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Background: In recent years, nanomaterials have justified their dissemination for biosensor
application towards the sensitive and selective detections of clinical biomarkers at the lower
levels. MXene is a two-dimensional layered transition metal, attractive for biosensing due to
its chemical, physical and electrical properties along with the biocompatibility.

Materials and Methods: This work was focused on diagnosing osteosarcoma (OS),
a common bone cancer, on MXene-modified multiple junction triangles by dielectrode
sensing. Survivin protein gene is highly correlated with OS, identified on this sensing
surface. Capture DNA was immobilized on MXene by using 3-glycidoxypropyltrimethox-
ysilane as an amine linker and duplexed by the target DNA sequence.

Results: The limitation and sensitivity of detection were found as 1 fM with the acceptable
regression co-efficient value (y=1.0037% + 0.525; R?=0.978) and the current enhancement
was noted when increasing the target DNA concentrations. Moreover, the control sequences
of single- and triple-mismatched and noncomplementary to the target DNA sequences failed
to hybridize on the capture DNA, confirming the specificity. In addition, different batches
were prepared with capture probe immobilized sensing surfaces and proved the efficient
reproducibility.

Conclusion: This microgap device with Mxene-modified multiple junction triangles dielec-
trode surface is beneficial to quantify the survivin gene at its lower level and diagnosing OS
complication levels.

Keywords: MXene, biosensor, bone cancer, microdevice, biomarker, survivin gene

Introduction

In past two decades, development of biosensor and biochip to be capable of
characterizing and quantifying biomolecules greatly contributed to biological and
medical fields." With the rapid production of high-sensitivity sensor, recent many
scientists have developed nanostructured biosensors with nanotube, nanowire,
nanoparticle and nanosheet. These kinds of nanomaterials are promising candidates
for higher biomolecular capturing on the sensor surfaces and enhance the targeted
analyte detection.” * Nanomaterials such as silver, gold, graphene, copper, silica
and iron, have been utilized in the biosensor field for surface physical functionali-
zation to promote the detection. Recently, a new layered two-dimensional (2D)
material rose as a graphene analog named “MXene”, which was produced by the
exfoliation of selective phases with MAX. Due to the unique physical, chemical,
and electrical properties, MXene had drawn a great attention for diverse scientific
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applications.” In particular, MXene contains the prominent
properties for improving the performance of biosensors,
which includes biocompatibility, hydrophilicity, easier sur-
face functionalization, and larger surface area.’ In addi-
tion, it provides improvement with the immobilization of
biomolecule on the sensing surface and leads to higher
sensitivity and lower detection limit.” In this research
MXene was synthesized and modified on the multiple
junction triangles on sensor surface to diagnose osteosar-
coma cancer.

The elected multiple junction triangles sensor is the
electrical-based biosensing system to recognize various
biomolecular interactions on the electrode surface through
the response of current.®'® It offers several advantages
such as label-free, low-power, low-cost, portable, higher
sensitivity and easy to use. Numerous devices with nano-
gap/microgap have been fabricated with various techni-
ques and reported by researchers for biosensing
applications."" In this research a microgap integrated elec-
trode was fabricated on silica wafer as the base layer and
then aluminium was deposited with triangle junctions.
Silica helps to hold the recognition element through the
chemical modification. Since aluminium was deposited on
SiO, through thermal evaporator method, it is quite stable.
Moreover, a thin layer of aluminium helps to protect the
sensing surfaces from leakage. This dielectric layer sepa-
rates the two electrodes and also works to hold the recep-
tor. Current response changes upon biomolecular
interaction on the electrode surfaces were noticed. The
current research was developed by an MXene modified
surface on the sensing surface to diagnose osteosarcoma
cancer biomarker.

Osteosarcoma (OS) is the most common bone cancer,
mainly occurs in children and young adults between the
ages of 10 and 30 years during the bone development period
with adolescence.'*'* OS has been noticed to be responsible
for 3% of cancers occurring in childhood. Currently neoad-
juvant chemotherapy and radical surgery are the treatments
for OS, which increases the survival rate from 20 to 75%.
Early identification of OS with a suitable biomarker is the
key factor to ensure effective treatment. Recent studies
proved that survivin gene is highly correlated with OS, so
that detecting the survivin helps to identify the OS and its
condition. Survivin protein inhibits the caspase activation,
leads to the negative impact of programmed cell death and
apoptosis. In addition, it was proved that survivin protein is
highly expressed in fatal tissue and most of the human

cancers, which include breast, gastric, colorectal, lung,

urinary bladder cancers, and osteosarcoma, but it was com-
pletely absent in the normal cell.'* Therefore, quantifying
the survivin gene helps detect OS.

