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Introduction

Conventionally, the development of medicine and pharmacy
has extended lives and improved the welfare of humans across

Fabrication of an electrochemical biosensor
composed of multi-functional Ag ion intercalated
DNA four-way junctions/rhodium nanoplate
heterolayer on a micro-gap for C-reactive protein
detection in human serumf

Jinmyeong Kim,? Jeong-Ah Park,? Gyeonghye Ylm - HongJe Jang, D
Tae-Hyung Kim, (2 ¢ Hiesang Sohn® and Taek Lee (&

As inflammation plays a role in the pathogenesis of acute coronary syndromes, C-reactive protein (CRP) can
be used as a biomarker. To detect CRP precisely, the authors prepared a CRP electrochemical biosensor
consisting of an eight Ag ion-intercalated multifunctional DNA four-way junction (MF-DNA-4WJ) and a
porous rhodium nanoparticle (pRhNP) heterolayer on a micro-gap electrode. To increase conductivity, we
used eight Ag" ion-inserted DNA four-way junctions through a C—C mismatch. Each DNA 4WJ was
designed to have the CRP aptamer sequence, an anchoring region (thiol group), and two of four C—C mis-
match regions at the end of the fragments. After an annealing step, the MF-DNA-4WJ assembly configur-
ation and selective binding of CRP were confirmed through native TBM—PAGE (Tris-borate-magnesium
chloride—polyacrylamide gel electrophoresis). The Au micro-gap electrode was fabricated to load 5 pl of
the sample, and this was performed during eight experiments on one chip to establish the accuracy of the
data. Then, pRhNPs were immobilized on a Au micro-gap electrode using cysteamine. To confirm the
electrochemical properties, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS)
were conducted. The durability of pPRhNPs was confirmed through CV. To test the sensing performance of
the prepared CRP biosensor, the limit of detection (LOD) and selectivity tests were conducted using EIS.
The results indicated that charge transfer resistance (R.y) can be used efficiently to probe these interactions
within the variable CRP concentration range, from 1 pM to 100 nM (0.23 ng L™-23 pg L™). The LOD of this
sensor was 0.349 pM (0.08 ng L™) (at S/N = 3). As a result of diluting the CRP to the same concentration
range in a 20% human serum sample, the LOD was 3.55 fM (0.814 pg L™ (at S/N = 3).

innovative drugs and clinical diagnostic methods that increase
the survival rate of acute diseases, including acute myocardial
infarction (AMI),”® hypertension,”’® and immune system
diseases."""” Recent advances in information and communi-

the world. In addition, the rise of biotechnology offers the
opportunity to further develop various concepts of drugs,"?
biomarkers,>* and diagnostic tools.>® Moreover, the conver-
gence of medicine, pharmacy, and biotechnology has led to
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cation technology (ICT) with nanobiotechnology (NBT) have
resulted in the rapid development of healthcare services and
in vitro diagnostic devices (IVDDs)."**® These IVDDs can be
designed to connect with a smartphone or smartwatch to
deliver clinical information to hospitals. Thus, the early detec-
tion of clinical cues can reduce the death rate of patients with
acute disease. Nowadays, the daily habits of individuals in
many developing countries have moved toward those of people
in developed countries, thereby causing obesity and cardio-
vascular diseases. As such, the number of victims of these
chronic diseases has gradually increased worldwide.

C-reactive protein (CRP) has been studied as an acute-phase
protein  biomarker for cardiovascular disease and
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inflammation."®"® CRP is synthesized in the liver and circu-
lated within the plasma. Under healthy conditions for normal
people, the concentration of CRP in plasma is usually less
than 2.0 mg L™"."° If the CRP concentration is increased to
greater than 2.0 mg L™, this change can be considered to be
because of the existence of cardiovascular disease, develop-
ment of inflammation, and cancer formation. Thus, detection
of CRP is one of the most important biomarkers within the
in vitro diagnostics field.>

So far, various techniques have been developed to detect
CRP concentrations precisely. The turbidimetric method,
immunonephelometry, radio-immunodiffusion, and enzyme-
linked immunosorbent assay (ELISA) have been widely used in
hospital laboratories.*"** These conventional methods provide
exact information on CRP determination; however, they
require labor-intensive, time-consuming, and complicated
detection steps that hamper testing efficiency. To solve this
problem, several methods have been proposed to introduce
nanotechnology for detecting CRP, including surface plasmon
resonance,” fluorescence,** and Raman spectroscopy.>®

