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Abstract

This research work explains the development of an electrochemical immunosensor for the
selective recognition of SNCA in human biofluids. An innovative protocol was proposed for the
green synthesis of gold nanoparticle supported dimethylglyoxime (AuNPs@DMGO) using one
step electrogeneration method. Also, application of AuNPs@DMGO for the sensitive
quantification of a-Synuclein (SNCA) protein and its biomedical analysis. So, an innovative
sandwich immunosensor was designed for the sensitive identification of SNCA antigen in
aqueous solution. The gold nanoparticles (AuNPs) was decorated on the surface of glassy carbon
electrode by chronoamperometry technique to provide appropriate immobilization surface with
large number of active sites for immobilization of specific biotinylated antibody (Abl) and
against SNCA protein. Then, the sandwich-type immuno-platform was completed by the
attachment of secondary antibody (HRP conjugated Ab (Ab2)) to the primary complexes on the
surface of electrode. For the first time, a-Synuclein protein was measured with an acceptable
linear range of 4 to 64 ng/ml and lower limit of quantification of 4 ng/ml. Benefiting from the
simplicity and high sensitivity, the proposed method shows a potential of employment in clinical

applications and high-throughput screening of Parkinson's disease using POC.

Keywords: a-Synuclien, Parkinson's disease, biorecognition, Immunosensor, Protein,

biomedical analysis.
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1. Introduction

Parkinson's disease as one of the most common progressive neurological disorders with several
motor and non-motor symptoms, such as rigid muscles, tremor, slowed movement, speech and
emotional changes, loss of automatic movements, writing changes and thinking difficulties has
reduced life expectancy *=. The progressive nervous system ailment results primarily from the
disruption or death of dopaminergic neurons in the substantia nigra of the midbrain “®.
Subsequently, various of the symptoms are begin to observe owing to the destruction of neurons
that produce dopamine as the most significant neurotransmitter . Therefore, unusual brain
activity and several symptoms are originated due to low concentrations of dopamine in human
body 8. Although surgical treatment and medications might significantly improve and recover
patient symptoms and control certain regions of the brain, however its detection at early stages
may improve the treatment. The stages of this disease can be determined by various important
factors associated with Parkinson's disease including gens, environmental triggers, specific
microscopic markers within brain cells, and a-synuclein found within lewy bodies * *°.

The a-synuclein, as a main natural protein in Parkinson's patients, has attracted considerable
attention for detection of Alzheimer’s disease ' *2. It has been frequently observed in human at
the tips of neurons in particular structures recognized as presynaptic terminals *3. Although the
full physiological function of a-synuclein is yet to be determined and there may be contradictory
findings about it but some approved functions of a-synuclein are neurotransmitter release and

regulation of vesicle docking in synaptic activity **. Furthermore, the accumulation rout of a-

synuclein is exhibited in Scheme 1 *°.
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Scheme 1. The accumulation effect of a-synuclein *

This protein linked genetically and neuropathologically to Parkinson's disease and play
significant role in Parkinson's disease pathogenesis due to mediate neuronal death and
disturbance of cellular homeostasis and, through effects on several intracellular targets, as well

as synaptic function ° 7

. In addition, seeding of aggregation is one of the toxic effects of a-
synuclein leakage to nearby cells. Thus, it conceivably contributes to Parkinson's disease
propagation 8. Therefore, this biomarker is of great value and importance for detection of
Parkinson's disease. Over the last decades, several conventional methods such as enzyme-linked
immunosorbent assay (ELISA) *°, polymerase chain reaction (PCR) *° and real-time PCR # have
been exploited for determination of a-synuclein protein or its genetic counterparts. Some
drawbacks including time consuming procedure, high costly, low specificity and sensitivity have

encouraged researchers to new techniques for its quantification in biological matrixes . Thus,

sensors as a novel, simple and rapid sensing tools have attracted great attention to overcome the
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drawbacks of traditional techniques and provide several advantages such as simplicity, cost-
effectiveness, as well as high sensitivity and specificity 2°. Over the last few years, different type

of sensors have been developed for the detection of a-synuclein protein consisting of

24 2
| | %

electrochemical 2*, optical %°, and quartz crystal microbalance (QCM) %°. Among different types

of sensors, electrochemical based sensors benefits from several features such as being practical,

sensitive, fast, selective, and having low detection limits 2’

. Meanwhile, various types of
bioreceptors such as antibodies, enzymes and nucleic acids as efficient factor for improving
sensitivity and selectivity of have used on the electrochemical electrode %, however, antibodies
provide a reliable and suitable opportunity for biomarker detection as a bioreceptor, especially in

2 On the other hand, with the development of nanoscience and

electrochemical sensors
nanotechnology, AuNPs have enabled significant improvement in the analytical performance of
electrochemical sensors due to high surface area, high conductivity and ability to carry large

number of functional groups **%.

