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Abstract

In recent decades the combination of different technologies and scientific
disciplines like bioelectronics, genomics, materials science, biochemistry
and computer science, has allowed the development and implementation of
innovative analytical devices - biosensors - which allow to find new
solutions in the field of diagnostic. In such devices the measurement of the
target analytes is achieved by selective transduction of a parameter of the
biomolecule-analyte reaction into a quantifiable signal, providing a
selective identification of toxic chemical compounds at ultra trace levels in
industrial products, chemical substances, environmental samples (e.g., air,
soil, and water) or biological systems (e.g., bacteria, virus, or tissue
components) for biomedical diagnosis. In life sciences, biosensors have
offered new options for clinical diagnostic procedures. In the development
of biosensors, nanotechnology is playing an increasingly important role,
improving sensitivity and performance of their construction and allowing
the capability of unambiguous identification and accurate quantification of
big chemical constituents in complex systems.

Recently, biosensors based on the use of monoclonal or polyclonal
antibodies have seen a great development in the field of small molecules
analytical determination and specifically in the mycotoxins analyses for
food safety application and in biomarkers detection for human health (i.e.
caspases detection of apoptosis, playing a critical role in the development of
therapeutics in many different fields, including cancer).

Affinity to specific molecular targets (such as nucleic acids, proteins, small
compounds, or cells) of antibodies is overcome by aptamers, single stranded
of DNA or RNA oligonucleotides of 15 to 60 base. In contrast to antibodies,
aptamers are prepared by in vitro selection procedure called SELEX.

The purpose of this PhD thesis is to provide a study of a range of
technologies and innovations in the field of the bio-sensible component of a
biosensor, comparing different experimental approaches.

At the beginning, using as biological component monoclonal e polyclonal
antibody, we performed an antibodies- based microarray biosensor for
applications in proteome analysis, disease diagnostics and quantitative small
molecules analysis. We discussed different microarray surfaces,
immobilization techniques, detection systems and advantages and
disadvantages of antibody microarrays.

During the second year, we approached a different bioreceptor: aptamers,
that exhibit many advantages as recognition elements in biosensing,
compared to traditional antibodies. The unique properties of aptamers and



the possibility of developing aptamers against different binding sites on the
target analyte allowed high variability on the assay and a good use in
biosensor field.

We used an acoustic sensor in a TSM format (Transverse Shear Mode
methods) for studying protein/aptamer interaction. We detected subtle
structural effects at the sensor surface connected with conformation changes
of thrombin aptamers and ochratoxin induced by protein or low molecular
mass ligand.

In the last year, an aptamer terminated sensing surface, was exploited for
designing a nano-aptasensor for microfluidic device, coupled with a Surface
Enhanced Raman Spectroscopy (SERS). In order to validate this strategy,
the already experienced aptamer for thrombin is used.

During the PhD we moved in this direction, studying and defining different
approaches to develop new biosensors for the most popular toxic and
carcinogenic food contaminant class: micotoxins. We also focused our
interest in thrombin and caspases, due to their importance as biomarker in
several human pathologies, and in the development of the analytical
devices.



1. General Background

The purpose of this PhD thesis is to provide a study of a range of
technologies and innovations in the field of the bio-sensible component of a
biosensor, comparing different experimental approaches. The availability of
innovative tools for the detection of food contaminants and for the analysis
of biomarkers of pathological conditions is closely related to the protection
of human health. During my PhD, we moved in this direction, studying and
defining different approaches to develop new biosensors.

1.1 What is a Biosensor ?

A Dbiosensor is a device which converts biological activity into a
quantifiable signal, providing rapid analysis and real time detection
[Schmid, 1987; Turner et al., 1987]. It consists of two main components: a
bio-receptor and a transducer. The bioreceptor (or biological sensing
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Fig. 1: Scheme of a Biosensor [Pacheco, 2011].

element or biological component) is a biomolecule, such as an antibodies,
enzymes, cells or aptamers, in close contact with the transducer, which
binds specifically to the analyte of interest. The transducer translates the
binding event into detectable and measurable signal (fig.1). Interactions, via
coupling of a biological recognition element to a transducer, are capable of
providing qualitative or quantitative information [Malhotra et al. 2005]. The
two most important properties of any proposed biosensor are the specificity
and the sensitivity toward the target analyte. The specificity of a biosensor
is entirely governed by the properties of biological component, because this
is where the analyte interacts with the sensor. The sensitivity of the



integrated device is dependent on both the biological component and the
transducer, because there must be a significant biomolecule-analyte
interaction and high efficiency of subsequence detection of this reaction by
the transducer. The range of potential biological components and the range
of transducer technologies available for use in biosensors require a truly
multi and interdisciplinary approach to research and development in this
area. Much of the basic transducer technologies already exist, though it
requires further development and optimization. A number of different
techniques for measuring the response, as well as various types of
transducer which are currently being evaluated for their suitability for a
range of sensing applications, are listed in table 1. Biosensors based on
DNA or RNA aptamers (aptasensors) represent new type of sensors that
utilize unique properties of artificial receptor — aptamers. Aptasensors are of
considerable interest, due to their application in detection of practically
unlimited kinds of compound [Hianik and Wang, 2009].

Tablel

Biological applications | Tranducer system
Cofactors Optical

Antibodies Electrochemical
Receptors Piezo-electric
Enzymes Calorimetric
Membranes Acoustic
Organelles Mechanical

Cells Densitometric
Aptamers

The main advantages of biosensor technology, in comparison with
traditional analytical methods, are fast detection (minutes) and response
(seconds), high sensitivity (typically nM, improved sensitivity with
nanoparticles pM and better), high selectivity, easy preparation and
operation assay method. In addition, most of these devices are reusable and
show low cost assay.

The methodology of surface chemistry is the basic know-how for obtaining
reproducible results with biosensors and various strategies can be used
[Gagliardi et al., 2007].



The key points to consider when selecting an appropriate surface and
coating procedure are the low degree of unspecific binding sites and the
uniform distribution of functional groups on the substrate surface.

For this reason, during biosensor development and testing, particular
attention has to be focused on:

. Surface (on which sensing layer will be coated) characterisation

. Biological reagent (immunoglobulin, nucleic acid, ecc.)
characterisation

. Uniformity of biological element

. Standard solution preparation

) Calibration and Standard Curve construction



1.2 Bioreceptor components

The variety of bioreceptors used in vast majority of biosensors, reported to
date, have been based on antibodies, oligonucleotides, enzymes, whole
cells, membrane and, more recently, aptamers. A brief overview of different
types will be described next.

