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ARTICLE INFO ABSTRACT

Keywords: Hypervalent tellurium compounds have a particular reactivity towards thiol compounds which are related to
Biosensor their biological properties. In this work, this property was assembled to tellurium-functionalized surfaces. These
Microcantilever

compounds were used as linkers in the immobilization process of thiolated biomolecules (such as DNA) on
microcantilever surfaces. The telluride derivatives acted as reversible binding agents due to their redox prop-
erties, providing the regeneration of microcantilever surfaces and allowing their reuse for further biomolecules
immobilizations, recycling the functional surface. Initially, we started from the synthesis of 4-((3-((4-methox-
yphenyl) tellanyl) phenyl) amino)-4-oxobutanoic acid, a new compound, which was immobilized on a silicon
surface. In nanomechanical systems, the detection involved a hybridization study of thiolated DNA sequences.
Fluorescence microscopy technique was used to confirm the immobilization and removal of the telluride-DNA
system and provided revealing results about the potentiality of applying redox properties to chalcogen deriva-

Chalcogen chemistry
Surface regeneration
Nanomechanical biosensors
Reversible immobilization

tives at surfaces.

1. Introduction

Biosensors are analytical devices that use a biological recognition
layer attached to a solid transducer that converts a physicochemical
event caused by a biological response into a measurable signal. They
must be highly specific, robust and sensitive, and should be reusable.
Biosensors have extensive use in various fields such as drug discovery,
biomedicine, diagnosis, food safety, environmental monitoring, se-
curity, and defense. The biosensors business involves approximately 10
billion dollars annually, becoming an attractive field of inter-
disciplinary research because of a potential revolution in the develop-
ment of new diagnoses tests, healthcare and consumer (Goode et al.,
2015).

In the last decade, nanotechnology has provided a wide variety of
nanobiosensors with a potential to replace traditional testing proce-
dures that require specific expertise and time, representing a
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considerable cost in their specific fields. Some representative examples
include electrical biosensors based on semiconductor nanowires
(Ahmad et al., 2018), optical biosensors based on metallic nanoparticles
(Malekzad et al., 2018; Viter et al., 2017), and nanomechanical bio-
sensors such as micro- and nanocantilevers (Kartanas et al., 2017; Zhou
et al.,, 2018). Optical and electrical transductions still dominate the
research in biosensors, but the field of nanomechanical biosensors is
growing and will play an essential role during the next years. Nano-
mechanical biosensors are usually cantilever-shaped and are fabricated
using well-established semiconductor technology that enables the batch
production of arrays with hundreds of nanomechanical systems. Na-
nomechanical systems can exhibit extremely low mechanical com-
pliances translating biomolecular recognition events into measurable
displacements and vibrational properties of the nanomechanical struc-
tures when adsorption of biomolecules or biomolecular interactions
take place on the nanomechanical system surface (Arlett et al., 2011;
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Banuls et al., 2010; Boisen et al., 2011; Buchapudi et al., 2011; Calleja
et al., 2012; Consortium, 2012; Eom et al., 2011; Lan et al., 2005).
Microcantilever sensors have been used for a wide range of applications
such as the detection of cancer cells (Etayash et al., 2015; Chen et al.,
2016; Pandya et al., 2015), proteins (Wu et al., 2001; Lee et al., 2005;
Arntz et al., 2003; Kosaka et al, 2013, 2014, 2017; Agarwal et al.,
2018), DNA (Calleja et al., 2005; Biswal et al., 2006; Mertens et al.,
2008; Dominguez et al., 2015) mRNA (Duffy et al., 2018), bacteria
(Longo et al., 2013; Wang et al., 2014; Kasas et al., 2015; Malvar et al.,
2016) and humidity (Del Rey et al., 2014). However, just like most
nanotechnologies, nanomechanical sensors have not been translated
into valid clinical tests because there are some pitfalls and issues re-
garding specificity, reproducibility, reliability and high costs that must
be solved. Although many strategies are being pursued to bring down
the costs of these biosensors, cheaper electronics components and cir-
cuits have contributed to reduce the costs as well as to develop low-cost
disposable transducers. For some applications, however, high-grade
transducers are required and sensor surface regeneration may be a key
technique in lowering costs per test. Currently, tests costs are an ob-
stacle for the use of biosensors that address the needs of developing
countries such as food safety, water sanitation, healthcare, and diag-
nostic tools during diseases outbreaks, unfortunately. Therefore, there
is an increasing interest in the development of strategies for introducing
the regeneration of sensor surfaces for the development of biosensors
that can be used more than once (Li et al., 2018; Zhou et al., 2018;
Knoglinger et al., 2018; Duan et al., 2013; Loo et al., 2011).