In this research, a DNA based electrode sensor was
used to detect the survivin gene, which is related to osteo-
sarcoma. To immobilize the capture DNA, the sensing
surface was modified with 2D-nanomaterial MXene. The
oxidized MXene with H,O, was attached on the sensing
through  the L1'-
carbonyldiimidazole. Further, NH,-capture DNA was

surface modification by
immobilized on Mxene through 3-glycidoxypropyltri-
methoxysilane as the linker. This capture DNA immobi-
lized surface was utilized to identify the target DNA
sequence for survivin. Specificity experiments were con-
ducted with control sequences instead of target sequence
and the sensing surface reproducibility was evaluated for
the stability of capture probe immobilization. This
research with an ideal methodology can detect the survivin
gene and helps to diagnose the OS cancer and its severity.

Materials and Procedures

Biomolecules and Chemicals
3-glycidoxypropyltrimethoxysilane (GOPTS) was pur-
chased from Shin-Etsu Chemical Co., Ltd, Tokyo, Japan.
Transmission electron microscope (JEOL JEM 2100F
TEM), field-emission scanning electron microscope
(GEMINI, FESEM), and X-ray Photoelectron spectroscopy
(XPS; Thermo Scientific, K-Alpha), were used to character-
ize the MXene by following the procedures outlined
carlier.'® 1,1'-Carbonyldiimidazole (CDI), bovine serum
albumin (BSA) and PBS were from Sigma-Aldrich (USA).
MAX powder was acquired from Luoyang Tongrun Info
Technology Co., Ltd, China. DNA oligos were purchased
from the local Scientific
(Kuala The
sequences were followed as described,'® immobilized
probe: 5'-NH,-TTGGAGGGCTGCGCCTGCACCC-3'; tar-
get DNA: 5'-GGGTGCAGGCGC AGCCCTCCAA-3'; sin-
gle-mismatch: 5-GGGTGCAGCCGCAGCCCTCCAA-3';
triple-mismatch:  5-GGGTGCAGCGCCAGCCCTCCAA
-3'; noncomplementary: 5'-TTGGAGGGCTGCGCCTGCA
CCcC-3'.

supplier, Apical Oligo

Lumpur, Malaysia). synthesized

Synthesis of MXene Using HCI-LiF as

Etchant
MXene powder was prepared by etching the MAX powder
in a solution of HCI-LiF (hydrochloric acid + lithium
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fluoride). The etchant was prepared by adding desired LiF
to 9 M HCI and left under continuous stirring for five
minutes. MAX powder was gradually added over the
course of five minutes to the prepared etchant, and the
reaction was stirred for 24 h at room temperature. Then the
acidic mixture was washed with deionized water by cen-
trifugation at 7500 rpm for multiple cycles. After each
cycle, the acidic supernatant was discharged as waste.
These washing cycles were repeated until pH 5 was
achieved. Afterwards, the obtained black Tiz;C,T, slurry
was dissolved in deionized water and ultrasonicated. This
solution was then vacuum-filtered to produce thick, black
clay and subsequently dried in a vacuum oven at 80°C for
six hours. The produced powder was stored in a tight
container to prevent oxidation.

Multiple Junction Triangles Dielectrode

Fabrication

Sensing microgap electrode surface was prepared by using
the wet-etching traditional process. Before that the pattern of
the electrode was designed by AutoCAD software."'” The
sensing surface was arranged by twin electrodes with multi-
ple junction triangles with the microgap distances. To fabri-
cate the sensor, initially the basic substrate of cleaned silicon
wafer was oxidized by thermal oxidation method at 500°C to
grow the SiO, layer. After that, aluminum (Al) was depos-
ited on the SiO, layer assisted by thermal evaporator. Next,
positive photoresist with a 2000 nm layer was applied on Al
substrate by using the spin coating method, followed by
a soft-bake carried out at 90°C for one hour to remove the
moisture on the substrate and also help to harden the layer of
photoresist. Further, the pattern of the electrode was trans-
formed on the photoresist layer by UV light exposure for 10
seconds followed by immersing the surface in a developing
solution to remove the exposed area, and then hard-baked at
110°C for one minute. Next, the device was immersed in an
Al-etching solution to clear the unexposed area. Finally, the
sensor surface was washed with distilled water followed by
acetone and kept in a dry place for further surface
modification.

