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Abstract

A chemiresistive biosensor is described for simple and selective detection of miRNA-21. We developed chemical vapor
deposition (CVD) and low-damage plasma treatment (LDPT)-treated bilayer graphene composite of graphene oxide/graphene
(GO/GR) for the determination of a reliable biomarker. We have successfully overcome the self-limiting growth mechanism
by using CVD method to grow more than one layer of graphene on copper foil. In addition, LDPT can be used to form
GO/GR structures for chemiresistive biosensor applications. Due to the direct formation of BLGR (bilayer graphene), the
coupling between graphene layers is theoretically superior to that of stacked BLGR, which is also confirmed by the blue
shift of the characteristic peak of graphene in Raman spectroscopy. The shift is about double compared with that of stacked
BLGR. Based on the results, the limit of detection for the target miRNA-21 was calculated to be 5.20 fM and detection rage
is calculated as 100 fM to 10 nM, which is obviously better performance. Compared with previous work, this chemiresistive
biosensor has good selectivity, and stability towards detection of miRNA-21. The ability to detect miRNA-21 in different
biological fluids was almost identical to that in pH 7.4 phosphate-buffered saline (PBS). Thus, the proposed bilayer GO/GR
of modified chemiresistive biosensor may potentially be applied to detect cancer cells in clinical examinations.

Keywords Bilayer graphene nanocomposite - Chemiresistive biosensors - Chemical vapor deposition - Detection of cancer
cells - miRNA-21 determination

Introduction

With an estimated 2.4 to 3 million incident cases, breast
cancer is one of the major cancer in women. Approximately
in the year of 2012 to 2019, 13 to 15% of women are
diagnosed with breast cancer and 3% of women die with
breast cancer [1]. The outbreak of the coronavirus disease
(COVID-2019) caused by acute respiratory syndrome has
endangered the health of people all over the world. Similarly,
the mortality rate of cancer has been high in the world [2].
It is a disease caused by abnormal cell division, so the
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human body has a chance to suffering from cancer disease
and cure to become a major challenge in medical history
[2]. When symptoms of cancer appear, it is usually in the
middle and late stages, and the cancer cells at this stage have
already begun to metastasize and spread to the whole body,
which leads to difficulties in treatment. The most effective
treatment method today is to perform excision treatment in
the early stage of cancer. It is important to detect cancer cells
in the body at an early stage. The most commonly, a breast
cancer screening using mammography method or clinical
breast examination [3]. However, this method must first find
the tumor and takes a long time. miRNAs based biomarkers
are an important class of small non-coding RNA involved
in the regulation of gene expression. Their dysregulation
has been related with Alzheimer’s disease, rheumatic heart
disease, malignancies, cardiovascular diseases, and different
types of cancers [4]. Therefore, an in vitro biosensing of
miRNAs that can be detected quickly has been developed
based on various methods. In order to find the test substance
for cancer cell detection, scientists found that certain
malignant cells will selectively release specific “miRNA-21"
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when studying of cancer cells [5]. The abnormal expression
of miRNA-21 has a certain relationship and correlated with
various cancer cells. Mainly, it also appears in a variety of
cancers, such as lung cancer [6], esophageal cancer [7],
and breast cancer [4]. Therefore, miRNA-21 is recognized
as a typical cancer gene segment, and is often used as a
biomarker for the detection of cancers.

MicroRNAs are fragments that circulate in the blood and
present advantages such as low invasiveness and solution
detection compared with traditional cancer analyses.
However, most of methods have common limitations, such
as low analytical throughput, low analytical efficiency,
time, and labor consumption. In this work, hybridization
chemiresistive biosensors have been developed, which
are very attractive because of their high sensitivity and a
simple sensing principle based on the change of resistance
in response to the binding of target to active graphene
materials.

