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Abstract Different nanotechnological strategies have been designed to implement
the production of innovative diagnostic and optical sensing devices for genomic and
proteomic applications. In this chapter, we will give an overview on the novel
nanobiotechnological approaches recently developed, combining top-down nano-
structuring and bottom-up molecular self-assembly to soft lithography, with molecu-
lar biology tools, aimed at the production of high-performance plastic chips for
diagnostics and nanostructured materials to be applied in advanced sensing and
imaging. Highly sensitive fluorescence imaging/sensing schemes, enabling the
enhancement of sensors sensitivity and detection limits, such as Metal Enhanced
Fluorescence- and Photonic Crystals-based approaches, will be discussed as novel
tools for the detection of biological targets (e.g., DNA, proteins, and fibrils).
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1 Introduction

In the last 2 decades, various modes of optical detection and measurement, includ-
ing absorption, reflection, fluorescence, chemiluminescence, and phosphorescence
[1-5], have been exploited in the biosensoristic field. Despite considerable
advances, extensive work has still to be done in order to develop and optimize a
general optical detection sensing platform in terms of signal high sensitivity, linear
dynamic range, and robustness to relevant biomatrices such as serum, urine, saliva,
or cell lysates. In recent times, various organic molecules possessing unique assets
kept the attention of investigators to achieve the recognition of different targets
[6, 7]. Molecular probe design represents a key element in biosensing systems;
moreover, the conjugation of functional molecules (nucleic acid based as aptamer,
DNAzyme, or modified peptides and proteins) with nanomaterials has resulted in
great improvement in the field of molecular recognition. With their unique physical
and chemical properties, nanomaterials facilitate the sensing process and amplify
the signal of recognition events. As functional surfaces, they provide an ideal
platform for biomolecules immobilization achievable by physical adsorption, includ-
ing electrostatic and hydrophobic binding, covalent bonding, and specific interactions
such as biotin—avidin, antibody—antigen interaction, and DNA hybridization [8].
Generally bio-interaction methods lead to high functionality within the biosensor
fabrication process [9] and combination of self-assembly and nanolithography can be
considered as an effective nanofabrication methodology for device realization.

This chapter mainly intends to provide an overview of the different molecular
and nanotechnological interaction-mediated biosensor fabrication route that leads
to sensing systems with controlled structures on both nanofunctionalized surfaces
and functional nanomaterials. Herein soft and advanced technical approaches
suitable for biosensor architecture are discussed, in particular referring to a combi-
nation of top-down and molecular self-assembly to soft lithography, as well as
novel, highly sensitive fluorescence imaging/sensing schemes, such as those
exploited in Metal Enhanced Fluorescence (MEF)- and Photonic Crystals (PCs)-
based analytical system.

2 Nanoscale Fabrication of Biomolecular Layer:
Soft and Advanced Approach

Micro- and nanofabrication have provided several possibilities for chemical,
biological, and physical processes at molecular scale, as well as for the design of
synthetic devices capable of interacting with biological systems at this level. Since
1990s, micro- and nanofabrication have represented the main contribution for the



Nanotechnology for Diagnostic and Sensing: Soft and Advanced Imaging 85

development of sensors [10], microreactors [11], combinatorial arrays [12], micro-
analytical systems [13, 14], and micro-optical systems [15, 16].

Particularly, analysis of complex biological samples and the requisite to test
multiple analytes simultaneously has led to the development of multiplex analytical
strategies which are essentially based on array technologies. The main technique
exploited in this field is photolithography, and as an emerging procedure, Xia et al.
more than 10 years ago developed an alternative, non-photolithographic process of
microfabrication referred to as soft lithography [17-19].

Soft lithography, similar to photolithography, is a method also used to transfer a
pattern onto a surface. Xia et al. [20], describing different softlitography
approaches, focused on microcontact printing (LCP) [21], replica molding (REM)
[22], microtransfer molding (WTM) [23], micromolding in capillaries (MIMIC)
[24], solvent-assisted micromolding (SAMIM) [25], and phase-shift photolithogra-
phy [26], as also cast molding [27], embossing [28], and injection molding [29, 30].