Organotellurium compounds (Nogueira et al., 2004; Cunha et al.,
2009a) have shown interesting properties such as enzyme inhibition
cathepsins (Cunha et al., 2005, 2009b; Caracelli et al., 2012), anti-
parasitic activities (Pimentel et al., 2012; Maluf et al., 2016), anti-
microbial activity (Daniel-Hoffmann et al., 2012), and growth and
apoptosis in certain cancer cells lineages (Engman et al., 2000;
Abondanza et al., 2008; Silberman et al., 2016) and anticonvulsant
activities (Persike et al., 2008). In 1994, Detty and Engman groups
independently demonstrated the redox activity (Detty et al., 1994;
Engman et al., 1994) of organotellurides to convert catalytically thiols
into disulfides. This work seminally established the application of or-
ganotellurides as thiol-peroxidase mimetics (for a recent example:
Tanini et al., 2018). Besides these developments from last decades, the
attachment organotellurium moieties on surfaces can point out novel
properties to functional materials that have not been previously
thought of. The plethora of preparation methods of organic tellurides,
the facile tellurium oxidation to hypervalent states, its rapid reactions
with thiols and the detachment of the thiolated species by reduction of
Te-S bond may lead to the desired property of reusable surfaces for
biosensing, providing a flexible and cost-effective alternative for the
surface regeneration of biosensor surfaces. In this work, we propose a
new application of these compounds beyond organic synthesis and
biological studies, using a bisaryl telluride to anchor at a silicon surface
through an amide bond and check the reversible chemical modification
on silicon surfaces for the label-free detection of DNA using nano-
mechanical sensors.

2. Materials and methods
2.1. Organotelluride synthesis

The synthesis of the designed organotelluride (3) is described in
Supporting Information. Briefly, it comprises a modification of a pre-
vious work and was based on the procedure presented by Clark (Clark
et al., 2002).

2.2. Surface modification

The designed organotelluride-functionalized succinamic acid
(compound 3) was immobilized on the surface of silicon wafers (single-
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side polished, <100>, N-type, no dopant) purchased from Sigma-
Aldrich, with an area of 0.25 cm? and 0.5 mm of thickness. These wafers
were washed three times in toluene (Sigma-Aldrich), methanol (Sigma-
Aldrich), Milli-Q water and then dried under nitrogen flux. The surface
was activated with piranha solution (caution: piranha solution is ex-
tremely corrosive, reactive and potentially explosive), sulfuric acid
(Sigma-Aldrich) and hydrogen peroxide (Sigma-Aldrich) (3 : 1) for
20min and washed with Milli-Q water. The silicon surfaces were
functionalized with a solution of (3-aminopropyl) triethoxysilane 98%
(Sigma-Aldrich) 4 x 10"®molL~! in anhydrous toluene (Sigma-
Aldrich) for 2h and washed with toluene and dried with N,. For the
coupling of telluride acid, a solution of telluride 4 x 10 3mol L™ !, N-
(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (Sigma-
Aldrich) 8 X 10~ ?>mol L. ™! and N-hydroxysuccinimide (Sigma-Aldrich)
12 x 10 2molL~! was prepared in anhydrous methanol (Sigma-
Aldrich) in an overnight reaction. The wafers were washed with me-
thanol and dried under nitrogen flux. After the immobilization, the
telluride was oxidized with hydrogen peroxide to form telluroxide, the
species that would link to the thiol group present on the structure of the
biomolecule, for 20 min and dried under nitrogen flux.