To this end, this experiment developing on and improves
on the previous research results of our laboratory and also
other research articles [8]. Previously, graphene with
good carrier mobility and high sensitivity due to its single
element sublayer material properties was selected [9].
Because of the above characteristics, graphene/graphene
oxide electrode materials are widely used in various fields
such as supercapacitors [10], semiconductor applications
[11], enzymatic [12], non-enzymatic electrochemical
sensors [13], biosensors [14, 15], solar cells [16], and
photocatalysis [17, 18]. According to the previous results,
the application of stacked BLGR in chemiresistive
biosensors and used to measure miRNA-21 achieved good
results, but still compared with other biosensors with
different structures of miRNAs, the analytical performance
needs improvement. The coupling between graphene layers
seems to be closely related to the sensitivity of subsequent
components [8], so this experiment intends to use the CVD
method to directly grow BLGR to increase the coupling
between graphene layers. This can be achieved to improve
the sensitivity and limit of detection (LOD) of miRNA-21
sensing.

Using CVD to prepare double-layer or even multi-layer
graphene mostly adopts the growth method of cooling and
precipitation, such as nickel [19]. Using this growth method
will face many problems, such as catalysis, the thickness and
purity of the metal directly affect the process conditions and
precipitation conditions [20], and the rate and uniformity
of cooling precipitation are not good [21, 22]. Another
growth mechanism commonly used in the CVD process
using catalytic metal copper (Cu) is much better. Due to
its low carbon solubility, the growth method of growth and
nucleation is adopted [23], and the reason why it is not often
used to grow bilayer or multi-layer graphene is due to its
unique self-limiting growth mechanism [24], but there have
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been many researches in recent years. A method to break
through this growth mechanism has been found by CVD
method. By extending the time that the catalytic metal can
catalyze [25], the graphene in the second layer has more
time for nucleation and growth. Although there are still
some mechanisms that need to be clarified, in a previously
proposed growth method is referred [8] and developed
further modification towards highly sensitive detection
of miRNA-21. Benefiting from the strong chemiresistive
biosensing amplification, the designed bilayer graphene
sheets showed high sensitivity and selectivity for miRNA-
21 detection. In this research work, we have developed a
simple chemiresistive related biosensing platform for the
detection of miRNA-21 in human albumin serum based
on direct CVD-grown bilayer graphene sheets modified
electrode.

Experimental part
Materials and reagents

miRNAs and DNA probes were purchased from Geomics
Company (New Taipei City, Taiwan) and more details
about RNAs were given in the supporting information
(Table S1). Human serum albumin (HSA) and phosphate
buffered saline (PBS, 0.1 mol L™, pH 7.4) were purchased
from Sigma-Aldrich. All other solvents and reagents were of
analytical grade and used as received. A 25-pm copper foil
was purchased from Alfa Aesar (Thermo Fisher Scientific).

Preparation of BLGR and GO/GR

Copper foil 15 cm X 20 cm is used into a quartz inner tube
with a diameter of 6.5 cm, then put it into the CVD cham-
ber, and use the pump to pump the chamber pressure to
5% 107 torr. Pour 100 sccm of argon for 10 min to ensure
that there is no impurity gas in the chamber to affect the
subsequent process. Then, turn off the argon gas, raise the
temperature to 945 °C and pass 200 sccm of hydrogen gas
at the same time, and anneal for 35 min after reaching the
target temperature to ensure that the internal temperature
of the cavity is stable. The copper foil is oxidized due to
exposure and the atmosphere is restored by hydrogen [8].
After entering the growth stage, methane was introduced,
and the hydrogen was fixed at 40 sccm; the methane was
adjusted according to the parameter requirements, and the
pressure was maintained at 3.4 torr for 30 min. Finally, turn
off all gases and remove the oven to quickly cool to room
temperature.

Cr (5 nm) and Au (50 nm) thin films were deposited on
the Si0,/Si substrate by thermal evaporation and through
the mask of the interdigitated electrodes. Next, the BLGR
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Scheme 1. Schematic diagram of CVD grown BLGR based on chemiresistive biosensors

is transferred from the copper foil to the electrode area on
the gold interdigitated electrode by wet transfer, as shown in
Scheme 1, and the annealing process is used to increase the
adsorption between the BLG and the electrode and remove
the polymer residues.