1.2.1 Immunosensors

Immunosensors use antibodies (monoclonal or polyclonal) as biological
element and are defined affinity sensors. They are based on the
immunological technique that can be applied to investigate and manipulate
minute concentrations of complex molecules. Current immunological assays
capable of detecting many biological agents utilize the sensitivity and
specificity of polyclonal and monoclonal antibodies [Emanuel et al., 2000].
Polyclonal antibodies are obtained from animal serum and are produced by
two type of blood cell, B lymphocytes and plasma cells, in response to a
foreign substance. Monoclonal antibodies are produced in vitro by
hibridoma technology. From the analytical point of view, the main
difference between polyclonal and monoclonal antibodies is the fact that
monoclonal recognizes on the molecule of antigen a single epitope only
[Pohanka, et al., 2007]. Antibodies consist of four polypeptide sub-units
comprising two identical large or heavy chains and two identical small and
light chains which are held together by non covalent force and covalent
inter chain disulphide bonds. The carbohydrate residues in antibodies are
covalently bonded to the C-terminal half (Fc) of the molecule. The key
portions of the antibody molecule that contain the antigen binding sites are
called the Fab fragments. Each Fab fragment comprises an entire light chain
and a segment of the heavy chain [Byfield and Abuknesha, 1994].

In biosensor based on antibodies the analyte is either the corresponding
antigen of the antibody used. An antibody-antigen interaction is
characterized by two major properties that may be exploited for sensing or
detection purposes: a very high affinity constant (10" ™ of antigens can be
detected) and a low cross-reactivity. The main important property of
antibodies is their ability to bind to an extremely wide range of natural and
man-made compounds [Vo-Dinh and Cullm, 2000].



1.2.2 Aptasensors

Aptamers are ligands with a high affinity for considerably differing
molecules ranging from large targets as proteins over peptides, complex
molecules to drugs and organic small molecules or even metal ions. They
are widely used, including medical and pharmaceutical basic research, drug
development, diagnosis, and therapy. Analytical and separation tools
bearing aptamers as molecular recognition and binding elements are another
big field of application.

Aptamers have become important tools for molecular diagnostics and
therapeutics. In particular, the aptamers-based biosensors possess
unprecedented benefits for their high specificity and affinity. In principle,
they can be selected in vitro for each target, ranging from small molecules

to large proteins, also cells. They can be synthesized with high
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Fig. 2: Systematic Evolution of Ligands by Exponential enrichment - SELEX
[Stoltenburg et al., 2000].

reproducibility and purity, DNA aptamers are usually highly chemically
stable. The application of aptamers as biocomponents in biosensors offers a



multitude of advantages over the state of the art in affinity sensing [Song et
al, 2008]. Aptamers are single-stranded RNA or DNA oligonucleotides 15
to 60 base in length that bind with high affinity to specific molecular targets
such as nucleic acids, proteins, small compounds or cells. This
oligonucleotides bind to their target with high selectivity and sensitivity due
to their three-dimensional shape. Their specificity is comparable and in
certain cases even higher than those of antibodies. In contrast to antibodies,
aptamers are prepared by in vitro selection procedure: Systematic Evolution
of Ligands by Exponential enrichment, also called SELEX, developed
simultaneously in early 1990s by L. Gold and A. Ellington laboratories
[Ellington and Szostak, 1990; Tuerk and Gold, 1990]; SELEX, aimed at the
development of aptamers [Stoltenburg et al., 2000], involves three
processes, namely: selection of ligand sequences that bind to a target;
partitioning of aptamers from non-aptamers
via affinity methods; amplification of
f.TI\ bound aptamers (Fig.2) [Gopinath, 2007].
T, Aptamers have been selected to hundreds
é i I "IN of small molecules and protein targets
| TERaL, “T" including, for example, ATP, GTP, B12,
Gl :

malachite green and caffeine, HIV-1 Rev
peptide, MS2 coat protein, and thrombin.
T ~G s Several aptamer structures have been
shown to be readily evolvable in terms of
specificity. For example, three mutations
within the binding loop of an in vitro
selected I-citrulline aptamer were enough
to change its specificity to l-arginine
because the pattern of hydrogen bond
donors and acceptors could be flipped in a
simple way [Yang et al., 1996; Klussmann
2006].

Among aptamers, the thrombin aptamer
was most extensively studied. The
composition of the thrombin aptamer is as
gi%mgis tshtgﬁsueﬁitivoefl %’i\‘rﬁ follows: d(T15GGTTGGTGTGGTTGG).
tk?rombind in its fibri)c/mogen A pair of thymines on the GT'_ quandrUple.X
binding site [Hianik, 2009]. of the aptamer characterizes thrombin
binding site (fig. 3). The thrombin aptamer
is the first example of ssDNA
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oligonucleotides that bind a target protein with unknown specificity for
nucleic acids and it is largely use in biosensor field [Bock et al., 1992].
Thrombin is a multifunctional serine protease, which plays an important
role in pro-coagulant and anti-coagulant function. This protease converts
soluble fibrinogen into insoluble strands of fibrin, which is responsible
either for a physiological plug or pathological thrombus. Thrombin has two
binding sites that are spatially separated and localized at opposite poles of
thrombin molecules. These binding sites are sensitive to fibrinogen and
heparin, respectively. Aptamers can be used as potential inhibitors of
thrombin, therefore study of the mechanisms of interaction of thrombin with
aptamers is of great importance for medicine [Coughlin, 2000].

Recently, also a DNA aptamer sensitive to ochratoxin A (OTA) has been
developed [Cruz-Aguado and Penner, 2008]. OTA A is a fungal toxin,
discovered as a metabolite of aspergillus ochraceus [Turner et al., 2009].
This aptamer is able to recognize OTA A with sensitivity in a ppb level and
with high selectivity.

Mycotoxins, such are aflatoxins, fumonisine and ochratoxin, are toxical
fungal metabolites that can occur in primary food products. This mycotoxin
generally appears during storage of cereals, coffee, cocoa, dried fruit, pork
etc. and occasionally in the field of grapes. It may also be present in blood
and kidneys of animals that have been fed on contaminated feeds. Animal
studies indicated that this toxin is carcinogenic [Turner et al., 2009].
Therefore, the European Commission has fixed maximum concentration of
OTA in foodstuffs: 3 pg/kg (7.4 nM) for cereal products and 5 pg/kg (12.4
nM) for roasted coffee, respectively (Commission Regulation No.
1881/2006, 19 December 2006).

