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What is a Biosensor?

Sample 

Bioreceptor Transducer

Measuring device

Olfactory
membrane

Olfactory
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Brain 

Nasal olfactory system: the notrils collect the smell sample which is then sensed by the olfactory
membrane (bioreceptor). Its response is then converted by the olfactory nerve cells (transducer)
into electrical signals which pass along the nerve fibres to the brain (microprocessor) for
interpretation. The brain turns the signal into a sensation which we call «smell».



Suitable Definitions
• Analyte is a substance to be determined.
• Substrate is (1) a solid support used for the manifacture of transducer elements, (2) a

substance whose reaction is catalysed by an enzyme.
• Chemical sensor is a device that transforms chemical information (concentration, sample

content,…) into an analytically useful signal.
• Receptor is a molecule or part of a complex molecule or supramolecular complex (biological

membrane, cell subunit) that is responsible for the recognition and specific binding of the
analyte/substrate.

• Biochemical recognition is the ability of biomolecules (enzyme, antibody, nucleic acid, cell,…)
or biological tissues to bind a counterpart molecule by a complementary shape due to non
covalent multi-point interactions.

• Transducer (sensor, electrode,…) serves to convert the output signal generated by
biochemical reaction to the electrical signal which can be amplified and processed by
appropriate equipments.

• Biosensor signal (response) is a change of the transducer characteristics that is directly
related to the biochemical recognition event and can be quantitatively or semi-quantitatively
expressed.



Biosensor Definitions
As defined by International Union of Pure and Applied
Chemistry (IUPAC), a chemical sensor is a small and
compact device composed by a chemical (molecular)
recognition system (receptor) in spatial connection
with a physic–chemical transducer that transforms
chemical information, related to the sample or total
concentration of a specific component, into an
analytically useful signal.

Biosensors are chemical sensors in which the
recognition system utilizes a biochemical
mechanism

Biosensors are analytical devices which utilize
biochemical reactions of biological
compounds for detecting a target analyte and
convert a biochemical response into a
quantifiable and processable signal

A biosensor is a sensor that integrates a
biological element with a physic-chemical
transducer to produce an electronic signal
proportional to a single analyte which is then
conveyed to a detector.



Biosensor Classification
According to the nature of the biorecognition process, biosensors can be classified
in two main categories:

• catalytic biosensors (the bioreceptor is constituted by mono- or multi-
enzymes, whole cells, i.e. bacteria, fungi or eukaryotic cells, or by animal or
plant tissue slices);

• affinity biosensors (the bioreceptor is capable to bind selectively a specific
ligand in order to obtain a useful analytical signal)

Biosensors can be also classified in relation to transduction methods in:

• electrochemical (based on the determination of electroactive species that can be bound,
produced or consumed on the surface of the electrochemical cell);

• optical (which exploits either the change in the optical properties of a biomolecule as a
results of its interaction with the target analyte, or the use of different kinds of labels and
probes);

• piezoelectric (in which the analytical signal is produced by the application of a
mechanical stress on the surface of a piezoelectric crystal related to the bioreceptor-
analyte interaction);

• thermometric (based on the measurement of heat absorbed or evolved during a
biochemical reaction);

• electric/magnetic (which reveals the variation of electric/magnetic properties of the
system as a consequence of analyte detection).



Pregnancy test

Glucose monitoring device (for diabetes patients)

Some examples of commercial biosensors

Lab-on-chip



Key characteristics of Biosensors
Biosensors have a unique set of characteristics, due to the use of bioreceptors that differentiate them from
other sensing approaches. Biosensors can offer superior sensitivity and specificity over other sensor types.
However, they can lack robustness due to sensitivity to the operating environment.
The key characteristics that affect biosensors in many applications are:

• Because biosensors rely on biological components, they can have stability or time-dependent degradation of
performance; that is, the enzymes or antibodies can lose activity over time. Storage conditions and
manufacturing methods can significantly influence operational lifespan.

• Biosensors are normally for single use only. They are generally suitable for point-of-care applications, but
they are currently not suitable for long-term monitoring where continuous measurements are required, such as
the monitoring of bacteria in water.

• Biosensors often have a limited operational range, in terms of factors such as temperature, pH, or humidity,
in which they will operate reliably.

• Sample preparation, before presentation to the sensor, is often necessary and this can increase the
complexity of the sensor system.

