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(54) METHOD FOR MEASURING TELOMERASE ACTIVITY

(57) Method for measuring telomerase activity, com-
prising: providing a field-effect transistor equipped with
a control gate and a floating gate, wherein said floating
gate has at least one free portion exposed to the outside
environment; executing a functionalization step, wherein
one or more DNA probes are immobilized on said free
portion; executing an interaction step, wherein said one

or more DNA probes are made to interact with an analyte
associated with telomerase, the activity of which needs
to be measured; supplying power and polarization to said
field-effect transistor; executing a detection step, wherein
an electric parameter associated with said field-effect
transistor and representative of the activity of said telom-
erase is detected.
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Description

Field of application of the invention

[0001] The present invention relates to a method for
measuring telomerase activity.

State of the art

[0002] Programmed cell death, referred to as apopto-
sis, is a self-regulated biological process that keeps con-
stant the number of cells in an organism. Under-regula-
tion thereof may be a symptom of several disorders in
adult individuals. Such disorders may range from neuro-
degenerative diseases to ischemic damage, autoim-
mune diseases and the majority of tumours.
[0003] Recent studies have demonstrated that there
is a correlation between the limit of possible cell divisions,
known in the art as Hayflick limit, and cellular senes-
cence. The cell ageing phenomenon is, in turn, depend-
ent on the shortening of the ends of DNA molecules,
called telomeres. Telomeres are sequences of nucle-
otides, the main function of which is to protect and give
stability to DNA molecules, the progressive shortening
of which occurs because of the inability of known DNA
polymerases to completely replicate the distal part of one
of the two chains forming the double helix, i.e. the slow
filament. When the telomeres become too short and
reach a critical length, the cells die.
[0004] The ribonucleoprotein complex of telomerase
is a particular enzyme capable of catalyzing the synthesis
of telomeres, thus stabilizing their length [1]. The direct
consequence of this elongation process is the possibility
for the cells in which it is active to proliferate in an un-
controlled manner. It has been demonstrated that telom-
erase is not active in most somatic cells, except for em-
bryonic tissues, stem cells and reproductive organs. Re-
cent studies has shown that, conversely, the protein is
present and strongly active in most (80% - 90%) human
tumours [2]. For this reason, telomerase is a biomarker
that can be used for identifying neoplastic transforma-
tions and for early cancer diagnosis.
[0005] The methods currently in use in test laboratories
are mostly based on modifications of the TRAP protocol
(Telomerase Repeat Amplification Protocol) [1] [3], which
allows the execution of semi-quantitative and quantita-
tive analyses through the use of particular fluorescence-
marked deoxynucleotide triphosphates (dNTP).
[0006] This protocol can be divided into three main
phases: elongation of the telomerase template, amplifi-
cation of the product thus obtained, and, finally, quanti-
fication thereof. The intermediate amplification phase is
necessary to obtain good sensitivity with quantification
methods [4]. The amplification method, based on PCR
(Polymerase Chain Reaction), is however complex and
costly, and requires long preparation times.
[0007] In the current state of the art, the only alternative
to TRAP-based methods is offered by nanotechnologies.

Several types of approach have been proposed, using
different techniques and numerous transduction types,
for the purpose of measuring telomerase activity [5]. Most
of them are indirect measurement methods. The meth-
ods of analysis based on immunological assays do not
require the use of fluorescent markers, but still require
the use of expensive reagents; the methods based on
Molecular Beacons and nanoparticles, on the contrary,
require fluorescent probes and long production times.
The methods that provide a direct measurement are es-
sentially based on field-effect electronic devices (Field
Effect Transistors, FET). It is known, in fact, that it is
possible to use such devices to monitor different types
of biochemical reactions by analyzing small quantities of
sample, without the latter having to be amplified by
means of techniques such as, for example, PCR. In this
case, the detection mechanism is substantially related
to field-effect modulation. Patolsky et al. have proposed
and patented a device [6], [7] for detecting cancer mark-
ers, which is based on silicon nanowires functionalized
with probes of oligonucleotides replicating the telomeric
sequence. The electric charge of the enzyme and of the
nucleotides can be transduced by measuring the con-
ductance of the nanotube. In fact, when telomerase binds
to the probes immobilized on the surface, the conduct-
ance value varies in accordance with a known law, which
allows for direct detection of the reaction that has oc-
curred.
[0008] The most limiting factor of this approach is the
Debye length. This length is the distance within which it
is possible to identify a charge in a solution before the
electrostatic shield effect generated by the ionic species
in solution makes it impossible to detect the electrostatic
field generated by a charged molecule in solution, thus
limiting, de facto, the possibility of detecting charged mol-
ecules by means of devices based on field-effect modu-
lation. Moreover, since biological phenomena occur in
solutions having high ionic concentrations, this parame-
ter is commonly indicated as a limiting factor for the de-
tection of charged molecules in solution [8].
[0009] The above examples have shown that the tech-
niques currently available for telomerase activity detec-
tion suffer from several drawbacks, which depend on the
transduction method employed, and which make autom-
atization impossible and prevent the development of a
low-cost testing product. Field-effect-based electronic
devices represent an interesting alternative to the bio-
chemical procedures currently available on the market,
but the limits related to the Debye length are greatly hin-
dering their development.