As a robust alternative, the electrochemical detection of bio-
markers provides several advantages, including rapid detection
time, portability, a user-friendly interface, and an easy-to-
handle apparatus.”*® Conventionally, antibodies have been
used as the gold standard bioprobe for determining CRP con-
centrations. However, a recent CRP aptamer study demon-
strated a similar binding affinity.>**° In addition, nucleic acid-
based aptamers have various advantages compared to anti-
bodies: (1) they can be synthesized by chemical production,
which reduces manufacturing costs; (2) one can easily intro-
duce functional groups to aptamers, such as amines and
thiols, as well as fluorescence; and (3) the chemical production
of aptamers is free of the ethical problems of antibodies pro-
duced by animals.”® Several studies have reported aptamer-
based CRP biosensors. However, certain studies still require a
labeling process, requiring many sample volumes and a rela-
tively higher LOD value.*'*?

To overcome these problems, the present study developed
an electrochemical biosensor composed of a multifunctional
aptamer connected to a DNA four-way junction (4W]) and a
rhodium nanoplate heterolayer on a micro-gap electrode.
The DNA 4WJ has four arms at the end of the fragment that
can be used to introduce various functions at each arm (elec-
tron transfer mediation, immobilization, and target reco-
gnition). Within the head group of the DNA 4W]J, the CRP
aptamer was tagged to target CRP binding. In the tail
group of the DNA 4W], the thiol group was introduced for
surface binding. The remaining two side arms had four Ag"
ions for electron transfer mediation, which enhanced the
electrochemical response. In addition, RhNPs were
introduced for electron transfer facilitation.>® To minimize
CRP sample usage, the newly designed eight micro-gap elec-
trode did not require an additional print-screen board,
thereby lowering the costs of fabricating the biosensor. Fig. 1
shows the schematic diagram of the CRP biosensor in this
study.
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Fig. 1 Schematic illustration of the CRP biosensor; multifunctional DNA
four-way junction/porous rhodium nanoplate heterolayer on the 2 x 8
array Au micro-gap electrode for binding CRP.

Experimental details
Materials

CRP was purchased from Sino Biological Inc. (China).
CRP-Apt-4WJ-a (5'-CGA AGG GGA TTC GAG GGG TGA TTG CGT
GCT CCA TTT GGT GTG CTG GAA CTC CCC GAC TGC-3'),
SH-4W]J-b (5'-CCA GTC CCC CAG CCC ACA TAC TTT GTT GAT
CC-Thiol-3"), 4W]J-c (5'-GGA TCA ATC ACC CCT GGC AA-3'), and
4WJ-d (5-TTG CCA CCC CTG TGT ATG TGG GTT CCA GCA
C-3') were synthesized by Genotech (South Korea). All DNA
stock solutions (100 pM) were stored with TE buffer solution
(10 mM Tris-HCI, 1 mM EDTA).

All oligonucleotides were prepared in a TMS buffer contain-
ing 50 mM Tris, 100 mM NacCl, and 100 mM MgCl, before use.
The working solution for CV and EIS contained 5 mM K;Fe
(CN)s, 5 mM K,Fe(CN)g, 1 M KCl and 10 mM HEPES. For pre-
paring the human serum, human male AB plasma (Sigma-
Aldrich, USA) was used. Cysteamine, hemoglobin from horse
hearts, interferon-y from humans, immunoglobulin from
goats, tumor necrosis factor-a from humans and troponin I
from humans were purchased from Sigma-Aldrich (USA).
Human serum was mixed with CRP samples diluted to
different concentrations in PBS at the same rate. A mini-
protein tetra cell and Power pacTM power supplies were pur-
chased from Bio-Rad (USA) and used for gel electrophoresis.
The results were confirmed with a UV transilluminator
(Advance Co. Ltd., Japan). All experiments were performed in
accordance with the Guidelines of Animal Experiment
Guideline of Kwangwoon University and approved by the
ethics committee at Kwangwoon University.