The GO/GR structure is prepared by grafting hydro-
gen—oxygen functional groups on graphene, and using the
LDPT system to introduce hydrogen and oxygen gas mix-
ture to prepare. The characteristics of treatment time [26]
can effectively control the degree of graphene oxidation.
The BLGR transferred to the gold-fingered electrode is oxi-
dized, and only the upper graphene layer is modified, while
the bottom graphene layer maintains the original structure
to obtain the GO/GR structure.

Immobilization and hybridization of probe DNA
and miRNA

The PDMS prepared in advance was used to cut it into a
rectangular box shape, which was fixed on a gold finger
electrode with GO/GR structure, and 100 pL of 10~ M probe
modified with amino (-NH,) was added. DNA (purchased from
Genomics) was dropped their into and left at room temperature
for 16 h for immobilization. After the immobilization process,
the electrode was rinsed three times with phosphate-buffered
saline (PBS) to wash away the probe DNA with weak bonds and
no bonds. Then, the electrode was placed in an environment of
room temperature and miRNA-21 (purchased from Genomics)

of different concentrations was dropped for 4 h. During this
stage, the sequence of the probe DNA would slowly unfold,
and wait for the complementary sequences to interact with each
other. Finally, rinsed 3 times with PBS aqueous solution to
remove uncompleted hybridized miRNA-21. The measurement
of the resistance change rate was performed using a Keithley
2000. After the electrode completes the probe immobilization
process, the resistance value is measured first. The resistance
value is the initial resistance of the element and is defined as R,,.
Then, the component is subjected to a hybridization process,
which will change the resistance value, and the resistance value
after the change is defined as R [8]. Substitute the obtained two
resistance values into the following formula (Eq. 1) to calculate
the resistance change rate.

[(R —Ry)/Ry| x 100% (1)
The calculated result can be defined as the component’s
sensor response [27, 28].

Results and discussion

Investigate the effect of methane ratio
on the number of graphene layers

In order to grow BLGR, it is very important that the nucle-
ation sites of both layers are formed at the same time.

@ Springer



374 Page4of12

Microchim Acta (2022) 189:374

Therefore, this experiment mainly changed the proportion
of methane in the process, which were 10%, 20%, and 40%
respectively. To make more active carbon atoms diffuse
between the first layer of graphene and the catalytic metal
to increase the double, the probability that a layer nuclea-
tion point will occur. From Fig. 1A, Raman spectrum, it
can be found that the ratio of I,p/I5 gradually decreases
from 0.96 to 0.73 with the increase of methane ratio [26],
which means that the intensity of G peak increases; 2D
peak intensity decreased. Both of these data are indicate
an increase in the number of layers in graphene. The 2D
peaks in the Fig. 1A can be found that there is a blue-shift
phenomenon, and the occurrence of red-shift or blue-shift
in the 2D peaks indicates that the carbon atoms are under
the influence of stress [29]. Therefore, these results have
a blue-shift phenomenon, which means that the coupling
between graphene layers tends to increase. With the aid
of the UV-Vis spectrum in Fig. 1, it can be found that
the transmittance gradually decreased from 95.5 to 93.1%.
This result is consistent with the results of Raman spec-
troscopy (Fig. 1A), which both show that the thickness
of graphene increases with the increase of methane ratio,
which also proves that it is feasible to increase the thick-
ness of graphene by increasing the ratio of methane.
From Fig. 1C, in the optical microscope (OM) image
of graphene layers, it can be found that after observing
its surface morphology, it is not difficult to find the phe-
nomenon of different darkness’s, so the Raman spectrum
analysis is carried out for regions with different depths
(Fig. 1F). The I,p/1; ratio of the light part is about 1.34
(black circle part), the dark part is about 0.98 (red circle
part), and the boundary between dark and light is less obvi-
ous. It can be observed in the OM image of Fig. 1D, that
the light-colored area tends to shrink and form small spots,
the boundary between the dark and the light becomes more
obvious, and a darker area appears with an I,,/I; ratio of
about 0.79 (blue circles part). Finally, in the OM map in
Fig. 1E, it can be observed that the light-colored spots
almost disappeared, and the dark-colored areas increased
significantly (blue circles) almost covering the entire OM
map. This phenomenon means that the coverage of BLGR
grown by this method can be adjusted. Although, the pen-
etration rate of this set of parameters with a methane ratio
of 10% is the closest to that of BLGR in the literature, its
single-layer graphene coverage rate is high, which will be
a major obstacle to the subsequent plasma process. There-
fore, the subsequent experiments are carried out with the
parameters of methane ratio of 20%. On the one hand, it
can reduce the influence of plasma damage, and on the
other hand, it can increase the operating space during the
process, as shown in Raman mapping (Figure S1). Based
on this data, BLGR coverage is calculated to be about 80%
[27]. The group of parameters of 40% methane is not used,
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because although the influence of plasma damage is theo-
retically the least among the three groups of parameters,
graphene with a higher average thickness will increase
the difficulty of plasma modification and also reduces the
sensitivity of the sensing element. The size of the copper
foil used in the CVD process this time is 20X 15 cm?, so
the BLGR on the copper foil is divided into three parts:
the intake end, the middle end and the exhaust end for
UV-Vis measurement. Figure S2 shows and ensure that
the penetration rates of the three zones are consistent.
The optical transmittances are 94.5%, 94.4%, and 94.3%,
respectively, and the difference between the front and rear
ends is not more than 0.2%, which proves that this method
can be used in such a large-area process and also maintain
a certain stability.