• Sensor fouling can be a significant issue, particularly with biological samples, as in the case of protein
deposits. These issues can be addressed in part through the use of micro- and nano-fluidic systems, such as
micro-dialysis, to prepare the sample before presentation to the sensor.

• Some compounds can interfere with the sensor readings (example: paracetamol interference in glucose
measurements).

• Generally, biosensors exhibit very high sensitivity and specificity.



1. LINEARITY (high) Linearity of the sensor should be high for the
detection of high analyte/substrate concentration

2. SENSITIVITY (high) Value of the sensor response per analyte/substrate 
concentration

3. SELECTIVITY (high) Chemicals interference have to be minimised for
obtaining the correct result

4. RESPONSE TIME (short) Time necessary for having 95% of the response

Basic Characteristics of a Biosensor



Components of a Biosensor

Detector

Cell



Biosensing process

Analyte

Sample 
handling/
preparation

Detection

Signal

Analysis

Response



Target Analyte
What do you want to detect?

Molecules, Proteins, DNA, Glucose, Vitamins, Sugars, Metal ions, Bacteria, Viruses...

Protein Glucose

DNA

Bacteria



Sample handling

How to deliver the analyte to the sensitive region?

• (Micro) fluidics
• Concentration (increase/decrease)
• Filtration/selection

• Static measurements
• Dynamic measurements



Recognition
How do you specifically recognize the analyte?

Antibody DNA

Complementary 
DNA

Antigen
Other:

enzyme/substrate

PNA/DNA or 
PNA/RNA



Four chemical bases:

• adenine(A), guanine (G),                                                     
• cytosine (C), and thymine (T)

In the case of DNA, the biorecognition mechanism
involves hybridization of deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA), which are the
building blocks of genetics.

Principles of DNA biosensors



Nucleic acid hybridization 

ssDNA (Probe)

(Target Sequence)

(Hybridization) (Stable dsDNA)

Principles of DNA biosensors



Detection/Recognition

How do you specifically recognize the analyte?

Antibody Enzyme

Active site

Fab

Fc

Cell

Membrane receptors

Polymer/Hydrogel

Competitive binding

– enzyme/substrate;
– antigen/antibody;
– DNA/complementary DNA;
– DNA/transcription activator;
– mRNA/DNA;
– microorganism/substrate;
– ……



Signal
How do you know there 
was a detection?

Specific recognition?

DNA PROTEIN

Complementary

Common signaling principles

Optical (Fluoresence, Interferometry...)

Electrical (Voltammetry, Potentiometry, 
Conductivity)

Mass (QCM, Piezoelectric)

HIGH SENSITIVITY

HIGH SELECTIVITY



Avoiding «false» signals

Specific recognition

Non specific signal

False specific recognition?



Aptamers

Aptamers (from the Latin “aptus” – fit and Greek “meros” – part) are oligonucleotide sequences (DNA
or RNA) or peptide molecules capable to bind a target molecule with high affinity and specificity.
Aptamers offer unique properties compared to other targeting agents such as chemical synthesis
(without the use of animals and with reduced cost of production), high degree of purity (which reduce
batch to batch variations), high temperature stability, the possibility of reversible denaturation and the
inclusion in the molecule of several functional groups. Aptamers (introduced by Ellington and Szoztak,
and by Tuerk and Gold in 1990) are isolated from combinatorial libraries by a process of in vivo evolution
called SELEX (Systematic Evolution of Ligands by Exponential enrichment).

Engineered protein scaffolds molecules (Affibody®)

Parallel to aptamers, in order to overcome immunoglobulin limitation, another field of investigation is
represented by the development of alternative binding proteins (based either on scaffold with the
immunoglobulin fold or on completely different protein topologies), called collectively engineered
protein scaffolds. Compared with antibodies or their recombinant fragments, these protein scaffolds
often provide practical advantages including elevated stability, high production yield in in vitro systems
and possibility to modulate desired properties (such as solubility, thermal stability, protease resistance
etc.). Among this classes of engineered proteins Affibody® received particular attentions and found
application in several studies especially for in vivo diagnostic imaging and targeted therapy applications.
Affibodies can include specific labels, such as fluorophores, radioactive labels and other moieties, such
as biotin, which can be used to couple the affibody to surfaces or other molecules, including enzymes.