Fabrication of the micro-gap Au electrode

The design of the Au micro-gap electrode was carried out
using AutoCAD (USA). The Au-micro-gap electrode was fabri-
cated by the Korean Advanced Nano Fab Center (Daejon,
Korea). The fabricated Au microgap had a size of 6.25 cm”.
The working area was 0.09 mm? and the gap between the two
working areas was 10 pm. For cleaning the fabricated elec-
trode, it was immersed in acetone solution with sonication for
10 min and then rinsed with ethanol and DI water succes-
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Fig. 2 (A) CAD image of the Au micro-gap electrode, (B) photo image
of the Au micro-gap electrode, (C) photo image of the Au micro gap
electrode with the working chamber (diameter 1.3 cm, height 1.5 cm)
and (D) photo image of electrochemical measurement with the probe
tip in the working solution.

sively. For the electrochemical measurements, a chamber was
prepared with a diameter of 1.3 cm and a height of 1.5 cm and
joined using polydimethylsiloxane (PDMS). In PDMS, Sylgard
184 a (USA) and Sylgard 184 b (USA) were mixed in a ratio of
10:1 and reacted in an oven at 70 °C for 1.5 h. Fig. 2 displays
the fabrication process of the Au micro-gap electrode for the
electrochemical CRP biosensor application.

Preparation of MF-4WJ/pRhNP on the Au micro-gap electrode

To immobilize the pRhNPs, 10 mM of cysteamine solution was
dropped onto the prepared electrode for 1.5 h at room temp-
erature, and then the pRhNPs were dropped onto the cystea-
mine-modified electrode for 1.5 h and allowed to self-assem-
ble. To construct the multifunctional MF-DNA-4W], the
MF-DNA-4W] was dissolved in 10 pM of CRP-Apt-4W]J-a,
SH-4WJ-b, 4WJ-c, and 4WJ-d composed of complementary
sequences in tricaine mesylate (TMS) buffer with annealing at
80 °C for 5 min.

Then, it was cooled to 4 °C at a rate of 1 °C min .
Following the aforementioned procedure, 5 pM of the
assembled MF-DNA-4WJ and 5 pM of AgNO; were treated and
reacted at room temperature for 2 h. For each process, the sub-
strate was washed with N, gas and distilled water.

Electrochemical analysis

All electrochemical experiments were conducted using
AMETEK’s Versastat3 (USA). The signals of cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS) were
detected in the working solution. CV was conducted within the
potential range of —0.1-0.6 V at a scan rate of 0.1 V s™*. EIS
was conducted within the frequency range of 100 kHz-1 Hz
with a signal amplitude of 10 mV. All electrochemical experi-
ments were carried out using a conventional three-electrode
system consisting of a Ag/AgCl reference electrode (CH
Instruments, USA) and a micro-gap gold electrode as the
working and auxiliary electrodes.

Results and discussion
Feasibility evaluation of the designed bioprobe

Referring to a previous study, it was determined that four con-
secutive C-C mismatched sequences were suitable, and a 4W]J
bio-probe was designed so that eight Ag" ions were inserted
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into one bio-probe.>> MF-DNA 4W]Js consisted of four DNA
sequences; CRP-Apt-4W]J-a is an aptamer sequence that selec-
tively binds to CRP, SH-4W]J-b is a sequence modified with a
thiol functional group for immobilization on a substrate, and
4WJ-c and 4WJ-d are sequences that are complementary to
other sequences. 4W]J-a, b, ¢, and d are sequences complemen-
tary to each other, and there are four C-C mismatch sequences
each. As Ag' ions can be inserted into the C-C mismatch
sequence, an increase in the signal was expected.’® The
expected structure of MF-DNA 4W]Js is described in Fig. 3(A).

Then, native TBM-PAGE (Tris-borate-magnesium chloride —
polyacrylamide gel electrophoresis) was performed to confirm
the assembly of MF-DNA-4WJs as designed (Fig. 3(B)). As a
result, it was confirmed that the MF-DNA-4W]s were
assembled through the annealing process; it was observed that
the band that was not in lanes 2-5 was generated above lane 6.
As a new band that was not in lane 6 was formed above lane 8,
it can be seen that MF-DNA 4W]Js and CRP bind well. However,
seeing that no band was formed in lane 10, the MF-DNA 4W]Js
did not bind with bovine serum albumin (BSA). Thus, it was
confirmed that MF-DNA-4W]Js were formed and function as
CRP-detecting bioprobes.

Electrochemical properties of the C-Ag-C structure

CV and EIS were performed to confirm whether an increase in
the signal could be expected by inserting Ag" ions into the C-C
mismatch sequence.

