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Determine the anti-arrhythmic potential of KV7.1/KCNE1 activators using LQTS zebrafish model
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Introduction
The zebrafish (Danio rerio) has emerged as a powerful and relevant model in cardiac electrophysiology. At the embryonic stage, the heart becomes functional within less than 24 hours post-fertilization, and the natural transparency of the embryos allows direct, visualization of cardiac activity. Importantly, the zebrafish heart shares significant electrophysiological similarities with the human heart. In particular, the shape of the ventricular action potential closely resembles to the one observed in humans. This makes zebrafish a valuable model for studying cardiac rhythm disorders such as long QT syndrome (LQTS), as well as for screening disease-causing mutations and potential therapeutic compounds. The aim of this project is to generate zebrafish embryos carrying LQTS phenotype and then test small-molecule KV7.1/KCNE1 (IKs) activators in this arrythmic model.
Methods
To this end, we microinjected human KCNQ1/KCNE1 mRNA—either wild-type (WT) or carrying disease-causing mutations—into 1-cell stage embryos of the transgenic zebrafish line Tg(fli1:EGFP). Tg(fli1:EGFP) line was selected for its specific fluorescent labeling in endothelial cells, enabling direct visualization of cardiac structures and function. High-speed video recordings of the fluorescent heart were acquired to quantify cardiac performence, including heart rhythm and contractility. These parameters were analysed using changes in pixel intensity and body pose estimation artificial intelligence-based softwares. We also evaluated the effects of small-molecule Kv7.1 and IKs activators, including ML277 and polyunsaturated fatty acids (PUFAs), on cardiac function.
Results
Our results demonstrate that knockdown of endogenous Kv7.1 in zebrafish embryos using morpholino induces a significant prolongation of cardiac contraction, consistent with an LQTS-like phenotype. Functional rescue experiments injecting human WT IKs channels successfully restore normal contraction duration. In pharmacological experiments, treatment with ML277 a selective Kv7.1 activator, shortened contraction duration. In contrast, 518-LIN, a synthetic PUFA-based IKs activator, showed minimal effects on cardiac contraction.
Conclusions
In conclusion, zebrafish represent a robust and physiologically relevant model for studying LQTS, as modulation of the endogenous Kv7.1 channel is sufficient to induce a LQTS-like phenotype. Our high-speed video-based phenotyping approach reliably detects LQTS-associated functional abnormalities, such as the prolonged cardiac contraction duration phenotype in zebrafish embryos. Moreover, pharmacological activation of zebrafish Kv7.1 using ML277 resulted in a shortening of contraction duration, supporting its potential anti-arrhythmic properties. In future work, we aim to inject KV7.1/KCNE1 mRNA carrying human LQTS mutations to more accurately recapitulate the human disease phenotype in zebrafish embryos. This model will then be used as a platform for screening small-molecules with potential anti-arrhythmic properties. 
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