The establishment of an efficient method of this analyte detection is
therefore of high importance. In addition to traditional, but expensive and
time-consuming methods such as liquid chromatography, new trends consist
in development of portable and easy to use biosensors [Tsai and Hsieh.,
2007].
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1.3 Typesof Biosensor Trasducers

The availability of rapid and reliable methods for rapid determination of
small molecules is an increasing need for human health. In order to
monitoring small molecules proteins/marker related on Human Health, Gas
Chromatographic (GC) High Pressure Liquid Chromatography (HPLC)
methods and immunoassay are generally utilized, due to their high detection
sensitivity and selectivity. However, GC and HPLC analyses are time
consuming and needs sample pre-treatment or pre-concentration procedures
[Sethi, 1994].

Immunoassays and biosensors are becoming a recognized alternative or
complementary to conventional analytical techniques for the detection of
different analytes. Recently, biosensors based on the use of monoclonal or
polyclonal antibodies have seen a great development in the field of small
molecules analytical determination. The absence of cross-reactivity
obtained with most of these biosensor, the possibility of on-line
measurement, the absence of sample pre-treatment, can really put it in
competition with other conventional systems such as HPLC and ELISA
[Pacheco, 2011].

In particular, we focused our attention on biosensors that utilize
immunoglobulins or aptamer showing affinity for a correspondent analyte,
associated to various transduction elements. Several biosensing platforms
have been introduced for the Surface Enhanced Raman Spectroscopy
(SERS) and for the Quartz Microbalance Crystals (QCM). Examples of
microarray densitometric platform is been also presented.

Analytical methods used for small molecules determination for human
health are mainly based on immunoassay as ELISA. Actually, biosensor and
microsystem technologies are used for different applications including
studies of human and veterinary diseases, drug discovery, genetic screening,
clinical and food diagnostics. According to these approaches, the goal of
many authors has been to transfer the methods of immunoassay from
microtiter plates into a biosensor format to develop a fast, sensitive and
inexpensive detection of protein markers for various diseases.

Microarray and biosensor technology enables the fast and parallel analysis
of a multitude of biologically relevant parameters. Not only nucleic acid-
based tests, but also peptide, enzyme antibody and aptamer assays using
different formats of biosensor evolved within the last decade. Microarrays
and biosensors are a powerful assay technology that can be used to generate
rapid detection of analytes in complex samples which are also potentially
useful for the generation of rapid tests for biomedicine and for food safety.
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1.3.1 Densitometric

Densitometry is the quantitative measurement of optical density in light-
sensitive materials. Densitometric analysis is the quantitative and qualitative
study of color levels of the image obtained. It seems expecially suitable,
since it allows rapid quantification. Densitometric evaluation is based on
measurement of light reflected by a spot or of a native fluorescence. Today,
modern computer-controlled densitometers allow quantitative determination
of almost all chemicals, both colorless and colored which have UV-Vis
absorbance or a capable of measuring fluorescence. The method is rapid and
it offers possibility of analyzing simultaneously a large number of sample
along with consecutive qualitative or semi-quantitative analysis. Several
colorimetric and fluorometric methods are currently available for the
measurement of proteins in biological extracts [Ghosh, 1988].

Enzyme linked immunosorbent assay (ELISA) and fluorescence
immunoassay (FIA) are excellent survey tools for many analytical purposes
because of their high-throughput, user friendliness, and field portability.
Immunoassay is traditionally performed as individual test, however in many
cases it is necessary to perform a panel of tests on each sample (detection of
drug residues). To address this requirement, microarray-based immunoassay
technologies have been developing utilizing microarray platform
(multianalyte analysis) and classic immunoassay (multi-samples analysis).
In recent years, the antibody microarray technology has made significant
progress, going from proof-of-concept designs to established high-
performing technology platforms capable of targeting non-fractionated
complex samples, as proteoma [Blohm and Guiseppi-Elie, 2001].
Microarrays provide a powerful analytical tool for the simultaneous
detection of multiple analytes in a single experiment and consist of a
biosensor micro o nano arrays.

Microarrays consist of immobilized biomolecules spatially addressed on
planar surfaces, microchannels or microwells, or an array of beads
immobilized with different biomolecules. Biomolecules commonly
immobilized on microarrays include oligonucleotides, polymerase chain
reaction (PCR) products, proteins, lipids, peptides and carbohydrates.
Ideally, the immobilized biomolecules must retain activity, remain stable,
and not desorb during reaction and washing steps. The immobilization
procedure must ensure that the biomolecules are immobilized at optimal
density to the microarray surface for efficient binding [Venkatasubbarao et
al., 2004].

Some microarray applications are focused on current trends in the
movement of this technology from being a purely research method to
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becoming an analytical instrument applicable in the clinic and as well as in
human health [Koppal, 2004].

Research on microarrays as multianalyte biosystems has generated
increased interest in the last decade. The main feature of the microarray
technology is the ability to simultaneously detect multiple analytes in one
sample by an affinity-binding event at a surface interface. In some cases
immunoanalytical microarrays have the potential to replace conventional
chromatographic techniques. They are applied if the number of samples is
high or analysis by current methods is difficult and/or expensive. Therefore,
microarray platforms have a great potential as monitoring systems for the
rapid assessment of water or food samples. Antibody-based microarrays are
a powerful tool for analytical purposes, also for aflatoxins and caspases
detection application. Immunoanalytical microarrays are a quantitative
analytical technique using antibodies as highly specific biological
recognition elements.

In our two applications we developed a competitive immunoassay in a
microarray format and observed, using the method described, different
microarray patterns in samples containing aflatoxin-B1 or fumonisine at a
ppb concentration range and either analytes in order to detect different
caspases. The quality of the microarray data was comparable to data
generated by a microplate-based immunoassay, but further investigations
are needed in order to better characterize these methods.
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1.3.2 Mass sensitive

Another form of transduction that has been used for biosensors is the
measurement of small changes in mass. This has already been shown to
capable of very sensitive measurements. The principle means of mass
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Fig. 4 - a) and b): Mass piezoelectric transducer; c): A bioreceptor antibody-
based on a Piezoelectric crystal transducer [Kumar, 2000].

analysis relies on the use of piezoelectric crystals. These crystals can be
made to vibrate at a specific frequency with the application of an electrical
signal of a specific frequency. The frequency of oscillation is therefore
dependent on the electrical frequency applied to the crystal as well as the
crystal’s mass. Therefore, when the mass increases due to binding of
chemicals, the oscillation frequency of the crystal changes and the resulting
change can be measured electrically and be used to determine the additional
mass of the crystal [Vo-Dinh and Cullum, 2000].

