Microchimica Acta (2022) 189: 285
https://doi.org/10.1007/s00604-022-05365-8

ORIGINAL PAPER

=

Check for
updates

Electrochemical biosensor based on topological insulator Bi,Se; tape

electrode for HIV-1 DNA detection

Xiaolu Xiong'*?

- Peng Zhu'2 - Shanshan Li3 - Yujiu Jiang'% - Yurong Ma* - Qingfan Shi' - Xu Zhang'-

Xiaoming Shu? - Zhiwei Wang' - Linfeng Sun' - Junfeng Han'~2

Received: 11 February 2022 / Accepted: 1 June 2022 / Published online: 19 July 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2022

Abstract

A large-size Bi,Se; tape electrode (BTE) was prepared by peeling off a 2x 1x0.5 cm high-quality single crystal. The
feasibility of using the flexible BTE as an efficient bioplatform to load Au nanoparticles and probe DNA for HIV-1 DNA
electrochemical sensing was explored. Differential pulse voltammetry (DPV) and electrochemical impedance spectroscopy
(EIS) show that the resultant biosensor has a wide linear range from 0.1 fM to 1 pM, a low detection limit of 50 aM, excel-
lent selectivity, reproducibility and stability, and is superior to the pM DNA detection level of Pt-Au, graphene-AuNPs
hybrid biosensors. This outstanding performance is attributed to the intrinsic surface state of Bi,Se; topological insulator
in facilitating electron transfer. Therefore, BTE electrochemical biosensor platform has great potential in the application for

sensitive detection of DNA biomarkers.

Keywords Electrochemical biosensor - Differential pulse voltammetry - Topological insulator - Bi,Se, tape electrode

(BTE) - Au nanoparticles (AuNPs) - HIV-1 DNA

Introduction

Direct Human Immunodeficiency Virus-1 (HIV-1) DNA
detection is of great significance for the early diagnosis of
AIDS infection preventing the spread of viruses [1-6]. To
date, there are a number of ways available for the analysis of
HIV-1 DNA. For example, polymerase chain reaction (PCR)
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[7, 8], surface plasmon resonance [9, 10], and surface-
enhanced Raman scattering [11, 12]. Compared to detection
strategies mentioned above, the method of electrochemical
biosensing has attracted extensive attention due to the merits
of higher sensitivity, faster response, lower cost, and sim-
plicity [13-23]. Accordingly, HIV-1 electrochemical biosen-
sors have been fabricated by carbon-based material [24, 25],
such as graphene nafion composites [26], NiCo,0,/CoO@
CNTs [27], etc. For the development of high-performance
DNA biosensors, it is crucial to explore materials with good
conductivity, strong interfacial charge transfer ability, and
stable performance.

As a newly emerged exotic material family, topological
insulators (Tls) have gained remarkable interest in many
fields due to the unique conductive surface states. The elec-
trons on the topological surface state can realize high-speed
and low dissipation electron transmission, and are effectively
immune to the interference of crystal defects and non-mag-
netic impurities under the protection of time inversion sym-
metry [28-30]. These characteristics are the physical basis
of electrochemical biosensors with high sensitivity, strong
specificity and stability [31, 32]. There were a few research
about topological insulator—based electrochemical biosen-
sors. For example, Jiang et al. reported an electrochemical
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biosensor based on exfoliated intrinsic BiSbTeSe, sin-
gle crystal with a detection limit of 1.07 x 107> M [33].
Compared with other material in the M,X; (M =Bi,Sb,
X =Te,Se) family, the carrier mobility of singe crystal
BiSbTeSe, is lower. It is reported that mobility of the best
Bi,Se, single crystal can exceed 10° cm? V™! 57!, which is
higher than that of BiSbTeSe, (4000 cm? V! s7") [34, 35].
Since the highly mobile surface states can promote inter-
facial charge transfer and is ideal for electrochemical sens-
ing, Bi,Se; is an excellent candidate for fabricating electro-
chemical sensor. In addition, Bi,Se; is easier to obtain high
quality crystal than quaternary compound, which are con-
ductive to the development of the biosensors. Although the
electrochemical biosensors based on Bi,Se; nanoparticles
or nanosheets were constructed [36-38], the charge transfer
properties of the intrinsic topological surface state are cov-
ered by the body state, due to impurities, defects, and grain
boundaries in the Bi,Se; nanoparticles or nanosheets. To
the best of our knowledge, research of Bi,Se, tape electrode
(BTE) stripped from high-mobility Bi,Se; single crystal for
the fabrication of ultrasensitive electrochemical biosensors
and DNA determination has not been reported.

