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Fluorescence microscopy has been widely used in biology, especially after the introduction of
genetically encodable fluorescent probes such as green fluorescent protein (GFP). Fluorescent probes
however, are bleached by illumination light during imaging, which has posed a serious limitation on
the application. For example, a single molecule of GFP or other fluorescent probe molecules can be
imaged by using total internal reflection fluorescence microscopy (TIRF), but each molecule can be
observed only for a short time due to photobleaching. Many efforts have been made to prevent or delay
photobleaching, but single—-fluorescent—-molecule imaging tracking for 10 minutes or longer is still
challenging. In this study, I tested “StayGold,” a recently developed green fluorescent protein that
has garnered considerable attention for its exceptional photostability, the highest among fluorescent
proteins. Nevertheless, tracking single-molecule fluorescence imaging for periods exceeding 10 minutes

proved to be difficult.

Therefore, in this doctoral thesis, I propose a new approach to break this barrier. The proposed
system has two components: a receptor protein and its fluorogenic ligand. The ligand is designed to
bind reversible to the receptor and to turn on fluorescence upon binding. If ligand exchange is fast
enough, the target protein can be labeled repeatedly by fresh dye and observed indefinitely. Since
rapid binding and dissociation kinetics are required to materialize this idea, I measured the kinetics
by single molecule imaging. I found that one system showed rapid binding and dissociation kinetics
with kon = 1.8 + 0.4pM-1s-1 and koff = 10.2 + 1.7 s-1, respectively. These values imply that the mean
binding time of the ligand is about 100 ms, and a new ligand re—binds in about 50 ms at the ligand

concentration of 10 micro M. Namely, a fresh dye will be replenished faster than video rate

As a proof of this concept, I have expressed this receptor protein as a fusion protein to kinesin, a
microtubule motor protein. The tagged kinesin molecules were introduced into the flow cell where
microtubules were immobilized on its cover glass surface. At lower concentration of ligand, tagged
kinesin molecules showed blinking fluorescent signals on the microtubules under our custom—built TIRF
microscope. This blinking behavior was consistent with the binding and dissociation kinetics. With 10
micro M ligand, blinking was much faster the frame rate (100 ms/frame), and each kinesin molecule

appeared as a spot continuously for more than 1,000,000 frames (24 hours).

These results do not only demonstrate that each single molecule can be tracked indefinitely. The
receptor protein can be genetically expressed as a fusion protein with the target protein, just like
GFP. The ligand is membrane—permeable and can stain intracellular proteins. Thus, the target protein
inside the cell can be labeled fluorescently and observed indefinitely without photobleaching
Therefore, 1 believe that this system has a wide range of application in cell biology, and will push

the fluorescence live imaging to the next stage
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