Quartz crystal microbalances (QCM) are particularly suitable for the nucleic
acids hybridization detection because no label is required to reveal the
interaction between a strand immobilized on the sensor surface and the
corresponding interacting molecule in solution. The limitation of this
approach is non-specific adsorption of molecules present in real matrices.
However, previous experiments with piezoelectric and DNA probes showed
that non-specific binding can be avoided using an appropriate
immobilisation chemistry [Tombelli et al.,, 2000]. Mass sensitive
piezoelectric transducers are usually based on AT-cut quartz crystal covered
by gold electrodes. The external alternating voltage induces oscillation of
the quartz. The frequency of this oscillation depends on the transducer
thickness (Fig. 4a and 4b).
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In these biosensors the frequency value of the oscillation of the quartz is
proportional to the mass of the crystal following the Sauerbrey law and
decreases with increasing of the mass (Equation 1) [Sauerbrey, 1959].

However, exact relation between the changes of the resonant frequency and

Af=-2.26x10° f*(Am/A)

Equation 1: Sauerbrey equation

mass is valid, according to Sauerbrey, only for dry crystal. In a solution, the
contribution of viscoelasticity should be considered due to the possible
friction between the biolayer at crystal surface and surrounding liquid. The
analysis of viscoelastic contribution can be made by Thikness Shear Mode
(TSM) method [Hianik et al., 2009]. This method is based on analysis of
complex impedance spectra of quartz transducer. In addition to the resonant
frequency also so called motional resistance (Rm), can be determined in this
method. The Rm value is measure of viscoelastic contribution to the crystal
oscillation [O’Sullivan and Guilbault 1990].
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F

effect.

Fig. 5: Propagation of acoustic wave from the sensor
surface [Pacheco, 2011].

TSM is certain analogy of QCM, however, in addition to mass, the TSM
determines also the viscosity contribution arising from the friction between
biolayer and the surrounding buffer (Fig. 5). This is important for detection
of small molecules, such are mycotoxins for which the QCM detection is
difficult due to small molecular weight of the analyte [Lamberti et al.,
2011].
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1.3.3 Optical

Among of all type of biosensors, optical biosensors are receiving
considerable attentions because the advantages of using integrated optical or
optoelectronic trasducer for measuring biological reactions have been
realized. In such field the detection mode based on SERS (Surface
Enhanced Raman Spectroscopy) opens a new way for bio-marker

imcident luser (1, v)

reflection (ly, v)

transmission (T, v,)

Fig 6: Raman spectroscopy: a photon of light interacts with a sample to produce
scattered radiation of different wavelengths.

recognition [Wang et al., 2007].

In laser-based optical spectroscopy, Raman scattering generates a
fingerprint-like vibrational spectrum for individual molecular species with
features that are much narrower than fluorescence. Raman scattering can be
generated using monochromatic far-red or near-IR light, photon energies
too low to excite the inherent background fluorescence in biological
samples (fig. 6). In addition, water is a very poor Raman scatterer, and
combined with all the features described, makes Raman a useful tool in
detecting molecular species in biological samples.

SERS takes advantage of strongly increased Raman scattering signals
generated by local field enhancements near metallic nanostructure and can
be applied for label free analyte detection, revealing molecular fingerprints.
A Raman dye can be either fluorescent or non fluorescent, and a minor
chemical modification of a dye molecule can lead to a new dye with a
different Raman spectrum, even if the two dyes exhibit virtually
indistinguishable fluorescence spectra [Sassolas et al., 2006]. A variety of
metal structure (Au Ag and Cu) are used to induce SERS effect. These
metal are used in different format as metal plates, colloids rods coating
[Knauer et al., 2010].

The spectral specificity of a SERS scattering probe is excellent in
comparison to that of the fluorescence method. For example, the spectral
bandwidths of cresyl fast violet in UV adsorption and fluorescence are
broad whereas the bandwidth of the SERS spectrum of the same dye is

15



narrower. The dye-labeled SERS active substrates can provide richer
spectral information than fluorescence based signatures, which are often
limited by spectral overlap of the chromophores and by background signals
due to other components in the sample [Kneipp et al., 1997; Wang et al.
2007].

The SERS technique was reported as a tool for detecting specific nucleic
acid sequences. A SERS aptasensor was described to detect thrombin.
Thiolated thrombin-binding aptamers were immobilized onto a gold
substrate. A sandwich structure was formed between the immobilized
aptamer, the protein target and a secondary aptamer bound to AuNPs, which
were labeled by a Raman reporter (R6G). Then, silver NPs aggregated on
AuNPs yielding electromagnetic hot spots. Thus, the Raman signal of the
R6G was greatly enhanced due to the large electromagnetic coupling effect
produced by the hot spots between AgNPs and AuNPs. The detection limit
of this SERS aptasensor was 5x10—10M. A reagentless aptameric biosensor
based on SERS spectroscopy was also developed to detect cocaine.
Tetramethylrhodamine (TMR)-labeled aptamer was immobilized on a
SERS substrate. In the absence of the target, the aptamer was partially
unfolded. So the TMR moiety remained away from the sub-strate and
yielded a weak SERS signal. In the presence of cocaine, the aptamer folded
into stable three-way junction, in which the TMR moiety came in close
proximity to the SERS substrate, generating an enhanced SERS signal.
Detection limit was ¥®M . SERS “aptatags” were used to develop a
biosensor for thrombin detection. “Aptatags” were composed by AgNPs
linked together using a small organic molecule bearing two thiol
functionalities: biphenyl-4,4’-dithiol (DBDT). DBDT served as the linker
and as the SERS reporters. Then, “aptatags” were functionalized with
thiolated thrombin-binding aptamers. First, aptamers were immobilized
onto a silver layer deposited over a silicon wafer. After interactions between
thrombin and specific aptamers, the surface was treated with the SERS
“aptatags”. A sandwich complex was formed between immobilized
aptamers, the target and aptamers on the SERS “aptatags”. The SERS
signature of the linker holding the nanoparticles together indicated the
presence of thrombin. Detection limit was 10-10M [Sassolas et al., 2006].
An optical aptamer-based detection system label free appears as highly
efficient device with enormous potential. Unfortunately, such systems are
still immature compared to immunoassays, reflecting the limited availability
of aptamer types and the relatively poor knowledge of surface-
immobilization technologies for aptamers [Song et al., 2008].
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Aims
Aim 1: Protein Microarray Applications

Research on microarrays as multi-analyte biosystems has generated
increased interest in the last decade. According to this trend, we have tried
to transfer the immunoassay method from microtiter plates into a
microarray format in order to develop a multiparametric, rapid, sensitive
and inexpensive method for the detection of mycotoxins for food safety
application. To perform our test and check the feasibility of this format, we
focused our studies on the most popular mycotoxins Aflatoxin B1 and
Fumonisin B1 and developed a competitive immunoassay in a microarray
format, using the Dr.Chip platform provided by Life Line Lab Co.
(Pomezia, Italy) and used also for other applications.