Aiming to depict a map of different routes for biosensor architectures, it is useful to
basically divide them into top-down or bottom-up approaches. Many of such
applications have been described in a recent review [31] and shown in Table 1;
essentially, the top-down approach for nanoscale patterning besides traditional soft
lithography methods includes electron-beam lithography, nanoshaving, nanografting,
dip-pen nanolithography, colloid lithography, block copolymer micelle lithography,
and extreme U V-interference lithography too [32, 33]. On the other hand, the bottom-
up approach for nanofabrication of biosensors involves self-assembly of biomolecules

Table 1 Nanoscale patterning methods using biomolecules

Technique Advantages Limitations Highest
resolution
Electron beam Maskless, stampless, high- Slow (serial process), ~30 nm
lithography resolution, arbitrary complicated, expensive
(EBL) patterning with different (requiring equipment,
shapes and sizes clean room, and vacuum
condition), small area
patterning
Nanocontact printing Simple (direct patterning), Preparing nanoscale stamp ~70 nm
(NCP) parallel, cheap, fast with high-feature density,
process, large area mechanical stability of
patterning stamp, diffusion of SAM
inks
Nanoimprint Large area patterning with a  Stress and wear of mold, use ~ ~75 nm
lithography high-throughput and low- of polymer, slow
(NIL) cost, parallel (molding, demolding, and
etching process)
Nanografting/ High-resolution, ambient, Small area patterning ~10 nm
nanoshaving quick change of fabricated
patterns
Dip-pen High-resolution, ambient, Slow (serial process), small ~ ~30 nm
annolithography variety of inks usable, area patterning
(DPN) parallelization possible

Table 1 adapted with permission from [31]
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onto nanomaterials by interaction and recognition of the complementary molecule as
well as physicochemical synthesis of nanomaterials such as nanoparticles, nanorods,
nanotubes, and nanowires [34, 35].

Basically, self-assembly is referred to the property of self-organizing of organic
molecules occurring spontaneously at solid—fluid interfaces, with reference to a
paper by Netzer and Sagiv [36]. The physicochemical phenomenon of molecular
auto-assembly is based on thermodynamically favored interactions of molecules
such as peptides, proteins, and DNA, and other organic or inorganic molecules [37];
several advantages are provided, including the ability to fabricate three-dimen-
sional structures and the potential for molecular control of the material [33].
Engineered surfaces for protein immobilization include two different types of
immobilization: (1) physical adsorption onto surfaces through weak contact of
proteins and (2) formation of covalent bonds between protein and surface; the last
is typically preferred due to the molecular orientation, density, and activity control
[38]. Considerably, by using the nanopatterning techniques, biomolecules can be
positioned within desired nanoregions with well-defined feature size and shape
retaining their native 3D structures and, hence, biological functionalities [33].
Biomolecules’ high-resolution nanopatterning has been achieved by applying vari-
ous kinds of lithographic techniques to self-assembled monolayers (SAM)
containing Layer by Layer (LBL) assembly [37]. Essentially, it consists on the
consecutive deposition of multiple thin polyion films from solution, with interme-
diate washes, exploiting the electrostatic attraction between oppositely charged
molecules as well as covalent bonding and specific interaction as a driving force
for assembly [39, 40]. Allowing a variety of materials to be incorporated within the
film structures, LBL is widely accepted as a versatile and powerful bottom-up
nanofabrication technique [40] that provides great control over the film structure,
thickness, and function and permits the use of numerous materials, including
macro-biomolecule such as both proteins [41] and DNA [42]. A key role in soft
nanofabrication approach for bioanalytical devices is represented by scaffold mate-
rial too; actually, this kind of top-down approach can be easily performed on several
nanomaterials such as nanotubes, nanorods, nanowires, and nanoparticles [43] as
well as polymeric ones, providing fascinating integration between bio/organic and
inorganic structures. Mainly, certain plastic organic polymers such as poly
(methylmethacrylate) (PMMA) and poly(dimethylsiloxane) (PDMS) have been
exploited for the fabrication of various devices, including microchannels and valves
[44], and as substrates for DNA/protein arrays [45, 46]. Specifically, PDMS has
been used widely in the biomedical and pharmaceutical application fields because
of its biocompatibility and good thermal, mechanical, and optical properties. In this
respect, what is valuable to note is that such materials can be processed by various
techniques, such as soft lithography, hot embossing, laser ablation, micromilling,
and in situ polymerization, while maintaining, in some cases, the typical properties
of resist materials (i.e., photoresist or electronic resist for micro- and nanofabrication).