TEM and AFM images were also used to analyze the
BLGR prepared in this way. The TEM image of BLGR
(Fig. 2A-C) is analyzed based on the distance between its
layers. The theoretical value in the literature is about 0.34 nm
[30], while the result in this experiment is about 0.35 nm,
which is very close to the values in the literature. From
Fig. 2D-F, in the AFM image of BLGR, the film thickness
is analyzed by the height difference between BLGR and
substrate SiO,. From the figure, it can be found that the edge
of the BLGR film and the junction of the substrate will easily
have a sudden height increase. This happens because the edges
are prone to breakage, warping, and curling when the BLGR
is cut and picked up from the deionized water during the wet
transfer process, which in turn makes it difficult for chemicals
to be absorbed. When calculating the height difference this
time, the left and right measurements of the BLGR edge are
used as the reference value for calculation, and the result of
this experiment is about 0.8 nm. The thickness of graphene in
the literature is about 0.37 nm; BLGR is about 0.8 nm [31].
The experimental results are very close to the theoretical
value, which also confirms the successful preparation of
BLGR by chemical vapor deposition.

Comparison of BLGR properties with different
preparation methods

According to the results in the “Investigate the effect of
methane ratio on the number of graphene layers” section,
it is proved that the strategy of increasing the proportion
of carbon source in the process to obtain double-layer
and multi-layer graphene is feasible, so the next step is
discussed, as shown in Fig. 3A and A’. Raman spectra
of BLGR obtained for single-layer graphene and differ-
ent preparation methods. According to the literature, the
I,p/I ratio of the Raman spectrum of BLGR is around 1
[25], and the red line in the figure below (Fig. 3A) is the
BLGR formed by the single-layer graphene after two wet
transfer stacking and annealing process. It can be found
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Fig.1 A Raman spectrum of BLGR prepared under different process conditions and B Calibration plot between UV-Vis transmittance and
different methane ratios. C OM images of 10%, D 20%, and E 40% methane and F Raman spectra of different methane ratios

