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ABSTRACT

Prostatic specific antigen (PSA) is known as a biomarker of prostate cancer. In males, prostate cancer is
ranked second as leading cause of death out of more than 200 different cancer types1. As a result, early
detection of cancer can cause a significant reduction in mortality. PSA concentration directly is related to
prostate cancer, so normal serum concentrations in healthy means are 4 ng and above 10 ng as abnormal
concentration. Therefore, PSA determination is important to cancer progression. In this study, a free label
electrochemical immunosensor was prepared based on a new green platform for the quantitative detec-
tion of the PSA. The used platform was formed from quince seed mucilage containing green gold and sil-
ver nanoparticles and synthesized by the green method (using Calendula officinalis L. extract). The quince
mucilage biopolymer was used as a sub layer to assemble nanoparticles and increase the electrochemical
performance. This nanocomposite was used to increase the antibody loading and accelerate the electron
transfer, which can increase the biosensor sensitivity. The antibodies of the PSA biomarker were success-
fully incubated on the green platform. Under the optimal conditions, the electrochemical impedance
spectroscopy (EIS) was proportional to the PSA biomarker concentration from 0.1 pg mL™' to
100 ng mL~! with low limit of detection (0.078 pg mL~!). The proposed green immunosensor exhibited
high stability and reproducibility, which can be used for the quantitative assay of the PSA biomarker in
clinical analyses. The results of real sample analysis presented another tool for the PSA biomarker detec-
tion in physiologic models.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

measurement of PSA levels in the bloodstream is one of the main
factors concerning the diagnosis and treatment of prostate cancer.

One of the most prevalent cancers is prostate cancer all around
the world (1.31 per people), which is the second typical cancer
between men following skin cancers [1]. Early diagnosis of prostate
cancer is of particular importance in reducing mortality [2]. One of
the effective methods for diagnosis and treatment of the disease is
the diagnosis of its biological markers. Currently, the best biomar-
ker for controlling and detecting prostate cancer is a prostatic
specific antigen (PSA). PSA is a serine protease formed from 93%
peptide and 7% sugar. In the monomer structure, this antigen has
240 amino acids and four carbohydrate side chains. PSA is secreted
by both healthy and prostate gland cancer cells [3]. The normal
level of PSA in human blood, 0.4 ng ml~!, increases several times
in prostate cancer. About 30% of men with a PSA level ranging from
4.1 to 9.9 ng ml~! suffer from the disease [4]. Therefore, accurate
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To date, important studies have been carried out on developing
sensitive, precise, rapid, and selective sensors for rapid diagnosis of
cancer. The electrochemical immunosensor are analytical devices
with high selectivity and sensitivity. Electrochemical immunosen-
sors are easier and more portable than other analytical instru-
ments [5]. Moreover, they can perform in situ or automatic
detection. Antibodies are normally immobilized on the surface of
different transformers [6]. Antibodies could be specifically targeted
to anti-cancer biomarkers. They have the potential to identify anti-
gens in a medical clinic. The signals produced by the electrochem-
ical transducers can be voltammetric, potentiometric,
conductometric, or impedimetric [7].

Today, due to the unique properties of nanoscale materials,
nanotechnology has become more important, and has extensive
applications in the sensors, medical and pharmaceutical industries,
electronics, and agriculture [8-10]. In the last decades, nanomate-
rial has been considered regarding the chemical, physical, and bio-
logical properties to electrochemical sensors fabrication. Gold
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nanoparticles)GNPs) are of high conductivity, high surface area,
and excellent biocompatibility. Furthermore, they provide sites
with high absorption for antibody bonding and protect the anti-
body biological function. However, changes in the GNPs tempera-
ture and pH conditions lead to their aggregation [11].

Quince seed mucilage was used as a sub layer for assemble of
gold and silver nanoparticles. It is a promising candidate for immo-
bilization of nanoparticles owing to its significant mechanical
strength, high surface area, excellent chemical stability, and high
ability for immobilization of different mediators.

