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Background: Recently, my home laboratory proposed Ziapin2, a newly synthetized photosensitive
molecule, as an efficient tool for light-driven modulation of membrane potential and excitation-
contraction coupling in human-induced pluripotent stem cells (hiPSC)—derived cardiomyocytes'2. To
fully explore the potential of this approach, the biophysical mechanisms underlying the effects of
Ziapin2 were then investigated in murine adult cardiac myocytes. These experiments elucidated the
processes driving light-induced modulation of cellular excitability in a mature cellular model,
providing a better understanding of how such molecules interact with the cell membrane and
influence electrophysiological behavior. Ziapin2 partitions into the sarcolemma and operates via an
optomechanical mechanism. In the dark, the compound dimerizes within the membrane and induces
an increase in membrane capacitance (Cnm) by decreasing membrane bilayer thickness. When exposed
to visible light, the molecules de-dimerize following photoisomerization, which relaxes membrane
bilayer thickness, decreases Cm and thus modulates membrane potential, ultimately inducing light-
driven action potentials.? My hypothesis is that these Crn modifications influence conduction velocity
(CV) in cardiac tissue*, highlighting the potential of Ziapin2 for light-controlled regulation of cardiac
impulse conduction.

Aim: The aim of my project was to investigate the effects of Ziapin2 in presence vs. absence of light
on CV in cultured cardiomyocyte cell strands using microelectrode arrays (MEAsS).

Scientific experience: As part of my research experience, I was trained in the preparation of patterned
cardiomyocyte cultures on MEAs, a technique developed and routinely used in Prof. Kucera’s
laboratory®. Through this process, I learned to isolate and culture neonatal wild-type murine
cardiomyocytes and to pattern the growth of these cultures into strands aligned over the MEAs. After
2 to 3 days in culture, each preparation was electrically paced at a basic cycle length (BCL) of 300
ms. Baseline CV was recorded without Ziapin2, both in the dark and upon specific illumination
protocols (with a LED having a spectrum peaking at 470 nm). These protocols were then repeated in
the presence of Ziapin2 (25 umol/L). During my stay in Bern, I acquired hands-on experience in
experimental protocol execution, data acquisition, and analysis, and I deepened my understanding of
cardiac electrophysiology at the tissue level.

Results: In the dark, Ziapin2 significantly reduced CV in cardiomyocyte strands by 50-70%, a finding
compatible with an increase in Cn. Intriguingly, both continuous (6 seconds) and pulsed (5-20 ms)
light stimulation in the presence of Ziapin2 also led to a reduction in CV. While continuous light
caused only a slight decrease in CV by about 1%, pulsed light produced a more prominent, but only
transient reduction. Specifically, switching on the light during the passage of the action potential
wavefront caused measurable conduction delays, evidenced by a distinct shift in activation times
along the strand just after the application of light, or even conduction block. This strong modulatory
effect on cardiac conduction is likely due to a very rapid Cp, relaxation, whose primary effect is to
cause a transient hyperpolarization during diastole, as predicted by cable theory and as observed in
vitro in isolated murine cardiomyocytes and hiPSC-derived cardiomyocytes®®. This
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hyperpolarization then depresses conduction by increasing the charge necessary to bring membrane
potential to threshold.

Conclusions: These findings provide valuable insights into the dynamic tissue-level effects of
Ziapin2-mediated photostimulation, supporting its potential as a novel tool for light-based modulation
of cardiac electrophysiology.

Future perspectives: This grant permitted me to explore cardiac impulse propagation in tissue with
state-of-the-art techniques. The data generated represent a meaningful advancement in the application
of molecular photoswitches in cardiac research. These results will be presented at national and
international conferences and will serve as the foundation for a future scientific publication.
Moreover, this exchange also allowed me to build a fruitful collaboration with the University of Bern,
paving the way for future joint research initiatives.
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