In this work, we designed a novel electrochemical bio-
sensor based on a Bi,Se; tape electrode (BTE) to detect
HIV-1 DNA. As shown in Fig. 1, few-layer Bi,Se; sheets
were obtained by peeling off from the crystals. Au nano-
particles were sputtered on BTE to protect the surface state
of Bi,Se; and immobilize probe DNA. Due to the protected
topological surface state, AuNPs/BTE provides a good path-
way of electron transfer towards the target DNA detection.

Fig.1 Schematic illustration of
the fabrication of the electro-
chemical biosensor and the
detection of target DNA
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The biosensor here has a series of advantages: (1) Bi,Se;
sheets obtained by tape stripping have more uniform qual-
ity and high surface area, so as to avoid possible pollution
and defects of granular materials prepared by the solvother-
mal and hydrothermal methods [39-42]. (2) Compared with
solid supporting electrodes such as glassy carbon electrodes
(GCE) [43], the disposable BTE electrode not only increases
the convenience of detection (without polishing before each
use), but also improves reproducibility. This work can extend
the application of Bi,Se; and Tls in the early diagnosis of
diseases.

Experimental
Reagents and apparatus

Bismuth particles and selenium particles with a purity of
5 N were purchased from alfa Co., Ltd. Potassium ferricya-
nide (K;[Fe(CN)g]), potassium ferrocyanide (K,[Fe(CN);]),
potassium chloride (KCl) and phosphate buffer solution
(20 x PBS buffer, pH="7.4) were all obtained from Aladdin
Co., Ltd.(Shanghai, China). Ultrapure water (18.2 MQ cm)
was prepared from a Milli-Q system. Tris—EDTA (TE) buffer
solution (10 mM Tris-HCI, 1.0 mM EDTA, pH=38.0) and
Normal Human Serum were obtained from Solarbio Biotech
Co., Ltd (Beijing, China). All the oligonucleotides related
to HIV-1 DNA were synthesized from Sangon Biotech Co.,
Ltd (Shanghai, China). The detailed sequences of the oligo-
nucleotides [26] were summarized below:

Bi,Se; sheet Depo : S
\“‘/1‘/'0,7

£33
Target DNA y
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Probe DNA (ssDNA): 5'-SH-(CH,)4,-AGT CAG TGT
GGA AAA TCT CTA GC-3'.

Target DNA (t-DNA): 5-GCT AGA GAT TTT CCA
CAC TGA CT-3".

One-base mismatch: 5'-GCT AGA GAT TTT CAA CAC
TGA CT-3'".

Three-base mismatch: 5'-GCT CGA GAT TTT CAA
CAC GGA CT-3".

Electrode clamp, Ag/AgCl reference electrode, and pieces
of platinum wire auxiliary electrode were bought from Gaos-
sUnion Company (Wuhan, China). Au nanoparticles were
deposited by a sputtering system (Quorum 150-R, England)
at the current of 23 mA for 10 s. The XPS characterizations
were performed using a spectrometer (PHI Quatera-II SXM,
Japan) with a monochromatic Al K, X-ray source at a power
of 180 W. The morphologies of nanosheets were investigated
by TEM (JEM-2011F, Japan). The layers of the nanosheets
were explored by Raman (Renishaw InVia, England).
Atomic force microscopy (AFM) was used to characterize
DNA anchoring on electrode surface (Bruker multimode 8,
USA). X-ray diffraction (XRD, Bruker D8 Advance, Ger-
many) was used to detect the crystal phase of Bi,Se;.

Synthesis of Bi,Se;

The procedure for synthesis of Bi,Se; single crystals has
been obtained in detail in the Supplementary information.

Fabrication of the BTE electrochemical biosensor

Bi,Se; sheets were obtained by peeling off from single crys-
tals. Au nanoparticles were sputtered on the Bi,Se; sheets
to provide suitable anchoring sites for capture probes. The
DNAs were dissolved in TE (pH =38.0) buffer solution.
Afterward, 50 pL of 1x 107'° M capture DNA solution was
dropped onto the AuNPs/Bi,Se; electrode and incubated
for 2 h at room temperature forming Au-SH bonds. Subse-
quently, the non-specifically absorbed DNA was removed
from the electrode surface with filter paper, and the surface
was rinsed 3 times with 50 uL ultrapure water (each time)
and dried in nitrogen stream. Subsequently, 50 pL HIV-1
DNA solution was added on the surface of ssDNA/AuNPs/
Bi,Se; electrode and incubated for another 2 h at 37 C to
form dsDNA/AuNPs/Bi,Se; electrode. Finally, the obtained
sensor electrode was rinsed carefully according to the above
steps and stored in the 4 °C refrigerator for further use.