In addition, the above-mentioned nanocomposite increases the
antibody loading and accelerates the electron transfer. It could also
increase the biosensor sensitivity [12-14]. The chemical methods
for synthesis of nanoparticles, such as grinding and condensing
steam are used today. Harmful chemicals and toxicity and the
environmental damage caused by them have created a lot of con-
cerns [15]. Therefore, the extracts of different plants were used
for synthesis of biocompatible nanoparticles and have attracted a
great deal of scientific attention in the recent years [16]. The
advantages of the green method include non-toxicity, biocompati-
bility, low cost, and the production of high-purity nanoparticles
[17]. The green nanoparticles could be utilized in biological appli-
cations, sensors for instance [18]. In the plant extracts, there are
various compositions, such as reducing, stabilizing, and covering
agents used for the preparation of nanoparticles. Green synthe-
sized gold and silver nanoparticles are suitable for binding of the
PSA to be used in label-free electrochemical immunosensor owing
to the presence of several functional groups around them. Addi-
tionally, they are safe, biocompatible, and environmentally
friendly.

Cydonia oblonga Miller is a plant from the Rosacea family grown
in certain parts of Asia, including Iran. Quince seed Mucilage, also
known as a biopolymer, has several applications in the pharmaceu-
tical industry [19,20]. It is used as an adjuvant in the manufactur-
ing of different pharmaceutical dosage forms, including binding,
thickening, stabilizing, humidifying, disintegrating, suspending,
and emulsifying at different proportions. Quince seed mucilage
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comprises different components, such as cellulose and water-
soluble polysaccharide, [21]. Herein, quince seed mucilage
biopolymer was used as a layer to hold the nanoparticles for the
modification of electrode surface because of its specific polymeric
structure. In addition, it could be employed to increase the effi-
ciency of electrode and to prepare biosensor with high detection
capability due to the presence of different bioactive compounds
in this mucilage and its negative charge.

Calendula officinalis L. has a considerable number of medical
compounds [22]. The Calendula extract and its secondary metabo-
lites could be used for the preparation of nanoparticles like gold
and silver nanoparticles by reducing metal ions.

In the present study, a sensitive green free-labeled electro-
chemical immunosensor was designed for the determination of
PSA in human blood. In the construction of the immunosensor,
the quince seed mucilage was utilized to assemble gold and silver
nanoparticles (GNP and SNP). The gold and silver nanoparticles
were synthesized with the green method and their unique proper-
ties were used in the sensor platform (see Scheme 1).

2. Experimental
2.1. Reagents and chemicals

All Materials and reagents were obtained as analytical grade
and used without additional purification. Hydrogen tetrachloroau-
rate tetrahydrate (HAuCl4-4H,0), AgNOs, Potassium ferrocyanide
(K4Fe(CN)g), potassium ferricyanide (KsFe(CN)g, N-ethyl-N’-(3-di
methylaminopropyl) carbodiimide hydrochloride (EDC), N-
hydroxysuccinimide (NHS), potassium ferricyanide and ferro-
cyanide salts were acquired from Sigma-Aldrich Co. (Munich, Ger-
many). Bovine serum albumin (BSA), PSA antibody (anti-PSA) and
PSA antigen were prepared from Biogen. Calendula officinalis L.
and quince (Cydonia oblanga miller) seed were collected from
Kermanshah-Iran. Phosphate buffer solution (PBS) (0.1 M) at
pH = 7 was prepared by 0.1 M of potassium dihydrogen phosphate
(KH,PO,4). KH,PO4 and potassium chloride (KCI) were purchased
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Scheme 1. The schematic illustration from the preparation process of green electrochemical immunosensor.
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from the Merck Co. of Germany. Double distilled water was used
for preparation aqueous solutions.

2.2. Apparatus

An Autolab system potentiostat-galvanostat model PGSTAT 204
(Utrecht, The Netherlands) using a NOVA (1.11) software was
exerted to all of the electrochemical experiments which were car-
ried out at room temperature. A silver-silver chloride (Ag/AgCl, sat-
urated KCI) electrode and a platinum wire were utilized as
reference and auxiliary electrodes, respectively. The EIS with the
FRA 32 impedance analysis module, and the CV experiments were
performed by mucilage-GNPs-SNPs/GCE as a working electrode.
The EIS measurements were done in Fe(CN)Z/* solution
(0.5 mM) as the redox probe. A5 mV amplitude AC voltage and fre-
quency range from 10 kHz to 0.01 Hz were applied to the device
under open-circuit potential (OCP). Metrohm pH-meter, Model
691, equipped with a glass electrode was applied during the exper-
iments. To evaluation the manufactured surface morphology anal-
ysis, the methods of scanning electron microscope (SEM) (Philips
XL 30) and Energy-dispersive X-ray spectroscopy (EDX) were
employed. In these experiments, the EURONDA (EUROSONIC 4D
model) was utilized to disperse the particles inside the solution
and its uniformity.

