STRUCTURAL CHEMISTRY

Annual Research Highlights

(1) Discovery of the “Raman Spectroscopic Signature
of Life” in a Living Fission Yeast Cell

In a previous study, we found an intense unknown
Raman band at 1602 cm™ in the mitochondria of a living
fission yeast cell (Schizosaccharomyces pombe). From a
Raman mapping experiment of a cell whose
mitochondria are GFP labeled (Fig. 1), we proved that
the 1602 cm™ band came exclusively from mitochondria.
We also found that the intensity of this band was
correlated strongly with the living activity of the cell.
This relationship of the 1602 cm™ band with the cell
activity was examined by a respiration inhibiting
experiment using KCN. Soon after adding KCN, the
1602 cm™ band became weaker, while the other Raman
bands ascribed to phospholipids remained unchanged.
Then, the 1602 cm™ band became further weaker and
disappeared eventually, and the phospholipid bands
changed their shapes gradually. We suspect that the
intensity of the 1602 cm™ band is a measure of the
metabolic activity in mitochondria and that the gradual
changes of the phospholipid bands arise from the
structural degradation of the mitochondrial membranes
induced by the lowered metabolic activity. These Raman
spectral changes are most likely to reflect the early dying
process of a living yeast cell. In this regard, we call the
1602 cm™ band the “Raman spectroscopic signature of
life”. The discovery of this signature has opened up a
new possibility of molecular level elucidation and
quantification of life.

Fig. 1 Microscopic image (upper left), GFP image of
mitochondria (upper right) and Raman mapping images of a
fission yeast cell. The 1446 cm™! band is from phospholipids.
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(2) Development of Infrared Electroabsorption (IREA)
Spectroscopy and Its Application to Structural Studies

Infrared electroabsorption (IREA) spectroscopy provides
unique higher-order vibrational information on molecular
species existing in liquids and solutions. Species having
distinct dipole moments are detected distinctly by IREA
spectra and their dipole moments are determined
separately. On account of technical difficulties, however,
IREA was so far applicable only to wavenumber regions
higher than 3000 cm”. We developed a new IREA
system based on a dispersive spectrometer and the
AC-coupling detection scheme. It is capable of detecting
infrared absorbance changes as small as 10® in AA and
enables the measurements of IREA in the fingerprint
region. Fig. 2 shows the IREA spectra of a 1,4-dioxane
solution of N-methylacetamide observed with varying
angle (), the angle between the incident infrared electric
vector and the direction of the applied external electric
field. The high S/N ratio in these spectra enabled us to
analyze the y dependence by SVD (Singular Value
Decomposition) and determine the dipole moments of
the dimer as well as the monomer of
N-methylacetamide in 1,4-dioxane. The analysis shows
that the dimmer has a head-to-tail structure. As far as
we are aware, this is the first experimental structural
determination of a dimmer species in solution.
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Fig. 2 Infrared electroabsorption spectrum of N-methylacetamide
in 1,4-dioxane.
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