Microarray platform is equipment to create microarrays and to read the final
results, via densitometric detection, based on the enzymatic and
colorimetric assay. In Fig. 7 A is reported a detail of the plastic probe tray
for protein spotting and pins. In the same picture is also shown the scheme
of the glass treated with functional protein linker.

As in other conventional competitive immunoassay, the color intensity and

SUMMARY OF ANTIRODY MICHOARRAY OF MYCOTOXIN

Fig. 7-A: Microarray spotting platform used for Aflatoxin B1 detection; B: Scheme of
sensing assay for Aflatoxin B (Lamberti et al., 2009)
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corrispondent grey values obtained from antigen microarrays BSA-Afla B1,
prepared as described in this paper and used in our immunological tests, are
in inverse proportion to antigen concentration in standard solutions. Assay
method for Aflatoxin is described in Fig. 7 B.

The aim of our second application was to develop a new and rapid method
for studying H460 cells that have been induced to apoptosis as a possible
new tool for oncology studies. As main focus of this aim, we study the
feasibility to transfer the methods of the immunological assay for caspases
from classical western blot into a microarray format in order to develop a
multiparametric, rapid immunoassay, sensitive and inexpensive assay.
Caspases are specific cytosolic proteases that are activated during apoptosis.
Programmed Cell Death — PCD, or apoptosis, is a highly regulated process
characterized by morphological and biochemical cellular changes. The
selective induction of apoptosis in malignant cells may be an attractive
mechanism to control neoplastic cell proliferation. Thus, factors that affect
caspase activation and apoptosis might be important determinants for drug
sensitivity. In addition, forms of cell death that are caspase dependent may
also have a crucial role in the treatment response.

To test the feasibility of this format, we focused our studies on the three
caspases that are critically involved in apoptosis: caspase-3 (both cleaved
and uncleaved forms), caspase-8 and caspase-9. We developed different
microarray formats using the commercial platform DR.Chip. Our results
demonstrate that this platform is suitable for carrying out rapid
immunological tests to identify cleaved and uncleaved caspase-3 as well as
caspase-9. Simultaneous analyses for more of these proteases are mainly
limited by the densitometric detection system associated with the
microarray platform. In our opinion, the future use of fluorometric detection
would offer great improvement for the microarray-based identification of
caspases described in our work.

Our results demonstrate that this platform is suitable for carrying out rapid
immunological tests to identify cleaved and uncleaved caspase-3 as well as
caspase-9. Simultaneous analyses for more of these proteases are mainly
limited by the densitometric detection system associated with the
microarray platform. In our opinion, the future use of fluorometric detection
would offer great improvement for the microarray-based identification of
caspases described in our work.
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A NOVEL BASED PROTEIN MICROAREAY FOR THE
SIMULTANEOUS
ANALYSIS OF ACTIVATED CASPASES

I LAMBERTT, L. MOSIELLO

ENEA CR Casaccia, Dipartimento Biotecnologie @ Protezione delln Salute, Fia
anguillarese, 301, 001213 Roma

C.CENCIARELLL 4 ANTOCCIA AND O TANZARELIT A

Dipartimento di Brologia, Universitd “Roma Tre”, F.le G. Marconi 44600146
Roma

The aim of our work is i develop a new method to stady caspases expression in

apoptotic cells using an antbody-based protein micoamay. Acually we performed the

armay for two different form of caspase-3 (cleaved and undeaved), in the next fiarare we

plan to enlarge the mirroamay analysis using caspase-B and caspaze O antibodies in erder

0 obiain a pew analyticaltool to sudy the expression of these markers in apoptotic cells

1. Imtroduction

The western blot is an analytical technigque used to detect specific proteins in a
given sample of tissne homogenate or cellular extracts. Tt uses gel
electrophoresis to separate native or denafwred protems, then transferred to a
nifrecellulese or PVDTF membrane, and detected using antibodies specific to the
target protem.

In recent years, the antibody micrearay technology has made significant
progress, gomg from proof—oftmnept designs to established high-performing
technology platforms capable of targeting non-frachionated complex samples, as
proteama. Antibody microarrays are an easy-to-use, cost-effective tool for high-
throughput protein profiling wsing cell extracts, tissue lysates, and other
biological samples. Apoptosis is the process of cell aute-destruction often called
‘programmesd cell death’. Apoptosis is a highly repulated process charactenzed
by morphological and biochemical cellular changes, as the activation of specific
cytolic proteases. called caspases. The aim of our work is o develop a new
methed to study caspases ezpressim m cells indoced to apoptasis using an
anfibody based protein microarray. According to this am we stody the
feasibility to transfer the methods of the mmmmological assay for caspases - from
classical western blot mto a microarray format m order to develop a
mmltiparametric, rapid, sensitive and nexpensive assay.

To check the feasibility of this format, we focused our studies on the most
popular caspase (caspase-3, cleaved and m-cleaved forms) .
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1. Esperimental

2.1 Protein Chip platform

Chr activities in mucroarray field was mainly devoted to develop protemn
mucroarray using the pulsed laser assisted deposiion, PLD [4].
In this paper to perform microarray determination we used 3 commercial
proten chip platform composed of a spotting machme (producing 2 maxinmm
spot density of 64 spot for a 8x8 mairix and showmg a spot diameter between
300-700 pm and a spot distance of 1 mm); for microamray reactions we used a
high performance mim oven with accurate temperature confrol and wibration
finction with Imear rocking movement. Fmally for microarray readmg we uses
an optical scanner, with a 300-600 dpi resclution, equipped with image and data
analysis software able to collected the results in terms of optical density for each
spot. The proten chip platform is shown i Figure 1.

Figure 1. Protein chip plarform

22 Apoptosis induction

To validate the protein clup, H460 hmg tumnor cells were mduced to apoptesis
by treating them for 4 hrs with 2pM staurosporme and performing Westerm blot
with antibodies for activated caspase 3. In fact, the cleavage of inactive
procaspase to active cleaved caspase is a recognized marker of apoptosis [3].

