Core "motors" for SymbDis

V" an integrated multidisciplinary project to develop novel medical devices to solve clinical needs
and to improve healthcare

» novel medical devices = smart?!, hybrid? and symbiotic® medical devices,

fundamental
research

» need for advanced structural electronics* on flexible substrates for conformable sensing and actuating
devices

valorisation

v SymDis will base the development of novel medical devices on:

» fundamental research — utilising interdisciplinary skills for multidisciplinary project goals (including
biology, biochemistry, biophysics, bioengineering, human factors, ethics, etc ...)

applied research — cell-culture and animal models for testing, ethical considerations and human factors
» valorisation — publications + commercialisation of patents (licence, startup) for clinical use

ethics &
human
factors

biological

v development of novel medical devices requires SymDis to have: ogic
engineering

» capabilities of biological engineering,

v

capabilities for advanced body-device interfaces to ensure biocompatible systems,

> capabilities for ethical considerations and human factors to be integrated from the start of the design b_i"terfacets_t:_‘l’_'t
and prototyping iocompatibility

1 smart: an auto-responsive medical device that can adapt its function autonomously in response to a biological stimulus. That is, the feedback control system is not simply programmed
2 hybrid: a dynamic system that includes active and passive components, combined with a biological component, to condition an input or output signal

3 symbiotic: a dynamic system that supports the duplex communication of biological molecules and energy to and from living tissues

4 structural electronics: flexible/stretchable/hybrid electronic components at the core and surface of objects that are designed to be smart medical devices

SymDis: Symbiotic Medical Devices = goals and objectives
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-Target 1- -Target 2- -Target 3- -Target 4-

Biological engineering with biological
proteins and synthetic materials to create
hybrid symbiotic implantable medical
devices

An understanding of the ethical issues
and human factors for symbiotic
medical devices

A fundamental understanding of the
biocompatibility of interfacing biomimetic
systems with the body
(inter-phases)

e —

symbiotic: biological engineering using biological components for medical device systems

A detailed molecular-level understanding
of the nanostructure & function of
biomimetic systems

Objectives:

(i) to use self-assembly of biological molecules in bioinspired systems to biologically engineer nanostructured systems;

(i) tointegrate these nanostructured systems with synthetic materials for biological engineering of hybrid biotechnology systems;
(iii) to use these hybrid biotechnology systems to create biocompatible biomimetic interfaces for integration into the body;
(

iv) to utilize this biological engineering to develop implantable symbiotic medical devices for interaction with nerve and muscles
(stimulation, recording), for diagnosis and therapy (bio-detection and sampling), and for long-term generation of power.

SymDis: Symbiotic Medical Devices = implementation




-Target 1- -Target 2- -Target 3- -Target 4-

Biological engineering with biological
proteins and synthetic materials to create
hybrid symbiotic implantable medical
devices

An understanding of the ethical issues
and human factors for symbiotic
medical devices

A fundamental understanding of the
biocompatibility of interfacing biomimetic
systems with the body
(inter-phases)

A detailed molecular-level understanding
of the nanostructure & function of
biomimetic systems
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Matrix model — can support a large number of multidisciplinary projects with interdisciplinary expertise (easily scalable) - example of the team SyNaBi

Matrix 1a AnR | Furopean SATT Linksium FINOVI Région Rhéne Alpes CNRS | CARNOT
Expertise-to-Project Commission Maturation LSl
(already funded) Azotics InnovaXN UROLOC Symbiont Endobiocrine Symbiocare | Enteroprobe | ENZYFLOW BEPI BIOEPC

NanoTech | Nano(bio)technology
MicroTech | Micro(bio)technology
BioMem | Biomimetic membrane
Polym | Polymers
Chem | Chemistry
CMB | Cell & molecular biology
Physiol | Physiology
MDS | Medical systems design
EChem | Electrochemistry |
EPhys | Electrophysiology
Biophys | Biophysics
microFl | Microfluidics

. . tr*::z:; :(submmed) Pharion | DIANE | NeuroSysPro | SynapseWatch | SMAPCELLTY
Matrix 1a % | Matrix 2 | = PeOp|e-t0-Pl’OJECtS NanoTech | Nano(bio)technology
MatriX 1b atrix - (% CommitmentS) Micr‘oTech l\/l.icrol(bio?technology

y BioMem | Biomimetic membrane

Polym | Polymers
Chem | Chemistry

iX2: : CMB | Cell & molecular biology
Matrix 2 Nano | Micro | civtem | Polym | chem | cMB | Physiol | MDs | Echem | EPhys | Biophys | MicroFi

Person-to-Expertise Tech | Tech Physiol | Physiology
ALCARAZ, Jean-Pierre MDS | Medical systems design
BARLETTI, Beatrice EChem | Electrochemistry
BEAUJEAN, Céline EPhys | Electrophysiology
CASALI, Veronica Biophys | Biophysics
CINQUIN, Philippe microFl | Microfluidics

MACCARINI, Marco
MARTIN, Donald

TRONEL, Alexandre <‘
VAN DER SANDEN, Boudewijn N

ZEBDA, Abdelkader

SymDis: Symbiotic Medical Devices = implementation / project structure




e
FELELLLELELL
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Symbiotic enzyme-based systems
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Bioinspired therapeutic systems

= implementation / thematic axes
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Tackling the concept of symbiotic implantable medical devices
with nanobiotechnologies*

Jean-Pierre Alcaraz &, Philippe Cinquin, Donald K. Martin

First published: 26 October 2018 | https://doi.org/10.1002/biot.201800102
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Contents lists available at ScienceDirect