MIP (Molecular Imprinted Polymer) 



The immobilization is done either by physical entrapment, adsorption, or chemical binding

Bioreceptor (An body, Enzyme, Cells, …)  +  polymer solu on  →  polymeriza on

Physical Entrapment

Adsorption interactions: ionic, polar, hydrogen bonding and hydrophobic interactions

Adsorption

Bioreceptors immobilization methods



Cross-linking
Bridging between several functional groups of bioreceptor and the transducer by
multifunctional reagents. The bioreceptor can be bound directly onto the sensor
surface or on a removable support membrane, which can be placed on the transducer
surface

Covalent bonding
Formation of a stable covalent bond between functional groups of bioreceptor
components and the transducer

Bioreceptors immobilization methods



Covalent binding by self-assembling processes

Self-assembled monolayers (SAMs) can be obtained simply by dipping a solid surface into a
dilute solution containing specifically functionalized molecules.

1° step: chemisorption (formation of covalent bonds between the surface and the spacer
molecules)

2° step: orientation (intermolecular forces provide an ordered monolayer)

Bioreceptors immobilization methods



Atomic force microscopy: AFM



Time-of-flight secondary ions mass spectrometry: ToF-SIMS



I1/I0 = e−αlc

l is the pass length
C is the concentration of absorbing 
material
α is the absorption coefficient 

Transducers-Optical methods

Concept: Capture analyte and detect the binding by optical tags or binding-sensitive 
optical phenomena

Absorption 



A device to determine a patient’s blood oxygen content: “the oximeter”.
The absorption spectra of haemoglobin (Hb) and oxyhaemoglobin (HbO2) differ from
each other. That makes it possible to measure their concentration ratio in blood by
measuring the absorption of light at two different wavelengths.

Transducers-Optical methods: Absorption  



Transducers-Optical methods: Fluorescence 
Fluorescence is a molecular absorption of light
at one wavelength and its instantaneous
emission at higher wavelengths. Some
molecules fluoresce naturally and others such
as DNA can be modified for fluorescence
detection by attachment of specific fluorescent
dyes

Optical system for 
Florescence measurement



Real time Chamber PCR device with integrated 
fluorescence detection

Photodiode implanted at the 
bottom of the chamber and 

CdS film covers the 
photodiode

Optical fibre used to 
introduce excitation energy

Temperature sensor 
and heaters

Si

Si

Pyrex

Pyrex

Photodiode pattern to 
reduce direct illumination

Transducers-Optical methods: Fluorescence 



Transducers-Electrochemical methods

This class of biosensors are based on the fact that many chemical reactions produce or
consume ions or electrons which in turn cause some changes in the electrical
properties of the solution which can be sensed out and used as measuring parameter



Transducers-Electrochemical methods: 
Amperometric

Schematic representation of amperometric glucose biosensor



Schematic diagram of an integrated enzyme-based flow-through glucose sensor.

Transducers-Electrochemical methods: 
Potentiometric



Immunosensing at micro-sized Au electrodes based on the change of 
conductivity between the Au strips upon binding of Au nanoparticles

Transducers-Electric methods

Concept: Capture analyte and detect changes in electrical parameters of sample



Capacitive sensor by
MIP dielectric

Variation of

Transducers-Electric methods



Carbon nanotubes: CNT
• One atom thick
• One nanometer diameter
• Ability to be functionalized

• Electrical conductivity as high as copper, 
thermal conductivity as high as diamond

Succinimidyl ester

GOD

CNT



CNT Biosensor Structure

Succinimidyl ester 



CNT Uncoated vs. Coated

AFM images



CNT Biosensor Signal Detection

O2

H2O2

Glucose

Gluconic Acid

e-



e-

e- e-e-

e-

Effectively increases electrical current

CNT Biosensor Signal Detection



CNT Biosensor Results

0 mM

20 mM

60 mM

160 mM



This type of biosensor is exploiting one of the fundamental properties of biological
reactions, namely absorption or production of heat, which in turn changes the
temperature of the medium in which the reaction takes place. They are builded by
combining immobilized enzyme molecules with temperature sensors. When the analyte
comes in contact with the enzyme, the heat of reaction is measured and plotted against
the analyte concentration. The total heat produced or absorbed is proportional to the
molar enthalpy and total number of molecules in the reaction.

Transducers-Thermometric methods

A three-dimensional schematic
representation of a microcalorimeter
with integrated microfluidic channels.



These methods are based on the change in oscillating frequency of a vibrating
element. When the mass increases due to binding of chemicals, the oscillation
frequency of the device changes and the resulting variation can be measured
electrically and used to determine the additional mass.