In this study, we developed high specific and sensitive electrochemical immunosensor based on
AuNPs for detection of a-synuclein protein. For this purpose, the surface of GCE was firstly
modified with AuNPs to provide excellent substrate towards strong immobilization of
biotinylated Ab (Abl). The engineered electrode surface (GCE-AuNPs-Abl) could successfully
capture SNCA protein. At the end, secondary Ab2 (HRP-Ab) was conjugated with modified
surface (GCE-AuNPs-Abl-SNCA) to result sandwich type electrochemical immunosensor.
Finally, this electrochemical sandwich based immunosensor could able to determine low

concentrations of SNCA in human plasma samples.
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2. Materials and methods

2.1. Chemicals and reagents

All chemicals used in this research were of analytical grade (purity of 99%). Potassium
ferrocyanide K4Fe(CN)g, potassium ferricyanide KsFe(CN)g, sodium acetate, hydrogen
tetrachloroaurate(ll)hydrate (HAuCl,-3H,0) and bovine serum albumin (BSA) were all
obtained from Sigma-Aldrich (Ontario, Canada). Furthermore, dimethylglyoxime, ethanol and
sulfuric Acid (H,SO,4) were purchased form Merck (Germany). A human o -synoclein kit
containing biotinylated antibody, HRP-conjugated antibody and various concentrations of the
antigen was purchased from ZellBio GmbH (Germany) by Padgin TEB Company. Piranha
solution was prepared by mixing hydrogen peroxide and concentrated sulfuric acid in a 1:2 (v/v)
ratio. A ferricyanide/ferrocyanide solution containing 0.5 M KCI and 05 M of
K4Fe(CN)e/KsFe(CN)s (1:1) were prepared for the electrochemical assessment of the
microscopic surface areas of the working electrodes. It was prepared immediately prior to use to
maintain its reactivity. All the above solutions were kept at4 °C before use. Human plasma
samples was prepared from Blood Transfusion Research Center (Tabriz, Iran). All of materials

were used without further purification.

2.2. Apparatuses and methods

In this conceptual study, electrochemical measurements and electrodeposition were operated by
using an ordinary three-electrode cell (from Metrohm) containing Ag/AgCl as a reference
electrode, a platinum wire as an auxiliary electrode and a GCE (from Azar Electrode Co., Urmia,
Iran) as a working electrode (d=2 mm). The experiments were run by an electrochemical
AUTOLAB PGSTAT 302N system (Eco Chemie, Utrecht, The Netherlands). The system was

powered on a PC using NOVA 1.1 software. FE-SEM (Hitachi-Su8020, Czech) with a working
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voltage of 3 kV and EDX (model: MIRA3 TESCAN, Brno, Czech Republic) were exploited for

morphological study and chemical compositions of the surface of electrode, respectively.

2.4. Fabrication of immunosensor

Briefly, 0.0464 g dimethylglyoxime was dispersed completely in 2 ml of ethanol. Then, 2 mL of
hydrogen tetrachloroaurate (I11) hydrate (HAuCl,-3H,0) (30 mM) was added to it followed by
the addition ofl1 pL 50 mM H,SO, media. The synthesized nanoparticles dispersion was stored

in dark place.

Prior to any modification, the physical and electrochemical cleaning of the electrode surface
were performed to remove any probable contamination on electrode surface. For physical
cleaning, electrode surface was polished with 0.05 um alumina (Beuhler, USA) on a standard
pad and then electrode was rinsed with a solution of deionized water to obtain a mirror-like
surface. For electrochemical treatment, the potential of GCE was cycled 20 times between -0.2 to
0.8 V in 0.5 M H,SO, by cyclic voltammetry (CV) technique. After cleaning, the electrode was
dried at room temperature.

