ELECTROLYTE-GATED FIELD-EFFECT
TRANSISTORS FOR SENSING AN ALZHEIMER’S
DISEASE HALLMARK
S. Ruiz-Molina, S. Ricci, S. Casalini and M. Mas-Torrent
Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), Campus UAB, 08193 Bellaterra, Spain

Electrolyte-Gated Organic Field Effect Transistors (EGOFETs) have been investigated recently as
a useful means for biological sensing. Their working principle is based on converting a
chemical event into a readable electrical signal. These devices can be prepared at low cost
and on flexible substrates and are ultrasensitive due to the amplification ability of transistors.
In this study we report the use of EGOFETs in order to develop a device that can respond to a
biomarker related to Alzheimer’s disease: Aβ1-40 peptide, whose aggregation in oligomers is
believed as major toxic effect in this pathology.

The main objective of this work is the development of a
label-free immunosensor based on EGOFETs for study the
Aβ1−40 aggregation.
To achieve this goal, an optimization of the
biofunctionalization protocol of the gate electrode and a
study of the kinetics of Aβ1−40 aggregation employing both
electrochemistry and EGOFET measurements were
performed.
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-Aβ peptide aggregation process from monomers to fibrils/ diffuse plaques-

*A11 anti-oligomers antibody

-Gold surface functionalization steps-

4:1 diF-TES-ADT:PS10K
2wt%CB

-Three- electrode configuration cellWE: Au wire
RE: Ag/AgCl
CE: Pt wire
Redox marker: 𝐹𝑒 𝐶𝑁 6 −3/−4
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T= 37ºC
Speed: 300 rpm
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Redox marker solution:
Film
75µm Kapton substrate
Hot base

PS

5 𝑚𝑀 𝐹𝑒 𝐶𝑁 6 −3/−4
100 mM KCl
50 mM phosphate salt
pH=7

-Bar Assisted Meniscus Shearing
(BAMS) technique schematic for
organic semiconductor deposition-

-Optical polarized microscopy images of
diF-TES-ADT:PS thin films-CV measurements (left) and EIS measurements (right) over each functionalisation step
using [Fe(CN)6]3-/4- as a redox mediator-

The increase in Rct in each functionalization step shows that a successful gate functionalization
process was achieved to adhere A11 antibodies, which are specific to Aβ1-40 oligomers.

ELECTROCHEMICAL CHARACTERIZATION
ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY

a) Output characteristics and b) transfer characteristics of the EGOFETs based on diF-TES-ADT:PS
(10 mm·s-1) using PBS 1X (pH=7.4) as electrolyte.

EGOFET based in diF-TES-ADT:PS10K (4:1) blend deposited by BAMS technique were successfully
fabricated. Good crystallinity, environmental stability and correct device operation using PBS 1X
as electrolyte were obtained.

EGOFET CHARACTERIZATION
TRANSFER CHARACTERISTICS

a)

-EIS measurements for a) 1 hour, b) 2
hours and c) 3 hours Aβ1-40 incubation
times. Figure d) shows the comparison
between the ΔRct* between different
incubation times-

c)

b)

*ΔRct=Rct(Aβ1-40)-Rct(A11)
At each incubation time

*ΔIsd=Isd(Aβ1-40)-Isd(A11)
At each incubation time
(normalized with the máximum value)

-Transfer measurements for a) 1 hour, b) 2 hours and c) 3 hours, Aβ1-40 incubation times. Figure d) shows the comparison between the change in the maximum current (ΔIsd*) between
different incubation times-

Conclusions
In this work, an EGOFET immunosensor has been successfully fabricated and used to study the kinetics of Aβ1−40 aggregation.
Some conclusions can be drawn:
o The functionalization protocol of the Au electrode has been successfully applied to adhere antibodies to its surface.
o Aβ1−40 maximum oligomer species is found at 2 hours incubation time in both electrochemical and EGOFET characterization.
As future work, more experiments regarding the reproducibility of the EGOFET characterization will be performed.
As a general conclusion, EGOFETs based biosensors have demonstrated to be a strong contender on the field by offering an ultrasensitive, highly
selective, label-free transduction mechanism for biorecognition events. This new technology could elevate the field of point-of-care diagnostics,
allowing for an early diagnostic and treatments.

In both characterizations (electrochemical and
EGOFET), the maximum concentration of
oligomers is observed at an incubation time of 2
hours.
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