Fig. 4(A) shows the cyclic voltammograms of MF-4WJs and
Ag ion-mismatched MF-4W]Js. The redox current peak value
(Ipe, Ipa) of the DNA-4WJs is 7.862 + 0.419 pA at 333.31 *
0.105 mV and —7.723 + 0.409 pA at 216.23 + 0.066 mV, and for
DNA-4WJs with Ag" at 332.73 + 0.916 mV, the redox current
peak value (Ip., Ipa) is 9.399 + 0.478 pA and at 223.33 +
0.921 mV it is —9.498 + 0.551 pA. Ag' ions stabilize the C-C
mismatched DNA to form a C-Ag-C structure, resulting in
increased current intensity of I, and I, by 19% and 22%,
respectively (Fig. 4(B)).

As a result of performing EIS under the same conditions, it
was confirmed that charge transfer resistance (R.) decreased

A) feeaaTl (B)

CRP-Apt-
awl-a

SH-4WJ-b - +
aw-c + +

4w)-d - +

CE

© CRP Apt4w) a

awid t
4 C-C mismatched
+ 4 C-C mismatched

Fig. 3 (A) Folded schematic illustration of the MF-DNA 4WJ predicted
by folding. (B) TBM-PAGE to confirm the feasibility of the MF-DNA-4WJ.

Analyst, 2021,146, 2131-2137 | 2133


https://doi.org/10.1039/d0an02135k

Published on 01 January 2021. Downloaded on 5/15/2021 8:53:56 AM.

(A) (B)
0000010
0.000010
,\
¥ R 0000005
0000005 / >
g ‘ // .
om0 / § Yo
£ g
9 A 3
P —y / 0000008
\/‘
2000010 0000010
02 01 00 01 02 03 04 05 06 O7F awy AWdrAg
™ Potential
(©) o (D)
o) T2
2000 1500
€ 150 ’
N " & 1000
P
1000 of
-
” 500
50
0 0
0 Tom mm 3w a0 80 600 an aWikg
Z40)

Fig. 4 (A) CV response at cysteamine/pRh/MF-DNA 4WJ (red line),
cysteamine/pRh/MF-DNA 4WJ/Ag* (black line) in 5 mM [Fe(CN)gl>~/4~
and 10 mM HEPES buffer. (B) Redox peak current of cysteamine/pRhNP/
MF-DNA 4WJ and cysteamine/pRhNP/MF-DNA 4WJ/Ag*. (C) Nyquist
plot of electrochemical impedance spectra in 5 mM [Fe(CN)gl>~/4~ and
10 mM HEPES buffer, cysteamine/pRh/MF-DNA-4WJs (red dotted line),
and cysteamine/pRh/MF-DNA 4WJ/Ag* (black dotted line). (D) R of
cysteamine/pRh/MF-DNA 4WJ and cysteamine/pRh/MF-DNA 4WJ/Ag™.

by 40% when Ag' ions were inserted into the MF-DNA-4WJs
(Fig. 4(C)). Based on the results, Ag" strongly promotes elec-
tron movement, thereby enhancing the electrochemical signal.
As the signal change width of R is greater than the peak
current, the change in R, was determined as a detection
method (Fig. 4(D)).

Electrochemical analysis of the CRP/MF-DNA 4W]J on pRhNP
modified electrodes

After thoroughly cleaning the prepared Au micro-gap electrode
with N, gas and distilled water, the MF-DNA-4W]/pRhNP was
prepared by a self-assembly process. Each process was con-
firmed by CV and EIS in 10 mM HEPES, 1 M KCl, and 5 mM
K3,4Fe(CN)g. In the presence of [Fe(CN)q]>~"*7, in the electrolyte
solution, electrons were exchanged with the exposed portion of
the electrode surface. The exchange of electrons between
[Fe(CN)]™*~ and the electrode surface caused the following
redox reaction:

[Fe(CN),]* +e~ — [Fe(CN),]""

As the generated redox current is proportional to the area of
the electrode surface, it was expected that the redox current of
the electrode modified using the pRhNPs would increase. The
I,. and I,, of the pRh-modified electrode were 12.703 +
0.857 pA at 325.45 + 0.617 mV and —12.294 + 0.801 pA at
223.74 + 0.534 mV, respectively.

