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New, more biocompatible materials for bioelectronic
applications

The proposal is to combine a conventional conductive polymer with engineered proteins
so that new materials with bioelectronic applications can be synthesized

The study carried out at CIC biomaGUNE opens up a new horizon to create a la carte
biocompatible materials with high ionic and electronic conductivity

Donostia-San Sebastian. 27 February, 2024. Bioelectronics is a field of research in which
biology and electronics converge. In medicine, for example, an external electric current is used to
cure or monitor diseases of the nervous system, and also to monitor biomarkers in situ. Devices
made of conductive materials are used for these applications.

The most widely used conductive polymer so far in energy and biomedical applications is PEDOT
doped with PSS, known as PEDOT:PSS. Despite its exceptional properties, new conductive
materials that can improve some of its limitations, such as biocompatibility, still need to be
developed.

A study conducted by CIC biomaGUNE'’s Biomolecular Nanotechnology group is proposing a
mechanism for doping PEDOT using a robust engineered protein (PEDOT:Protein); the outcome
is a hybrid material with ionic and electronic conductivity, which is quite similar to PEDOT:PSS in
some cases. “This is the first time that an engineered protein has been used as a dopant for a
conductive polymer; the dopants used so far restrict integration with cells or tissue and are also
difficult to modulate,” explained lkerbasque Research Professor Aitziber L. Cortajarena, the
group’s lead researcher and scientific director of CIC biomaGUNE.

Cortajarena pointed out that because these engineered proteins are biocompatible,
biodegradable and sustainable, and offer interesting functions in cellular mechanisms, this
research has managed to take “a step forward in the development of a new family of materials
that are more biocompatible, sustainable and offer a much higher degree of biological integration,
due to the biocompatibility of the proteins”. The possibility of using “conductive materials
comprising proteins clearly improves the interface and biointegration between the conductive
biomaterial and the tissue or cells where this material is positioned”, she added. They have also
successfully optimized the generation of printable inks, as a result of which their electroactivity
properties remain after printing.

This new family of materials is crucially important in the development of new applications or new
uses in bioelectronics: “They will make it possible to advance towards limitations that cannot
currently be tackled due to the simplicity of the available materials,” said CIC biomaGUNE


http://personal.cicbiomagune.es/alcortajarena/index.php
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researcher Antonio Dominguez-Alfaro. It was pointed out that the number of applications is
proportional to the imagination of the person engineering these materials, but a few potential
ones were mentioned: “Electrodes could be made available for brain implants that help control
tremors resulting from Parkinson's disease or seizures caused by epilepsy. They could also be
applied to skin electrodes used in wearable devices, such as watches, that measure vital signs
such as heart rate.” What is more, one of the great advantages of these materials is that they
could recognize biomolecules such as glucose, for example; they “would be able to 'react' to it
and measure it through sweat, which is less invasive than current methods, for example”. Finally,
these materials could be used in batteries that are more biocompatible and accessible to contact
with the body.

e-Prot, a European project to develop engineered conductive proteins

This study has been carried out within the framework of the e-Prot project, funded by the
European Commission as part of the FET Open 2020 (Future and Emerging Technologies)
program and led by Professor Aitziber L. Cortajarena. The main aim of the project is to develop a
technological platform for bioelectronics systems based on proteins and their ability to conduct
electricity efficiently. So starting with the manufacture of protein-based conducting structures and
materials, what is being offered is an alternative to traditional technologies used in the electronics
industry.
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Image caption: It has been possible to combine the conventional conductive polymer PEDOT
with engineered proteins (CTPRs) to synthesize new materials with bioelectronic applications
(CIC biomaGUNE).


https://www.e-prot.com/
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Image caption: The new material (PEDOT:CTPR3) has a much higher degree of biological
integration and biocompatibility than the materials currently in use (PEDOT:PSS). The image
shows live cells in green and dead cells in red (CIC biomaGUNE).

Image caption: This new conductive biomaterial has been used to produce printable inks, and its
inkjet printing, which preserves its electroactivity properties after printing, have been optimized.
The image shows examples of some of the printing patterns made on a paper substrate, on
photographic paper and by ink jet on a screen-printed electrode.
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About CIC biomaGUNE

The Center for Cooperative Research in Biomaterials CIC biomaGUNE, member of the Basque
Research and Technology Alliance (BRTA), conducts state-of-the-art research at the interface
between Chemistry, Biology and Physics, devoting particular attention to studying the properties
of biological nanostructures at the molecular scale and their biomedical applications. It was
recognized in 2018 as a “Maria de Maeztu” Unit of Excellence for meeting requirements of
excellence, which are characterized by a high impact and degree of competitiveness in its field of
activity on the global scientific stage.
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