The GCE-AuNPs-Ab1-BSA-SNCA-Ab2 were prepared as following: initially, AuNPs was
electrogenerated on the surface of GCE by ChA technique at the E=0 V and duration time of 500
s (Figure S1 (see supporting information)). Thus, the modification of GCE with AuNPs provided
appropriate and excellent surface for immobilization of Abl. Then, 50 pl of the biotinylated
antibody solution was transferred to an autoclaved vial and then exposed to the 100 pl of EDC
solution Then, GCE-AuUNPs was decorated with activated Abl (10 uL) by drop casting technique
at 4 ° C for 4 h. After incubation and complete drying, the electrode surface was washed with
distilled water. Afterward, 10 pL of BSA, as blocking agent, was drop casted on the surface of

GCE-AuNPs-ADb1 to block any remaining area and to reduce non-specific adsorption during 40
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min. At the third stage, 10 pL antigen with 32 ng/ml concentration of SNCA was incubated at 4 °
C for 1 h on the surface of modified electrode (GCE-AuNPs-Ab1-BSA) for efficiently linkage to
Abl. At the end, the secondary Ab2 (HRP-ADb2) was drop casted on the surface of engineered
surface (GCE-AuUNPs-Ab1-BSA-SNCA) for 2 h at 4 °C (Scheme 2). Finally, the electrochemical
properties of the sandwich-type immunosensor in comparison with other electrodes were

evaluated by voltammetry and amperometry techniques.

Immunosensor fabrication steps

SNCA

Ab2

Scheme 2. lilustration prepration sandwich type electrochemical immunosensor for the detection
of SNCA.
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3. Results and discussion

3.1 Characterization and stability assessment of AuNPs in the fabricated immunosensor
For morphology and structural evaluation of modified GCE with AuNPs, FE-SEM images and
EDX have demonstrated in Figure S2 (A-K (see supporting information)). As seen, although the
size of the synthesized nanoparticles on the electrode surface is between 40-100 nm, sizes of the
most particles are between 45-60 nm. The modification of GCE surface with AuNPs
demonstrated scattered topographies. Furthermore, roughness of the surface mostly enhanced
with increasing nanoparticle-grafting density. In addition, the rate of changes was not the same in
different regions of the electrode surface. The result of EDX analysis (Figure S2K (see
supporting information)) exhibited of the presence of Au element due to modification of surface
with electrodeposited nanoparticles. Therefore, the results of both tests proved that the AuNPs
were successfully electrodeposited on the surface of GCE.

In the other to study the stability of nanoparticles on the electrode surface, the cyclic
voltammograms of 0.01 M Ferrocyanide/Ferricyanide solution, as electrochemical probe, within
0.5 M KCI were recorded for intraday, inter-day and multiple cycling of GCE-AuNPs (Figure
S3 (A-F (see supporting information)). In details, inter-day stability of AuNPs on the surface
GCE was tested by carrying out CV technique 5 times (every 2 h) within a day at similar
conditions and time intervals. According to obtained results (Figure S3 (A and D) (see
supporting information), the performance of AuNPs remained almost constant. Furthermore, an
investigation of the intraday test showed that the function of AuNPs on the surface of GCE was
decreased only 44% after four days (Figure S3 (B and E) (see supporting information). As shown

in Figure S3 (C and F) (see supporting information), the performance of GCE-AuNPs was not
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reduced even after 100 cycles, representing considerable stability of designed electrode for

biosensing applications.

3.2 Electrochemical behavior of developed immunosensor

All of the modification and detection steps of the electrode (GCE, GCE-AuNPs, GCE-AuNPs-
Abl, GCE-AuNPs-Abl-BSA, GCE-AuNPs-Abl-BSA-SNCA, and GCE-AuNPs-Abl-BSA-
SNCA-Ab2) were evaluated by CV, DPV, SWV, ChA techniques in 0.01 M [Fe(CN)¢]*™,
which has been shown in Figure 1(A-F). According to obtained results, the characteristic peak of
bare GCE was markedly increased from 23.02 pA to 49.98 pA and 12.76 pA to 23.41 pA in
SWVs and DPVs, respectively. Also, the potential peak of bare GCE was decreased from 0.23 V
to 0.19 V and 0.32 V to 0.26 V in SWVs, and CVs, respectively, after its modification with
AuUNPs. These evidences clearly demonstrated excellent characteristics of AuNPs in terms of
specific surface area and conductivity enhancement. The presence of a highly conductive AuNPs
layer on the GCE surface with a large surface area revealed the signal amplification for the redox
probe, due to the improvement of the electron transfer process. Interestingly, conjugation of
AuNPs with Abl definitely decreased the current intensity from 49.98 pA to 7.65 A and 23.41
MA to 4.27 pA, which proved successful immobilization of antibodies on the GCE-AuNPs by
covalent bond formation. Besides, the peak potential reduction for SWV, DPV and CV
techniques from 0.19 V to 0.39 V, 0.2 V to 0.45 V and 0.26 V to 0.43 V as second evidence
proved the immobilization of Abl. Therefore, SNCA-Abl, as a macromolecules assembly,
blocked the electrode surface and decreased the efficiency of the electron exchange from the
electroactive compound. In the next step, the current intensity was reduced again down to 3.83
MA and 2.79 pA due to blocking by BSA. After SNCA incubation, the current intensity has