The I,. and I, of the bare electrode were 8.462 + 0.527 pA
at 332.91 + 0.717 mV and —8.225 + 0.579 pA at 208.82 +
0.734 mV, respectively. Comparing the two results, it was con-
firmed that the redox current increased in the electrode modi-
fied with pRh compared to the bare electrode. The binding of
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MF-DNA-4WJs and CRP on the modified electrode
surface blocks the redox current so that I, was decreased from
332.73 £ 0.916 mV, 9.399 + 0.478 pA to 329.48 £ 0.756 mV,
7.88 + 0.628 pA, while I, was decreased from 223.33 *
0.921 mV, -9.498 + 0.551 pA to 198.29 + 0.731 mV,
—7.57 + 0.643 pA. Fig. 5(A) depicts the cyclic voltammogram
and Fig. 5(B) depicts the redox peak current values of the
fabricated CRP/MF-DNA-4WJ on the pRhNP-modified
electrode.

Fig. 5(C) shows the EIS results for the bare electrode on a
complex plane (Nyquist plot), and the resistance of the
working solution (R,) and surface R.. were calculated using the
intersection of the semicircle and the horizontal axis of the
Nyquist plot.

In the low-frequency region, the electrochemical reaction is
under mass transfer diffusion control because the change in
the concentration at the electrode surface owing to current
change is slow. This effect was expressed as Warburg impe-
dance (Z,).*’

The sensing system configuration proposed in this study
can be modeled as an ideal Randles circuit consisting of R
connected in series with Rs, Warburg impedance, and electric
double layer capacitance (Cq;) at the electrode surface con-
nected in parallel. As a result of plotting the EIS results from
the bare electrode, it was confirmed that the behavior was
similar to the actual experimental result. R, can be easily
obtained from the intersection of the horizontal axis and the
semicircle of the Nyquist plot. Therefore, R.. was measured for
each fabrication step (Fig. 5(D)). As a result, it was confirmed
that the R, value decreased from 1528.886 + 136.8719 Q to
613.2214 + 44.10302 Q when the bare electrode was modified
with pRh, and when DNA-4W]Js were combined with CRP, the
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Fig. 5 (A) Cyclic voltammogram and (B) redox peak current values of
the fabricated CRP/MF-DNA-4WJ on the pRhNP-modified electrode.
(C) Nyquist plot of a comparison between experimental data and simu-
lation using the Randles circuit. (D) EIS during fabrication process in
working solution; bare electrode (black line), cysteamine/pRhNP (red
line), cysteamine pRhANP/MFDNA-4WJs/Ag* (blue line), and cysteamine/
pRhNP/MF-DNA-4WJs/Ag*/CRP (purple line).

This journal is © The Royal Society of Chemistry 2021


https://doi.org/10.1039/d0an02135k

Published on 01 January 2021. Downloaded on 5/15/2021 8:53:56 AM.

Analyst

113 IE© EN IF10 1FS F8 IFT  F6
Z(Q) Concentration (M)

€13 1C12 101 AC10 L9 1CE L7 06

Concentration (M)

Fig. 6 (A) Electrochemical impedance spectra at different concen-
trations of CRP diluted with PBS buffer in 10 mM HEPES and 5 mM
[Fe(CN)¢]*>~/4~. (B) Linear regression curve of different CRP concentrations;
linear range from 100 nM to 1 pM. (C) Electrochemical impedance
spectra at different concentrations of CRP diluted with 20% human
serum in 10 mM HEPES and 5 mM [Fe(CN)¢l>~4". (D) Linear regression
curve of different CRP concentrations in 20% human serum; linear
range from 100 nM to 1 pM. (E) Electrochemical impedance spectra for
several proteins present in human serum. (F) R. of several proteins
present in human serum.

R, value increased significantly from 1069.296 + 158.218 Q to
2230.9 + 487.358 Q. Through this, it was shown that pRhNPs
offered a more active region and higher coverage. Moreover,
the surface investigations of the pRhNP-modified electrode,
pRhNP/MF-DNA-4WJ-modified electrode and CRP on the
MF-DNA-4WJ on the pRhNP electrode were carried out by
atomic force microscopy successively (Fig. S11).>%°

Biosensor performance

To evaluate the sensitivity and detection limit of the fabricated
biosensor, EIS was performed in the CRP concentration range
of 1 pM to 100 nM and the results are shown in Fig. 6(A). It is

Table 1 Comparison of this study with other studies for CRP detection

View Article Online

Paper

plotted as a Nyquist plot. The EIS results were used to monitor
electron transfer when the bioprobe and CRP target protein
were bound through R. measured at the working electrode. As
expected, the Rs + R ¢ value increased to ~3 kQ when combined
with 1 pM CRP, whereas for the electrode modified with
pRh/DNA-4WJs, it was ~2 kQ. As the CRP concentration was
increased, it was confirmed that the R + R.; value increased to
~12 KQ. The change in R, based on the binding of the CRP
target protein to the bioprobe was expressed as a percentage as
follows.