Summary of the invention

[0010] It is therefore the object of the present invention
to provide a method for measuring telomerase activity,
which can overcome the limits suffered by prior-art tech-
niques.
[0011] In particular, it is the object of the invention to
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provide a simple, fast and automatable method that also
allows evaluating, optionally in real time, telomere elon-
gation.

Brief description of the drawings

[0012] These and other objects are substantially
achieved through the method for measuring telomerase
activity as described in the appended claims.
[0013] Further features and advantages will become
more apparent in the light of the following detailed de-
scription of some preferred and non-limiting embodi-
ments of the invention. This description will refer to the
annexed drawings, which are also provided merely as
explanatory and non-limiting examples, wherein:

Figure 1 schematically shows the principle of oper-
ation of a field-effect transistor, on which the inven-
tion is based, by means of an example of implemen-
tation in organic electronics;
Figure 2 shows one possible electric characteriza-
tion of the transistor of Figure 1, for extracting the
parameters of interest for the measurement;
Figures 3a, 3b schematically show possible embod-
iments of field-effect transistors that may be used
within the scope of the present invention;
Figures 4-8 show diagrams representing quantities
involved in the method according to the present in-
vention.

Detailed description

[0014] The method according to the invention makes
it possible to measure telomerase activity. Such meas-
urement can be conducted without requiring template
amplification by PCR. It is possible to evaluate the prod-
uct of a biochemical assay (TRAP) either after the primer
elongation phase or in real time, during the telomere elon-
gation phase.
[0015] Preferably, the method envisages a measure-
ment of the variation occurring in the threshold voltage
of a field-effect device following immobilization of DNA
chains on the surface of the sensing area, which will be
further described hereinafter. In fact, DNA suspended in
a buffer solution has a negative net charge due to the
phosphate group that is present in the backbone of the
molecule. Because the charge of DNA chains depends
in a linear manner on the number of nucleotides that
make up the chain, it is possible to exploit the principle
of operation of the sensor to make a device for direct
measurement of telomerase activity.
[0016] More in detail, the method envisages the use
of a field-effect transistor equipped with a floating gate
and a control gate (referred to as VCG in Fig. 1 and Figs.
3a and 3b) capacitively coupled to said floating gate. The
transistor component is based on a MOS structure, and
is generally referred to as FGMOS.
[0017] In one embodiment, the transistor may be im-