2.3. Green synthesis of nanoparticles

2.3.1. Plant extracts preparation

To prepare plant extract, Calendula officinalis L. flowers were
dried at room temperature. 2 gr of flowers powder dispersed in
the 100 ml of distilled water was heated for 5 min at 100 °C. Then
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the Calendula extract was centrifuged at 8000 rpm for 15 min.
Finally, the precipitate was removed and the extract was stored
at 4 °C.

2.3.1.1. Green synthesis of GNPs. For green synthesis of gold
nanoparticles, tetrachloroauric acid (HAuCl,) solution (1 mM)
was prepared and was heated to boiling temperature. The ratio
1:5 of Calendula extract and HAuCl, solution were mixed under
constant stirring. After 2 min, the color of reaction mixture became
red owing to the synthesis of gold nanoparticles. Then, the mixture
was centrifuged at 10000 rpm for 10 min at 4 °C. The red precipi-
tate was washed with distilled water twice and dried.

2.3.1.2. Green synthesis of SNPs. For green synthesis of silver
nanoparticles, silver nitrate (AgNO3) solution (1 mM) was pre-
pared. The ratio 1:5 of Calendula extract was added to silver nitrate
solution and was kept for 24 h under constant stirring. The color
change of the reaction mixture confirmed the synthesis of silver
nanoparticles. Then the mixture was centrifuged at 10000 rpm
for 10 min at 4 °C. The precipitate was washed with distilled water
twice and kept in dark place at 4 °C.

2.3.1.3. Characterization of nanoparticles. The nanoparticles were
characterized by SEM microscopy, UV-Visible spectroscopy and
FT-IR spectroscopy. Also size and surface charge of GNPs and SNPs
were determined by zeta sizer.

2.4. Preparation of quince seed mucilage

Dried quince seeds were immersed into distilled water (at
quince seeds/ water ratio of 1 gr: 25 cc) overnight. The solution

0.2
0.18 A
0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

0
400 450 500

GNPs

Intensity

550 600 650 700

= SNPs

Intensity

013% 400 450 S 5%0 60

Wavelength (nm)

Transmittance

Transmittance

& 0 1400 190 20X 2900 2 00

Wavenumber

Wavelength (nm)

- D SNPs

(ﬂ/‘,ﬂf o
il

400 900 1400 1900 2400 290 3400 1900

3

Wavenumber

Fig. 1. Characterization of GNPs and SNPs.
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Fig. 1 (continued)

was filtered by cotton gauze to remove seeds and impurities. Then
ethanol %96 was added to precipitate mucilage and removed impu-
rities. The extracted mucilage was dried at 60°C overnight. Then
the solution of mucilage (%2) was prepared to use as assembling
agent for nanoparticles and antibodies on the surface of electrode.

2.5. Preparation of the immunosensor

In the present study, mucilage-GNPs-SNPs composite was
applied as the electrode substrate to improve the electrode specific
surface area and increase the PSA antibody immobilization and the
electrochemical efficiency of the electrode. PSA antibody (contains
N-H functional group at its end) was immobilized on the electrode
because there is many carboxyl groups in quince seed mucilage
and on the surface of GNPs and SNPs. To preparation of
mucilage-GNPs-SNPs composite, 1 pL of mucilage %1, 1 uL of GNPs
and 1 pL of SNPs solution were mixed. Then the solution was
diluted to 1 ml volume.

