. Finanziato
+ » |dall'Unione europea
NextGenerationEU

TR Mlnistel'o 3 . .
(2. dell’'Universita -l Italiadomani
%> edella Ricerca » BORPEST N L enza

PRIMO CONVEGNO NAZIONALE
DEL CENTRO DI MEDICINA

DI PRECISIONE — HEAL ITALIA
PER LE MALATTIE RARE

www.ancona.centridimedicinadiprecisione.it

Responsabile scientifico UnivPM — Ancona

Prof. Gianluca Moroncini Aula Montessori
Facolta di Medicina
e Chirurgia

‘ (i’“\ HEALITALIA
GADSHOW

venerdi 28 febbraio
14:30 - 18:30
sabato 1 marzo
09:00 - 13:00

P
Ton Idlg Igl

www.tonidigrigio.it

1




.+.. | Finanziato A7 Ministero .
+» | dall'Unione europea % dell’Universita . Italiadomani
| NextGenerationEU e della Ricerca « B ranoxanonas

DI RIPRESA € RESILIENZA

Biosensori elettronici organici:
un'opportunita per le diagnosi
di Malattie Rare

Carlo Augusto Bortolotti
Universita di Modena e Reggio Emilia




FIANG NAZIONALE
DI RIPRESA E RESILIENZA

NextGenerationEU “5%> edella Ricerca

Finanziato 7 Ministero : : /% “%\ HEALITALIA
dall'Unione europea 2% dell’'Universita i Italiadomani | : ROADSHOW
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Bioelectronics is a bridge between man-
made electronics and biology

IONIC (mostly) ELECTRONIC
signals currents
M
Electroceutical devices, regulate the physiology and processes of cells,
actuators, stimulators, tissues, and organs
controllers, drug delivery
—
Biosensors sense, record, and monitor different signals and
4 physiological states
. —
| » ==
1 EE
Simon et al., Chemical Reviews, 2016 y ).
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Electrolyte-Gated Organic Transistors
EGOTs
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High sensitivity and ultra-low limit of detection can be

achieved with EGOT biosensors
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Berto et al., Analytical Chemistry, 2016, 88, 12330-12338

Berto et al., Sensors and Actuators B: Chemical, 2019, 281, 150, 156.

Parkula et al., Analytical Chemistry, 2020, 92, 9330-9337.
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Monitoring inflammatory processes through cytokines
quantification:

Interleukin-4, Interleukin-6 and TNFalpha, LOD 1 pM/300
M

Monitoring axonal damage biomarkers: detection of NF-L
with sub-pM LOD

Monitoring plant infections through virus detection in leaf
extracts:
Plum Pox Virus (destroys Prunus plants), LOD 180 pg/ml

Monitoring food adulteration or water pollution through
urea detection
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Detection at different lengthscales

An EGOT-based biosensor for cortisol
Detection of anti-drug antibodies with EGOTs

EGQOT-based detection of extracellular vescicles
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BSA/CNT hybrids-based EGT as cortisol biosensor

(a) 30
,5] —1 Dose curve: 10-1000 pM concentration range in solution, with an estimated limit of
o detection (LOD) of 0.6 pM.
%,‘ 1 Generalization of a multi-sites Langmuir model by considering the presence of a
101 large number of binding sites on the electrode surface, with different binding
05 energies (U), that are uniformly distributed in the range U, < U < U,
" 0.2 \Z:(‘V) 06 08 S 1 +Kapg € A L
(b) 0.2s S = A In <1+Kavg o—A c) with A = m (Umax — Umin)
0.204 l
0.154
" o] . Control experiments:
o0s. , - Green triangles - only SAM
S S S S S Grey dots > SAM+ antibodies non-specific for cortisol
T 1o 0 10 107 W 10 10t 10°
[Cortisol] (M)

Paradisi et al., Chemistry: A European Journal, 2023, e202301704
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Detection at different lengthscales

An EGOT-based biosensor for cortisol
Detection of anti-drug antibodies with EGOTs

EGQOT-based detection of extracellular vescicles
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Anti-drug antibodies can be detected with
EGOTS a) -350——m———————— b) 1.0
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Cooperativity exponent
a=0.64+0.07

Estimated LOD = 100 fM
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Detection at different lengthscales

An EGOT-based biosensor for cortisol
Detection of anti-drug antibodies with EGOTs

EGQOT-based detection of extracellular vesicles
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I. Mastrolia, C.A. Bortolotti, M. Dominici et al., Biology, 2023
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Gate functionalization o
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Collaboration with M. Dominici, A. Toss, |. Mastrolia, V. Catani @ UNIMORE — UNPUBLISHED RESULTS

UNIVPM — ANCONA
FACOLTA DI MEDICINA
E CHIRURGIA

1 - L

02 00
(V)

CHg3(CH32)gCHoSH




Finanziato o Ministero . . ~ HEAL ITALIA
dall'Unione europea LD ;f; dell'Universita i [taliadomani i ROADSHOW
NextGenerationEU 5% e della Ricerca AP AT NE E enza ”J,\\, + '

Gate functionalization protocol:

Detection of EVs i. MUA:DT (1:9)

ii. EDC:NHS e =
T v ‘y’/
Vescicles concentration = 10'* micelle/ml in water iii. Ab T
iv. Ethanolamine + BSA ¥
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Current I reduction = 22% Current I reduction = 31% Current |55 reduction = 42%

Collaboration with M. Dominici, A. Toss, I. Mastrolia, V. Catani @ UNIMORE - UNPUBLISHED RESULTS
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Gate functionalization protocol:

First round of control experiments i G

jii. Ab o =
Vescicles concentration =~ 10'* micelle/ml in water iv. Ethanolamine + BSA S 7
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Collaboration with M. Dominici, A. Toss, I. Mastrolia, V. Catani @ UNIMORE — UNPUBLISHED RESULTS
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Conclusions and Perspectives

EGOT-based biosensors allow for detection in a remarkably large
lengthscale range, allowing to address problems of clinical relevance.

Sensing performances that are able to even surpass those of state-of-
the-art analytical methods can be achieved by:

- rational design of the device architecture,

- innovative active materials,

- ad hoc designed immobilization strategies of the biorecognition
element.

Analysis of the device response yields information beyond the analytical
purposes, allowing for elucidation of binding thermodynamics and
kinetics
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