@ Springer



374 Page6o0f12

Microchim Acta (2022) 189:374

0.0 Height Sensor

Fig.2 TEM (A-C) and AFM (D-F) analysis of BLGR

that I,,/1 ratio of 1.01 is slightly higher than the literature
value. The Raman diagram of the blue line is the BLGR
processed by adjusting the ratio of hydrogen and methane.
Its I,/ ratio of 0.94 is closer to the literature than the
stacked one. Therefore, good formation is based on direct
growth of graphene layers. Because, the directly grown
BLGR layers are between the layers by CVD method. The
coupling of the graphene is better than that of the stacking
process, which can also be proved by the obvious blue shift
of the 2D peak. The BLGR blue shift of the single-layer
graphene and the stacking process is around 8 cm™'; the
blue shift of the directly grown BLGR is around 16 cm™!,
and the difference between the two is about double. The
position of the 2D peak of the directly grown BLGR is also
close to the literature, and the literature value is around
2698 cm~! [32]. From this, a conclusion can be drawn
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that the coupling property of the directly prepared BLGR
is better than that of the stacked BLGR, and it is shown
from the previous research [8] that the improvement of
the coupling property of graphene. It is useful for the sub-
sequent application as a biosensing element. It may be
certain influence towards detection of miRNA based on
chemiresistive biosensors.

Preparation of GO/GR structure and optimization

The GO/GR structure is obtained by wet transfer of BLGR
onto a Si0, substrate with gold interdigitated electrodes and
then through annealing process and LDPT surface modifica-
tion is shown in Fig. 3B. The plasma modification condi-
tions of the stacking process BLGR were previously treated.
After plasma modification, it can be observed that there is
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an obvious D' peak next to the G peak that is not completely
combined with the G peak, and the 2D peak can still be
clearly observed. The existence of these two information
indicates that there is still room for adjustment and opti-
mization of the plasma conditions. In order to optimize the
plasma parameters, so that the BLGR can achieve the best
oxidation effect, the plasma parameters of the BLGR formed
by the previous stacking process are used as the basis and
optimized. Five groups of different parameters were used to
adjust their radio-frequency power (RF) or plasma modi-
fication time and the obtained materials were analyzed by
Raman and X-ray photoelectron spectroscopy (XPS). From
the Raman spectra in Fig. 3C and 3D, it can be observed that
with the increase of radio frequency power or plasma modi-
fication time. The gradually decreasing a peak intensity and
the gradually increasing I/ both represent the increase of
structural defects that may mainly resulting from the incor-
poration of the oxidative functional groups in the carbon
lattices, which will be discussed in Fig. 4. At the same time,
it can be found that the increase in D, the same result is also
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reflected by the gradually increasing full width at half maxi-
mum of the peak fully integrated with the G peak, and the
2D peak also gradually disappears with increasing degree of
surface modification.

Different bonds have different binding energies, so XPS
spectroscopy was used to analyze the content of differ-
ent bonds on the GO structure, since the carboxyl group
(-COOH) in the GO structure can undergo a dehydration
reaction with the biomolecules of the modified amino
group (-NH,) and generate a bond [33]. Theoretically,
the carboxyl group content on the GO structure can be
related to the probe of the modified amino group. The
content of needle DNA is proportional, so the content of
carboxyl groups on the GO structure will greatly affect
the measurement results of subsequent sensing elements.
Figure 4A-F image shows the overlay of XPS spectra with
different plasma parameters. It can be found that with
the increase of RF power or plasma modification time,
the proportion of carboxyl groups also increases, up to
6.7%. It is worth noting that the parameters of RF power
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300 W, plasma modification time 40 min, and the content
of carboxyl groups dropped significantly. It is speculated,
because the degree of plasma modification of BLGR is too
high, which makes the structure of BLGR suffer. When
severe damage affects the content of carboxyl groups, the
content of carboxyl groups does not increase but decreases,
which can also be reflected from the Raman spectrum and
XPS full spectrum in Figs. 4D and S3. It can be observed
that the 2D peak of the GO/GR structure under this param-
eter almost disappears. The intensity of the Raman sig-
nal is much weaker than other parameters, and it can be
observed in the XPS full spectrum that with the increase of
the degree of plasma modification and the substrate SiO,.
The proportion is getting higher and the overall carbon
content is getting lower, and only 40% is left. In order to
prove that the amino group on the probe DNA and the
carboxyl group on the GO structure undergo a dehydra-
tion reaction to form a bond, Figure S4 is a full spectrum
scan using XPS after the immobilization process. It can be
observed that after the immobilization process, although it
is not obvious but a peak representing N1s appears. In Fig-
ure S5, obvious NH-CO bonds can also be observed after
the immobilization process [34]. From these results, it is
shown that the probe DNA is linked to GO through amino
groups and structure can create bonds. In addition, this
experiment also used the Coulomb chronometric method
in electrochemistry to calculate the probe density of each
parameter, and the results were basically consistent with
XPS and Raman spectroscopy.
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Detection of different concentrations of miRNA-21
based on resistance change rate