Electrochemical measurements
The prepared biosensor with DNA duplexes on the surface

was immersed in an electrochemical cup containing 30 mL of
10 mM PBS (pH 7.40), 5.0 mM K, [Fe(CN)¢]-K;[Fe(CN),],

and 0.10 M KCl, with Ag/AgCl as reference electrode and a
piece of platinum as counter electrode. Cyclic voltammetry
(CV) experiments were carried out at a scan rate of 0.5 V s
from —0.2 to 0.6 V. The electrochemical impedance spec-
troscopy (EIS) experiment was performed with the applied
potential of 0.2 V and the frequency of 0.1-10° Hz. DPV
tests were taken using optimized parameters of pulse ampli-
tude (0.05 V), pulse width (0.05 s), and pulse period (0.5 s).

Sample detection

The application of BTE biosensor was investigated by
human serum samples. Firstly, two kinds of human serum
samples were prepared by adding HIV-1 DNA (1, 10 pM)
to normal human serum samples, respectively. Then, 50 pL
prepared serum solution was added onto the ssDNA/AuNPs/
Bi,Se; electrode surface and then incubated for 2 h at 37 °C.
Then, the electrode surface was rinsed 3 times with 50 uL
ultrapure water and dried in nitrogen. Finally, DPV measure-
ments were carried out and peak current value at potential
of 0.25 V is recorded. Each sample was analyzed 5 times.

Results and discussion

Preparation and characterization of Bi,Se; single
crystal and AuNP-Bi,Se; electrode

Topological insulators (TIs) are novel exotic materials with
insulating bulk but having gapless surface states. Bi,Se; is
one of them with a single Dirac cone on its surface states and
owns the highest bulk band gap of 0.3 eV among all other
TIs materials [44]. It has good biocompatibility, air stabil-
ity, and very suitable for fabricating ultrasensitive electro-
chemical biosensors. The synthesized Bi,Se; single crystal
is as large as 2 X 1 x 0.5 cm (Fig. 2(a)). The crystal struc-
ture was characterized using TEM. As shown in Fig. 2(b),
the single crystal has the interplane distance of 0.47 and
0.31 nm, corresponding to the (006) and (009) plane of
Bi,Se; crystal, respectively. XRD analysis (Fig. 2(c)) shows
that the main diffraction peaks are located at 18.6°, 28.07°,
and 47.6° corresponding to the (006), (009), and (0015)
crystal faces of hexagonal face-centered Bi,Se; crystal. All
the detected peaks (red line) are consistent with those of
the Bi,Se; crystal structure (black line, PDF No. 98-016-
5226). The exfoliated Bi,Se; sheet is displayed in Fig. 2(d).
The high-resolution TEM (HR-TEM) (Fig.2(e)) indicates
that the inter-planar spacing lattice distances were 0.24 and
0.31 nm, which agrees well with (111) lattice spacing of
Au nanoparticles and (009) plane of Bi,Se,, respectively.
Besides, the average diameters of Au nanoparticles are in the
range of 3-5 nm. The EDS mapping (Fig. 2(f)) confirms that
Bi (green) and Se (orange) are homogeneously distributed
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Fig.2 a Photograph of actual Bi,Se; crystal (each small square grid
stands for 1x1 mm). (b) HRTEM image of Bi,Se; crystal. (¢) XRD
of Bi,Se; single crystal. (d) Photograph of exfoliated Bi,Se; sheet. (e)

over the sheet surface, and Au nanoparticles (purple) are
uniformly distributed on the Bi,Se; surface. The corre-
sponding EDS spectrum in Fig. S1 shows the clear peaks
of Bi, Se, and Au composition. From the energy spectrum,
the atomic ratio of the Bi and Se is 6.4:9.7, which is very
close to the Bi,Se; phase. The surface electronic state and
composition of Bi,Se;-AuNPs sheets were studied by XPS
analysis. The survey-scan of XPS spectrum (Fig. S2) dem-
onstrates the coexistence of C, O, Au, Bi, and Se elements
for the Bi,Se;-AuNPs sheets. Figure 2(g) shows that the core
levels at 83.8 eV and 87.5 eV attribute to Au 4f;,, and Au
4f5,,, respectively. As shown in Fig. 2(h), the core levels at
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HRTEM and (f) EDS mapping of Bi,Se;-AuNPs sheet. The high-res-
olution XPS spectra of (g) Au 4f, (h) Bi 4f, and (i) Se 3d