Bioelectrochemistry
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Challenges for successful implantation of biofuel cells
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Abdelkader Zebda*, Jean-Pierre Alcaraz *, Pankaj Vadgama °, Sergey Shleev ¢, Shelley D. Minteer ¢, main challenge is biocompatibility = eliminate biofouling to ensure stable supply of substrates
Francois Boucher ¢, Philippe Cinquin ¢, Donald K. Martin **

s

(stable supply of substrates = stable level of sufficient power)

SymDis: Symbiotic Medical Devices = thematic axes / project examples
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Materials Science & Engineering C

journal homepage: www.elsevier.com/locate/msec

Long duration stabilization of porous silicon membranes in physiological
media: Application for implantable reactors

Illllllllllllllllllﬂll'l

i 1
Abdoullatif Baraket™', Jean-Pierre Alcaraz™', Chantal Gondran®, Guillaume Costa®, % <inm
Guillaume Nonglaton®, Frédéric Gaillard”, Philippe Cinquin”, Marie-Line Cosnier, A ® kines
Donald K. Martin""

Energy &
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Science
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@gmsmgzk Bioelectrodes modified with chitosan for long-term
energy supply from the body
Cite this: £Energy £nviron. Sci, 2015, 8,
1017 S. ElIchi,? A. Zebda,? J.-P. Alcaraz,® A. Laaroussi,” F. Boucher,? J. Boutonnat,®
N. Reverdy-Bruas,” D. Chaussy,” M. N. Belgacem,” P. Cinquin® and D. K. Martin*® (genepin-crosslinked chitosan) + (MWCNT) + (laccase) After 167 days of implantation
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A PANI supported lipid bilayer that contains NhaA
transporter proteins provides a basis for a

biomimetic biocapacitory

Awatef Ben Tahar, Abdelkader Zebda,* Jean-Pierre Alcaraz, Landry Gayet,
Abderrahim Boualam, Philippe Cinquin and Donald K. Martin @2 *
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Martin DK, Thelu J, Alcaraz JP, Maccarini M, Zebda A, Cinquin P, Mauri M (2021).
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... and bioinspired diagnostic and therapeutic systems
> in vivo delivery of molecular hydrogen,

» on-chip real-time analysis of secretions from 3D cell cultures

SymDis: Symbiotic Medical Devices = implementation /project examples
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Tackling the Concept of Symbiotic Implantable Medical Devices with

Nanobiotechnologies.

1
B{ay Alcaraz JP, Cinguin P, Martin DK
H Biotechnol 1. 2018 Dec:13(12):e1800102. doi: 10.1002/biot.201800102. Epub 2018 Nov 2(
|||| PMID: 30367543
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GWIE symbiotic medical device % | Q

Review.

This review takes an approach to implanted medical devices that considers whether the intention of the

2022 implanted device is to have any communication of energy or materials with the body. ..This extends the
definition of a biocompatible system to one that requires s ..
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Symbiotic cardiac pacemaker.

Abstract :
- . 2 On H, LiuZ Li N, Shi B, Zou Y, Xie F, Ma Y, Li Z, Li H, Zh Q Qu X Fan Y, W ZL, Zh H LZ
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Free full text ite  NatCommun. 2019 Apr 23:10(1):1821. doi: 10.1038/s41467-019-09851-1
Full text MID: 31015519 Free PMC article.

The symbiotic pacemaker successfully corrects sinus arrhythmia and prevents deterioration. ..The

Conseil : Recherchez des résultats uniquement en frangais. Vous pouvez indiquer votre langue de
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. endocardial pacing threshold energy (0.377 mu)). Implantable triboelectric nano
Associated data
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Assistive powered exoskeleton for complete spinal cord injury: correlations
between walking ability and exoskeleton control.
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de JP Alcaraz - 2018 - Cité 7 fois — The concept the authors propose is that implanted medical Clinical Trial share 1"/ Phys Rehabil Med. 2013 Apr;35(2):209-216. do: 10.23736/51973-9087.18.03308-X. Epub 2018 Aug
devices that need to be symbiotic with the body also need to be designed with an intended... Meta-Analysis DI 0156058 Free article
Randomized Controlled Efficacy and efficiency of over-ground walking abilities using powered exoskeletons are related not only
Trial to the symbiotic sensory-mator interaction subject-exoskeleton but also to exoskeleton control. .
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Biotechnological lization of animal gut microbiota for valorization of
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einsteuber S, Nikolausz M.

https://symbioticdevices.com.au ~ Traduire cette page
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Welcome to Symbiotic Devices, the home of integrated solutions for ... CED, NIRx,
NeuroConn/NeuroCare, Rhythmlink, Pearl Technology, WR Medical and VPixx. > animal dig

that can be applied to improve anaerobic digestion processes in engineere

tive tracts of wood-feeding insects and ruminants

Growing Ungrowable Bacteria: Overview and Perspectives on Insect Symbiont
Culturability

Masson F, Lemaitre B.

Fre cle
Insects are often involved in endosymbiosis, that is, the housing of symbiotic microbes within their
tissues or within their cells. Endosymbionts are a major driving force in insects’ evolution, because they

dramatically affect their host physiology and allow them to adapt

SymDis: Symbiotic Medical Devices = impact

walled carbon nanotubes accelerate interspecies electron transfer between
bacter cocultures.

g S, Li Z Zhang P, Wang B, Zhang P, Feng Y




Current literature is dominated by technology-driven research — there is a need to re-think the strategy to solve biocompatibilty and interface

problems by taking a biological engineering approach to symbiotic medical devices for addressing human and ethical needs
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