Construction of Capture DNA

Immobilized Mxene Surface

Capture DNA was constructed on Mxene surface by the
epoxylation process using GOPTS as a linker. Before that,
the surface of MXene was oxidized with H,O, solution to
modify the surface into oxide. This process of carried out

by mixing one gram of Mxene with 100 mL of distilled
water under stirring condition and then added 10 mL of
30% H,O,. The H,0, MXene treated was cleaned with
distilled water then separated by centrifugation followed
by drying under vacuum for further modification.

The sensing surface was modified into Mxene by CDI
linking and then capture probe was attached. One gram of
Mzxene was suspended in PBS, spotted on the surface for
three hours at room temperature (RT). The unbound
MXene was cleared by dipping the surface in distilled
water, and then GOPTS was added on the surface. For
that, 2% GOPTS was diluted in toluene, dropped on
Mxene-modified sensing surface and kept for three hours
at 50°C followed by washing with toluene and distilled
water to clear the unbound GOPTS. Then, 1 uM of NH,-
capture DNA was dropped on GOPTS surface and rest for
30 min at RT followed by covered the surface with 0.5
M BSA. After washing the electrode with PBS, determi-
nation of target DNA was conducted on capture DNA
constructed MXene-surface for diagnosing OS.

Detection of Target DNA on

MXene-capture DNA Surface

Target DNA was detected and quantified on capture DNA
modified IDE-Mxene. For that, target concentration with
100 pM was initially dropped on capture DNA and rest for
10 min at RT. The surface was rinsed with PBS buffer, and
then the response of current was recorded to confirm the
hybridization of target. Furthermore, to evaluate the detec-
tion performance of target DNA, dilutions of target from 1
fM with 10 orders until 10 pM were spotted independently
on capture DNA probe immobilized surface. The current
responses with before and after adding target were recorded
for each concentration. The difference in current was plotted
in an Excel spreadsheet to calculate the detection limit and
sensitivity of target DNA duplex formation. All measure-
ments were performed at room temperature using Keithley
6487 Picoammeter voltage/current supply at the voltage 0-2
V with a current linear sweep of 0.1 V. Buffering solution
(10 mM PBS) at pH 7.4 was used as the electrolyte. For the
measurements 5—10 pL reaction solution was utilized to
cover the active sensing area. Between each of the measure-
ments/reactions the surface was washed thoroughly using 20
volume of the above buffer. All measurements were per-
formed in triplicates and maintained the wet condition
throughout the experiments, unless otherwise stated.
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Specific Target ldentification

Specific detection performance of target DNA was evaluated
with the experiments by single-, triple-mismatched, and
complementary of target DNA sequences. These three
sequences (100 pM) were dropped separately on capture
probe immobilized surface. The current response before
and after adding DNAs were noted for finding the specific
target identification. Further, to identify the selective detec-
tion of target DNA, 1:100 dilution of human serum was
mixed with different target DNA concentrations and detected
by the immobilized capture DNA.

Reproducibility of Sensing Strategies for
Target DNA ldentification

Reproducibility on the capture probe immobilization and
target DNA identification processes was confirmed by ana-
lyzing the current responses from five different sensor sur-
faces. For that, five different sensing devices were tested for
the immobilization steps with Mxene, GOPTS, capture DNA,
BSA and target DNA. Recorded current responses with each
immobilization step to find the reproducibility and validation.

Results and Discussion

Figure 1 displays the basic strategy followed in this study for
diagnosing OS on multiple junction triangles formed by
dielectrode sensing system. Figure 2A shows the schematic

Aluminium
electrode

Osteosarcoma Cancer

illustration of survivin gene target sequence detection on
MXene modified sensing surface sensor. As shown in
Figure 2A, the electrode was initially modified by oxidized
Mxene and then amine-capture DNA was attached on the
surface through the GOPTS linker. The epoxy silane in
GOPTS forms a covalent link to the amine-ended capture
probe. Epoxy activated surface was proved to have high
efficient immobilization of electrophilic and nucleophilic
groups. GOPTS was dissolved in toluene to form an epoxy-
lated surface, and it creates the secondary amine bond upon
reaction. Moreover, GOPTS is highly stable at neutral pH,
reactive and wettable with various nucleophilic groups to
form the strong interaction with protein. In this study, on
this GOPTS modified surface an amine-ended capture probe
was added. This interaction happens in two ways, one is the
negative charge of phosphate backbone in DNA creates the
ionic bonding with the positive charged GOPTS-modified
surface. In another way, the epoxy functional group in
GOPTS interacted with the amine-ended capture probe.'®
The excess sensing surface was blocked by BSA as
a blocking agent and then target DNA was hybridized on
capture DNA modified surface.