158.4 eV and 163.6 eV correspond to Bi 4f,, and Bi 4f5),,
respectively, and the peaks located at 54.8 eV and 53.9 eV
are related to Se 3ds,, and 3d;,, respectively (Fig. 2(i)). All
these results have good agreement with the literature [36],
demonstrating the successful preparation of AuNPs/Bi,Se;
electrodes.

Electrochemical analyses of the AuNPs/BTE
electrode

Cyclic voltammetry (CV) and EIS techniques were used to
investigate the change of electrode behavior during each
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assembly step. As displayed in the CV plot, the electrode
clamp (Fig. S3a) reveals well-defined redox peaks, the
peak-to-peak potential separation is about 100 mV, which
confirms the excellent performance of the electrochemical
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Fig.3 (a) Cyclic voltammograms (CV) curves and (b) EIS Nyquist
of AuNPs/Bi,Se; (purple color), ssDNA/AuNPs/Bi,Se; (blue color),
dsDNA/AuNPs/Bi,Se; (orange color) in 10 mM PBS buffer solution
containing 0.1 M KCI and 5 mM [Fe(CN)¢J>*~. (¢) CV voltammo-
grams of ssSDNA/AuNPs/Bi,Se; electrodes in various scan rates (10,

three-electrode system [22]. Compared with the bare elec-
trode clamp, the electrode clamp fixed with AuNPs/BTE
(Fig. 3a, purple curve) reveals decreased redox peaks.
After the ssDNA was covalently immobilized onto the
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surface of the AuNPs/BTE, the self-redox peaks decrease
significantly (Fig. 3a, blue curve). After incubating the
ssDNA/AuNPs/BTE with the target HIV-1 DNA, the mor-
phology was recorded by AFM (Fig. S4) and an increase of
CV signals was observed clearly (Fig. 3a, orange curve).

EIS is very sensitive to the change of the electron trans-
fer resistance at the electrode/electrolyte interfaces. Fig-
ure 3b provided the impedance changes on the electrode
during the biosensor construction process. The semicircle
features of Nyquist plots can be fitted using a Randles
equivalent circuit to extract the electron transfer resist-
ance (R). The electrode clamp reveals a relatively low
resistance (R, =91.04 Q, Fig. S3b). When the AuNPs/
BTE electrode is bonded on electrode clamp, the resist-
ance obviously increases (R, =0.63 KQ, Fig. 3b, pur-
ple curve). A sharp increase in semicircle diameter is
observed upon the capture ssDNA immobilization on the
AuNPs/BTE electrode surface (R, =3.82 K€, Fig. 3b,
blue curve). After the hybridization, the R, decreases to
2.15 KQ (Fig. 3b, orange curve). In all, both CV and EIS
analyses claim that the electrochemical biosensor is suc-
cessfully constructed.

To evaluate the electron transfer kinetics on the surface
of AuNPs/BTE, the CV studies on the ssSDNA/AuNPs/BTE
were further carried out at different scan rates from 10
to 100 mV s~!. Figure 3c indicates that the increase of
the scan rate with the steps of 10 mV s~! led to a steady
increase in the redox-current peaks. Figure 3d displays the
corresponding linear relationships for the reduction cur-
rent peak (i,) versus the square root of the scan rate w"?).
The calculated linear regression equations for anodes
and cathodes are i, = 6.465v"*+ 0.8972(R*=0.997) and
i, = —5.411v"2 - 1.7472(R* = 0.995), respectively. These
results indicate that the electrochemical redox process is
diffusion-controlled on the surface of AuNPs/BTE elec-
trode [37]. The active surface area of the AuNPs/BTE
electrodes was estimated according to the Randles—Sevcik
equation [45]:

Ip = 2.69 x 10°AD'?n3/2V1/2C )

Ip is the peak current (pA), A refers to the active sur-
face area (cmz), Dis 6.7x107°, representing diffusion
coefficient (cm?/s), n is the electron transfer in an elec-
trochemical reaction, v is scan rate (V/s), and C is the
concentration of the [Fe(CN);] 3-/4= (mol/cm?®). By using
the above Eq. (1), the active surface areas were 0.059 cm?
for AuNPs/BTE electrode.