increased to 13.76 pA and 11.91 pA which indicates the formation of the Abl-antigen-Ab2
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complex. As it is obvious, formation of this immune complex reduces conductivity and limits
electron transport. Also, the incubation of Ab2 for prepared GCE-AuNPs-Abl-BSA-SNCA-ADb2

have led to increased CV peak current to 16.36 pA and reduced to peak current of DPV to 7.98

MA toward to hindered electron transfer effect.
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in E=0.3 V, duration time=100 s, E) Histogram of peak current versus type of electrode and F)

Histogram of peak potential versus type of electrode.
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Overall, electrochemical studies demonstrated that the fabricated immunosensor has high
potential for capturing SNCA. It should be noted that the results of all four techniques have

proven the results of each other.

3.3 Morphology of different modification of GCE-AuUNPs

FE-SEM images of various steps of immunosensor fabrication GCE-AuNPs-Abl, GCE-AuNPs-
ADb1-BSA, GCE-AuNPs-Abl1-BSA-SNCA, and GCE-AuNPs-Abl-BSA-SNCA-Ab2 are shown
in Figure S4 A-F (see supporting information), respectively. Figure S4A-H (see supporting
information) clearly demonstrated that antibodies were successfully immobilized on the surface
of GCE-AuUNPs. Also, success incubation of this bioreceptor revealed a guarantee for the
effectiveness of the designing process. Furthermore, as you can see in Figure S5 A-K (see
supporting information), BSA could efficiently block the unbinding functional groups on the
AuUNPs. The designed surface could capture the SNCA with high sensitivity and selectivity
(Figure S6A-M (see supporting information)). Finally, Figure S7A-F (see supporting
information) clearly demonstrated successful conjugation of Ab2 with the prepared surface
(GCE-AUNPs-Ab1-BSA-SNCA). Besides, the EDX results (Figure S8 and 9 (see supporting
information)) could provide complementary information to FE-SEM images. As you saw, the

EDX results have proven the result of EDX.

3.4 Analytical performance

The specificity and sensitivity as a significant important part of developed immunosensor have
evaluated by different concentrations of target analyte. For this purpose, the linear range and
detection limit of fabricated biodevice was investigated by voltammetry and amperometry

techniques in the presence of 0.01 M Ferricyanide/Ferrocyanide. In the presence of the different
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concentrations of SNCA (0, 4, 8, 16, 32, 64 and 128 ng/ml), DPVs, SWVs and ChAs responses

were recorded (Figure 2A-G).
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Figure 2. A) DPVs and B) SWVs of fabricated immunosensor for different concentrations of
SNCA: (0, 4, 8, 16, 32, 64 and 128 ng/mL) in the presence of 0.01 M [Fe (CN)s]*'* solution
containing 0.1 M KCI. C-F) Calibration curves. G) ChAs of prepared immunosensor with

different concentration of SNCA including 0, 4, 8, 16, 32, 64 and 128 ng/mL in the presence of
0.01 M [Fe (CN)s]*™ solution containing 0.1 M KCI.