The following synthetic thiolated DNA sequences purchased from
Stab Vida (Caparica, Portugal) were used for the immobilization on the
sensor surface, detection of DNA and negative control samples:

- SH-DNA (probe): 5-GCCGACTGTCGGCGCTGGG-3’-C3Hg¢-SH

- C-DNA (complementary probe): 5-GTGTTAGCTTGTGGTGGTC-3’

- Poly AC-SH (negative control): 5 ACA CAC ACA CAC ACA CAC A-3’

- T5 DNA-SH-CY3 (fluorescence microscopy) 5° CAA TGC AGA TAC
ACT TTT TT-3’

In the procedure of DNA immobilization, aliquots of SH-DNA
(6umol."1) were prepared in Te-NaCl buffer 1molL~! (Sigma-
Aldrich). A solution of 6 umol L~! thiolated ssDNA (SH-DNA) was
prepared in Te-NaCl degassed buffer (to avoid the formation of dis-
ulfides), the microcantilever arrays were incubated overnight at room
temperature (RT) and under agitation (rotation of 400 rpm). After this,
the samples were washed twice with the following buffers: PBS (Sigma-
Aldrich)/NaCl (Sigma-Aldrich)/MgCl, (Sigma-Aldrich) at pH = 7.5 for
5 min and room temperature and PBS at pH = 7.5 for 20 min and room
temperature. The samples were then washed with Milli-Q water and
dried under nitrogen flux.

The samples were in contact with BSA solution (1 mg mL™1) pre-
pared in Milli-Q water for 1 h, at room temperature and under agitation
(rotation of 400 rpm); this procedure enabled surface coverage with
BSA molecules avoiding unspecific interactions. After that, the wafers
were washed three times with Milli-Q water and dried in a nitrogen
flux.

For the DNA detection, the dsDNA was subjected to a similar pro-
cedure of DNA immobilization, which differed in the degassing step
(which is not necessary for this sequence because of the absence of thiol
groups) and incubated overnight at 30 °C.

The process of immobilization and hybridization of the DNA con-
trol, Poly AC-SH, followed the methodology described in the procedure
of the SH-DNA and C-DNA sequences.

Before the step of reduction, samples were cleaned with Triton X-
100 (Sigma-Aldrich) 1% in MilliQ water for 2h under agitation
(700 rpm) at room temperature. The microcantilevers were washed
three times with Milli-Q water and dried in a nitrogen flux.

In the step of reduction, a solution of 1, 4-dithiothreitol (Sigma-
Aldrich) in methanol 20 x 10 3molL~! was used for 3h with a ro-
tation of 700 rpm. After this period, the samples were washed three
times with methanol and dried under nitrogen flux.

The procedures of immobilization, drying and cleaning of the mi-
crocantilevers were developed in eppendorf tubes; the chips were held
with small teflon clamps to prevent them from hitting the walls of the
tubes, thus avoiding their breakage.
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2.3. Contact angle measurements

The contact angle measurements were performed in a home-built
apparatus, equipped with a digital camera (Nikon D40-X) connected to
a computer. The volume used in this study was 10 pL of Milli-Q water.
After each step of surface modification, the values of the angle (n = 5)
were obtained, and the data were processed with Image J software
(https://imagej.nih.gov/ij/).