The surface of bare GCE (i.d./43.0 mm, Azar Electrode, Urmia,
Iran) was cleaned by polishing on a canton cloth with 0.3, 0.1
and 0.05 mm Al,05 slurry and washed with double distilled water.
Then the electrode was placed in water-ethanol solution (1:1) and
the electrode was placed in an ultrasonic bath for 20 min to be
completely clean and shiny. In the next step, 5 uL of the prepared
mucilage-GNPs-SNPs composite was incubated on the surface of
the GCE and it was dried at room temperature. Then, the electrode
was immersed in 0.01 M PBS of pH = 7.0 containing 20 mM EDC
and 40 mM NHS for 45 min to activate the carboxylic groups at
the mucilage-GNPs-SNPs/GCE. The electrode was then washed
with PBS. Then, a 10 pL of Ab (with the concentration of 15 pg/
ml) was dropped onto the modified electrode surface and dried
at room temperature, after waiting, excess Ab were removed by

the buffer. The mentioned procedure was repeated three times.
Afterwards, 4.0 puL of 1% BSA solution for 30 min was incubated
onto the electrode to eliminate nonspecific adsorption. Eventually,
the electrode (denoted as Ab/mucilage-GNPs-SNPs/GCE) was
rinsed with deionized water, dried in air and stored at 4 °C in
0.1 M PBS of pH 7 when not in use. The solution of the PSA with
varying concentrations was incubated onto Ab/mucilage-GNPs-
SNPs/GCE surface and kept for 60 min at room temperature, and
then it was washed by PBS to remove unbounded PSA. The pre-
pared electrode was stored at 4 °C prior for further use. The elec-
trochemical measurements of the immunosensor were performed
in solution of a 0.1 M PBS (pH = 7.0) with 0.5 mM [Fe (CN)
]>*by DPV and CVs method.

3. Results and discussion
3.1. Characterization of GNPs and SNPs

Characterization of GNPs and SNPs were performed. UV-Vis
spectrum of GNPs and SNPs confirm the green synthesis of
nanoparticles (A and B). The FTIR of nanoparticles confirm the
presence of several functional groups (C and D). The hydrodynamic
average size of nanoparticles (E and F). Zeta potential of nanopar-
ticles (G and H).

UV-Vis spectroscopy was used to confirm the green synthesis of
GNPs and SNPs. Fig. 1.A and B represent the clear absorption peak
at 536 and 430 nm, which confirm the successful synthesis of gold
and silver nanoparticles respectively. Fig. 1 C and D show the FTIR
spectrum of the functional groups in the nanoparticles’ surface.
The absorption peaks (Fig. 1 C) of GNPs at 1705, 1639, 1219, and
1392 for the stretching vibrations C=0, C=C, C-0O and the bending
vibrations of -O-H confirm the successful creation of carboxyl
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groups. As depicted in Fig. 1 D, aromatic C=C, aromatic C-H, and
phenolic C-O were present at around 1624.06, 1465.90, and
1087.85 cm™ !, respectively. Aromatic C-H bending was detected
at 713.66 and 860.25 cm™'. The functional groups confirmed the
presence of antibody on the electrode surface. The hydrodynamic
average size and zeta potential of GNPs were determined to be
74.37 nm and —8.45, respectively (Fig. 1. E, G). Furthermore, the
average hydrodynamic size (Fig. 1. F) and zeta potential of SNPs
(Fig. 1 H) were found to be 116.9 nm and -5.59, respectively.
The PDI result (0.26) represented a good GNPs stability and nega-
tive surface charges indicated the presence of carboxyl groups that
stabilize the GNPs. The negative zeta potential of GNPs and SNPs
helped to attach antibody to the electrode as electrostatic
connection.

3.2. Electrochemical characterization of the immunosensor

The surface morphology of the electrode was investigated by
scanning electron microscopy (SEM). Fig. 2.A illustrates the SEM
images of the surface mucilage-GNPs-SNPs/GCE. The result of
SEM showed that the electrode was well-modified. Fig. 2B demon-
strates energy-dispersive X-ray spectroscopy (EDX). The results
indicated the presence of different percentages of Au, Ag, N, O,
and C at the composite electrode.
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View field: 51.9 pm

SEM MAG: 4.00 kx Performance in nanospace
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Typically, EIS was employed to study the interfacial characteri-
zation on different modified electrodes. The diameter of the semi-
circle is equal to the electron transfer resistance (Re) and occurs in
lower frequencies. Re; controls the electron transfer kinetics of the
redox probe at the electrode interface which commonly shows far-
adaic process at the interface of electrode/electrolyte. An electrical
circuit was depicted based on the features of the obtained impe-
dance spectrum. The straight line of the Nyquist plots appeared
at lower frequencies, which corresponds to the diffusion process
of the electroactive species from solution to electrode interface
(Warburg element, W) [23].