Ret bioprobe-CRP — Ret,bioprobe
ARy = ,b1op ,D10p!

)

Rct,bioprobe

where R pioprobe i the charge transfer resistance of the manu-
factured sensor and Rt bioprobe-crp is the charge transfer resis-
tance when the sensor and the CRP target protein of each con-
centration react. Using AR, a linear regression curve with an
intercept of 14.68878 + 0.92674 and a slope of 1.16486 +
0.08961 (R*> = 0.97688) is shown in Fig. 6(B). Thus, the limit of
detection (LOD) of this sensor was 0.349 pM (at S/N = 3).

In order to confirm whether the manufactured sensor can
be used in actual clinical practice, CRP diluted in 20% human
serum was prepared and EIS was performed within a concen-
tration range of 1 pM-100 nM (Fig. 6(C)).

The R, + R, value increased to ~5 k@ when combined with
CRP, whereas for the electrode modified with pRh/DNA-4WTs, it
was ~2 kQ. Similarly, using AR, a linear regression curve with
a slope of 0.1833 + 0.00988 and an intercept of 2.99421 + 0.9953
was obtained (R* = 0.98852), as shown in Fig. 6(D). The LOD cal-
culated using this regression curve was 3.55 fM (at S/N = 3).

In addition, in order to confirm the selectivity of the manu-
factured sensor, EIS was performed after reacting with
different proteins (hemoglobin: red, interferon-y: blue,
immunoglobulin 3: green, tumor necrosis factor-a: purple,
and troponin I: grass green) of the same concentration in a
20% human serum sample (Fig. 6(E)). As a result of perform-
ing the selectivity test, the R, value of proteins other than CRP
was ~1.3 kQ, whereas the CRP target protein showed a high R
of 3 kQ (Fig. 6(F)). Therefore, the high selectivity of the manu-
factured sensor was confirmed. Table 1 shows the comparison
table of electrochemical CRP biosensors.

Probe Detection method LOD Linear range Label free Ref.
Antibody EIS 176 + 18 pM 0.5-50 nM O 20

RNA aptamer/antibody SWv 0.0017 ng mL™" 0.005-125 ng mL™" X 31

DNA aptamer SWV 1pM 1-100 pM O 32

RNA aptamer/antibody ~ DPV 0.54 pg L" 0.1-50 mg L™" X 33
Antibody/antibody DPV 0.33 fgmL™" 1-100 ng mL™" X 40
Antibody/antibody ASV 0.05 ng mL™" 0.2-100 ng mL™" X a4
Antibody EIS — 3.125-25 mg L™* 0 42
Antibody/antibody EIS 1.5ng mL™" 0.01-150 pg mL ™" X 43

DNA aptamer EIS 0.349 pM (0.08 ng L") 1 pM-100 nM (0.23 ng L™'-2.3 mg L) (@) This work

This journal is © The Royal Society of Chemistry 2021
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Conclusions

The present study proposed an electrochemical biosensor com-
posed of Ag-inserted MF-DNA 4WJs and pRhNPs on a Au
micro-gap electrode for CRP detection. The durability of the
biosensor was improved by the introduction of pRhNPs that
maintained the redox property for 10 days (Fig. S21). In
addition, eight Ag" ions were inserted into the C-C mismatch
of DNA-4W]Js to increase the conductivity, thereby improving
the sensitivity of the sensor. Also, the Au-micro-gap electrode
provides eight-time repeatability, which confirmed the
reliability of CRP determination. An experiment to confirm the
sensitivity and selectivity of the biosensor was conducted
using human serum and a calibration curve was obtained.
Plasma CRP levels may rise as much as 1000 fold or more after
acute inflammation stimulation, and under normal healthy
conditions for people plasma CRP levels are less than 2 mg
L™". The sensor proposed in this study has a wide linear range
of 0.23 ng L' to 2.3 mg L™". Therefore, through this study, it
is possible to detect from a normal range to a high level of
CRP through stimulation such as inflammation, AMI, etc. So
this sensor is expected to be of great clinical value.
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