2.1, Cell lysis and Dmunoblot

Western blot analysis (as control of micrearrays) was carried out as described in
Ceneciarelli et al. [1] loading 35pg of whole cell lysate. Briefly, blotted filters
were incubated with 1 pg/ml of specific antibodies recosmizing caspase3-
cleaved (Cell Signalmg, MA USA) and a-fubulin as loading control. Primary
antibodies were detected using secondary anfi-mouse antibody HEP conjugates
and visualized using the enhanced chenohminescence detection system.
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24 Protein spotting and micrearrming

In our methed protein chip were prepared spottimg crude and denaturated proteic
Lysate from cell HAG0, treated with stourosporine. The  lysate was spotted at
different concentrations onto a well containing a glass shde coated to copolymer
of N N-dmethylacrylanude (DMA), N N-aayloyloxysucommmude (NAS) and
[3-{methacryloyl-cxy)-propyl] tmmethoxysilyl (MAPS) and m the same way
protemns chtamed from umireated cells were spotted, as negative contrel.

This polymenc surface is demonstrated to be switable for covalent and stable
coating of tological molecules and for protem mucrcamay technology. The
proteins immobilized on this polymeric aurfice maintam an active conformation
and are easily accessible, providing a detection limut of 54 amol/spot.

;E Functional monomer

{ﬂ.dh&s ive monomer

Fig 2 — glass shide coated to DMA-INAS-MAPS

23 Caspase-3 assay

After spotting and blocking wath a solution of 2% (w'v) BSA m 0,05 M
NalHPO4.JH20, the mucromrays was meubated with a solubion of 2 mmumme
monoclonal antibodies anti-caspase-3 (cleaved and wmcleaved forms) for 1 hr at
37°C. The antigen-antibody bmding on the spotted mucrcarrays was revealed
adding a secondary biotimylated anfibody anti-mouse-Fe specific and wa the
enzimafic reaction with a sh'eptm'idjne—ﬂll-:aline-musphamr,e {AP) which reacts
with a chromogenic substrate (mitte blue tetrazolimn chloride/5-Bromo-4-
chloro-3-indolyl phosphate tohndme salt, NBT/BCTPF). This selution 15 usually
used for the sensitive detection of alkalme phosphatase m immmoblottmg and
mmmmehistochemical assays and, in our method. gives a dark-blue color on the
spot on which the reaction antigen-antibody 15 ocoumred.  The scheme of glass
slide copolymer treated alse provided by Life Line Lab (Pomesia, Italy) is
reported i fig. 2.

26 Scan and data analysis

The dark color on the microarrays was finally determinated using the microarray
reader and a grey scale relative values were collected for each spot. Because the
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results are shown and plotted in term of ratio between "grey value for each spot/
gqvalmﬁibatkgmmd the ratio decreased for spots more dark.

3. Results

In our results we observed 2 microarmray dark spot cnly in sample denved from
apoptotic cells and demonstrated the feasibility of microarray technology in
order to charactenize crude cell protein lysate for these or others fumor protem
murkers, comparable to the classical westem blot analysis. In the Figure 3 are
shewn the microarray results for caspase- 3 (cleaved and wmcleaved form) for
the same samples spotted (crude protems from apoptotic cells and from control
cell cultore). We plan in the next to enlarge our microarray analysis on others
muarkers for apoptosis, as caspase-8 and -9 and to mprove the presented method
by application of a finorescent reader for spot detection.

Fig 3 —microarray results for caspase 3 (cleaved and wm-cleaved form)
4. Conclusions

We demonstrated that microarray platform Dr.CHIP, used n our experiments
would be used in order to develop 2 micreamray antibody for apoptosis markers,
but it seem necessary to use the fluorescence as detection method In our
opmicn the application of a fluorescent reader for spot detection, as a CCD
camera, it would lead possible to enlarge microarray analysis on others markers
for apopotosis, as caspase-8 and caspase-9 m order to obtain a nmltparametric
microarray assay and elimmate the need for nmltple mmmmoprecipitation/
Western blot experiments.
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Aim 2: Quartz Crystal Sensor

The aim of this work was to analyse the binding of human thrombin to the
DNA aptamers that differ in structure of binding site. As a basic we used
aptamer that selectively bind thrombin in its fibrinogen-binding site. A pair
of thymines on the G- quandruplex of the aptamer characterize thrombin
binding site. We analysed the aptamers in which AA replaced TT pair, (AA,
AT or TA aptamers, respectively). The aptamers were purchased from
Thermo Scientific (Ulm, Germany). We used acoustic method based on
quartz crystal microbalance (QCM) and thickness shear mode (TSM) for
monitoring the aptamer-thrombin interaction. We showed that substitution
thymines by adenines in the thrombin-binding site of G-quadruplex
substantially affect both thermodynamic and binding properties of the DNA
aptamers immobilised on TSM transducer.

In a second application we used a DNA aptamer sensitive to ochratoxin A.
The aptamers were immobilised at the gold layer of quartz crystal
transducer.. We showed that TSM allowing detecting this mycotoxin with
LOD 30 nM and with good selectivity. He also studied the stability of DNA
aptamers depending on concentration of calcium ions, that are important for
binding OTA to DNA aptamer.

A Piezodectric Quartz Crystal Sensor Applied for Thrombin-Binding Aptamers (2011)
Rakitka J., Hianik t. Lamberti I., Mosiello L., SENSORS AND MICROSYSTEMS 91 (5):
449-453, ISBN: 9789400713239, DOI: 10.1007/978-94-007-1324-6_73

Development of a Thickness Shear Mode Biosensor based on DNA Aptamers for
detection Ochratoxin A (2011) Lamberti | Mosiello L Hianik T Chemical Sensors 1, 2011:11
ISSN 2231-6035
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Chapter 73
A Piezoelectric Quartz Crystal Sensor
Applied for Thrombin-Binding Aptamers

llaria Lamberti, Jan Rakitka, Tibor Hianik and Lucia Mosiello

Ahstract The temperature-dependent UV spectroscopy and thickness shear mode
acoustic method were applied o study of thermodynamics and binding properties
of DNA aptamers sensitive to thrombin depending on the substitution of bases in
G-gquadruplex. The substitution of thymidines by adenines in TT and TGT loops of
Ge-quadruplex resulted in destabilization of aptamers and in decrease of sensitivity
to human thrombin.