In order to verify, the GO/GR structure can be applied
in chemiresistive biosensing elements (miRNA-21),
and concentrations of 10 nM, 1 nM, 100 pM, 10 pM,
1 pM, and 100 fM were hybridized in this experiment. The
concentration of the analyte is diluted with 1XxPBS aqueous
solution. In order to determine whether the 1xPBS aqueous
solution will affect the measurement results (see Figure S6),
the 1xPBS aqueous solution is used as the analyte to
measure the resistance change rate. From the results, it can
be observed the average resistance change rate of 1 XPBS
is about 1.1%. Although there is still a slight resistance
change, the overall impact is not large, and the measurement
results on different test pieces are very close, which means
that this biosensing element, and the measurement results
have a certain uniformity. Figure SA shows the resistance
change rate of miRNA-21 at different concentrations and
the results are increases linearly with the logarithm of the
concentrations. Because, the negatively charged miRNA-21
is hybridized with the DNA probe attached to the GO/GR
results in the decrease of hole carrier concentration and
mobility of the sensing element. As the concentration of the
analyte increases, more miRNA-21 will hybridize with the
probe DNA, and the resistance increases. When the highest
concentration of 10 nM is detected, the resistance change
rate can be as high as 13.6%, which means that it can be
easily detected by sensing element at this concentration.
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The resistance change rate obtained by detecting different
concentrations of miRNA-21 can be calculated by Eq. 1,
and the lowest concentration (limit of detection; LOD) that
can be detected by this sensing element can be calculated
using Eq. 2.

Y =B+3xSD @)

B =the effect of 1xPBS on the element during the
hybridization process, SD = standard deviation. Substitute
the detected resistance change rate of 1xPBS into the above
formula, then can obtain Y=1.271, and substitute the Y
value back into the linear equation obtained by detecting 6
different concentrations in Fig. 5A and the calculated the x
value is the lowest measurable concentration value, which
is calculated by following Eq. 3.

1.271068 = 2.2143 log (x) + 32.9 3)

The limit of detection is calculated as 5.20 fM and this
result is compared with the previous studies done in our

laboratory [8]. The results of this study can be found to have
higher rates of change at each concentration than previous
studies, and also the sensitivity of the sensor and limit of
detection is extremely good performance compared with
previous articles [27, 28].

Selectivity and real sample analysis of miRNA-21
sensing

In addition to the detection limit, selective measurement is
also a very important indicator to determine whether the
biosensor is good or bad. If the selectivity of the biosen-
sor is not good, it will be impossible to clearly determine
whether the measurement result is affected by the object
to be tested or not. Caused by other substances, resulting
in a lack of confidence in the final measurement results.
In order to determine the selectivity of the sensor, GO/
GR structure is applied to chemiresistive biosensing ele-
ments, and three miRNAs with different partial sequence
arrangement from the analyte miRNA-21 were used in this
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experiment, namely 1-mismatch, 4-mismatch, and 8-mis-
match which are measured at a concentration of 100 pM.
The sequence mismatch will increase the difficulty of suc-
cessful hybridization of the analyte and the probe DNA
during the hybridization stage, or the analyte cannot be
completely matched and cannot be hybridized. It can be
found from Fig. 5B, the rate of change of resistance has
a decreasing trend as the partially mismatched sequence
increases and this result is expected for the reasons stated
above. Compared with miRNA-21, the observed resistance
change rate in 1-mismatch is similar to that of miRNA-21.
It is presumed that only one sequence does not match. It is
difficult to imagine that this sequence will directly affect
the other 21 sequences that match each other. Therefore,
the difficulty of matching increases and the phenomenon
of inability to heterozygosity is unlikely to occur here in
theory. Another evidence to support this argument is that in
the resistance change rate of 8-mismatch, the 8 mismatched
sequences are already close to half of all sequences, and
their average resistance change rate is reduced to about
half of the original, which means that the heterozygous
difficulty is greatly increased. Due to the increase, it can
be expected that the resistance change rate will drop to
about 1 ~2% (the change rate comes from PBS) when the
sequences are completely non-complementary. Based on
this experiments, our modified electrode has good selectiv-
ity and detection ability towards miRNA-21.