By studying the relationship between the potential
peaks of cathodic and anodic and the logv, the correspond-
ing linear fitting curve is drawn (Fig. S5). The calculated
linear regression equations for the cathodic and anodic
potentials are E .= 0.1332logr + 0.1230(R?>=0.988) and

@ Springer

E,.= —0.132logv + 0.3841(R*=0.991), respectively.
Using the following equations [27]:

k
log-2 = log—2 )
k, l-«a

Ka and Kc correspond to the slope of E, = f{logr) and
E,. = flogv), respectively. The charge-transfer coefficient
value () was calculated as 0.4977 for the AuNPs/BTE
electrode.

From the phenomenon observed above, we can explain
the main work mechanism of the biosensors. When the
ssDNA is covalently immobilized onto the surface of the
AuNPs/Bi,Se;, the electron transfer between the electrode
and [Fe(CN)¢]*~*~ is blocked by the low conductivity of
oligonucleotide (Fig. 3e). While incubating the ssDNA/
AuNPs/Bi,Se; with the target HIV-1 DNA, dsDNA probably
releases from the electrode surface (Fig. 3f), the electron
transfer at the electrode interface is enhanced.

Optimization for electrochemical measurements

The detailed evaluation of the effects of capture DNA con-
centrations, incubation temperature and time was depicted
in Fig. S6.

Electrochemical Performance of the BTE/AuNPs
biosensor for HIV-1 DNA detection

To investigate the sensitivity of the proposed DNA biosen-
sor, EIS and DPV techniques were performed. In Fig. 4, dif-
ferent concentrations of the target HIV-1 DNA were tested
to investigate the performance of the biosensor. The EIS
responses of the biosensor to the HIV-1 DNA concentra-
tion are displayed in Fig. 4a. As the concentration of the
target HIV-1 DNA decreases, the R increases progressively.
By plotting the variation of the R, value between before
and after hybridization (namely AR,) with the concentra-
tion of the HIV-1(Fig. 4c¢), it is clearly observed that the
AR, value increases linearly against the logarithmic con-
centration of HIV-1 DNA in the range from 1.0x 107! to
1.0x 107'2 M. The linear equation is: AR, (Q)=310.2log C
(mol/L) + 5822.8 with a correlation coefficient (R) of 0.9662.

The DPV technology was used to further validate the sen-
sitivity of the constructed biosensor. In Fig. 4b, the curves
show that the DPV peak currents go up correspondingly
with the increase of HIV-1 DNA concentrations as well.
By plotting the variation of peak current value versus the
concentration of HIV-1 DNA, we can conclude that the
peak current exhibits good linear relation with the logarithm
of HIV-1 DNA concentrations ranging from 1.0x 107'6
to 1.0x 107! M (Fig. 4d). The regression equation is
described as follows: I (pA)=2.205 log C (mol/L)+57.31
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Fig.4 (a) EIS Nyquist plot, and (b) DPV response for the detection
of different concentrations of HIV-1 DNA (0, 0.05, 0.1, 1, 10, 100,
and 1000 fM) using the BTE/AuNPs biosensor. The corresponding

and the regression coefficient (R) is 0.9292. The detec-
tion limit (LOD) was calculated from LOD =3c6/m, where
o is the standard deviation of DPV blank signal consecu-
tive readings, m is the slope of the calibration plot. LOD
was obtained at 0.046 fM (~ 0.05 fM) based on 3c/m [37].
In addition, other modified materials and electrochemical
techniques for HIV-1 DNA detection were summarized
in Table 1. Comparing with the reported electrochemical
biosensors, the developed biosensor is quite competitive in
detection limit and linear range. This was due to the excel-
lent surface state of topological insulator Bi,Se; facilitating
electron transfer.