2.4. Ellipsometric measurements

Ellipsometric measurements were performed in air using a vertical
computer-controlled DRE ELO2 ellipsometer (Ratzeburg, Germany).
The angle of incidence was set at 70.0°, and the wavelength, A, of the
He-Ne laser was 632.8 nm. For data interpretation, a multilayer model
composed of the substrate, the unknown layer, and the surrounding
medium was used. Then, the thickness (d,) and refractive index (n,) of
the unknown layer can be calculated from the ellipsometric angles, A
and v, using the fundamental ellipsometric equation and iterative cal-
culations with Jones matrices (Azzam and Bashara, 1987)

e tan ‘P:&:f(n de, 1, ¢)
RS X X il

where Rp and Rs are the overall reflection coefficients for the parallel
and perpendicular waves. These coefficients are a function of the angle
of incidence ¢, the wavelength A of the radiation, and the refractive
index and thickness of each layer of the model.

From the ellipsometric angles A and ¥ and a multilayer model it is
possible to determine the thickness of each deposited layer on Si wafers,
namely, APTES, telluride compound immobilization, DNA im-
mobilization and recognition, surface blocking with BSA, and surface
recovering, First of all, the thickness of the SiO, layers was determined
in air, considering the refractive index for Si as i = 3.88 —i0.018
(Edward, 1985) and its thickness as an infinite one, for the surrounding
medium (air) the refractive index was considered as 1.00. Because the
native SiO, layer is very thin, its refractive index was set as 1.462
(Edward, 1985) and just the thickness was calculated. The mean
thickness and the corresponding standard deviation determined for
each layer were native SiO, layer (1.96 + 0.08) nm, APTES
(1.55 + 0.14) nm, Te (0.80 *= 0.24) nm, DNA-SH (0.30 + 0.16) nm
and DTT (0.84 = 0.07) nm.

2.5. Nanomechanical measurements

The surface stress was measured using the scanning laser beam
SCALA® (Mecwins, Spain) in controlled conditions: temperature of 24 °C
and equilibrated at 0% relative humidity under a flow of dry nitrogen
for 1 h. The silicon microcantilevers used, 500 um in length, 100 pm in
width and 1 pm in thickness, were purchased from Concentris (Basel,
Switzerland).

The experiments were performed in a SCALA-Bio platform
(MecWins, Spain) where readout was made directly from a 96-well
plate coated with polydimethylsiloxane (PDMS) to attach the micro-
cantilever chips to its surface. The read-out of the microcantilever de-
flections is based in the automated two-dimensional scanning of a laser
beam across the surface of each microcantilever, and the collection of
the reflected beam on the surface of a two-dimensional position sensing
linear detector (PSD) orthogonally oriented to the reflected beam. The
system was equipped with an environmental chamber with capability to
keep temperature at 25.00 + 0.02°C and to change relative humidity
at a rate of 10.00 * 0.08% min ™.

The measurements were performed before and after incubation with
the problem solution.
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Table 1
Mean values and corresponding standard deviations of contact angle (CA)
measurements determined for five samples after each step of surface mod-
ification.

Surface modification CA (")

Oxidation (piranha solution) 36 + 4
Silanization (APTES) 77 = 2
Telluride immobilization 73 = 3
Telluride oxidation 64 + 3
DNA immobilization 38 =3
Blocking (BSA) 63 =1
Complementary strand (detection process) 39 £ 2
Reduction of telluride (surface regeneration) 68 = 3

3. Results and discussion
3.1. Surface analysis (contact angle and ellipsometry)

Contact angle measurements were used as a first approach to opti-
mize the methodology developed for the reversible chemical mod-
ification of silicon surfaces with telluride immobilized. In this study, all
steps involved in the surface modification, starting from surface acti-
vation to the final step of the reduction procedure, were monitored by
means of contact angle measurements, as presented in Table 1.