The sensing analysis of the sensing element in this experi-
ment was carried out on miRNA-21 in the return of PBS
solution. However, the environment in the human body is
much more complex than that in PBS. In order to verify
whether this sensing element has the potential to be applied
to the human body, the PBS aqueous solution is replaced
with human serum albumin (HSA), which is more complex
and closer to the human environment for interference aspect
and detection. miRNA-21 was diluted to 100 pM with HSA
and compared with the results in the PBS environment. It
can be observed from Fig. 5C, that the resistance change
rate in HSA is slightly lower. It is speculated performance
in HSA conditions, because HSA has more interfering sub-
stances and impurities than PBS, so it will hinder miRNA-21
paired with the probe DNA, which in turn affected the subse-
quent resistance changes. As far as the results are concerned,
the rate of change in HSA is only reduced by about one per-
cent, which proves that although the sensing element will be
disturbed due to different sensing environments, the overall
impact is not large, and the under-test can still be clearly
detected. rate of change of resistance. It is worth noting that
when using HSA, due to its high impurities, it is easy to
physically adsorb on the electrode surface. Therefore, the
cleaning action before measuring the resistance value needs
to be repeated several times to avoid affecting the subsequent
measurement.

@ Springer

Stability analysis of BLGR modified biosensor
towards miRNA-21 detection

Practically speaking, biosensors are unlikely to be used directly
after being prepared. Most of the time between preparation and
use will pass through transportation or waiting, so the time that
biosensors can be stored for is quite important. In this experiment,
after the electrode was immobilized (probe/GO/GR/electrode),
1xPBS aqueous solution was dropped and placed at room
temperature for storage, and its resistance change was measured
every day. The purpose of dropping pure PBS aqueous solution
was to avoid biomolecules on the element come into contact
with air. It can be observed from Fig. 5D that even after 3 weeks
(21 days) of placement, the resistance change is still very stable
and does not fluctuate too much. In order to further test whether
the probe DNA is still active, place one, four, and one. The 7-day
biosensing element is hybridized. From Figure S7, it can be found
that the resistance change rate of the hybridization process after
being placed for 7 days of miRNA-21/probe/GO/GR and the
resistance change rate of the hybridization process directly after
the component preparation is only about one modified electrode.
This result proves that the biosensor can maintain good stability
and activity even after 7 days.

Conclusion

In this study, bilayer graphene of GO/GR was successfully
prepared by adjusting the ratio of methane in the control
process. The number of layers and surface morphology
were analyzed by Raman spectroscopy, optical microscopy,
UV-Vis spectroscopy, AFM, and TEM. The blue-shift phe-
nomenon of the 2D peak of BLGR in the Raman spectrum
shows that the directly grown BLGR has better interlayer
coupling. The GO/GR structure was prepared by the LDPT
system, and a series of nanomaterial analyses such as Raman
spectroscopy, XPS, and chrono Coulomb method were used
to optimize the plasma process conditions. Finally, the pre-
pared GO/GR structure was applied to the biosensing ele-
ment to detect miRNA-21 for measuring of detection limit,
selectivity, and stability. To compare with the GO/GR struc-
ture using the stacking process, from the results of detecting
miRNA-21 in different concentration ranges, it is known that
its sensitivity and detection limit are better than those of the
stacking process due to the improved coupling between lay-
ers, and the developed sensor detection limit is 5.2 fM with
linear measurement range is 100 fM to 10 nM, although it
can be seen from the results that the sensing of element in
this experiment has better biosensor performance compared
than the previous research articles. It cannot be ignored that
the BLGR coverage, still need to be improvement, so how
to prepare a high-coverage sensors based on BLGR will be
the next research topic of my research group.
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