The selectivity of the constructed biosensors was evalu-
ated with the fully complementary HIV-1 DNA, the one-
base mismatched DNA (1 mis DNA) and the three-base
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linear fit plot of (¢) AR, and (d) DPV peak currents obtained as func-
tion of the logarithm of HIV-1 DNA concentrations

mismatched DNA (3 mis DNA), respectively. As dis-
played in Fig. 5a, the value of AR, follows the order of
complementary DNA > Imis DNA > 3 mis DNA > blank,
indicating that complete hybridization was not achieved
due to the base mismatched, resulting in less double helix
formation and reduced value of AR,,. It can be seen that
the constructed biosensor can effectively distinguish target
HIV-1 and mismatched DNA. In Fig. 5a, we can find that
the peak current of DPV progressively decreases with the
increase of the number of mismatched bases. When exactly
matched DNA is detected, the peak current of DPV is the
highest. When three-base mismatched DNA is detected,
the signal of DPV is closer to the bank, indicating that
this DNA biosensor has a good distinction between

@ Springer
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Table 1 Comparison with

. Modified electrode Techniques Linear range LODs Refs
reported biosensors based on
various electrode materials for Graphene-Nafion EIS 0.1 pM-0.1 nM 23 fM 26
the HIV-1 gene detection EuS nanocrystals ECL 3 fM-0.3 nM 0.3 fM 46
hpDNA/Au Amperometry 0.1 pM-10 nM 150 fM 13
NiCo,0,/Co0O/ EIS 0.1 pM-0.2 nM 16.7 fM 27
CNTs
GF-CTP-ATP-Au/C-ssDNA EIS 0.1 pM-10 nM 13 ftM 47
NH,-rGO/beta-CD/GCE DPV 0.05 pM-1 pM 8.7 tM 25
Au/Bi,Ses EIS/DPV 0.1 fM-1.0 pM 0.05 fM This work
(a) (b)
32 [ current current
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Fig.5 (a) Selectivity of the AuNPs/BTE biosensor: effects of target
HIV-1 DNA, one-base mismatched DNA, three-base mismatched
DNA and blank on the DPV (red column) and EIS response (purple
column), respectively. All the DNA concentration is 1 pM. n=3.

mismatched and target DNA. As a result, the BTE biosen-
sor achieved excellent selectivity performance.

The repeatability of the constructed DNA biosensor was
measured by detecting 0.1 pM target HIV-1 DNA with five
parallel-made probe DNA modified biosensors. The corre-
sponding relative standard deviation values of the EIS and
DPV signals were calculated to be 5.25% and 4.57%, sepa-
rately (Fig. 5b). The results indicate that the biosensor had
a desirable repeatability for DNA detection.

The stability and reversibility of the developed biosensor
were investigated. It was stored in the refrigerator at 4 C
for 9 days. No obvious changes of EIS or DPV signals were
observed (Fig. S7), confirming that the DNA biosensor had
acceptable stability. The performance of regained biosensor
was recorded by DPV voltammograms. The results revealed
that the second hybridization efficiency was similar to the
first hybridization (Fig. S8), proving that the proposed bio-
sensor has the capability for regeneration and reuse.

@ Springer

(b) The reproducibility of the BTE/AuNPs biosensor for the detec-
tion of HIV-1DNA (n=15) measured by DPV (green column) and EIS
response (blue column), respectively

To evaluate the practical applications of the proposed
BTE biosensor, recovery analysis with real samples was
conducted in human serum samples. HIV-1 target DNA
(1, 10 pM) was added to healthy human serum samples,
respectively. As shown in Table S1, the proposed biosen-
sor exhibited recovery rates ranging from 90.3 to 94.4% in
real human serum samples. Since the acceptable recoveries
for target analysis were 40—-120%, the recoveries of our test
samples were satisfactory. These results indicate that the
BTE biosensor offers a reliable method for the detection of
HIV-1 DNA in biologically relevant samples.

Conclusions

In summary, a novel electrochemical biosensor was devel-
oped for HIV DNA detection. Few-layer Bi,Se; sheets were
peeled off from Bi,Se; single crystals and decorated with Au
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nanoparticles to immobilize capture DNA and selectively
recognize target HIV-1 DNA sequence. Owing to unique
electrical properties of Bi,Se;, the Bi,Se; tape electrode
(BTE) facilitates the electron transfer between electrode
surface and electrolyte, all of which resulted in a detection
limit down to 50 aM and a wide linear range from 0.1 fM
to 1 pM towards HIV-1 DNA determination. The proposed
biosensor displayed excellent selectivity against mismatched
DNA sequences and a sound recovery in human serum. In
addition, the reusability and stability of the well-fabricated
bio-assay were satisfactory. The proposed BTE electro-
chemical biosensor provides a promising method to detect
HIV-1 DNA at low concentration and extends the sensing
applications of topological insulators Bi,Se;. Nonetheless,
Bi,Se; tape electrode should be further developed to build a
portable three-electrode system to facilitate on-site diagnosis
and clinic decision-making.
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