Herein, The Nyquist plots are displayed in Fig. 3A. The R value
was obtained for a GCE 4367 Q (curve a). The R, value of mucilage/
GCE increased from 4367 Q to 773 s Q (curve b). Once mucilage
was utilized with a nanoparticle (gold or silver) separately (curve
c & d), the R value of the electrode surface reduced. As could be
seen in curve f, when gel was used with both nanoparticles (gold
and silver), The Re; value significantly reduced. As a result, the
presence of both particles, which assembled on the surface of elec-
trode, provided the possibility of enhancing the conductivity of the
mucilage.

Once Ab was incubated on the mucilage-GNPs-SNPs surface
electrode, an increase was observed in the R value of the elec-
trode (Fig. 3. A curve g) since the supporting on the electrode pre-
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Fig. 2. SEM images of mucilage-GNPs-SNPs/GCE (A), Energy-dispersive X-ray spectroscopy of surface of the electrode (B).
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vents the redox Fe(CN)Z/* on the electrode, which confirms the
successfully incubation of Ab on the mucilage-GNPs-SNPs surface
electrode. Following the incubation with PSA (10 ng/mL) on the
GCE/ mucilage-GNPs-SNPs/Ab, the Re value significantly increased
(Fig. 3 A. curve h). This suggested that the PSA was successfully
incubated with antibody.

For further investigation, the cycle voltammetry was used.
Fig. 3.B shows cyclic voltammetry (CV) of Fe(CN)2/4" at bare GCE
(curve a), a well-defined redox peak. The peak current of the Fe
(CN)Z/* reduced at the mucilage/GCE surface (curve b) while it
increased at the mucilage-GNPs/GCE and mucilage-SNPs/GCE
(curve ¢ & d). On the other hand, the redox current of the Fe
(CN)Z'* significantly increased when the electrode surface was
modified with mucilage-GNPs-SNPs. A decrease was also observed
in peak-to-peak separation (AEp) (Fig. 4.B, curve f). The result
clearly proved an increase in the mucilage’s conductivity. The
nanoparticles of the gold and silver increased surface to volume
ratio in glass electrode, and due to the presence of functional
groups in mucilage, the covalent bonds between them augmented

the stability of Ab. The current value of the redox of Fe(CN) 74" on
the surface Ab/mucilage-GNPs-SNPs/GCE significantly increased
(curve g) in comparison with the CV of the non-immobilized elec-
trode platform (curve g). The signal enhancement was ascribed to
the physical coverage by the Ab and decrease in active surface area.
The immunosensor was incubated with Ab in the presence of PSA
for 40 min at room temperature, and its current value increased
(curve h). It could confirm the formation of the Ab-PSA immune
complex.

3.3. Optimization of experimental condition

To obtain high sensitivity and analytical performance
immunosensor, we investigated effective parameters on the pro-
posed immunosensor, such as the concentration/time of Ab
included on an electrode and the incubation time of PSA with Ab.

The immobilization of Ab concentration was optimized and the
solutions containing different concentrations of the Ab were
immobilized on mucilage-GNPs-SNPs/GCE. Fig. 4.A represents the
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Table 1

The analytical performance of the prepared immunosensor.
Probe Method Liner range Limit of detection References
core-shell Au@Pt nanocrystals DPV 0.1-50 ng mL~! 0.018 ng mL™! [24]
NH,-M-CeO, DPV& 0.5 pg mL~! to 50 ng mL~! 0.16 pg mL™! [25]

Amperometric

core-shell AuPd@Au nanocrystals DPV 0.1-50 ng mL~! 0.078 ng mL™! [26]
Au/PANI SWV 10 fg mL~! to100 ng mL™" 1.25 fg mL™! [27]
Au NPs DPV 10 fg mL~! to 100 ng mL™! 33 fgmL! [28]
rGO@AuNPs DPV 0.1 to 100 ng mL™" 0.08 ng mL™! [29]
Au@N-GQDs Amperometric 0.01 pg mL™' to 100 ng mL™! 0.003 pg mL™! [30]
Ab1/AuNPs-ATPGO/GCE DPV 0.01-1 pgmL~! 3fgmL ! [31]
Mucilage-GNPs-SNPs EIS 0.1 pg mL~! to 100 ng mL™! 0.087 pg mL™! This work
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Fig. 6. The EIS responses of the immunosensor to 0.1 ng mL~"' PSA (A), 0.1 ng mL~! PSA + 10 ng mL~' HER2 (B), 0.1 ng mL~' PSA + 10 ng mL~! BSA (C) and 0.1 ng mL"!