Transducers-Mass based methods

Detection by cantilevers

Microcantilever technology: a) with
immobilised protein for a specific bacterium
b) bending after recognition of bacteria by
the immobilized protein



Change  in the resonance frequency: 
AcV1 antibody (green) and 
baculovirus particles (red)

Detection by cantilevers

Transducers-Mass based methods



(b) Decrease in resonant frequency as the
density inside the embedded channel
increases

(c) Frequency modulation by single particle 
movement

(a) A mechanical cantilever resonator
containing an embedded microfluidic channel

Detection by cantilevers

Transducers-Mass based methods



A quartz crystal microbalance (QCM) measures a mass variation per unit area by measuring the change
in frequency of a quartz crystal resonator. The resonance is disturbed by the addition or removal of a
small mass at the surface of the acoustic resonator.
The classical sensing application of quartz crystal resonators is micro-gravimetry. The QCM can be used
under vacuum, in gas phase and in liquid environments. It is useful for monitoring the rate of deposition
in thin film deposition systems under vacuum. In liquid, it is highly effective at determining the affinity of
molecules (proteins, bacteria, virus, cell components, …) to surfaces functionalized with recognition sites.
QCM can also be used to investigate interactions between biomolecules. Frequency measurements are
easily made to high precision; it can measure mass densities down to a level of below 1 μg/cm2.

Quartz is one member of a family of crystals that
experience the piezoelectric effect. The piezoelectric effect
has found applications in high power sources, sensors,
actuators, frequency standards, motors, etc., and the
relationship between applied voltage and mechanical
deformation is well known; this allows probing an acoustic
resonance by electrical means.

Transducers-Mass based methods



Impedance analysis is based on electrical
conductance curve. The central parameters of
measurement are the resonance frequency fres
and the bandwidth w.

Applying alternating current to the quartz crystal will
induce oscillations. The frequency of oscillation of
the quartz crystal is partially dependent on the
thickness of the crystal. During normal operation, all
the other influencing variables remain constant; thus
a change in thickness correlates directly to a change
in frequency. As mass is deposited on the surface of
the crystal, the thickness increases; consequently the
frequency of oscillation decreases from the initial
value. With some simplifying assumptions, this
frequency change can be quantified and correlated
precisely to the mass change using Sauerbrey's
equation

∆f = frequency change (Hz)
fₒ = resonant frequency (Hz)
∆m = mass change (g)
ρq = density of quartz (2.648 g/cm3)
µq = shear modulus of quartz for AT-cut crystals (2.947x1011 gcm-1sec-2)
A = piezoelectrically active crystal area (area between electrodes, cm2)

Transducers-Mass based methods



Improving SIGNAL....

Signal LOW

SECONDARY 
SIGNAL
AMPLIFIER

Signal HIGH

Magnectic bead, 
fluorecent dye, 
enzyme etc

AMPLIFICATION



The advantages of using Nanotechnologies: 
Nanostructured biosensing devices

The advance in nanotechnology led to the discovery and the employment of a great
number of new materials in nanoscale dimensions. Because the common biological
systems (such as proteins, viruses, membranes, etc.) are nanostructured and their
interactions take place at nanometric scale, nanomaterials becomes good candidates for
the development of advanced biosensing devices.

Nanostructures present several advantages in analytical applications and can be used as
both transducers (due to their unique optical, chemical, electrical, and catalytic
properties) and components of the recognition element of a biosensing device (due to
the increase of the surface area/volume ratio that in turn increases the number of
attached bioreceptors in the sensing surface).



Gold nanoparticles (AuNPs)-based biosensors

Gold nanoparticles (AuNPs) are one of the most studied and applied nanomaterials. Because of their
properties, coupled to their easy of synthesis, good compatibility with biological systems and
enhanced scattering and absorption, particular attention has been focused on the use of AuNPs for
biosensors and for in vivo applications (such as cancer cell imaging, cancer therapy and drug delivery).
Gold nanoparticles are a colloidal suspension of nanometric-dimension particles of gold.
Although AuNPs first application can be dated to Roman age (they were utilised to colour glasses, as
for instance the famous Lycurgus cup), the modern evaluation of colloidal gold began with the study of
Faraday (in 1850s) which revealed that a colloidal gold solution shows different properties with
respect to bulk gold.

