
A recipe for in situ bioelectronic materials

There are challenges in making materials that are soft enough to be interfaced with living tissue but
�rm enough to be inserted into the body. Strakosas et al. bypassed this challenge by developing a
route to the polymer in vivo (see the Perspective by Inal). They introduced a complex precursor sys-
tem including an oxidase to generate hydrogen peroxide in situ, a peroxidase to catalyze oxidative
polymerization, a water-soluble conjugated monomer, a polyelectrolyte with counterions for covalent
cross linking, and a surfactant for stabilization. With this cocktail, the authors were able to induce
polymerization and subsequent gelation in different tissue environments. Demonstrations include
the ex situ fabrication of this conducting gel in zebra�sh (brain, �n, and heart), in food samples (beef,
pork, chicken, and tofu), and a proof of concept of in vivo stimulation of a leech nerve. —MSL

Abstract

Interfacing electronics with neural tissue is crucial for understanding complex biological functions,
but conventional bioelectronics consist of rigid electrodes fundamentally incompatible with living
systems. The difference between static solid-state electronics and dynamic biological matter makes
seamless integration of the two challenging. To address this incompatibility, we developed a method
to dynamically create soft substrate-free conducting materials within the biological environment. We
demonstrate in vivo electrode formation in zebra�sh and leech models, using endogenous metabo-
lites to trigger enzymatic polymerization of organic precursors within an injectable gel, thereby
forming conducting polymer gels with long-range conductivity. This approach can be used to target
speci�c biological substructures and is suitable for nerve stimulation, paving the way for fully inte-
grated, in vivo–fabricated electronics within the nervous system.
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