The analysis of the data obtained from the contact angle (Table 1)
allowed to verify the redox properties of telluride immobilized on the
silicon surface. The contact angle after the reduction process (68 * 3)
was very close to the initial value of telluride before oxidation
(73 = 3). Changes of the contact angle values for water on the mod-
ified surface were perceptible on the steps of immobilization of tell-
uride, immobilization of the DNA sequence and reduction of telluride.
This effect is related to the formation of hydrophobic and hydrophilic
groups on the surface. The immobilization of telluride on the surface
provided hydrophobic characteristics because of the presence of aro-
matic groups. In order to immobilize a SH-DNA sequence, the tell-
uroxide would form a link between telluride and the thiol group present
in the modified DNA sequence. Therefore, before the immobilization
process, the telluride was oxidized with hydrogen peroxide to form
telluroxide, but in the presence of water, this species is converted to
dihydroxy telluride, which is responsible for the formation of the Te-S
binding (Kanda et al., 1999; You et al., 2003) This process (with change
of angle value from 73° = 3-64° = 3) might indicate the presence of
dihydroxy telluride (hydrophilic) on the surface. After that, the SH-DNA
sequence was immobilized and the contact angle value was of 38° * 3,
the sugar-phosphate backbone present in the DNA structure is hydro-
philic and allows the DNA backbone to form bonds with water. The
surface was blocked using bovine serum albumin BSA to avoid un-
specified interactions of molecules with the surface, and the angle value
changed from 38° = 3-63° = 1. In the hybridization process, it was
possible to identify the angle variation from 63° + 1-39° + 2, which
might be related to the presence of hydrophilic groups in the DNA
chain. The process of reduction of chalcogen was accomplished using a
reducing agent (DTT), which changed the angle value from
39° + 2-68° = 3, approaching the value of telluride before im-
mobilization of DNA.

The mean values of film thicknesses relative to each step of surface
modification were determined by ellipsometry, which is a com-
plementary technique for contact angle measurements. With he tech-
niques of surface analysis was possible to monitor the surface reversi-
bility because of redox properties of Te compounds, allowing a new
modification procedure. Fig. 1 shows the results obtained in techniques
of surface analysis, where it can be seen the changes in the contact
angle after every modification step (above figure) and a scheme
showing the mechanism proposed for the cantilever modification pro-
cess (figure below) of this work.
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Fig. 1. Surface analysis: A-oxidation with piranha
solution, B- APTES self-assembled monolayer, C-
telluride (3a) immobilization, D-oxidation of tell-
uride, E- DNA immobilization, F- surface blocking
(BSA), G-complementary strand (ds-DNA) and H-
reduction of telluride (surface regeneration). The
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The results obtained with ellipsometry are shown as inset in Fig. 1,
and allow to verify that the thickness of telluride, before and after the
reduction process, was similar, showing total agreement with the re-
sults obtained with the contact angle technique. The Scheme in Fig. 1
shows the proposed mechanism for modifying silicon surfaces via tell-
uride immobilization, and the importance of telluride oxidation to form
the Te-S binding, responsible for the immobilization of molecular re-
cognition elements. After the detection of target molecules, the reduc-
tion process regenerates the surface, allowing to perform a new im-
mobilization cycle.

3.2. Nanomechanical measurement

The surface modification methodology developed using contact
angle measurements was applied to nanomechanical biosensors for the
detection of DNA hybridization. In this way, we could demonstrate the
reversible nature of the chemical bond between the thiolated biomo-
lecule probe and the telluride compound and thus determine how many
times a sensitive and specific detection of the complementary DNA
sequence was achieved using microcantilevers with the regenerated
surfaces. Scheme 1 presents the process developed in microcantilevers.

It is very important to point out that the immobilization of thiolated
biomolecules on silicon surfaces eliminated the need of gold-coating in
one of the surfaces of the microcantilever, the presence on a gold-
coated surface can be a source of non-specific cantilever bending due to
variations in temperature (Ramos et al., 2007). Therefore, due to the
insensitivity of our microcantilever device to temperature changes, the
equipment costs decreased tremendously as we did not need specialized
equipment for accurate temperature control.