Lycurgus cup in reflected (a) and transmitted (b) light   

AuNPs colloidal solutions possess an intense colour, varying from red to purple (respectively for
smaller and larger particles) in contrast with bright yellow colour of massive gold materials



Gold nanoparticles: tools for Biosensor Signal Amplification
Due to the high affinity between gold and thiol groups, AuNPs have been successfully coupled with
different biorecognition elements (such as aptamers/DNA probe, antibodies, etc.) and have been
extensively used in a broad range of sensing/signal amplification approaches both in sandwich or
label-free assays.

Label-free biosensor
AuNPs were directly deposed onto a solid
support - the working electrode of
electrochemical cell - in order to be
functionalized with more capture probes
allowing the recognition of an higher
number of target of interest

Sandwich assay-based biosensor
After the immobilization of the capture probe on the solid
support, AuNPs-modified detection probes were introduced in
the system to form a sandwich assay. The amplification was
achieved both by using an enzyme-labelled detection probe and
exploiting catalytic properties of AuNPs surface



Representation of AuNPs/MWCNTs/Au immunosensor for detection of PSA 
antigen through multiple-HRP/MWCNTs label strategy

Immunosensors

MWCNTs: Multi-walled carbon nanotubes
PSA: prostate specific antigen
HRP: Horseradish peroxidase

This assay is presented in form of ELISA (Enzyme-linked immunosorbent assay) sandwich assay
in which AuNPs/MWCNTs/Au-modified electrodes were incubated with anti-PSA primary
antibody, PSA antigen, and anti-PSA secondary antibody bound to the surface of HRP-modified
MWCNTs. The amplified detection was achieved by the enhanced precipitation of 4chloro-1-
naphthol using a higher number of horseradish peroxidase (HRP) molecules attached on
MWCNTs, coupled with an higher number of primary Ab immobilized on the surface of Au
electrodes



AuNPs-based immunosensor for detection of PSA
in serum, cell lysate and human serum of cancer
patients

AuNPs-glutathione colloid was adsorbed layer-by-layer through electrostatic interaction on a layer of
cationic poly diallyldimethyl ammonium chloride (PDDA), deposited on a pyrolytic graphite electrode.
Anti-PSA Ab1 was bound to the AuNPs-modified electrode via amidization (using EDC/NHS solution) and
then casein was used to block free Ab1 binding sites on the electrode surface. After the incubation with
PSA, the assay was completed adding the anti-PSA secondary antibody conjugated with HRP-modified
magnetic particles. This complex enhances the catalytic reduction of H2O2 and thus PSA concentration
was evaluated by amperometric measurements.
This approach allows the detection of PSA in serum samples with a very low detection limit (0.5 pg/mL)
and was also successfully applied for the measurement of PSA in cell lysates and human serum of cancer
patients.

Immunosensors

The biosensor consists in a densely packed gold
nanoparticle platform combined with a multiple-
enzyme labelled detection antibody-magnetic
bead bioconjugate for the analysis of PSA cancer
biomarker in serum samples.



Schematic representation of
silver-enhanced immunosensor
for CEA cancer biomarker
detection

Immunosensors

CEA: Carcinoembryonic antigen

Sandwich assay for the detection of CEA cancer biomarker using AuNPs-modified detection anti-CEA
antibody. The immunosensor was assembled by covalent immobilization of capture anti-CEA Ab on
the surface of chitosan-modified graphene-coated glassy carbon electrode, followed by the addition
of BSA and by the incubation with CEA antigen. AuNP-modifed poly(styrene-co-acrylic acid) beads
were functionalized with anti-CEA detection Ab and finally deposed to the sensor to complete the
sandwich assay. The anchored AuNPs induced the catalytically deposition of silver allowing the
formation of AgNPs-coated AuNPs. Compared with AuNPs (detectable by stripping analysis in HCl),
silver nanoparticles (AgNPs) can be oxidized at more negative potential with a relatively sharp
peak, which is preferred to overcome the interference of reducing species, improving the detection
precision and sensitivity. Immunoreaction was evaluated analysing the stripping current of silver
obtained using linear sweep voltammetry technique.



