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To design a novel method for efficient optogenetic control of 

Human Ventricular Cardiomyocytes (HVCMs) with newly 

discovered ChRmine and HcKCR1 Channelrhodopsins. 

𝑪𝒎
ሶ𝑽 =  − 𝑰𝒐𝒑𝒔𝒊𝒏 − 𝑰𝒔𝒕𝒊𝒎 −( 𝑰𝑵𝒂+𝑰𝒕𝒐 + 𝑰𝑲𝟏 +  𝑰𝑲𝒓 +𝑰𝑲𝒔 + 𝑰𝑵𝒂𝑲 +  𝑰𝒑𝑲 +𝑰𝑵𝒂𝑪𝒂

+𝑰𝒑𝑪𝒂 + 𝑰𝒃𝑪𝒂 + 𝑰𝒃𝑵𝒂  + 𝑰𝒖𝒑 + 𝑰𝒍𝒆𝒂𝒌 +  𝑰𝒓𝒆𝒍 +𝑰𝒙𝒇𝒆𝒓 + 𝑰𝑪𝒂𝑳)

  

ሶ𝑶𝟏 = 𝑮𝒂𝟏 𝝓 𝑪𝟏 + 𝑮𝒃 𝝓 𝑶𝟐 − 𝑮𝒅𝟏 + 𝑮𝒇 𝝓 𝑶𝟏 ሶ𝑪𝟏 = 𝑮𝒅𝟏𝑶𝟏 + 𝑮𝒓𝑪𝟐 − 𝑮𝒂𝟏 𝝓 𝑪𝟏

ሶ𝑶𝟐 = 𝑮𝒂𝟐 𝝓 𝑪𝟐 + 𝑮𝒇 𝝓 𝑶𝟏 − 𝑮𝒅𝟐 + 𝑮𝒃 𝝓 𝑶𝟐 ሶ𝑪𝟐 = 𝑮𝒅𝟐𝑶𝟐 − (𝑮𝒓+𝑮𝒂𝟐 𝝓 )𝑪𝟐   

𝑪𝟏 + 𝑶𝟏 + 𝑶𝟐 + 𝑪𝟐 = 𝟏 𝑰𝑶𝒑𝒔𝒊𝒏 = 𝒈𝒐𝒑𝒔𝒊𝒏 (𝑶𝟏 + 𝜸𝑶𝟐) 𝑽 − 𝑬𝑶𝒑𝒔𝒊𝒏  
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Model of Opsin-expressing Human Ventricular Cardiomyocytes

ChRmine-expressing HVCMs

• Cardiac Electrophysiology

• Restoring Pacemaking Ability

• Terminating Cardiac Arrhythmias

Applications

• Revolutionary Technique

• Relatively Low Invasiveness 

• High Spatiotemporal Resolution

Mechanism

Recent Study (2023) Optical Pacing with ChRmine-expressing Rat Cardiomyocytes

Light pulse

5 Hz, 10-ms at 585 nm

Excitation and Inhibition depends on, which 

type of Opsin expressed into the cells.

Opsin-expressed in rat neuron for 

controlling neural activity with light. 

Importance

Insert the DNA into specific 

neurons in the brain.

Protein is an ion channel that 

opens in response to blue light.

Take the gene for this protein.
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Technique for controlling genetically modified HVCMs with light.

Effect of Continuous and Pulsed Optical Illumination

Increase in irradiance results in 

an increase in AP frequency
Optical pacing with ChRmine-

expressing HVCMs

Activable tissue depth at different 

wavelength in cardiac tissue

Effect of Irradiance on Membrane Potential and Photocurrent

Suppression of Electrically-Evoked APs

• Formulated accurate theoretical models of optogenetic 

excitation and suppression of cardiac activity in HVCMs.

• Useful for designing compact, low-cost optical pacemaker.

• Upgraded to tissue and organ scales for getting pre-clinical 

insights.
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