEA and Ea/Anti-GFAP/DSP/
MECS Bioelectrode Fabrication. Figure 1 shows the
schematic of Ea/anti-GFAP/DSP/MDEA and Ea/anti-GFAP/
DSP/MECS bioelectrode fabrication and EIS-based character-
ization. Nyquist plots of the impedance spectra were recorded
after each step of the modification processes, and the diameter
of the semicircle, ie., Ry, was estimated. From parts b—e of
Figure 1, it is clear that the electrodes behave differently toward
different protocols, indicating size and modification protocol
dependence. In Figure 1b,d, an increase in R, for DSP SAM
formation was observed, which reveals dielectric shielding of
the electrode array by high-density DSP SAM formation using
P-L In contrast, for Figure 1c,e, which uses P-II, a decrease in
R, upon DSP SAM formation was observed. The initial
impedance of the blank MDEA was found to be very high and
was attributed to the very small size of the electrode. A decrease
in R, after SAM formation for P-II was found to be very
surprising. The experiments were repeated on more than 10
chips, and the results were found to be consistent.

To understand the different behaviors with TCEP in P-II,
various new EIS studies, including time variation (Supple-
mentary Figure 1, Supporting Information) and the effect of
different media [(i) buffer, (ii) DSP (P-II), 1 h (iii) DSP in
DMSO, 1 h, (iv) DMSO with TCEP, 1 h, (v) DSP (P-), 30 s
(Supplementary Figure 2a, Supporting Information) and (i)
DSP—NaBH,—DMSO, 1 h, (ii) DSP (P-I), 3 min, (iii)) DSP—
TCEP—acetone, 1 h, and (iv) DSP (P-I), 2 h (Supplementary
Figure 2b)], were performed (Supplementary data 1,
Supporting Information). The results indicate that the time
of incubation does not produce much affect, and the results of
the different media study, where a decrease of R , was observed
only in the P-II condition, suggest that DSP with TCEP in
DMSO might form some sort of complex which may result in
such behavior. Further investigation should be done in the
future to understand the exact reason for this phenomenon;
however, the change in R indicates successful modification of
the electrode surface. Cyclic voltammetric studies (Supple-
mentary data 1, Supporting Information) also indicated the
difference in DSP SAM formation for P-I and P-IL
Furthermore, the increase in R, with P-I and decrease in R,
with P-II clearly suggest the protocol dependence of SAM-
based surface modification in both micro and macroelectrode
structures.

Covalent binding of anti-GFAP followed by removal of
physically adhered antibody and blocking of exposed
succinimidyl groups on the DSP SAM via ethanolamine results
in an increase of R in each case. The increase in R, suggests
successful fabrication of Ea/anti-GFAP/DSP/MDEA and Ea/
anti-GFAP/DSP/MECS bioelectrodes and can be attributed to
the binding of nonconducting antibody, which retards the
charge transfer process, resulting in an increase of R.

3.2. Contact Angle Studies for Ea/Anti-GFAP/DSP/Au
Bioelectrode Fabrication Using P-l and P-Il. To investigate
Ea/anti-GFAP/DSP/Au bioelectrode fabrication using P-I and
P-II, the contact angle measurements were carried out using the
sessile drop method. The change in the value of the contact
angle reveals the hydrophobic/hydrophilic character of the
surface, which in turn can be related to DSP SAM layer
formation and anti-GFAP immobilization on the gold surface.
Figure 2 shows the contact angle images for freshly oxygen
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Table 1. Quantitative R, Data for the MDEA with P-I,
MDEA with P-II, MECS with P-I, and MECS with P-II