These features provide the additional possibility to create tailored integrated
bioanalytical platforms, and in this respect, some examples of advanced strategies
will be reported, herein, as demonstration of applications in device fabrication.
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A few years ago, Tan and colleagues [47], exploiting Parylene-C, a biocompati-
ble inert polymer, showed a high-throughput plain method to generate multicom-
ponent biomolecular arrays with sub-100 nm nanoscale feature width, namely
“Print-and-Peel.” Briefly, they first aligned an inkjet printer to a parylene template
containing nanoscale openings. After printing, they peeled off parylene to reveal
uniformly patterned nanoscale features, despite the imperfect morphologies of the
original inkjet spots. Moreover, they attempted to expand the multiplexing capabil-
ity of the applied technique to combinatorial nanoarrays by performing a second
print-run superimposed over the first pattern. In Fig. 1, the schematic process of
PNP is represented. Antibody arrays created using this method could be used
effectively for immunoassays, molecular diagnostics, and screening.

Optimization of suitable and reproducible surface (bio)chemistry approaches for
the high-density immobilization of biomolecules probe onto various substrates is a
key point to improve the detection sensitivity and selectivity of the biochip toward
specific bioanalytes. A reliable strategy that combines self-assembly and litho-
graphic techniques has been recently applied by Sabella et al. [48], leading to
very precise micro- or nanopositioning of biomolecules for the realization of
micro- and nanoarrays of functional DNA and antibodies. In Fig. 2, a schematic
process of this advanced approach is showed. In addition, combining polymer
flexibility and photophysical properties of nanostructures such as colloidal
nanocrystals (NCs), novel outcomes in the form of solid-state optical detection
platforms have been achieved. Sabella et al. [49], in a recent paper, presented an
integrated plastic biochip that exploits a “smart” polymeric layer with both optical
and biorecognition properties that allows optical monitoring of biomolecular
interactions, DNA hybridization, and quantitative offline analyses of real-time
polymerase chain reaction (RT-PCR). The microdevice, represented in Fig. 3,
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— e
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2) Electron beam lithography to 5) Align inkjet printing of multiple ++44 Electron beam
define features in resist. proteins onto parylene
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3) Aluminum etch, followed by 6) Peel off parylene template to create
parylene etch. multi-protein nanoarrays.
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Fig. 1 Fabrication process of the parylene template and the PNP process to generate the protein
nanoarrays. (b) Peeling off the parylene template from a wafer substrate. For simplicity of
illustration, the parylene peeling is shown in dry conditions, but the protein nanopatterning and
parylene peeling were performed in aqueous environments that did not require drying. Reproduced
with permission from [47]
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Fig. 2 Biomolecular patterning based on E-beam lithography and multistep self-assembly. Left:
(a) A resist layer (PMMA) was deposited onto silicon dioxide by spin coating; (b) EBL patterning
and development; (c) selective SAM deposition by self-assembly in the exposed regions of the
substrate; (d) lift-off; (e, f) spatially confined self-assembling of cross-linking molecules and probe
biomolecules. Right: real images of the steps (b), (c), and (f), respectively. (I) Holographic
microscopy 3D image of 1 um wide PMMA stripes after EBL patterning and development; (II)
confocal microscopy image of Fluorescein isothiocyanate (FITC)-labeled 3-aminopropyl-
triethoxysilane (APTES) stripes (features: 20 pm); and (III) confocal microscopy image of Cy3-
labeled ssDNA stripes (features: 20 pm). Reproduced with permission from [48]

consists of a layer with both optical and sensing properties, and is made of NCs
uniformly dispersed in a polymeric a poly(methylmethacrylate) (PMMA) matrix.

The thin NCs/PMMA layer acts as the bottom of a PDMS microchamber. The
upper surface of the hybrid polymeric blend is chemically modified to covalently
immobilize, by a multistep solid-state chemistry, biomolecules, such as specific
sequences of amino-modified single-strand DNA probes (ssDNA) or antibodies,
receptors, and aptamers selective toward the analytes, such as target DNA
sequences (or antigens, ligands, etc.) present in the biological sample.

