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Introduction

In order to get better understanding of a biological system, one of many questions often addressed in research is:
“What is the function of particular of protein/cell function within cell/organism?” A well-established method to
answer that question is by analyzing the loss-of-function phenotype. Currently available methods, such as gene
knockout, knockdown, toxin- or laser-mediated cell ablation, have drawbacks to achieve high precision of target
inactivation/ablation in spatiotemporal controlled manner. Photosensitizer, which is chromophore that generates
ROS (Reactive Oxygen Species) upon light irradiation, had shown its great performance to perform such task.
Due to its reactivity and limited diffusion range, ROS projected to target will immediately attack and inactivate
target specifically by oxidation with highest precision to be less than subcellular range.

Chapter 1: Engineering a monomeric photosensitizer protein for photo-inducible protein inactivation and cell
ablation

Genetically encoded photosensitizers have excellent specificity to target molecule of interest. Since colour
variants of genetically encoded photosensitizer are activated by different excitation wavelengths, utilizing those
would enable several different protein/cells to be inactivated at a defined time and area in intact systems. In order
to achieve this, a green colour variant of currently available photosensitizing protein, SuperNova Red, is
developed in this study and named SuperNova Green. In vitro characterization has shown that SuperNova Green
emits green emission when excited with blue light. SuperNova Green is monomeric and shows its superiority over
dimeric photosensitizing proteins when fused with target protein or localization signal.

Chapter 2: Photosensitization property of SuperNova Green

As known that different type of ROS generated by photosensitizer would have different target, specificity and
diffusion range, it is important to know which type of ROS does SuperNova Green produce. Based on
characterization result, SuperNova Green produces superoxide and its derivatives (hydrogen peroxide and
hydroxyl radical). Since superoxide and its derivatives have essential role in controlling intracellular events,
SuperNova Green will also be useful to manipulate cell behavior or elucidate ROS function in intracellular events.
Chapter 3: Selective protein inactivation and cell ablation

This chapter describes the usefulness of SuperNova Green to inactivate protein and promote cell ablation. As
proof of concept of multiple protein inactivation and cell ablation, SuperNova Green in combination with
SuperNova Red could selectively inactivate Pleckstrin Homology domain of Phospholipase C-61 and ablate cancer
cells through selective light irradiation with blue and orange light respective for SuperNova Green and
SuperNova Red activation.

Chapter 4: Concluding remarks

As the conclusion, SuperNova Green as a green monomeric photosensitizing protein has brought new insight and
new advancement to the optogenetic toolbox. As a perspective, SuperNova Green will be capable to meet the

cutting-edge imaging technique, such as super-resolution imaging, to achieve a better understanding of biological

phenomena.
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