The calibration curve was achieved by drawing the peak current against the Neperian logarithm
of SNCA concentration. According to obtained results, there is a linear relation between peak
currents and antigen concentration which enhancing the concentration of SNCA caused
increasing of peak current. The LLOQ and linear range of the designed immunosensor were 4

ng/ml and 4 to 64 ng/ml, respectively. The linear regressions equation achieved are as follows:

Linear regressions equation was obtained from dependency of peak current versus logarithm of

concentration of SNCA using DPVs and SWVs is as:

| (A) = 0.02 LogCsnca) + 3.4907,  R2=0.9469
| (A) = 0.0735 LogCsnca) + 4.4539, R2 = 0.9922

The ability of fabricated immunosensor for detection of low concentrations of target proved high
potential of this biodevice for determination of SNCA. The analytical parameters of designed

immunosensor were compared with other types of biosensors that developed for detection of

This article is protected by copyright. All rights reserved.

8518017 SUOWWIOD 3A1Ie8.D) 3|qeo![dde 8L Aq peuseAob ke Saoe YO ‘88N JO S3INJ 04 AXeiqiT8UIjUO AB|IM UO (SUORIPUCD-PL-SLLBYW0 A8 | 1M ATeJq 1 BU1|UO//SANY) SUORIPUOD pue SWie | 3ys 89S *[220z/TT/90] uo AriqiTauliuo A1 ‘(1eunsud) diomieN “iS euoleN uendAB3 Aq ze6z 1w /Z00T 0T/10p/woo A8 |imAriq1pul|uo//Sdny Wwoly papeolumoq el ‘ZGET660T



Accepted Article

SNCA in Table 1 ¥ It can be conclude that the performance of the developed sandwich based
immunosensor is comparable with or better than that of the currently developed approaches. In
addition, most of the reported biosensors have operated on only one technique. However, our
developed immunosensor exploited voltammetry and amperometry techniques. Subsequently,
fabricated biodevice demonstrated great benefits including accuracy, biocompatibility and

simplicity due to using low toxicity, high conductive and low-cost probe.

Table 1. A comparison of the performance of several assay strategies for determination of a-
synuclein protein.

Assay Sensor Platform Detection Applied LOD/LOQ/LL Linear Ref
strategies technique Sample oQ range
Immunosensor Syn ab/PEG film /EDC- EIS? Standard 21+ 4pM 0.05t0 2 [33]
NHS/Au electrode nM
Immunosensor Alpha-synuclein ab EIS Standard 55+ 3 pM 0.5t0 10 [34]
/EDC-NHS/PEG-thiol nM
monolayer/Au electrode
Aptasensor aptamer/AuNPs Colorimetric, Standard 1pM - [35]
SPR® and EIS
Aptasensor Apt-CS/SPGE? Voltammetric Standard 10 pM 60 pM to [36]
150 nM
Immunosensor GCE-AuNPs-ab-BSA- Voltammetry Standard and 4 ng/ml 41064 This
SNCA-ADb2 and plasma ng/mi work
amperometry

a Elecfrochemical impedance Spectroscopy
b Surface plasmon resonance
c screen-printed gold electrode

3.5 Real sample analysis

The application of developed immunosensor in complex biological fluids is always one of the
most imperative factors, whether it is for practical application or for scientific researches. For
this purpose, different antigen dilutions were mixed with plasma (4, 8, 16, 32, 64 and 128 ng/ml)
(1:1 of plasma and antigen) and then it was dropped on the surface of the created biosensor.
Afterwards, the DPV, SWV and ChA techniques were exploited for electrochemical signal

measurement in 0.01 M of [Fe(CN)e]>"* and 0.1M KCI solution as the supporting electrolyte
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(Figure S10A-C (see supporting information)) According to obtained results, the peak height and
current intensity decrease with increasing the concentration of target. In the real sample, LLOQ

and dynamic range of fabricated immunosensor were 4 ng/ml and 4 to 64 ng/ml, respectively.

3.6 Evaluation of specificity

The cross-reactivity is a common problem in immunosensors that result false-positive results, so
the elucidation of specificity of immunosensor is a critical step in its development. For this
means, a number of biomarkers interferers such as CA 15.3, CEA and PSA were used for
specificity investigating of fabricated immunosensor. The CV, DPV, SWV and ChA technique in
0.01 M Ferricyanide/Ferrocyanide results showed that peak potential of SNCA was more than
other interfere agents. For instance, the location of peak potential for PSA, CEA, CA 15.3 and
SNCA were 0.2, 0.59, 0.54 and 0.7 V, respectively in CVs (Figure 3 (A-F)). Additionally, the
peak current of other interfering agents were more than SNCA (the peak intensity of PSA, CA
15.3, CEA, and SNCA in SWVs, DPVs and CVs were 48.37, 43.18, 42.96 and 31.15 pA and
5.58, 5.18, 4.3 and 3.7 pA and 12.87, 8.37, 7.08 and 6.29 WA, respectively). Therefore, the
results of all techniques demonstrated that our designed immunosensor has good specificity in

detecting SNCA.
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Figure 3. A) CVs, B) DPVs, and C) SWVs and D) ChA of the designed immunosensor in the
presence of SNCA, (CA 15.3+SNCA), (CEA+SNCA), and (PSA+ SNCA) in 0.01M [Fe(CN)]*
IKCI solution as supporting electrolyte. E-F) Histograms of peak current and potential versus
type of interfering species, respectively.