solution resistance

charge transfer

electrode (R, Q) resistance (R,) n
MDEA with P-1
MDEA 700 131.3 kQ 0.888
DSP/MDEA 690 1.23 MQ 0.941
Ea/anti-GFAP/DSP/ 650 1.83 MQ 0.823
MDEA
MDEA with P-II
MDEA 740 134.73 kQ 0.89
DSP/MDEA 680 17.86 kQ 0.959
Ea/anti-GFAP/DSP/ 672 18.83 kQ 0.907
MDEA
MECS with P-I
MECS 14.7 2122 Q 0.873
DSP/MECS 15.3 34293 Q 0.908
Ea/anti-GFAP/DSP/ 15 5866.4 Q 0.969
MECS
MECS with P-II
MECS 14.6 200.1 Q 0.845
DSP/MECS 14.2 133 Q 0.866
Ea/anti-GFAP/DSP/ 15.6 2154 Q 0.954
MECS

plasma cleaned bare Au, DSP/Au, and EA/anti-GFAP/DSP/Au
electrodes for P-I and P-IL.

It can be seen that the value of the contact angle increases
dramatically from 6° for bare Au to 34° and 25° for DSP/Au
using P-I and P-II, respectively, indicating that the DSP
molecules get adsorbed on the Au surface. Furthermore, the
higher value in P-I suggests a larger surface coverage by DSP
molecules. The decrease in the value of the contact angle to 18°
and 17°, respectively, for P-I and P-II was observed after
reaction with anti-GFAP. The observed decrease in the value of
the contact angle suggests a hydrophilic nature of the surface,
confirming the immobilization of anti-GFAP onto the DSP/Au
surface. Measurements were repeated in triplicate on different
chips, and the results were found within +4°. Also atomic force
microscopy (AFM) studies were carried out to investigate Ea/
anti-GFAP/DSP/Au bioelectrode fabrication using P-I and P-II

(Supplementary data 3, Supporting Information). The results
suggest successful modification in both protocols.

3.3. GFAP Response Studies of the MDEA-Based Ea/
Anti-GFAP/DSP/MDEA Bioelectrode. Figure 3 shows the
EIS spectra obtained for GFAP concentrations in the 1 pg
mL7™! to 100 ng mL™! range on the MDEA-based Ea/anti-
GFAP/DSP/MDEA bioelectrode using both protocols. For
each concentration, the bioelectrode was incubated with 15 uL
of GFAP solution for 30 min, followed by PBS washing and EIS
spectrum recording. With increasing GFAP concentration, R
was found to increase regularly, indicating that GFAP binds to
immobilized anti-GFAP on the bioelectrode, producing a
packed layer that effectively decreases the electron transfer rate
for the redox probe. However, from Figure 3a,c it is clear that
the bioelectrode shows significantly better and uniform
resolution of the signal at different concentrations when used
with P-II, whereas for P-1, though an increase in the signal was
observed, the resolution was very poor and intermediate
concentrations could not be estimated because of signal
overlap, thus suggesting a protocol-dependent response for
MDEA.

For both protocols, a linear relationship between the R
values and the logarithm of the GFAP concentrations (1 pg
mL™' to 100 ng mL™") was observed, with the following
regression equations: Ry (Q) = (3.16 X 10°) + (9.3 x 10%)
log[cgeap (g mL™")] for P-T and R, () = (3.15 X 10°) + (2.2
x 10*) log[cgrap (g mL™")] for P-II. However, with P-1, a large
deviation is visible in Figure 3b, indicating that P-II is more
suitable for the MDEA. Furthermore, these MDEA-based
bioelectrodes exhibited standard deviations of 1.64 and 0.68
with corresponding correlation coefficients of 0.982 and 0.997
for P-I and P-II, respectively. Imprecision of the data indicated
by error bars in Figure 3b,d was found to be <5%.