Surface and Chemical Characterizations
Before performing the surface functionalization, the sur-
face was confirmed intact by 3D-nanoprofiler imaging

Normal bone joint

Figure | Diagrammatic representation for the proposed sensor. Formation of bone cancer at knee joints for the detection is shown.
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Figure 2 (A) Schematic illustration of survivin target DNA identification on MXene-modified surface. Capture DNA was immobilized on MXene through GOPTS linker and
hybridized with target DNA. (B) 3D-nanoprofiler image on multiple junction triangles. Single triangle junction was focused.

system and confirmed (Figure 2B). Furthermore, morphol-
ogy of the synthesized MXene was analyzed by FESEM
observation. Figure 3A and B shows the FESEM image of
the synthesized MXene and it was clearly displayed with
broad
distribution.'” Size of the sheet is in the micrometer

multilayered  flake-like  structure with a
range and gap of the layers is in the nanometer range.
The EDX spectra confirm the presence of Ti, Al, F, O, Cl,
C on the synthesized MXene (Figure 3C).

The structural analysis of synthesized MXene was stu-
died by XRD. The range of scale was fixed at 26=0-80°
using radiation operating with the current of 20 mA and
the voltage at 40 kV. MXene shows the similar diffraction
peak as reported earlier.”*' The most intensive peak was
observed at 39.1 indicating the Al-etching from the struc-
ture. In addition, (002) peak at 9° is indicating the lattice
plane (004) peak at 19.4° belongs to Ti3Alc2.2%%
(Figure 3D).

The chemical composition on the surface of MXene was
analyzed by XPS (Figure 4). The survey spectrum confirms
the presence of components of titanium (T), carbon (C),
oxygen (O) and fluorine (F) atoms in the synthesized
MXene (Figure 4A). In the XPS spectra of Ti,p, O and
C are mainly contributed from the TiC and TiOx,
respectively.24 Further the deconvolutions of Tiyp, Ols,

Cls were carried out to find the functional groups and
their contributions. The values of binding energy compo-
nents were confirmed with previous XPS analyses.”> 2’ As
shown in figure, the peaks at 455 eV and 460.78
eV corresponds to the bond Ti-C and the peaks at 459.2
and 462. 68 eV responds for Ti-O bonds (Figure 4B). In Ols
analysis, the peaks at 530.04 and 532.5 eV represent the
components TiO, and Al,O;. Peaks at 531.93 and 533.54
eV corresponds to the O atoms in C-Ti-(OH), and
C-O bonds, respectively (Figure 4C). The peak at 284.88
eV represents the C—C peak and 288.86 indicate the O—-C=0
peak (Figure 4D). In conclusion, XPS results reveal the
presence of Ti,p, Fls, O1S, C1S, and Alp on the surface
of MXene and it was functionalized with OH groups, which
are contributed from the graphitized carbides and carbons.?®
Binding energies for bonds associated with deconvoluted
peaks are listed in Table 1.

Current Response with Capture Probe

Immobilization
Capture DNA
modified electrode surface was confirmed by observing

immobilization process on MXene-

the current response after each immobilization process.

As shown in Figure 5A, bare electrode surface shows the
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Figure 3 Characterization of MXene. (A) FESEM image of MXene at 50 pm scale. (B) FESEM image of MXene at | pm scale. MXene was displayed with multilayered flake-
like structure with the broad distribution; (C) EDX spectra of MXene. It shows the presence Ti, Al, F, O, Cl, C in the synthesized MXene; (D) Structural analysis of MXene
by XRD. (002) peak at 9° is indicating the lattice plane and (004) peak at 19.4° belongs to TizAlc,.

