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Understanding the molecular dynamics in a cell is an important step for exploring biological phenomena.
Optical microscopy, especially fluorescence microscopy, has contributed to reveal the molecular dynamics due
to its capability of live cell imaging. For further investigation of molecular dynamics, Raman microscopy is
promising because it provides ensemble cell spectral information including molecular species and its structures.
In addition, label-free observation is possible because Raman microscopy detects vibrational frequency of
cellular molecules.

In this research, I aimed to image and analyze molecular dynamics in a living cell using Raman microscopy.

In chapter 1, imaging of a living cell using Raman scattering is explained. Raman scattering at molecular
vibration was interpreted by the classical and quantum theory. Then, past researches about Raman analysis of
cellular molecules using Raman microscopy was introduced. For live cell imaging, a slit-scanning Raman microscope
was built. A sample was irradiated with a line-focused laser. Raman scattering signals were detected from

multiple focus spots on the line simultaneously.

Chapter 2 represents the observation of apoptosis, which is the suicide of unwanted cells in a body.
Apoptosis is triggered by cytochrome c release from mitochondria to cytoplasm. Cellular cytochrome c¢ was
imaged with high sensitivity by enhancing its Raman scattering by resonant Raman effect. Apoptosis was
induced to a HeLa cell by inhibiting DNA transcription with a cancer drug. Through Raman imaging of the
apoptotic cell in time, the release of cellular cytochrome ¢ from mitochondria to cytoplasm was observed. In
the release process, Raman scattering intensity of cytochrome ¢ was maintained. When cytochrome c in a cell is
oxidized, no Raman scattering of cytochrome ¢ was detected from the cell. These results suggest that the redox
state of cellular cytochrome ¢ was maintained during its release from mitochondria to cytoplasm. This analysis
provided a new insight about the molecular mechanism of apoptosis.

In chapter 3, using resonant coherent anti-Stokes Raman scattering (CARS) is discussed for detecting
cytochrome ¢ with higher sensitivity. With resonant Raman effect, CARS intensity of cytochrome c solution
increased. However, the detection limit with the resonant CARS was several to several tens of mM. Since
concentration of cellular cytochrome c is several tens of nM, I concluded that resonant CARS is not suitable to
observe cellular cytochrome c.

In chapter 4, I examined the imaging capability of small molecules with molecular weights of several tens
to hundreds by using Raman microscopy. Small molecules cannot be labeled because their properties change by
labeling with conventional large tags. Therefore, a tiny tag is desirable for imaging of small molecules. Raman
microscopy can detect a tiny tag. Here, I used alkyne as a tiny tag. Alkyne has an unique Raman peak, and it is
detectable in a cell without interference from other Raman peaks of cellular biomolecules. As a demonstration,
I loaded EdU, an alkyne-tagged dU commonly used as a cellular probe for DNA synthesis, in living HeLa cells
and observed it with Raman microscopy. After 21 hrs, corresponding to the HeLa cell cycle time, almost all
cells had EdU in their nuclei. This result implies that alkyne did not disturb the functions of dU in the cells.
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