3.4. GFAP Response Studies of the MECS-Based Ea/
Anti-GFAP/DSP/MECS Bioelectrode. Figure 4 shows the
EIS spectra obtained for GFAP concentrations of 1 pg mL™" to
100 ng mL~! on the MECS-based Ea/anti-GFAP/DSP/MECS
bioelectrode using both protocols. For each concentration, the
bioelectrode was incubated with 60 uL of GFAP solution for 30
min, followed by PBS washing and EIS spectrum recording.
With increasing GFAP concentration, R, was found to increase
regularly, indicating that GFAP binds to the immobilized anti-

[ | (a)

i (d)

(b) ' (c)

[ | ()

Figure 2. Contact angle images for (a) bare Au, (b) DSP/Au (P-I), (c) EA/anti-GFAP/DSP/Au (P-I), (d) DSP/Au (P-1I), and (e) EA/anti-GFAP/

DSP/Au (P-II) electrodes.
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Figure 3. EIS spectra of the Ea/anti-GFAP/DSP/MDEA bioelectrode for different GFAP concentrations [(i) buffer, (i) 1 pg mL™", (iii) 10 pg
mL™, (iv) 100 pg mL™", (v) 1 ngmL™", (vi) 10 ng mL™", and (vii) 100 ng mL™'] for the (a) MDEA and P-I and (c) MDEA and P-II. Curves b and
d are linearity curves for data obtained from EIS studies (shown in (a) and (c), respectively) for different GFAP concentrations. The error bars
indicate the results of triplicate experiments.
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Figure 4. EIS spectra of the Ea/anti-GFAP/DSP/MECS bioelectrode for different GFAP concentrations [(i) buffer, (i) 1 pg mL™", (iii) 10 pg mL™",
(iv) 100 pg mL™", (v) 1 ng mL™", (vi) 10 ng mL™", and (vii) 100 ng mL™"] for the (a) MECS and P-I and (c) MECS and P-IL. Curves b and d are
linearity curves for data obtained from EIS studies (shown in (a) and (c), respectively) for different GFAP concentrations. The error bars indicate
the results of triplicate experiments.
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Figure S. Curve between AR,/R.(c,) and the concentration of GFAP for measurement of K, of the (a) MECS with P-I and (b) MDEA with P-IL

GFAP on the bioelectrode, producing a packed layer that
effectively reduces the electron transfer rate for the redox
probe. From Figure 4a,c, it is clear that the bioelectrode shows
resolvable signals at different concentrations of the analyte with
both protocols. However, the value of R, for P-II (cf. Figure
4c) is very low, indicating ineffective surface modification of the
bioelectrode. In contrast, for P-I, the relative change in R is in
k€, which translates to a very high sensitivity.

For both protocols, a linear relationship between the R
values and the logarithm of the GFAP concentrations (1 pg
mL™" to 100 ng mL™") was obtained and can be represented as
regression equations: R (Q) = (3.5 x 10%) + (22 x 10%)
log[cgeap (g mL7")] for P-Tand R, () = (2.1 X 10°) + (1.4 X
10%) log[cgrap (g mL™")] for P-IL. The MECS bioelectrode
exhibited a sensitivity of 2.2 X 10°> Q (g mL™")™" GFAP with P-
I, which is 1S times higher than that obtained for P-II (1.4 X
10> Q (g mL™")™" GFAP). Furthermore, these bioelectrodes
exhibited standard deviations of 0.495 and 0.342 with
corresponding correlation coeflicients of 0.997 and 0.999 for
P-I and P-II, respectively. The imprecision of the data as
indicated by the error bars in Figure 4b,d was found to be
within 5%.

The results from Figures 3 and 4 clearly suggest that P-I is
more suitable for the MECS, indicating that the SAM coverage
obtained under the mentioned conditions is sufficient for
effective Ea/anti-GFAP/DSP/MECS bioelectrode fabrication,
which is further manifested by the fact that the R, of the DSP-
modified MECS was very low when P-II was used, indicating
low surface coverage by SAM formation. Furthermore, it
resulted in very low sensitivity during measurement. Also the
MECS was tested for P-I with ~5 h and overnight SAM
formation (data not shown), and it was found that ~5 h or
overnight SAM formation resulted in a very high density SAM,
making the surface insulating. Furthermore, the Ea/anti-GFAP/
DSP/MECS bioelectrode prepared using such a long time or
overnight SAM resulted in a very insignificant response. Thus,
low coverage of DSP via P-II and highly dense coverage by ~5
h or overnight SAM formation resulted in a very poor signal,
and an optimum response was observed only when P-I was
used with 2 h of SAM formation. Similarly, P-II was found to be
more suitable for the MDEA, indicating that SAM coverage
obtained under the mentioned conditions is sufficient for
effective Ea/anti-GFAP/DSP/MDEA bioelectrode fabrication.
It is further manifested by the fact that R, of the DSP-modified
MDEA was very high when P-I was used, which resulted in a
very insulating Ea/anti-GFAP/DSP/MDEA bioelectrode ex-
hibiting a very low signal resolution during measurement.