current as 1.9E-09 A, after the surface modified into
MXene, it was increased to 1.99E-09 A. This current
change confirms the attachment of MXene on the sensing
surface. After GOPTS was linked with MXene and cur-
rent was decreased to 1.24E-09 A. This current change
happened due to the chemical interaction of GOPTS and
MXene modified surface. MXene and GOPTS connect
strongly through the covalent bond and also MXene
hybridization with GOPTS increases the film adhesive-
ness to the electrode surface.® The originally prepared
MXene has the surface terminations of Ti, C, F, O and to
facilitate the chemical surface functionalization, we oxi-
dized the surface using H,O,. Due to the subsequent
chemical and biological functionalization layers, the
further oxidation may not be severe. Based on our pre-
liminary study the oxidized surface is quite stable for the
biomolecular interaction analysis performed. On this
GOPTS-modified surface, NH,-capture DNA was intro-
duced; the current response was further changed to
8.06E-10 A. This current change was due to the reaction

of amine in the capture DNA with GOPTS surface. This
result confirms the binding of capture DNA on MXene
modified electrode surface. Capture molecule immobili-
zation on the sensing surface plays a crucial role for
improving the detection limit. Higher and uniform dis-
tribution of capture molecules on the sensing surface
improves the binding of capture and target on the sen-
sing surface. In this research, GOPTS modified MXene
is more stable and uniformly distributed on the electrode
surface and attracts more capture molecules. Figure 5B
shows the current differences for each biomolecular
immobilization before and after adding to the surface.
It was clearly seen that MXene followed by capture
DNA attachments show higher changes in current after
reacted GOPTS. This capture DNA modified surface was
utilized to determine the target DNA duplex formation.

Survivin Target DNA ldentification
Survivin target DNA was detected on capture DNA mod-
ified microgap electrode surface. To reduce the nonspecific
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Figure 4 Chemical composition analysis on MXene by XPS. (A) Survey scan spectrum of MXene. It confirms the presence of titanium (T), carbon (C), oxygen (O) and
fluorine (F) atoms. (B) Ti,p spectrum. The peaks at 455 and 460.78 eV corresponds to Ti-C bond and the peaks at 459.2 and 462.68 eV for Ti-O bond. (Colored lines
indicate, Black, Ti2p; red, Ti**; dark green, Ti**; light green, TiO5; blue, Ti-C; pink, Ti-O; yellow, C-Ti-Fx.) (C) Ols spectrum. Peaks at 530.04 and 532.5 eV represents the
components TiO, and Al,O;, (Colored lines indicate, black, Ols; blue, Ti-O; green, C-O; pink, O=C-OH.) (D) Cls spectrum. Peak at 284.88 eV represents C-C peak and
288.86 indicate the O-C=0 peak.(Colored lines indicate, red, Cls; blue, C-N; green, C-O; pink, C-O.)

binding and signal-to-noise ratio, before the detection of only allows binding of the capture with target DNA
target DNA, the capture DNA modified surface was blocked

by BSA. BSA can cover the excess GOPTS surface and

sequences. As shown in Figure 5C, BSA shows the current
response as 1.77E-07 A, after adding 100 pM of target

Table | XPS Peak Fitting of MXene

Element Atomic % Component Component Atomic % BE (eV) FWHM (eV)
Tip 15.56 Ti-C 0.08 455 1.2
Tiy" 0.1 455.89 0.91
Tis" I.15 457.2 0.1
TiO, 13.89 459.2 2.93
C-Ti-F, 0.18 460.7 0.73
CIs 21.82 C-Ti-Ty 0.23 282.1 1.04
COO 0.27 288.86 2.72
CHx/CO 0.01 286.5 0.62
Cc-C 0.04 284.88 0.63
ols 29.21 TiO, 25.62 530.04 1.2
C-Ti-O, 2.77 530.71 1.57
AlL,O3 0.29 532.5 0.94
H,O 0.13 533.54 0.91
C-Ti-(OH), 0.09 531.93 0.75
FIS 29.89 C-Ti-Fx 0.58 684.96 1.14
AIF 2.23 686.06 1.43
International Journal of Nanomedicine 2020:15 submit your manuscript 10177
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Figure 5 (A) Capture DNA immobilization on MXene-modified microelectrode. | uM of NH,-capture DNA was dropped on GOPTS. After each biomolecule introduced,
current response was changed, indicating the binding of the biomolecule. (Colored lines indicate, red, MXene; black, bare; blue, GOPTS; green, capture DNA.) (B)
Difference in current changes with biomolecular immobilization. After adding the capture DNA on GOPTS, a clear difference in current was noted. Error bars indicate the
average of triplicates. (C) Detection of 100 pM of target DNA on capture probe immobilized surface. Clear current changes were noted after adding the target DNA. (D)
Hybridization of different target DNA concentrations. A constant capture probe was used. With all the concentrations, current changes were noted.

