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Carlo Matera
Photoswitchable molecular prosthetics to photocontrol auditory neurons

Carlo Matera¥?3, Aida Garrido-Charles®**°, Antoine Huet*>®, Anupriya Thirumalai*®, Jordi Hernando’,
Amadeu Llebaria®, Tobias Moser*>, Pau Gorostiza'*®

linstitute for Bioengineering of Catalonia, Barcelona Institute for Science and Technology, 08028 Barcelona, Spain. 2Network
Biomedical Research Center in Bioengineering, Biomaterials, and Nanomedicine, 28029 Madrid, Spain. 3Department of
Pharmaceutical Sciences, University of Milan, 20133 Milan, Italy. 4Institute for Auditory Neuroscience and InnerEarLab, University
Medical Center Gottingen, 37075 Gottingen, Germany. >Cluster of Excellence "Multiscale Bioimaging: from Molecular Machines to
Networks of Excitable Cells", University of Gottingen, 37075 Gottingen, Germany. Auditory Circuit Lab, Institute for Auditory
Neuroscience and InnerEarLab, University Medical Center Gottingen, Germany. ’Departament de Quimica, Universitat Autonoma de
Barcelona, Cerdanyola del Vallés 08193, Spain. 8Institute of Advanced Chemistry of Catalonia, Consejo Superior de Investigaciones
Cientificas, 08034 Barcelona, Spain. °Catalan Institution for Research and Advanced Studies (ICREA), 08010 Barcelona, Spain.

Light-controllable chemical tools provide powerful means to manipulate and interrogate biological functions
with high spatiotemporal precision and low invasiveness. Our research efforts in the field have focused on
the design of reversible photoswitchable compounds to photocontrol enzymes, GPCRs, and ion channels. We
have developed phototrexate, the first photoswitchable inhibitor of the human dihydrofolate reductase with
demonstrated cytotoxicity in vitro and in zebrafish larvae [1], PAI, a light-controlled dualsteric agonist of
muscarinic M; receptors that enabled the photomodulation of cardiac function in tadpoles and of brain states
in mice [2,3], and azodopa, a photoswitchable dopamine D; receptor agonist that was used to photocontrol
swimming behavior in zebrafish larvae and neural activity in mouse cortex [4]. More recently, we have
designed a fast photoswitchable tethered ligand of ionotropic glutamate receptors to enable control of the
auditory neurons. This compound, named TCPss, induced photocurrents in untransfected neurons upon
covalently tethering to endogenous glutamate receptors and activating them reversibly with visible light
pulses of few milliseconds. We applied it to the ultrafast synapses of cochlear auditory neurons that encode
sound and provide auditory input to the brain. TCPss functions as a molecular prosthesis that bypasses the
neurotransmitter-encoded signal with a photonic signal. Photosensitization of cochlear spiral ganglion
neurons (SGNs) by locally administered TCPs.s: enabled temporally precise light-evoked SGN firing up to a rate
of approximately 1 kHz, matching the fastest optogenetic SGN stimulation. Hence, TCPs.s-mediated
photopharmacology might serve as an interesting alternative to the optogenetic approach for the
development of an optical cochlear implant for hearing restoration [5]. The results of these studies will be
presented and discussed.
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