plemented with CMOS technology. By way of example,
the transistor may be made in accordance with the teach-
ings of United States patent US 7,535,232 B2 [10], in-
corporated herein by reference. A transistor of this kind
has been described by Barbaro et al. also in another pub-
lication [9].
[0018] In one embodiment, the transistor may be im-
plemented with organic semiconductor technology, e.g.
in accordance with international patent application WO
2016/124714 A1, incorporated herein by reference.
[0019] The floating gate of the transistor has at least
one free portion exposed to the outside environment. The
free portion may also be referred to as "sensing area".
[0020] As will become more apparent hereinafter, the
free portion is used for taking the measurements of in-
terest.
[0021] It should be noted, in particular, that the tran-
sistor in question is completely formed and is equipped
with a floating gate; this gate electrode is preferably elon-
gated, so that it can be exposed to the outside environ-
ment. The current flowing in the channel of this device is
not modulated by the effect of the double layer directly
formed on the channel, but by the voltage drop across
the floating-gate electrode and the substrate. This volt-
age drop depends, through the field effect, on the quantity
of electric charge immobilized on the exposed surface.
The control electrode, capacitively coupled to the floating
gate, makes it possible to set the working point of the
device correctly, bringing the transistor within its optimal
working range and letting the charge variations that occur
on the floating gate cause a simple current variation rel-
ative to the polarization point. In this way, compared to
other solutions based on a FET structure, it is possible
to increase the limit of detection (LOD) of the device, the
activation of which will not depend on the presence of a
charge on the floating gate, but on the voltage directly
applied to the control gate. Furthermore, thanks to the
presence of the control gate, it is possible to overcome
the limits imposed by the Debye length, which are char-
acteristic of all other FET-based devices known in the
art. By applying a suitable voltage to the control gate, in
fact, it is possible to increase the Debye length through
two mechanisms: the electrostatic repulsion of free coun-
ter-charges (counter-ions), which shield the effect of the
immobilized charge, and the bending of the immobilized
molecules towards the electrode, thus approaching the
sensing surface.
[0022] Figures 3a, 3b schematically show the structure
that the MOSFET may have, depending on the technol-
ogy employed for making it. In particular, Figure 3a shows
a MOSFET made by means of a standard CMOS process
(CMFET), whereas Figure 3b shows one possible bot-
tom-gate, bottom-contact configuration for implementa-
tion with an organic semiconductor (OCMFET).
[0023] In one embodiment, the method according to
the invention envisages the execution of the following
steps:
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a. providing a field-effect transistor equipped with a
floating gate and a control gate, wherein said floating
gate has at least one free portion exposed to the
outside environment;
b. executing a functionalization step, wherein one or
more DNA probes are immobilized on said free por-
tion;
c. providing an analyte comprising telomerase, the
activity of which needs to be measured;
d. executing an interaction step, wherein said one or
more DNA probes are made to interact with said an-
alyte;
e. supplying power to said field-effect transistor;
f. applying a potential to the control gate;
g. executing a detection step, wherein an electric
parameter associated with said field-effect transistor
and representative of the activity of said telomerase
is detected.

[0024] For simplicity, this embodiment will be referred
to as "real-time measurement".
[0025] In this case, the detection step is carried out
during the interaction step. In other words, the detection
step and the interaction step are at least partially super-
imposed.
[0026] This means that the activity of the enzyme is
measured while the latter is acting upon the DNA
probe(s), thus causing the elongation of the respective
telomeres.
[0027] To this end, before the analyte is made to inter-
act with said one or more DNA probes, said one or more
probes are immobilized on the free portion of the floating
gate.
[0028] The molecule portion directly involved in the ca-
talysis process and in the formation of bonds with the
telomeres, also referred to as enzyme site (or active cent-
er), is complementary to the TTAGGG sequence and
binds to the 3’ end of the DNA molecule. The structure
and properties of the active center allow recognition of
and binding to the substrate (telomere) that is also subject
to analysis. For this reason, the probes should be immo-
bilized on the golden surface at the 5’ end, and at the
opposite end they should contain a telomeric sequence.
Therefore, the DNA sequence will preferably be modified
with a functional group [F] at its 5’ end. In order to avoid
self-hybridization and formation of secondary structures
typical of guanine-rich nucleic acid sequences, it may be
necessary to use a spacer sequence. One example of a
sequence that may be used as a probe for this type of
measurement is: [F]-5’-(SPACER)n(TTAGGG)2m+1-3’.
[0029] Preferably, the method envisages a step of pre-
paring the analyte, wherein the latter, prior to interacting
with said one or more DNA probes, is dissolved into a
buffer solution. Preferably, the cellular extract is prepared
by using per se known techniques and methods, e.g. as
required when using commercial kits. By way of example,
the enzyme is diluted into a buffer solution containing:
a mixture of dNTPs, the molar concentration of which

depends on the quantity of enzymic extract used;

2-20 mM MgCl2;
1 mM EGTA;
63-630 mM KCl;
1-10 mM EGTA;
0.5-0.005% Tween 20;
20-200 mM Tris-HCl, pH 8.3.

[0030] For real-time measurement, the electric param-
eter to be monitored is preferably indicative of an output
current of said field-effect transistor.
[0031] More in detail, a given quantity (e.g. 2-6 mL) of
previously prepared and diluted extract must be added
into the incubation chamber. By measuring the output
current of the transistor, it is possible to evaluate its action
in real time.
[0032] Figure 5 shows an example of real-time meas-
urement of the activity of the enzyme. For the purpose
of demonstrating its principle of operation, the different
components of the enzyme have been added at different
times. After the addition in solution of an active extract
of telomerase (1), since the latter has a positive net
charge when dissolved into a solution having a pH lower
than its isoelectric point (∼ 10), the output current of the
device decreases. Following the introduction of dNTPs
in solution (2), the telomerase can catalyze the synthesis
of new telomeric units, thereby elongating the probes im-
mobilized on the sensing area. The increased negative
net charge immobilized on the sensing area, due to elon-
gation of the probes, results in an increased output cur-
rent of the device.
[0033] Figure 6 shows an example of a real-time meas-
urement compared with a reference negative extract. In
particular, Figure 6 shows the response of the device to
a cellular extract containing active telomerase (upper
curve) and to a control extract in which the action of the
enzyme was inhibited by thermally denaturating (90 °C,
10 minutes) the telomerase (lower curve).
[0034] In one embodiment, the method according to
the invention comprises the following steps:

a. providing a field-effect transistor equipped with a
floating gate, wherein said floating gate has at least
one free portion exposed to the outside environment,
and equipped with a control gate capacitively cou-
pled to the floating gate;
b. executing a functionalization step, wherein one or
more DNA probes are immobilized on said free por-
tion;
c. providing an analyte, causing one or more telom-
eric sequences to interact with telomerase, the ac-
tivity of which needs to be measured;
d. executing an interaction step, wherein said one or
more DNA probes are made to interact with said an-
alyte;
e. supplying power to said field-effect transistor;
f. supplying a polarization voltage to the control gate;
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g. executing a detection step, wherein an electric
parameter associated with said field-effect transistor
and representative of an activity of said telomerase
is detected.

[0035] This type of measurement is identified as "static
measurement".
[0036] In the static measurement case, the detection
step is preferably carried out after completion of the in-
teraction step.
[0037] In this case, the preparation of the analyte is
carried out, for example, by using a commercial kit, and
the result thereof is then analyzed.
[0038] Preferably, in this case the analyte is prepared
before the functionalization step. In other words, the en-
zyme’s action upon the telomeric sequences contained
in the analyte is promoted first, and afterwards the DNA
probes (complementary to such telomeric sequences)
are immobilized on the free portion of the floating gate,
so that the measurement according to the invention can
be taken.
[0039] In the static measurement case, said one or
more DNA probes are preferably complementary to a
telomeric sequence contained in the analyte.
[0040] As aforesaid, for this type of measurement one
may use the reaction product of a commercial kit. The
template used for this type of analysis is a telomeric se-
quence amplified by the enzyme to be analyzed. For this
type of analysis, the invention substantially replaces the
classic qPCR-based quantification techniques. Conse-
quently, the functional group [F] will preferably be located
in the 3’ position and the probe will have a sequence like:
5’-(CCCGAA)n+1(SPACER)m-3’-[F].
[0041] Figure 4 shows the variation occurring in the
threshold voltage before and after the functionalization
of a sensor implemented with organic electronics tech-
nology, using a p-type semiconductor. The variation in
the threshold voltage, due to the negative charges of the
DNA molecules, produces an activation of the device, as
predicted by the model shown below. The sequence used
is of the following type: 5’-(SPACER)12(TTAGGG)2-3’.
[0042] Preferably, a step of preparing the analyte is
carried out, wherein the latter, prior to interacting with the
DNA probes, is filtered and dissolved into a buffer solu-
tion. Preferably, the pH of said solution is 6 to 8, and in
particular substantially equal to about 7. By way of ex-
ample, the buffer solution for the static measurement may
include:

Tris-HCl 10-50 mM;
EDTA 1 mM;
NaCl 10 mM.

[0043] Preferably, the electric parameter representa-
tive of the transduction mechanism used is indicative of
the threshold voltage of the field-effect transistor.
[0044] In particular, a given quantity (e.g. 2-6 mL) of
the reaction product obtained by using the kit is filtered