73.1 Introduction

The DNASRMNA aptamers are single stranded in vitro selected oligonucleotides
(typically 30-60 bases) that in certain conditions (ionic strength, pH) form in a
solution three-dimensional structure with specific binding site o low or macro-
molecular ligands [1, 2]. The affinity of aptamers is similar or even higher than
those of antibodies. However, the aptamers are more stable than antibodies and do
not induce immune response. They can be chemically modified by various com-
pounds, which increase their stability and allowing immobilisation at a surface.
Increased interest in study of aptamers i1s connected with their high potential in
cancer therapy, for the treatment of age related macular degeneration and for
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targeted drug delivery |2, 3. The common binding motil of some aptamers
including those of thrombin is guanine quadruplex {G-quadruplex) [4]. It is formed
by guanine bases stabilized by Hoogstem hydrogen bonds [5]. The resulted planar
G-guartets can be connected by intermediate sequences that form loops. The loops
play key role in the aptamers stability and in their binding to the ligands. Among
DNA aptamers those sensitive to fibrinogen binding site of thrombin is one of most
studied [4]. According to NMR data [6], the eight guanine residues form G-tetrads
that are connected at one end by two TT loops and at the other end by one TGT
loop. This aptamer has been originally developed as inhibitor of coagulation effect
of thrombin. However, later it has been used also for development various
thrombin biosensors [7]. Among biosensors, those based on surface acoustic
method are rather promising due to their sensitivity o surface modification,
Recently it has been shown, that substition of nucleotides in TT loop by U
and substitution of G in TGT loops by A, C or T increased the stability of
G-guadruplex [B]. We have studied how the substitution of thymidines by adenines
in TT and TGT loaps of G-guadruplex responsible for thrombin binding affects the
thermodynamics and binding properties of the aptamers,

73.2 Materials and Methods

The HFLC purified DNA aptamers were purchased from Thermo Fisher Scientific
{Ulm, Germanyy TT: 5 GGT TGG TGT GGT TGG T 3°; AT: 5 GOT TGG
TGT GGA TGG Ty 3 AA: GGT TGG TGT GGA AGG Tys 31 AGA: 57 GGT
TGG AGA GGT TGG Tys 3, All aptamers were extended by 15-mer thymidine
chains modified at 3" end by biotin, which was necessary for biosensor prepara-
tion. The TT is conventional aplamer sensitive to fibrinogen binding site at
thrombin. Other aptamers: AT, AA and AGA differ from TT aptamer by substi-
tution of thymidines by adenines in the position marked by underlined bold. The
thermodynamic properties of aptamers have been studied by UV absorption
spectroscopy. The melling emperature at wavelength 297 nm has been deter-
mined using thermoelectrically controlled UV-VIS spetrometer Shimadzu 1700
(Japan) with a scan rate L.5°C/min. The melting of aptamers at this wavelength is
characterized by larger hypochromic effect in comparison with hyperchromic
effect at 260 nm [8]. The melting temperature T, and Yan Hofl enthalpy changes,
AHy, have been determined by fitting the normalized plot of absorbance versus
temperature using Eq, (73.1).

Ap +ALIE.IEIJ!.JJ.'RI-ZI.'T—|.'T.,:|
e 1 4 gl daHa/ Rl (1/ T[T}

(73.1)

where A, Ap and Aj; are total, folded and unfolded aptamer normalized absor-
bance, respectively. R is gas constant and T is absolute temperature. The binding
of human thrombin (Sigma—Aldrich, USA) w the aptamers was analyzed by
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Fig. 731 Mormalized plog of

absorbance at wavelength 1.9

297 nm versus lemperaiune

for all aptamers studied. The 0.8

full lines are fits according 1o [ =

Eq. (73.1) Sios
0.4 4
0.2

10 20 30 40 50 60 7O
T.°C

Table 73.1 The thermodynamics parameters of aptamers studied: T, melting temperature,
AHyyVan Hoff emhalpy changes, AGlh,—changes of standard Gibbs energy wl 20°C, AS—
entropy change (AGY = AH.y (1=TiTy,) = AHyy (1—TT,) = AHyy~TAS, where AH,, is
calorimedric enthalpy. AH_,/AHyy = 1 for two-state transition [8]). Results are mean £ 5.0,
in=13)

Aptamer Ten (°C) AHyy (kcal/maol ) AG ol kcalfmed ) TAS (kealimol)
TT Bixos =404 & 0.4 —2.00 £ 0ui2 =38.40 £ 040
TA M2 104 =316 £ 06 =146 £ .03 —30.14 £ 060
AA 26,8 £ 1.0 =456 + 5.9 —1.03 £ 0.13 =44.57 £ 590
AGA 6 + 0.8 —405 = 28 =1.28 + 0.09 -39 4 2.80

thickness shear mode (TSM) acoustic method. The aptamers have been immobi-
lised at clean gold surface of TSM transducer {fundamental frequency 8 MHz) by
newtravidin-biotin technology (9], The TSM method is based on determination of
series resonant frequency, fs. and motional resistance, Ry, from impedance spectra
of quartz transducer. fs and Ry, reflect energy storage and dissipation, respectively
[9, 10]. Thermodynamic and binding experiments were performed in following
buffer: 140 mM MNaCl 4+ 5 mM KCl + | mM CaCl; + 1 mM MgCly + 20 mM
Tris-HCI (pH 7.4). TSM experiments were performed at T = 20°C.

73.3 Results and Discussion

The plot of absorbance versus temperature for all aptamers studied is presented in
Fig. 73.1. It is seen that the absorbance has sigmoid shape typical for two-state
transition. The fit of experimental results using Eq. 73.1 allowing determination of
thermodynamics properties of aptamers (Table 73.1). It is seen from Table 73,1,
that substitution of nucleotides resulted in decrease of T, and in less favorable
Gibbs energy changes in comparison with TT aptamers. Most remarkable insta-
hility ook place for AA aptamers. The favorable changes in enthalpy are in this
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Fig. 73.2 Regresemative plots of Afg (a), and AR, (b), as a function of thrombin concentration
of TSM sensor with immeohilised TT or AA aptamers. 3.0, did not surpass 15%

case compensated by entropy contribution. The changes in entropy can be due to
uptake of ions or water into the G-quadruples [B]. The lower values of Ty, in
comparison with those reported in [B] are doe o less KC1 concentration used,
presence of NaCl and due to thymidine spacer.

The interaction of thrombin with aptamers immobilised at TSM ransducer
correlates with thermodynamic properties of aptamers. Most remarkable differ-
ences in the acoustic parameters following addition of thrombin were observed for
TT and AA aptamers. The resonant frequency for both aptamers decreased with
increasing thrombin concentration. However, for TT aptamers these changes were
substantially larger, which suggest higher sensitivity to the thrombin, Substantial
differences were observed in changes of motional resistance for these aplamers.
While for TT aptamers the motional resistance increased with increasing the
thrombin concentration, opposite changes in Ry, ok place for AA aptamers
{Fig. 73.2). This suggests different conformation/surface properties of the throm-
hin-aptamer complexes for these aptamers and as a result changes in coupling of
the surface and liquid-higher coupling for TT (increase in Ry,), decoupling for AA
(decrease in Rg) [10]. AGA and AT have revealed comparable sensitivity with
those of AA in respect of frequency changes, but Ry, slightly increased for these
aptamers.