The obtained hybrid material is suitable for multiplexing analysis by
controlling the probe species immobilization outline and the consequent spatial
confinement of the resulting FRET signals in the patterned areas; in this respect,
two methods can be performed: (1) directly patterning in a controlled manner the
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Fig. 3 (a) Optical scheme for the real-time monitoring of biomolecular interactions. The detection
principle is based on resonance energy transfer processes (FRET) from a thin film of CdSe/ZnS core/
shell NCs, dispersed in a PMMA matrix, to the fluorophores conjugated to the target biomolecules
(for instance, a specific DNA sequence). Adapted with permission from [49]. (b) High-resolution
patterning of NCs/PMMA blend for multiplexing applications: simultaneous imaging of E-beam
patterned 500 nm emitting CdSe/ZnS core/shell NCs (left) and of solid-state DNA hybridization
events by FRET (right), according to the optical detection scheme reported in (a)

active polymeric blend, thus localizing the detection process (since PMMA is an
electronic resist and the hybrid NCs/PPMA film can be patterned by electron
beam lithography (EBL) [49] without significant perturbation of the NCs spectral
features [50]), or (2) as above reported, by biomolecular patterning based on EBL
[48]. Similar advanced fluorescence schemes will be discussed in more detail in
the next section.
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3 Nanostructured Materials for Advanced Sensing/Imaging

Optical sensing has become one of the dominant sensing technologies in medical
diagnostics. In various detection platforms such as ELISAs or protein microarrays
[51, 52], the readout is based on a fluorescent or colorimetric signal. Intrinsic matrix
autofluorescence or optical absorption of relevant biological samples or reagents
represents for such sensing approach a crucial limiting factor as well as the quantum
yield and photostability of the fluorophores. Within the last decade, functional
nanomaterials have been exploited to highly enhance the assay sensitivity, specifi-
cally improving the detection ability of biosensing devices; nanostructured
materials offer wide combinations of various compositions and shapes with unique
and controllable size- and structure-dependent properties [53].

3.1 Metal-Enhanced Fluorescence

Recently, the great developments in the MEF technology have been exploited to
favorably modify the spectral properties and to play down photophysical limitations
of the dye molecules [54]. In fact, the ability to control the surface structure, in
particular of noble metals, gives rise to the possibility to engineer the spectral
properties of the molecules/fluorophores positioned in its vicinity, thanks
to plasmonic coupling. In the early 1990s, Johnson and Aroca [55] reported a
model on the distance dependence of the transfer of electronic energy from
a donor plane of molecules to an acceptor plane. Changing experimental parameters
(such as material, shape, and dimensions of the metallic nanostructures, as well as
the average fluorophore—nanostructure distance) [54, 56], the efficiency of the
coupling, and therefore the spectral properties of the dye, can be properly modified.
Really, metal surfaces can amplify or decrease the radiative decay rates of
fluorophores and increase the extent of resonance energy transfer [56—60].

In the last few years, several interesting MEF approaches have been demonstrated
[56, 60-64]. The interactions between the dipole moments of the dye molecule and
the surface plasmon field of the metal can increase the incident light field and may
result in a local MEF [56, 65-68] as an important increase of fluorophore emission
intensity, significantly enhancing the signal detectability [69]. A comprehensible
example of the theoretical model was presented in the first report on “the release
of self-quenching of fluorophores near-to metallic surfaces” [70]. The authors,
underlining the need of brightness of labeled antibodies for maximal sensitivity
and observability over sample autofluorescence in bioassays, and since the
obvious approach to increasing the molecule brightness by increasing the extent
of labeling is not useful due to self-quenching (homo RET), examined fluores-
cein-labeled human serum albumine (HSA) when bound to quartz and to silver
island films (SIFs). As imaged in Fig. 4, Lakowicz and colleagues showed that
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Fig. 4 Fluorescence
enhancement from silver
islands. Image of fluorescein-
labeled human serum albumin
(molar ratio of fluorescein/
human serum albumin = 7)
on quartz and on SiFs as
observed with 430-nm
excitation and a 480-nm
long-pass filter. The
excitation was progressively
moved from the quartz side to
the silver side. Adapted with
permission from [70]

binding of fluorescein-labeled HSA to SIFs eliminated much of the self-
quenching.

This outcome has a variety of applications in biodiagnostics imaging and sensing
[54]. Specially, MEF has been employed to increase the sensitivity in the detection
of DNA, RNA, and proteins in microarray systems [58, 71, 72].

Several routes have been followed; among these, an interesting approach was
showed by Zhang and Geddes in 2010 that emphasized the high thermal stability
(before and after autoclaving) of different density rhodium (Rh) nanoparticulate
glass substrates fabricated by electron-beam physical vapor deposition in order to
study the fluorescence scheme of fluorophores in close proximity. The authors did
not observe a shorter fluorescence lifetime, suggesting only an enhanced electric
field component as the mechanism for fluorescence enhancement; moreover, they
concluded that Rh substrates may be of particular value for higher temperature
MEF experiments or indeed may be used as an autoclavable substrate [73].

