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Outline
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» Novel electrophysiological sensing platform. Jo2a
(Ink-jet printed PEDOT:PSS electrodes and bacterial cellulose substrates)

» Device physics, design rules and detection limits.

» The bioelectricity of ensembles of non-excitable cells.

« Applications in fundamental biological studies and in medicine:
- Cancer research and treatment.
- Cell migration.
- Wound healing and tissue regeneration.

- Biological rhythms and biological clocks.

« Summary (future therapeutic devices).
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Electrodes for electrophysiological sensing
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MEAs with 60 electrodes
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Our system

Ink-jet printed PEDOT:PSS in bacterial celulose substrates

Jt instituto de
B telecomunicagdes o 2oms, mstiuo e Telecomunicagses 21-23 February 2023, Wellcome Genome Campus, Cambridge, UK



-

innoLAE

2023

Ink-jet printed electrodes for electrophysiological sensing
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Ink-jet printed electrodes for electrophysiological sensing

4 instituto de
lt telecomunicacfes  ©201s, instiuto de Telecomunicagdes 21-23 February 2023, Wellcome Genome Campus, Cambridge, UK



Bacterial cellulose substrates -—
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The impedance of the electrical double-layer
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Design rules to optimize the sensor impedance .
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Vertical configuration —
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Planar and vertical electrode configurations

Reference i Ag/AgCI
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Co-planar systems perform better in terms of 1/f noise
than vertical systems using Ag/AgCI.
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The role of the impedance on the signal detection |
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The importance of thermal and 1/f noise
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Interfacial resistance and intrinsic noise
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(a) Gold on glass
(b) Gold on cellulose

(c) PEDOT:PSS on glass
(d) PEDOT:PSS on cellulose
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Design rules to maximize signal-to-noise ratio (SNR)
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The noise curves shifts in a parallel
fashion (lowering thermal noise
also lowers 1/f noise).
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Thermal Noise

Rp must be small to

_ minimize thermal noise.
Cp must offer a low impedance to

the signal frequencies you are
measuring.

(critical parameter in
improving SNR).
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1/f noise in current and In voltage
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1/f noise in current and in voltage

Embryoid body with autonomous
cardiac contractile cells
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Experimental set-up

Faraday cage

Low-noise
Incubator pre-amplifier
Transducer
device Gain
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Non-excitable cells
Evidences for cooperative bioelectrical activity |
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Signals require the existence of cell-cell connections
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Application: |

Bioelectrical activity of dermal cells during wound healing ¥
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hTERT-immortalized fibroblast cell that was =~ 1um
isolated from the foreskin of a male patient.
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Spontaneous activity of dermal cells
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Wound in a confluent cell population
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Biological clock activated by a wound ?
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Application: Cancer cell migration g
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Application: | -

bioelectrical activity of a glioblastoma (ex-vivo) rrOLAE
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PEDOT:PSS on bacterial cellulose

Resected ex-vivo human
glioblastoma tumour
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Application:
Bioelectrical activityof a glioblastoma (ex-vivo)
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Application; L
bioelectrical activity of a glioblastoma (ex-vivo) A i
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Electrical stimulation of astrocytes populations L -
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mm) Conductive polymers form an electrical double layer that has a low
interfacial resistance, resulting in minimal intrinsic thermal noise

=) This low noise level in the electrode allows for the detection of ultra-
weak bioelectrical signals that were previously unattainable.

Is it possible to decipher the language of the cells and establish a two-way
communication with cells and tissues for therapeutic devices?
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