Schematic diagram regarding MUC1 detection
with AuNPs-modified anti-MUC1 HOaptamer. (A)
In the absence of MUC1, the biotin is shielded and
thus inaccessible to the streptavidin immobilized
on the transducer. (B) Upon target binding, the
distruption of the stem-loop makes the biotin
exposed and easily captured by the streptavidin-
modified electrode

Immunosensors
Electrochemical aptamer biosensor based on an enzyme–gold nanoparticle dual label for
the detection of MUC1 antigen

AuNPs were functionalized with a hairpin oligonucleotide anti-MUC1 (modified with thiol at the 5′-
end and biotin at the 3′-end), with HRP enzyme and deoxyadenosine triphosphate (dATP). In the
absence of MUC1, the immobilized hairpin aptamer was in a “closed” state, which shielded biotin
from being captured by the streptavidin-modified electrode. In contrast, in the presence of MUC1,
the HO was disrupted, and the biotin was captured by the streptavidin molecules immobilized on
the transducer. In this case, redox behaviour of 2,3-diaminophenazine (DAP), catalytically produced
by HRP in presence of o-phenylenediamine and H2O2, is used to determinate the concentration of
MUC1 cancer

MUC1: mucin1, a cell surface associated proteoglycan with
protective action from pathogens



Magnetic nanoparticles (MNPs)-based biosensors for cancer biomarkers detection
Magnetic nanoparticles with high magnetic susceptibilities are currently used for sensors and
biosensors development because they offer benefits such as a large surface area and easy
immobilization of proteins, DNA, enzymes and antibodies. Moreover, because the immobilization
of bioreceptor molecules directly on the electrode surface presents some problems (such as surface
shielding that causes hindrance in electron transfer, reducing analytical signals) magnetic
nanoparticles were used as solid support to perform bioreceptor – analyte affinity reaction. In
this case, because the modified beads are in suspension, the probability that bioreceptor meet
the magnetic beads or that bioreceptor-modified magnetic beads meet the analyte is very high.
Furthermore, the matrix effect is minimized due to the improved washing and separation steps
and for this reason the working electrode surface is easily accessible by redox probe since it
diffuses onto the bare electrode surface.

General representation of magnetic beads-based assay for the detection of proteins of interest



Immunosensor for simultaneous
detection of CEA and AFP cancer
biomarkers by graphene-
modified magnetic beads

Multiplexed immunoassay for simultaneous electrochemical determination of carcinoembryonic (CEA)
and alpha-fetoprotein (AFP) in biological fluids. The immunoassay was based on biofunctionalized
magnetic graphene nanosheets (MGO) as immunosensing probes and multifunctional nanogold hollow
microspheres (GHS) as distinguishable signal tags. The probes were fabricated by means of co-
immobilization of primary anti-CEA and anti-AFP antibodies on the surface of magnetic nanoparticle-
coated graphene nanosheets. Reverse-micelle method was then used for the synthesis of
distinguishable signal tags by the encapsulation of horseradish peroxide (HRP) thionine (conjugated
with anti-CEA detection probe) and HRP-ferrocene (conjugate with anti-AFP detection probe) into
nanogold hollow microspheres. The detection procedure of CEA and AFP cancer biomarkers was based
on the catalytic reduction of H2O2 at the various peak potentials in the presence of the corresponding
mediators. The developed immunosensor enabled the simultaneous detection of AFP and CEA with
very low detection limit for both analyte (1.0 pg mL-1). The developed immunosensor was also
evaluated for the analysis of clinical serum specimens, obtaining a good correlation with reference
methods.

Multiplexed-Immunosensors



Biosensor for CEA cancer
biomarker detection using
AuNPs/Au/Fe3O4 nanoparticles

This approach allows the CEA cancer biomarker to be detected using nanogold coated-magnetic
particles. First, magnetic particles were prepared by reduction of Fe3+ and Fe2+ salts in presence of
NH3 at pH 9, followed by the deposition of Au layer. Au/Fe3O4 particles were then functionalized
several time with AuNPs by addition of thiourea (in order to obtain a multilayer of nanogolds) and
modified with anti-CEA bioreceptor. Detection of cancer biomarker was achieved by competitive
methods using CEA and HRP-labelled CEA antigen.

Immunosensors



Key Biosensor Application Domains
Domain Application
Healthcare Chronic disease management, such as glucose monitoring in diabetes

Diagnosis and screening for home pregnancy testing; stomach ulcers: Helicobacter
pylori
Biochemistry, for example, cholesterol testing
Bacterial infection testing
Acute disease evaluation, as for cancers, such as prostate

Biotechnology/fermentation Wine fermentation
Citric acid
Brewing
Enzyme production
Biopharmaceutical production

Food quality Chemical contaminant detection, such as contamination with antibiotics
Toxin detection
Pathogen detection
Hormone detection, as in milk
Personal safety/law enforcement/employment
Alcohol testing
Drug testing

Environmental monitoring Pollution, such as testing for fecal coliforms in water
Agriculture
Pesticides in water such as organophosphates
Heavy metals
Hormones

Security Chemical and warfare agent detection



Today’s situation in clinical diagnostics and monitoring requires rapid and accurate analyses. Factors
complicating these procedures are mainly related to the prices of analytical devices and expenses for
whole measurements. In addition, if we consider that qualified personnel is needed for clinical
analyses, the natural necessity for alternative analytical technologies is presented.