To address the two major shortcomings of fluorescence-based bioassays: sensi-
tivity and rapidity, a new platform technology called microwave-accelerated metal-
enhanced fluorescence (MAMEF) was recently introduced [74, 75]. In effect, the
MAMEEF method combines low power microwave heating, kinetically accelerating
assays to completion within a few seconds with metal-enhanced fluorescence
(MEF) [54]. As a specific application, Kadir Aslan [76] in 2010 has given the
proof-of-principle demonstration of rapid whole blood bioassays based on micro-
wave-accelerated metal-enhanced fluorescence (MAMEF) method by silver nano-
particle-deposited surfaces.

On the other hand, concerning topographical control of signal enhancement,
highly reproducible EBL fabrication of ordered arrays of gold nanostructures
coupled to NCs dispersed in a polymer blend was used by Pompa et al. [77] to
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demonstrate that this approach can be exploited to obtain a spatially controlled
amplification of the fluorescence signal in two different nanomaterials, namely
colloidal Quantum Dots (QDs) and Quantum Rods (QRs). The authors highlighted
the ability to modulate the spectral properties of semiconductor nanocrystals as
useful strategies in various optical-based technologies, such as highly sensitive
optical sensors and photonic devices operating at nanoscale and/or requiring very
low densities of fluorescent emitters. Actually, microfabrication developments have
enabled high-density chip-scale integration of optical elements, such as light
sources and photodetectors [78, 79].

3.2 Photonic Crystals

Photonic crystal structures have their origin in an observed phenomenon called
“Wood’s anomaly.” The so-called anomalies were effects detected in the spectrum
of light reflected by optical diffraction gratings as rapid variations in the intensity of
particular diffracted orders in certain narrow frequency bands [80].

It is now known that analogous bandgaps offered between the valence and the
conduction energy bands of a semiconductor can subsist when electromagnetic
(EM) waves propagate in a macroscopic periodic dielectric structure. EM waves
with frequencies inside such a gap cannot propagate in any direction inside this
lattice-like crystal that, since late 1980s, has been referred to as photonic crystals
(PCs) or photonic band-gap (PBG) materials [81, 82]. Recently, PCs have been
under intensive investigation as a novel label-free optical biosensing platform
[83, 84]. By introducing “defects” into the PCs structure, the electric field can be
strongly confined and enhanced in the vicinity of the sensing surface where target
analytes are adsorbed. Thus the corresponding optical spectrum shows narrow
transmission peaks or reflection dips in the photonic bandgap, which enables highly
sensitive biomolecular detection. On the high-energy side, Luo et al. [85] concluded
that for particles traveling through an all-air path inside a photonic crystal, a
Cerenkov radiation (CR), with a spiky radiation wavefront, is possible, allowing
complete absence of the impurity scattering and random ionization losses intrinsic
in a dense medium. Indeed this possibility improves the performance of detectors,
as they put forward in 2003; furthermore, the CR frequency that is set by the
photonic crystal is selectively scalable beyond optical wavelengths, opening up
the possibility of flexible radiation sources for frequencies that are otherwise
difficult to access. Investigations on one-dimensional patterned dielectric slab PC
have showed good sensitivity values, simplified light coupling schemes, and com-
patibility with plastic substrates [86, 87]. Moreover, many recent efforts have
focused on the study of two-dimensional planar PC structures, where light is
associated with in-plane guided modes from the narrow face of a slab, as reviewed
by Mortensen and colleagues [88].

PCs, incorporated into standard 96-, 384-, or 1,536-well microplates, as sensor
elements, have been used to detect antibody—antigen, small molecule, protein, and
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whole cell-protein interactions on the biosensor surface, cheaply fabricated on
sheets of plastic film, without the use of fluorescent labels [89].

Practically, PCs’ surface may be coated with a thin layer of biorecognition
molecules that bind specifically to an analyte (e.g., antibodies with affinity to a
specific antigen, or streptavidin with an affinity to biotin). When excited at a guided
resonance frequency, the PCs will have significant electric field energy surrounding
the biorecognition layer [90]. In other words, when illuminated with white light,
appropriately structured PCs are able to reflect a single wavelength, whose value is
dependent on the local concentration of adsorbed biomolecules or cells [91].