Thus, the optimum response is clearly dependent on the
electrode size and modification protocol, and in the present
work, P-I is more suitable for the MECS whereas P-II is more
suitable for the MDEA to obtain the best performance of the
bioelectrode.

3.5. Estimation of the Association Constant between
the Covalently Bound Anti-GFAP and GFAP. The
association constant (K,) for binding interaction was
determined using the Langmuir isotherm approach in which
the isotherm assumes equal binding energy for all binding
sites.>*>” For K, estimation, the change in R was related to the
binding of GFAP with immobilized anti-GFAP and is
represented by the following equation:

Rct(co)

M=1-
Rct(ci) (1)

where M, R,(c,), and R.(c,) indicate the number of occupied
binding sites, charge transfer resistance without GFAP, and
charge transfer resistance with the desired concentration of
GFAP, respectively. In the Langmuir isotherm, M can be
related to association constant using the following equation:

_ K
1+ K (2)

where K, is the association constant and ¢ is the concentration
of molecules in the solution. On rearrangement of eq 2, we get

K M
c =
Y 1-M (3)

From eqs 1 and 3

Kec= Rct(ci) B Rct(co) — A‘Rct

! Rct(co) Rct(co) 4)

Using eq 4, the curve was plotted between AR./Ry(c,) and the
concentration of GFAP (Figure 5). Figure S reveals that
AR (¢;)/(Ry(c,) varies linearly with the concentration and
follows the linear equation AR(c;)/Ry(c,) = 4.854 + 0.365 log
cgeap With a correlation coefficient of 0.998 and a standard
deviation of 0.858 for the MECS with P-I and AR.(c)/
(Ra(c,)] = 15.678 + 1.175 log cgpap with a correlation
coeflicient of 0.998 and a standard deviation of 0.819 for the
MDEA with P-II. K, was estimated from the slope of the
regression equation and found to be 0.365 mL/g for the MECS
with P-I and 1.175 mL/g for the MDEA with P-I. The
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observed different values further indicate the effect of the
electrode and modification protocol.

4. CONCLUSIONS

In summary, the present work emphasizes the importance of
the proper choice of surface modification protocol on sensors
with different electrode geometries. To achieve the optimum
response with high sensitivity and resolution, P-I involving DSP
in acetone with NaBH, reduction was found to be more
suitable for the MECS and P-II involving DSP in DMSO with
TCEP reduction was found more suitable for the MDEA.
Characterization of bioelectrode fabrication and GFAP
concentration studies indicate that the electrode geometry
needs proper matching with the surface modification protocol.
Label-free GFAP detection using EIS techniques reveals that
the Ea/anti-GFAP/DSP/Au-based biosensor fabricated with an
appropriately matched and optimized protocol can accurately
detect GFAP in the range of 1 pg mL™" to 100 ng mL™".
Furthermore, the MECS biosensor with the optimum protocol
exhibited 15 times higher sensitivity, whereas the MDEA
biosensor exhibited a higher signal resolution for each
concentration. Thus, the electrode geometry, as well as the
choice of surface modification protocol, is crucial for biosensor
performance. This work mainly concentrates on demonstrating
the effect of the electrode size and protocol of modification on
bioelectrode fabrication. The detailed work required for
biosensor fabrication for clinical application in TBI diagnostics,
involving studies on the effect of interferents, the stability of the
bioelectrode, and batch-to-batch variation of chip fabrication
and selective detection and estimation of the sample in serum
solution are in progress and will be published in the future.
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