Since the process of detection was performed on static mode, tell-
uride was oxidized only on the top microcantilever surface. In order to
ensure that the microcantilever is oxidized only in its upper part, it is
placed inverted over the hydrogen peroxide solution during the oxi-
dation step; the lower density of the cantilever and the surface tension
of the liquid allow the material to float, ensuring that the chemical
modification occurs only on one side of the cantilever (Kosaka et al.,
2013). This methodology guaranteed the asymmetric immobilization
needed, and thus the variation of surface energy from elastic

graph illustrates the layer thickness variation
of each process by ellipsometry:  SiO,
(1.960 = 0.08485nm), APTES (1.554 =
0.1389nm), Te (0.7980 * 0.2376nm), DNA-SH
(0.3040 = 0.1624nm) and DTT (0.8420 =+
0.06686 nm) (one-way ANOVA: Tukey Test).

H,0,

( Oxidation

2
HO o= = T

DNA immobilization

contraction or expansion in relation to the opposite surface could be
measured.

Fig. 2 shows the variation of the surface stress acquired in each use
of the microcantilever.

The analysis of surface stress performance, displayed in Fig. 2A,
allowed to verify that the sensitive and specific detection of DNA hy-
bridization was possible in the first and second use, indicating that the
redox property of the telluride immobilized on the microcantilever
surface was maintained. In the third use of the microcantilever there
was no change in the surface stress values and thus none detection of
the DNA sequence. The decrease in the detection response may be re-
lated to the capacity of the telluride reduction due to steric problems.
This effect is related to the conformation of the DNA anchored on the
telluride layer. If the DNA sequence acquires tangle conformation
during the hybridization process, the reduction reaction might be af-
fected as the reducing agent was not able to reach the binding site
between the chalcogen and the thiol present on the surface.

Another system analyzed was the negative control samples to verify
whether the signal obtained by the detection system was specifically
due to the recognition of the complementary DNA probe. Fig. 2 (B)
shows that the change in the surface stress measured for the micro-
cantilevers functionalized with the negative control probe was negli-
gible. The specificity was maintained on the second and third reuse of
the microcantilevers functionalized with the control probe.

After verifying the applicability of telluride in the immobilization
and hybridization processes of DNA, the next study was the im-
mobilization of different sequences in the same microcantilever: First,
the Poly AC-SH (negative control) sequence was immobilized and the
detection/reconstitution sequence was carried out. Next, two SH-DNA
immobilization cycles were performed. The results obtained are pre-
sented in Fig. 2C, where it can be observed that the SH-DNA/C-DNA
recognition process was successful in the second cycle. This proves that
it was possible to immobilize different DNA sequences without inter-
ference on the detection on the second use of the sensor. The first se-
quence immobilized was the negative control, and the changes in sur-
face stress values were negligible. After the reduction process, the
second and third DNA sequence immobilized was SH-DNA (detection
sample), and the surface stress values observed indicated that the
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Scheme 1. Schematic representation of the immobilization process using telluride and DNA sequences. In this system, telluroxide was formed only on the active

surface of the microcantilever to ensure the detection response.
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hybridization with the complementary sequence occurred on the
second recognition step; again, in the third measurement the response
of hybridization was not as effective as the in second microcantilever
use.

Comparison between the two systems (detection and control) al-
lowed to verify that the process to remove the thiolated biomolecule
was effective. This suggests that the use of telluride compounds can be a
promising and cheaper alternative to gold for immobilization of thio-
lated probes in biosensing applications.

In Fig. 3 can be observed the comparative analysis between the
detection and control systems, and the statistical analysis between the
samples and the numbers of measurements.