and then introduced into the incubation chamber of the
sensor.
[0045] The activity of the enzyme is quantified by com-
paring the variation occurring in the threshold voltage of
the transistor with the variation occurring in the threshold
voltage of a set of control devices.
[0046] Figure 7 shows an example of a calibration
curve that may be used as a reference for the actual
measurement of the protein’s activity. The threshold volt-
age variation resulting from the measurement taken on
the extract under examination can be compared with the
result of a reference calibration curve obtained in a similar
way, in order to quantify the template elongation due to
the action of telomerase.
[0047] In general, the probes can be specifically engi-
neered as a function of the measurement type.
[0048] Furthermore, the molecules, in order to be used
as probes, are preferably modified with a functional group
suitable for binding to the surface of the free portion of
the floating gate. The immobilization of the probes on the
free portion (sensing area) of the floating gate can be
carried out by using different techniques and procedures
[12] [13], per se known, which will depend on the material
used for fabricating the sensing area.
[0049] The success of the functionalization step can
be verified by means of equation (1), as will be described
hereinafter.
[0050] As a non-limiting example of a functionalization
procedure, one may mention the Self-Assembled Mon-
olayers (SAM) obtained from the chemical bond gener-
ated, for example, between a thiol group and a gold sur-
face; on the other hand, more complex alternatives,
based on electrochemical procedures, allow the forma-
tion of covalent bonds between the molecule and the
surface.
[0051] As far as the operation of the transistor is con-
cerned, the following should be noted.
[0052] Figure 1 schematically shows the principle of
operation of the transistor, applied to the specific case
of interest: the elongation of DNA molecules immobilized
on the surface of the sensing area, caused by telomer-
ase. Because each phosphate group of each nucleotide
carries a negative net charge, the variation in the probes’
length produces also a variation in the charge immobi-
lized on the surface of the sensing area and a consequent
redistribution of the charge within the floating gate. Such
redistribution induces a variation in the charge under the
area of the transistor’s channel and hence, upon polari-
zation of the dielectric, a variation in the current of the
device. Barbaro et al. demonstrate that this principle of
operation can be modeled as a variation in the threshold
voltage of the device according to the following relation-
ship: 
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wherein QS represents the charge immobilized on the
surface and CSUM represents the sum of the capacities
acting upon the device.
[0053] Figure 2 shows how, by measuring the variation
in the output current of the device as a function of the
variation in the voltage applied to the control capacitor,
one can extrapolate the threshold voltage of the device.
[0054] The telomere shortening problem is connected
to the symmetry properties of the DNA molecule. Deox-
yribonucleic acid, in fact, is not a symmetrical molecule,
and it is possible to define a direction of orientation of the
ends of a single filament of nucleic acid. Nomenclature
conventions about the sugar rings contained in nucle-
otides result, as a direct consequence, in the presence
of 5’ ends and 3’ ends. The importance of the existence
of this asymmetry becomes apparent when one consid-
ers that polymerases that are present in nature are un-
able to synthesize in the direction 3’ → 5’, thus leading
to the slow filament and incomplete replication problems,
which stand at the basis of the existence of the telomere
shortening phenomenon and also of the existence of the
Hayflick limit. Telomerase is an inverse transcriptase that
binds in the 3’ position, thereby catalyzing the synthesis
of new telomeric units.
[0055] Whether one wants to measure the enzyme’s
action in real time or wants to use the device for analyzing
the reaction product of a commercial kit, it is necessary
to immobilize DNA molecules on the active surface of
the device, which molecules will then act as enzyme
probes. This procedure is known as functionalization. It
must expressly be pointed out that such probes must be
engineered in a specific manner, which will depend on
the analysis that needs to be carried out. Furthermore,
for the molecules to be used as probes, they must be
appropriately modified with a functional group suitable
for binding to the surface of the sensing area. Immobili-
zation of the probes on the sensing area can be achieved
by using different techniques and procedures[12] [13],
per se known, which will depend on the material used for
fabricating the sensing area. The success of this proce-
dure can be verified by means of equation 1, as previ-
ously explained. As a non-limiting example of a function-
alization procedure, one may mention the Self-Assem-
bled Monolayers (SAM) obtained from the chemical bond
generated, for example, between a thiol group and a gold
surface; on the other hand, more complex alternatives
based on electrochemical procedures allow the forma-
tion of covalent bonds between the molecule and the
surface.
[0056] The elements and features shown in the various
preferred embodiments may be combined together with-
out however departing from the protection scope of the

present invention. The invention achieves important ad-
vantages.
[0057] The invention permits overcoming the limita-
tions of sensors based on field-effect modulation [11] and
reducing the time necessary for preparing the extract,
due to the possibility of analyzing non-amplified samples.
In addition, the structure is not subject to problems related
to interaction dynamics between semiconductors and ox-
ides and the measurement liquid, which adversely affect
most electronic devices used for taking measurements
in humid environments. Its implementation is not depend-
ent on the technology employed for fabricating the de-
vice, and it is therefore possible to use various types of
materials and fabrication processes for implementing the
sensor, thus exploiting the advantages offered by differ-
ent technologies.
[0058] The invention allows increasing the limit of de-
tection (LOD) of conventional FET-based devices, due
to the fact that the activation of the device is not depend-
ent on the charge to be measured, immobilized on the
floating gate, but on the voltage directly applied to the
control gate. It is thus possible to detect very small electric
charges that would not be able to turn on the transistor,
while their modulation effect can be measured once the
transistor is already on.
[0059] The invention overcomes the limits imposed by
the Debye length, which characterize all other FET-
based devices known in the art. By applying a suitable
voltage to the control gate, in fact, it is possible to increase
the Debye length through two mechanisms: the electro-
static repulsion of free counter-charges (counter-ions),
which shield the effect of the immobilized charge, and
the bending of the immobilized molecules towards the
electrode, thus approaching the sensing surface.
[0060] In addition to the above, it should be noted that
the approach on which the invention is based allows tests
to be carried out by using much smaller quantities of re-
agents (tens of mL) compared to commercial alternatives,
which are essentially TRAP-based.
[0061] Furthermore, the method according to the in-
vention can be automated and ensures waiting times re-
duced to a minimum.
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Claims