DNA, the current was drastically increased to 6.47E-07
A. There are few reasons behind these changes, usually
with the blocking step higher current change is expected
due to its occupation on large free spaces after capture probe
attachment. In addition, there are size and charge differences
between DNA and BSA, which displays a huge difference.
The difference in current was 4.7E-07 A and this higher
change in current is responsible for the hybridization of
target and capture DNA. Further, to estimate the detection
limit, different concentrations of target DNA hybridization
with constant capture DNA was interacted. As shown in
Figure 5D, 1 fM of target DNA hybridization with capture
DNA increases the current response from 1.77E-07 to
1.77E-06 A. And then with increasing the target DNA to
10 fM, 100 fM, 1 pM and 10 pM, the current was further
increased to 2.6E-07, 3.74E-07, 4.48E-07 and 6.23E-07 A,
respectively. This current increment was indicated a clear
hybridization of each target DNA with the immobilized
capture DNA. By increasing the target DNA, the current
responses were gradually increased. Further, the similar
concentrations of target DNA were mixed with diluted
serum did not interfere the target DNA identification

(Figure 6A). The differences in current were plotted and
calculated the detection limit of target DNA as 1 fM.
Further, the sensitivity also falls in the similar level of
interaction (Figure 6B). The present sensor is operating
based on the dipole moment on the sensing surface with
the molecular attachment/interaction. In the case of capture
DNA immobilization, there is higher negative charge due to
the exposure of phosphate (negatively charged) backbone
from the capture DNA. The exposure of phosphate groups
has been masked upon duplex formation by the target DNA,
which influences the increment in current with dose-
dependent attachments of target DNA.

Specificity and Reproducibility with
Device Performance

Specific target DNA detection was confirmed with three
different
mismatched and complementary of target DNA sequences

control experiments. Single- and triple-

interactions with immobilized capture probe was analyzed.
As shown in Figure 6C, all control sequences did not

display significant changes in current, while the
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current responses were gradually increased. Blue and orange bars represent the samples spiked in PBS and human serum (1:100), respectively. (B) Difference in current
levels. Different target DNA concentrations with a constant capture probe were plotted in a linear graph and calculated the detection limit as | fM. (C) Specific detection
target DNA. Single-mismatched target DNA (C-1), triple-mismatched target DNA (C-2) and complementary of target DNA (C-3) did not show any significant changes in
current, while the hybridization of target (specific) with capture DNA shows a clear current change. (D) Reproducibility on MXene-sensor surface. Five different devices
were prepared and immobilization steps of bare, MXene, GOPTS, and capture DNA were tested. All the surfaces show nearly the same current responses. Error bars

indicate the average of triplicates.

hybridization of target with capture shows a clear current
change, indicating the specific target DNA detection on
MXene-modified sensing surfaces.

To check the reproducibility of the sensing system and
to reflect the performance of sensor, capture probe immo-
bilization and target identification processes were repeated.
For that, five different devices were prepared separately
and immobilization steps with MXene, GOPTS, capture
DNA, BSA attachments were done. On these surfaces 100
pM of target and capture probe hybridization was tested.
As shown in Figure 6D, with all five surfaces prepared at
the same time the signal was apparently similar and
obvious difference was noted. This result confirms the
reproducibility of our sensing system for target DNA
identification. Overall, the sensor demonstrated in the cur-
rent study displayed a better performance than other cur-
rently available DNA sensors for survivin detection
(Table 2).

Conclusion

Osteosarcoma is the bone cancer originating in the bone cells
and commonly found in a long bone of the leg with young
adults and teenagers. Chemotherapy and surgery are the
current treatments for OS. Diagnosing OS with a suitable
biomarker is mandatory for further treatment and reduce the
symptoms caused by OS. Survivin protein gene found as the

Table 2 Comparison on Current DNA Sensors for Determining
Survivin

Biosensor Detection Range of Reference
Limit Detection

Optical 16 nM 16—-100 nM 29

Optical 0.57 nM 0.57-10,000 nM | 30
Fluorescent 2 nM 2 -20 nM 31
Fluorescent 16 nM 16—-100 nM 32
Fluorescent 24 nM 24-100 nM 33
Electrochemical | | fM 0.001-100 pM Current study
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efficient biomarker and highly correlated with OS. This work
focused on detecting the target sequence of survivin gene on
MXene-coated multiple junction triangles dielectrode sur-
face. Capture DNA was immobilized on MXene through
the GOPTS as a linker, and the detection limit of target
hybridization was reached to 1 fM. Further, control
sequences of single- and triple-mismatched and complemen-
tary of target DNA sequences did not show significant cur-
rent responses, indicating the specific detection of survivin
DNA sequence. This research work can effectively detect the
target DNA sequence as a biomarker, helps to diagnose OS.
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