Proper selection of photonic crystal slab design structure permits biosensing of a
wide variety of analytes, including proteins, antigens, and cells. In this regard,
ultracompact monitoring of reaction kinetics and protein concentration has been
reported by Zlatanovic and colleagues [92]. In a PC microcavity, the field enhance-
ment depends on confinement of light within a very small volume, enabling an
ultra-small attoliter detection volume, many orders of magnitude smaller than in
Surface Plasmon Resonance (SPR) and microtoroid sensors, thus allowing the
reduction of sample required for sensing. Moreover, Martiradonna et al., in 2010
[93], proposed a strategy based on an efficient spectral modeling and enhancement
of marker fluorescence through the insertion of PC nanocavities (PC-NCs) (Fig. 5)
in the readout area of biochips to univocally associate a characteristic emission
wavelength with a specific bioprobe immobilized on a nanocavity (as represented in
Fig. 6), thereby guaranteeing multiplexed detection and faster analysis time in
addition to higher sensitivity.

Toccafondo and colleagues [94] presented an experimental demonstration of
single-strand DNA (ssDNA) sensing exploiting a photonic-crystal-waveguide-
based optical sensor, and, in particular, they showed the possibility to observe
DNA hybridization events using planar PCs structures, with a detection limit as
low as 19.8 nM for the detection of the complementary DNA strand. In a similar
way, Pisanello et al. [95] exploited nanofabricated arrays of 2D-PC cavities onto a
thin oxide (silicon nitride (Si3N,)) membrane for highly selective enhancement of
fluorescent molecules emission. Cyanine (Cy3)-labeled target DNA molecules

Fig. 5 Nanocavities in PC
slab (explanation of the
structure application will be
given later in this section)
Scanning electron
microscopy (SEM) cross-
section micrograph of an
array of PC cavities
fabricated on SizNy. Inset:
detail of the defect zone.
Reproduced with permission
from [94, 95]
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Fig. 6 Scheme of the proposed strategy for photonic crystal nanocavities (PhC—NCs) biochip.
(a) Array of nanocavities patterned on the readout area. Inset: detail showing examples of NCs.
The cavities are functionalized with different probes molecules, which specifically interact with
complementary target analytes labeled with fluorescent markers. The signal is collected from this
area and spectrally resolved in order to identify the different spectral tags univocally associated to
each NC and thus to each bioprobe. (b) Example of a possible luminescence detected from the
whole readout area (black line) as compared to the unmodified broad marker luminescence (red
dotted line). The occurrence of each peak in the spectrum identifies the corresponding analyte in
the performed assay. Reproduced with permission from [93]
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Adapted with permission from [95]
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were immobilized on the 2D-PC, allowing the intensification of the emission of the
organic dye due to resonating modes of the cavities, with high spectral resolution.
By means of fine-tuning of the fabricated planar resonators, it was possible to assign
a spectral fingerprint to targets bound to different resonators in the arrays, so that
the presence of different DNA molecules in an investigated assay was assessed
through spectral analysis of the emission coming from the whole array in a single
shot. A clear sketch of the detection scheme in showed in Fig. 7.

4 Conclusion and Perspective

In this chapter, we have tried to illustrate the progress of nanotechnological strategies,
which have been recently developed to implement the production of innovative
diagnostic and optical sensing devices for genomic and proteomic applications. As
many research works have shown, the recent trends in these nanobiotechnological
platforms exploit the combination of top-down nanostructuring and bottom-up molec-
ular self-assembly to soft lithography and molecular biology tools. The new genera-
tion of produced systems for diagnostics and nanostructured materials demonstrates
that high information content, high sensitivity, and selectivity can be joined with ultra-
high-throughput in advanced sensing and imaging. The current status of mature
technologies for the fabrication of MEF and PCs-based platforms for sensing, com-
bined with FRET and BRET methods, is expected to evolve in a rapid fashion on many
different aspects to produce systems more and more miniaturized, sensitive, and with
high performances, to be applied in the fields of molecular recognition and drug
discovery, and be involved in several strategies for the molecule-based identification
and diagnostics in cellular systems which comprise genotyping, phenotyping, DNA
sequencing, and proteomics. The need is to perform different methodologies to apply
for rapid sensitive detection system in multiplexed channels and for sensitive detection
of single nucleotide polymorphism (SNP), genetic variation, and protein markers for
cancer and other diseases, with the aim to contribute quickly and positively to the
improvement of current early-diagnostic methods.
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