73.4 Conclusions

We showed thar substitution thymidines by adenines in the thrombin-binding site
of G-quadruplex substantially affect both thermodynamic and binding properties
of the DNA aptamers immobilised on TSM transducer.
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Aim 3: Sensing Surface for SERS Application

We present the preparation of an aptamer terminated sensing surface,
allowing a fast and cheap system for assay of analytes unlimited by size and
tossicity. The designed platform is suitable for an aptamer-based
microfluidic device, coupled with a Surface Enhanced Raman Spectroscopy
(SERS). To accomplish this, a multi-step deposition sequence was
performed: as a start, a mixed self assembled monolayer (SAM) containing
a binary mixture of biotinylated alkylthiol (BAT) [1]. with the capacity to
graft neutravidin proteins and diluent methyl-terminated alkylthiol, was
prepared on a gold thin film. The chemical and electronic structure of the
mixed SAMs was investigated by X-ray Photoelectron Spectroscopy and
IRRAS (Infrared Spectroscopy in Reflection Mode) [2].

In a second step, the bioconjugation with an avidin-gold sol is performed.
Monodispersed 5 nm gold particles were prepared in aqueous medium and
covered with neutravidin, overcoming possible non-specific bindings,
taking usually place at the isolectric point (~ 6) of neutravidin [3, 4].

The sample morphologies were observed by atom force microscopy (AFM),
the size was determined by Dynamic Light Scattering and the concentration
of gold species in the colloid was monitored by UV-vis spectra [5, 6].

In the ending step, a sensing aptamer (i. e. thrombin-binding aptamer) is
bond to the surface through the avidin-biotin linkage. The resulting SERS
changes involved was observed when the target molecule (i.e. thrombin)
interacts with its own aptamer [7].

This aptamer terminated sensing surface is fitted for affinity based
microfluidic devices, providing controlled fluid transport, rapid affinity
assay and cost saving advantages over conventional methods for biological
and medical applications. Through such design, the sensing surface
overcomes the sandwich structure, formed between the immobilized
aptamer, the protein target and a secondary aptamer bound to the Raman
probe (i.e. gold nanoparticles ), usually realized in SERS aptasensors,
limited by consuming and inconvenient handling step [8].
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Conclusions

The main results obtained during the PhD work consist in the
characterization of the best approach for the development of biosensors in
order to detect concentrations and ligand affinity parameters of free
unlabeled molecules in real time.

In recent years, the antibody microarray technology has made significant
progress, going from proof-of-concept design to established high-
performing technology platforms capable of targeting non-fractionated
complex samples, as proteoma.

We have studied microarray detection in standard solutions with a low
detection limits and developed a competitive immunoassay in microarray
format for simultaneous analysis. The quality of the microarray data is
comparable to data generated by microplate based immunoassay, and for
this reason it represents just a useful insight in order to arrange further
experiments to develop a rapid test or kits. Our method could be used as a
semi quantitative tool for rapid pre-screening and further investigations are
needed in order to improve the reported microarray performance mainly in
term of sensitivity.

We moved from antibodies to aptamers because the use of functional
aptamers as bioreceptors has become a new interdisciplinary field that aims
at providing new hybrid sensing systems for specific and high sensitive
molecular recognitions. This novel integration has yield various types of
sensor for selective and sensitive detection of a wide range of analytes.
Then, we focused on QCM aptasensor. We used, as model systems, two
different analytes, thrombin and ochratoxin, in association with specific
their aptamers as immaobilized ligands. Our experiments prove that aptamers
are equivalent to antibodies in terms of specificity and sensitivity and are
one of the best approach for affinity biosensors construction.

We showed that acoustic methods (such as QCM) are perspective tool for
label-free detection of low molecular toxins and protein markers. The
detection of aptamers requires the present of ions that are probably
responsible for their stability and formation of 3-D structure of the specific
binding site.

We tried to develop a biosensor, based on direct method that do not require
additional modification of receptor or complicated multi stage assay, with
the aim to overcome the indirect detection methods in published literature.
Another evidence is that aptamers can mimic antibodies for application on
affine layers for biosensors or chips.
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In comparison to antibodies as capture molecules in biosensors, small
aptamer receptors have a number of advantages. Because of their small size,
denser receptor layers can be generated, meaning for a given receptor
affinity, the sensitivity of these layers can be increased. They are produced
invitro; indeed no animals are needed.

The improvement of sensitivity, produced by changing the selective element
(from antibodies to aptamers), has been assisted by a sensitility
enhancement, applying a different trasducer (from acustic to optical
methods).

We have approached the development of an affinity based detection system
for analytes unlimited by size and tossicity, designing a nanoaptasensor
sensing surface for microfluidic device, coupled with Surface Enhanced
Raman Spectroscopy (SERS). Among the optical detection methods, SERS
distinguishes itself with several advantages: the spectrum change brought
by a single molecule, is induced by the specific interaction between
aptamers and their own proteins and the spectral probe specificity is
excellent in comparison to the fluorescence methods.

A thrombin SERS aptasensor is usually realized by a sandwich structure,
formed between the immobilized aptamer, the protein target and a
secondary aptamer bound to a Raman probe (i.e. gold nanoparticles), which
requires a consuming and inconvenient handling step.

In attempt to overcome this drawback we designed an aptamer terminated
sensing surface, allowing a faster and cheaper system and suitable for an
analytical label free measurements, in order to perform a direct analysis of
biological samples.

We also developed a multi-step depositional sequence where the last stage
is the assay itself of the target molecules (i.e. thrombin), instead of the
SERS probe deposition (i.e. gold nanoparticle), as planned to a classic
sandwich structure. Such advantage allows to make improvements to costly
and inconvenient handling steps.

In conclusion, we have investigated different experimental approaches of
biosensible components of biosensors. Firstly, we developed a multi-
parametric, rapid, sensitive and inexpensive method for the detection of
mycotoxins for food safety and caspases for human health applications
(immunoassay in a microarray format). Then, we moved to a different
bioreceptor, choosing aptamers as selective element, improving the method
sensitivity (QCM). Finally we designed a novel sensitive surface for a
different detection mode (i.e. optical method, SERS) with higher sensitivity
compared to the acoustic methods. This final improvement allows the
possibility of submitting a patent application.
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