Biosensors can be an option for solving the problems mentioned before, or a helpful tool at least.
They can be applied in the field of detection of cancer biomarkers, which are tumor associated
antigens and mutations. While cancer-related assays are more complex than home self-testing of
glucose, modern bioaffinity sensors, such as DNA- or immunosensors, have recently demonstrated
great potential for monitoring cancer-related protein markers and DNA mutations.

Classical methods (such as ELISA immunoassays) for diagnosis of cancer take several hours, or even
days from when tests are ordered to when results are received. These methods are time consuming
and often require extra care and expensive instruments making early diagnosis of cancer more
difficult, especially for the cancer patients who are admitted to an emergency department.

Biosensors can satisfy the rapid diagnosis requirements in cancer markers detection during early
stages of the disease.

Cancer diagnosis



QCM-based Biosensors for exosomal cancer
biomarkers

Exosomes: natural vesicles
released by the cells under
specific stimula

Exosomes are cell-derived vesicles that are present in many and perhaps all biological fluids,
including blood, urine, saliva and cultured medium of cell cultures. The reported diameter of
exosomes is between 30 and 100 nm.
Exosomes contain various molecular constituents of their cell of origin, including proteins and
RNA. Although the exosomal protein composition varies with the cell and tissue of origin, most
exosomes contain an evolutionary-conserved common set of protein molecules.
Exosomes released from tumors into the blood may also have diagnostic potential.
They can potentially be used for prognosis and therapy, and as biomarkers for health and
disease.



QCM-based Biosensors for exosomal cancer
biomarkers
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QCM-based Biosensors for exosomal cancer
biomarkers



STEP2

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

A
b
s
o
rb
a
n
c
e

1000  1500  2000  2500  3000  3500  

Wavenumbers (cm-1)

STEP2

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

A
b
s
o
rb
a
n
c
e

1000  1500  2000  2500  3000  3500  

Wavenumbers (cm-1)

RAIR 
spectrum

QCM-based Biosensors for exosomal cancer
biomarkers

PSA: prostate-specific antigen

anti-PSA



RAIR spectrum

exosomes

QCM-based Biosensors for exosomal cancer
biomarkers
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TEM analysis

The functionalized Au-NPs show a diameter of 45-50 nm

Gold NPs-based Biosensors for exosomal cancer biomarkers

40 nm Au-NPs functionalized with anti-PSA through NH2-PEG-SH

SEM image

PSA: prostate-specific antigen



Gold NPs-based Biosensors for exosomal cancer biomarkers



NANOCARRIERS



Liposome-based nanocarriers

DPPC    (1,2-dipalmitoyl-sn-glycero-3-phosphocholine) : provides
stiffness and stability to the bilayer
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Chol (cholesterol): provides stiffness to the bilayer

DC-Chol (3ß-[N-(N',N'-dimethylaminoethane)-
carbamoyl]cholesterol hydrochloride): cholesterol
derivative, which provides the bilayer with positive
charge



Sketch of resveratrol insertion in the bilayer of 
DPPC/CHOL (a) and DPPC/DC-CHOL(b) liposomes.

HO
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Liposomes as carriers of drugs and biomolecules

NOESY spectrum

resveratrol



Lectins

• Proteins or Glycoproteins with
carbohydrate affinity.

• The binding force between lectins and
carbohydrates is quite weak, but the high
numbers of synergic low affinity
interactions strongly increase the force of
lectin-carbohydrates binding.

• Lectins show a high specificity for the
recognized sugar.

• They are classified in animal and
vegetable lectins based on their origin.

LECTIN (LOTUS TETRAGONOLOBUS)-FUNCTIONALIZED LIPOSOMES
FOR SENSING AND DRUG DELIVERY 

LTL
Lotus Tetragonolobus lectin



LIPOSOME BASED DRUG DELIVERY

Lipid based 
vesicles with 
one or more 
layers of 
phospholipids.