3.7. Stability and repeatability of the fabricated immunosensor

Intra-day and inter-day tests as critical issues for the commercial application have investigated
by CV technique for measuring reproducibility of developed immunosensor. In details, inter-day
stability of immunosensor has been established in 0.01 M [Fe(CN)g]*™ along with 0.1 MKCI
solution 4 times (every 2h) within a day in similar conditions and interval times. The peak
currents for both oxidation and reduction peaks decrease 42% until 4 h (Figure S11 G-H (see
supporting information)). However, the performance of the immunosensor was changed after 6h
(Figure S11 A-B (see supporting information)). Moreover, inter-day precision of biodevice has
been carried out over four days and the highest current peak was measured on the first day
(Figure S11 C-D (see supporting information)). The investigations of cyclic stability of
immunosensor in 0.01 M Ferricyanide/Ferrocyanide by CV technique demonstrated that the

current of peak was decreased step-by-step (Figure S11E-F (see supporting information)). The
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reproducibility of the fabricated immunosensor was measured by recording the current intensity
of five separate electrodes. According to the obtained results, the developed immunosensor has
relatively low reproducibility (Figure S11 (I-K) (see supporting information)) which is negative
part of this research study. It worth to noted that during this period, the electrodes were kept at 4
°C.

3.8. Kinetic study

The study of scan rates on electrochemical system under study exhibits important information
about electrochemical mechanisms of electron transfer, which can acquire from the relationship
between the peak current/potential and sweep rate. The effect of scan rate on the electrochemical
behavior of GCE-AUNPs was investigated in in the range of 10-1000 mV/s in an electrochemical
cell containing 0.01 M [Fe(CN)]*"*. As shown in Figure S12A (see supporting information),
increasing of the scan rate led to increase in peak currents and the oxidation peak potentials were
shifted to positive range. The acquired related plots were demonstrated in Figure S12 (see
supporting information). The relation between peak current and potential sweep rate can be

described by Eq. 1 %";

Ip = (nze)vAl"* Q)

4RT

In this equation, v is the potential sweep rate and A is the electrode surface area (A=nr?). I" has
been obtained as 0.43670 mol.cm™ by equation (1). In addition, the peak currents versus square
root of different sweep rates indicated in Figure S12C (see supporting information), which shows
a linear relation, indicating diffusion controlled mass transfer of oxidation process on electrode
surface. According to the obtained result, electrochemical process was controlled by diffusion of
species (Figure S12B (see supporting information). Another reason for proving the mass transfer

was controlled by diffusion was Figure S12F (see supporting information). As you can see, the
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slope of the chart is close to 50. The value of the electron-transfer coefficient was computed by

the equation 2 %

R

E = (ﬁ) Inv + constant (2)

Thus, this value was calculated to be around 0.3193, which prove the irreversible nature of the

electrode diffusion process.

4. Conclusion

To sum up, a novel, sandwich type electrochemical immunosensor was developed for sensitive
and specific quantification of SNCA protein. For this purpose, a durable AuNPs layer was
successfully prepared by electrodeposition onto the GCE surface. The AuNPs with large number
of active functional groups provide enhanced electrical conductivity and extensive surface area.
Also, they offer a satisfactory loading sites for antibodies to specific determination of SNCA.
Therefore, this metallic based substrate can improve the electrochemical active surface to
interact with SNCA. Under the optimized operating conditions, the fabricated immunosensor
demonstrated acceptable linear range 4 to 64 ng/ml and LLOQ of 4 ng/ml for determination of
SNCA in standard buffer and real samples. It is expected that the proposed immunosensor can be
utilized as a versatile system for other biomarkers quantification especially in clinical diagnostics

owing to good performance and high sensitivity.
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