PSA + 10 ng mL~! MUC1 (D).

Table 2
Determination of PSA in human serum sample.
Sample Added PSA Measured concentration by Recovery
concentration immunosensor (ng mL™!) (%)
(ng mL™")
1 0.01 0.012 120.0
2 0.1 0.080 80.0
3 1 0.830 83.0
4 10 10.420 104.2

effect of the immobilization Ab concentration at the surface elec-
trode modified with the current response. Consequently, the Ab
concentration was optimized at 15 ug ml~!, the highest current
which allows the sensitive detection of PSA. The amount of over
15 pg ml~! of Ab concentration was reduced. The incubation time
played a pivotal role in sensor function since in a low incubation
time, a weak connection was established between the Ab and the
mucilage-GNPs-SNPs. Therefore, it was removed before the mea-
surement. As shown in Fig. 4.B, the maximum signal of the mea-
surement was observed at the incubation time of 60 min.

In order to use the maximum capacity of the immunosensor,
the incubation different times between PSA and Ab were investi-
gated. Fig. 4.C summarizes the results. The highest signal was
observed at 40 min. Accordingly, 40 min was selected as the best
incubation time between Abs and biomarkers.

3.4. Analytical performance

The analytical performance of the proposed immunosensor in
the various concentrations of the PSA was assessed with EIS
method. As shown in Fig. 5, the R, increased proportionally with
the increase in the biomarker concentration and the linear rela-
tionship was obtained between signal responses and the logarith-
mic biomarker concentration in the concentration range of
0.1 pg mL~! to 100 ngmL . The calibration curve with a regression
equation of R/Q = 2095.5Log [Cpsa /ngml~']. 5866.9 (R? = 0.988)
and the detection limit (DL) were calculated based on 3S, /m,
where 3S;, is three times standard deviation of the blank signals
and m is the slope of the calibration curve as 0.078 pgmL~".

The result implied that the analytical performance of the pro-
posed immunosensor was perfectly done, and in comparison with
other reported papers, there is further simplicity, higher sensitiv-
ity, and rapidity (Table 1).

3.5. Specificity of the immunosensor

The specificity of the presented immunosensor was investi-
gated using HER2, CEA, MUCT1, and BSA as the interference. Fig. 6
demonstrates the response of 10 ng mL™! of interference solution
with the 0.1 ng mL™" of PSA. As could be seen, the signal interfer-
ence was less than 10%, indicating that the specificity of the label-
free electrochemical immunosensor was acceptable.

3.6. Human serum samples analysis

The accuracy in real blood samples were evaluated with the
proposed electrochemical immunosensor. The serum samples
were primarily collected from three healthy people. Subsequently,
different concentrations of PSA were added into the samples. The
standard addition method was applied to measure the PSA using
EIS method. Table 2 represents the results. As it is obvious, the
recovery of PSA was found between 80 and 120 %, which shows
the good precision of the method for PSA monitoring with the pro-
posed immunosensor. In other words, this electrochemical
immunosensor provided a potential application for the analysis
of PSA in real samples.

4. Conclusions

Since Quince seed mucilage, as a biopolymer, comprises differ-
ent components, such as cellulose and water soluble polysaccha-
ride, and due to the presence of L-arabinose, D-xylose and
aldobiouric acids were applied as the electrode substrate for
improving the electrode specific surface area, increasing the PSA
antibody immobilization, and boosting the electrochemical effi-
ciency of the electrode.

A new free-label electrochemical immunosensor was intro-
duced for highly accurate detection of PSA based on novel green
nanocomposites. In sensor architecture, the unique properties of
mucilage-GNPs-SNPs were employed to stabilize the antibody.
The immobilized antibody probe could efficiently track the
biomarkers of PSA. The proposed immunosensor could respond
with a wide linear range from 0.1 pg mL™! to 100 ng mL~.. The
limit of detection was 0.087 pg mL~'. In addition, the proposed
sensor demonstrated good selectivity and stability. Accordingly,
it can be utilized in medical clinics to quickly diagnose biomarkers.
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