LIPOSOME – unique properties
• Encapsulation of both hydrophobic & hydrophilic drugs
• Structural protection of the drug from environment of body
• No cytotoxicity
• Anti-cancer drugs (doxorubicin, paclitaxel, camptothecin), Antibiotics 

(vancomycin, amikacin)

• poor storage stability (surface modification)

• low encapsulation efficiency

• fast burst release of drugs (encapsulated in the liposomal aqueous phase by 
an ammonium sulphate gradient)

• lack of tunable triggers for drug release (change in pH, temperature, 
radiofrequency or magnetic field).

LIPOSOME – disadvantages





Liposome functionalized with Lectin and 
loaded with Doxorubicin

Doxorubicin

Lipidic membrane 
(DOPC/DOPE)

LTL



The Lectin-functionalized liposomes loaded with Doxorubicin are able to maintain the drug
(Doxorubicin) within the cytoplasma longer than 24 hours, whereas, at the same time, the non-
functionalized liposomes show the fluorescence into the nucleus

Liposomes loaded with Doxorubicin
(fluorescence )

Liposomes functionalized with Lectin and 
loaded with Doxorubicin (fluorescence )



POLYMER BASED DRUG DELIVERY

• colloidal particles with a size range of 10–1000 nm, they can be
spherical, branched or core–shell structures

• Biodegradable synthetic (poly-lactic acid (PLA); poly -D- L-glycolide
(PLG); poly-D- L-lactide-co-glycolide (PLGA) and poly-cyanoacrylate
(PCA)) or natural (as albumin, gelatin, alginate, collagen and
chitosan) polymers

• Stimuli-sensitive polymers



Biodegradable polymers

1. size of the desired nanoparticles
2. properties of the drug (aqueous solubility, stability, etc.) to be 

encapsulated in the polymer
3. surface characteristics and functionality
4. degree of biodegradability and biocompatibility
5. drug release profile of the final product



POLYMER BASED DRUG DELIVERY

Polymeric nanocarriers can be categorized based on three drug-
incorporation mechanisms:

• covalent chemistry for direct drug conjugation (e.g. linear polymers)

• hydrophobic interactions between drugs and nanocarriers (e.g.
polymeric micelles from amphiphilic block copolymers)

• hydrogels, which offer a water-filled depot for hydrophilic drug
encapsulation





Polymer-drug conjugates - disadvantages

• chemical modification of drugs – production is expensive

• additional purification steps required

• new chemical entities owing to a pharmacokinetic profile distinct
from that of the parent drugs - additional US FDA approval is
required

• non-biodegradability and unknown fate of polymers after in vivo
administration





Hydrogel Nanoparticles

• Hydrogels are cross-linked networks of hydrophilic polymers that can
absorb and retain more than 20% of their weight in water

• Swelling properties, network structure, permeability or mechanical
stability of hydrogels can be controlled by external stimuli or
physiological parameters

• Nanogels of poly-N-isopropylacrylamide - ultrafast responses



Hydrogels as NPs

• multifunctional hybrid hydrogel - magnetic + hydrogel properties 
of NPs - application of an external magnetic field

• core–shell nanogels (gold (Au)–silver nanorods coated with DNA 
cross-linked polymeric) with aptamers as the recognition element 
and near-infrared light as a triggering stimulus

• cisplatin-loaded polyacrylic acid hydrogel NPs



PROTEIN Based-NP DRUG DELIVERY

• Taxanes formulated as 
suspensions with nonionic 
surfactants Albumin 
conjugated.

• FDA approved for breast 
cancer



DENDRIMER BASED DRUG DELIVERY

• synthetic, branched macromolecules
with a well-defined chemical structure,
consisting of an initiator core and
multiple layers with active terminal
groups.

• Carry drugs via covalent conjugation to
the multivalent surfaces or
encapsulation in the cavities of the
cores through hydrophobic interaction,
hydrogen bond, or chemical linkage



DENDRIMERS….

• Carry bioactive macromolecules such as DNA by condensing them 
through electrostatic interactions

• By use of pH or enzyme-sensitive linkages, stimulus-responsive 
dendrimers can be generated.

• SPL7013 (l-lysine-based dendrimer) – to deliver microbicide for 
prevention of HIV.



OTHER Np based DRUG DELIVERY

• Carbon nanotubes

• Ceramic nanoparticles (silica, titania, alumina)

• Superparamagnetic nanoparticles (FeO)- hyperthermia effect

• Gold nanoparticles