A total of 96 microcantilevers were used: 64 microcantilevers were
used for the detection of C-DNA sequence; 16 microcantilevers were
used as negative control (Poly AC-SH sequence immobilized onto the
microcantilever surface) to check the specificity of the biosensor; 16
microcantilevers that were first immobilized with the Poly AC-SH

negative control sequence and then (after the removal of the negative
control sequence from the microcantilever surface) functionalized with
the SH-DNA probe for the C-DNA sequence detection. Each micro-
cantilever array was reused for 3 times, that is, the immobilization and
removal processes of the thiolated DNA sequence (detection or control)
were performed three times in each microcantilever.

The comparative analysis between control and detection samples
provided critical information about telluride: the presence of this
compound on the surface of microcantilever did not interfere in the
hybridization response. This information is crucial because it shows the
applicability of telluride derivatives as a tool for application on surface
functionalization using the reversibility of thiol binding according to
the oxidation state of the tellurium atom. The analysis allowed to verify
that, in the third detection step, the response in these two systems
presented a rate of false positives results of approximately 20%, a value
that supports previous experiments.
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Fig. 3. Comparison of surface stress values obtained from two system types
(Detection X Control), in the detection step (area highlighted in pale red in the
graphic). It was possible to verify that the signal observed was different be-
tween the samples. This measurement showed that the presence of immobilized
telluride on the microcantilever surface did not interfere in the detection pro-
cess. It is possible to observe the variation of positive and false positive values
between the samples. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)

A

C D

100 pm

Fig. 4. Images obtained during two DNA immobilization processes: (A)
Telluride compound immobilization, (B) first immobilization of T5 DNA-SH-
CY3, (C) first reduction of telluride, (D) second immobilization of T5 DNA-SH-
CY3 and (E) second reduction of telluride.

3.3. Fluorescence microscopy measurement

The reversible binding property of the organotelluride-functiona-
lized surface, obtained in the previous analyses, fluorescence imaging
was performed in oxidation, binding and reduction steps at the mi-
crocantilever surface. The microcantilever surface was immobilized
with a DNA sequence (T5 DNA-SH-CY3) modified with Cy3 fluor-
ophore. Fig. 4 shows the images obtained in two immobilization cycles.

The images obtained by fluorescence microscopy showed the in-
teraction process of telluride and the thiolate DNA on the surface of the
microcantilever. It can be seen that there is not a continuous DNA self-
assembled monolayer on the microcantilever surface in the first and
second DNA immobilizations, but the interaction between chalcogen
and the thiol group present on the DNA structure is not compromised.
According to Ndieyira et al. (2008) during the study of detection of
antibiotic-mucopeptide binding, the full coverage of the micro-
cantilever surface it is not necessary to obtain a measurable signal, due
to the fact that chemically modified regions can connect to each other

292

Biosensors and Bioelectronics 137 (2019) 287-293

resulting in a modification of surface stress (Ndieyira et al., 2008).
Some studies discuss the behavior of DNA when immobilized on the
surface. P. M. Kosaka et al., 2013) presented the self-assembled
monolayer of DNA on gold surfaces and observed the formation of DNA
islands through Atomic Force Microscopy; reinforcing the present
fluorescence microscopy results.

The interaction between telluride and thiol groups was observed
only in nuclear magnetic resonance spectrometry (Engman et al.,
1992), and the view of this interaction with fluorescence microscopy is
innovative, with the application in nanomechanical biosensors.

4. Conclusion

In this work, we demonstrated the viability of organotelluride as a
redox agent in reversible immobilizations of thiolate DNA for the de-
tection of complementary DNA probes using nanomechanical systems.
The reversibility property allows the reuse of microcantilevers in an-
other modification process, consequently, a new detection. These in-
teractions between organotellurium and thiol groups have been pre-
viously observed only in studies about protease inhibition using
hypervalent tellurium and selenium derivatives. The results of our
study demonstrate an innovative use for the formation of Te-S binding
and redox properties of tellurium compounds in biosensing. Our results
open a new venue of application of tellurium derivatives as a “new
material” that could be useful in areas of research such as micro- and
nanomechanical sensors other than organic synthesis and protease in-
hibition.
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