1. Method for measuring telomerase activity, compris-
ing:

a. providing a field-effect transistor equipped
with a control gate and a floating gate, wherein
said floating gate has at least one free portion
exposed to the outside environment;
b. executing a functionalization step, wherein
one or more DNA probes are immobilized on
said free portion;
c. providing an analyte comprising telomerase,
the activity of which needs to be measured;
d. executing an interaction step, wherein said
one or more DNA probes are made to interact
with said analyte;
e. supplying power to said field-effect transistor;
f. supplying a polarization voltage to the control
gate;
g. executing a detection step, wherein an electric
parameter associated with said field-effect tran-
sistor and representative of the activity of said
telomerase is detected.

2. Method according to claim 1, wherein said detection
step is carried out during said interaction step.

3. Method according to claim 1 or 2, wherein said in-
teraction step is carried out after said functionaliza-
tion step.

4. Method according to any one of the preceding
claims, wherein said one or more DNA probes are
complementary to an active site of the telomerase
contained in said analyte.

5. Method according to any one of the preceding
claims, wherein, during said interaction step, telom-
eric chains of said one or more DNA probes interact
with the telomerase contained in said analyte.

6. Method according to any one of the preceding
claims, comprising a step of preparing said analyte,
wherein said analyte, prior to interacting with said
one or more DNA probes, is dissolved into a buffer
solution.

7. Method according to any one of the preceding
claims, wherein said electric parameter, represent-
ative of the transduction mechanism used, is indic-
ative of an output current of said field-effect transis-
tor.

8. Method for measuring telomerase activity, compris-
ing:

a. providing a field-effect transistor equipped

11 12 



EP 3 524 971 A1

8

5

10

15

20

25

30

35

40

45

50

55

with a control gate and a floating gate, wherein
said floating gate has at least one free portion
exposed to the outside environment;
b. executing a functionalization step, wherein
one or more DNA probes are immobilized on
said free portion;
c. providing an analyte, causing one or more te-
lomeric sequences to interact with telomerase,
the activity of which needs to be measured;
d. executing an interaction step, wherein said
one or more DNA probes are made to interact
with said analyte;
e. supplying power to said field-effect transistor;
f. supplying a polarization voltage to the control
gate;
g. executing a detection step, wherein an electric
parameter associated with said field-effect tran-
sistor and representative of an activity of said
telomerase is detected.

9. Method according to claim 8, wherein said detection
step is carried out after completion of the interaction
step.

10. Method according to claim 8 or 9, wherein said in-
teraction step is carried out before said functionali-
zation step.

11. Method according to any one of claims 8 to 10,
wherein said one or more DNA probes are comple-
mentary to said one or more telomeric sequences
contained in said analyte.

12. Method according to any one of claims 8 to 11,
wherein said analyte comprises said one or more
telomeric sequences amplified by said telomerase.

13. Method according to any one of claims 8 to 12,
wherein, during said interaction step, telomeric
chains of said one or more DNA probes interact with
said one or more telomeric chains contained in said
analyte.

14. Method according to any one of claims 8 to 13, com-
prising a step of preparing said analyte, wherein said
analyte, prior to interacting with said one or more
DNA probes, is filtered and dissolved into a buffer
solution.

15. Method according to any one of claims 8 to 14,
wherein said electric parameter representative of the
transduction mechanism used is indicative of a
threshold voltage of said field-effect transistor.

16. Method according to any one of the preceding
claims, wherein said field-effect transistor is imple-
mented with CMOS technology.

17. Method according to any one of the preceding
claims, wherein said field-effect transistor is imple-
mented with organic semiconductor technology -
OCMFET.
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