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Single-molecule fluorescence lifetime correlation revealed multiple protein
dynamics regulating photosynthetic energy transport
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[ Abstract] Fluorescence intensity correlation analysis of single molecules is used to
estimate protein conformational dynamics, but the time resolution is restricted due to the
binning of photon data. Recently, in order to overcome this limitation, two-dimensional
fluorescence lifetime correlation (2D-FLC) analysis was developed [1, 2]. The lifetime-based
approach without binning identifies fast dynamics even on the microsecond time scale [3].
However, if the system contains a number of fluorescence emitters, each of which is
associated with discrete dynamics, the analysis could obscure the dynamics. Here, we
developed a correlation analysis for multiple independent dynamics in single chromoproteins.
The new approach allowed the identification of multiple dynamics in photosynthetic
light-harvesting complexes (LHCs) from the fluorescence intensity and lifetime as well as the
time scale of dynamics. The LHCs, absorbing and transporting light energy, contain
chlorophyll (Chl) and xanthophyll carotenoid (Xan). The Xan serves as a quencher of excess
light energy on Chls. Therefore, the dynamics around Chl and Xan can regulate the light
harvesting. We revealed that multiple dynamic components individually contribute to the
energy transport function of LHCs, leading to photosynthetic photoprotection.
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Label-Free Visualization of Intracellular Temperature Using O-H
Stretching Raman Band of Water
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[Abstract] Observation of temperature distribution inside a cell is important to understand
physiological phenomena such as respiration, division, and differentiation. In recent years,
temperature-sensitive fluorescent molecules were synthesized and used for visualization of
intracellular temperature, whereas there are various disadvantages such as the necessity of
pretreatments and photobleaching. In this study, we have proposed a label-free method for
measuring intracellular temperature using Raman images of a cell in the O-H stretching band
region. We measured Raman spectra of buffer medium and Raman images of HelLa cells at
various temperatures and calculated the intensity ratio at two wavenumbers in the O-H
stretching band. The intensity ratios both of buffer and cells are changed linearly with
temperature, which can be used as calibration curves for temperature. We applied the present
method for observing the increase in intracellular temperature after the treatment of 2,4-
dinitrophenol, which has the effect of increasing intracellular tempearature.
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Fig. 1. (a) Raman spectra of HBSS at 25 to 45°C. (b)
Difference Raman spectra of HBSS obtained by subtracting
the spectra at 25°C from the spectrum at 30 to 45°C.
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Fig. 3. The average temperatures of nucleus,
cytoplasm, and buffer before (-) (n=14) and after (+)
(n=11) DNP treatment. *P < 0.01 Mean + SD.
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Water in a Cell: Spectroscopic Measurements and Understanding of
Intracellular Environments

oTakakazu Nakabayashi
Graduate School of Pharmaceutical Sciences, Tohoku University, Japan

[ Abstract] We have shown our results on the direct observation of a spatial distribution of
water molecules in a cell by Raman microscopy. We have obtained Raman images of a HeLa
cell by plotting O—H stretching band region. The O—H Raman intensity of the nucleus was
found to be higher than that of the cytoplasm, indicating that the water density in nucleus is
higher than that in cytoplasm. The concentration of biomolecules was also estimated to be
lower in the nucleus than that in the cytoplasm by analyzing the image of C—H stretching
bands. These results indicate that the nucleus is less crowded with biomolecules than the
cytoplasm. We have applied the detection of water molecules to the evaluation of intracellular
environments and are convinced that Raman imaging in the O—-H band region could be a
powerful method for label-free investigation of intracellular environments.
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Direct observation of H,O / D2O exchange dynamics in a white adipocyte
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! Faculty of Pharmaceutical Sciences, Tohoku University, Japan
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[Abstract] We have reported direct observation of exchange dynamics of H.O/D20 in a
lipid droplet, an metabolism-related organelle, by Raman microscopy. A lipid droplet is
composed of lipid esters and its Raman spectrum exhibits very strong C-H stretching bands
due to lipids and weak bands in the O-H stretching band region due to other biomolecules and
water. Immediately after the exchange of the culture medium of cells from H20 to D.O, O-D
stretching Raman bands appeared and the intensities of broad O-H stretching Raman bands
decreased and several Raman bands remained in the O-H stretching band region immediately
after the exchange to D>O. Time-lapse measurements of the integrated intensity in the O-H
stretching band region suggested that there are water molecules in a lipid droplet
exchangeable slowly with extracellular water.
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Fig. 1. A bright field image of a white adipocyte (A)
and Raman images constructed by plotting the
integrated intensity in the C-H stretching (2840 cm™ ~
2965 cm?) (B) and O-H stretching (3200 cm™ ~ 3680
cm?) (C) band regions.
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Fig. 2. (A) Raman spectra of a lipid droplet before
(a) and after (b) the exchange to DO buffer, and its
difference (c). (B) Integrated intensity ratio of O-H
str. /O-D str. in lipid droplets and buffer.
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Fig. 3. Time evolution of the integrated intensity
ratio of O-H str. / O-D str. in lipid droplets
normalized by the ratio of that in buffer medium.
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Microspectroscopic Raman Metabolic Imaging of a Filamentous Fungus
oMuitsuru Yasuda?, Norio Takeshita?, Shinsuke Shigeto®
1 School of Science and Technology, Kwansei Gakuin University, Japan
2 Faculty of Life and Environmental Sciences, University of Tsukuba, Japan

[Abstract] A filamentous fungus grows by elongating the tip of the hypha. In order to
investigate the elongation mechanism, a combined approach of Raman microspectroscopic
imaging with stable isotope labeling is used in this work. A Raman band of a stable
isotope-labeled compound usually shifts to the lower frequency side with respect to that of the
unlabeled compound. By utilizing this characteristic, the localization of a stable isotope that is
incorporated into various biomolecules via intracellular biosynthetic reactions, that is, the
distribution of the metabolic activity can be visualized. In this study, we demonstrated
microspectroscopic Raman metabolic imaging of a filamentous fungus using stable isotope
(deuterium) labeling. When the filamentous fungus was cultivated in a liquid medium containing
deuterium-labeled glucose, deuterium was found to be localized in the hyphal tip. This result
suggests that the metabolic activity was significantly higher in the hyphal tip than the other region
or that the deuterium-labeled glucose was incorporated selectively from the hyphal tip.
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Optical simulation of an aberration from interfacial refraction
in cryogenic fluorescence micoroscopy

oKeita Ishida, Satoru Fujiyoshi, Michio Matsushita
Department of Physics, Tokyo Institute of Technology, Japan

[Abstract] A main component in cells is water. When whole cells is observed by an optical
microscope, the light will refract at an air/water (or oil/water) interface. Thus, an optical image
of whole cells is often distorted and its resolution is deteriorated. Here we show optical
simulation of the refraction effect of the focal spot at the inside of water. The simulation
indicated that the interface refraction seriously affected to the optical image obteined by our
reflecting microscope. The effect is remarkable in that the high numerical aperture of the
objective (>0.6 in dry) is used.
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Fig. 3. PSFs in the air (nai=1.00) and the water
(nwater=1.33, the norminal focus depth L1=5 pum). The
objective’s NA is 0.90 (Omax = 64°, Omin = 20°). Light
[ k] is 640 nm in wavelength and circular polarization.
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Optical imaging of individual double stranded DNA
using cryogenic fluorescence microscope

oTaku Furubayashi, Keita Ishida, Michio Matsushita, Satoru Fujiyoshi
Department of Physics, Tokyo Institute of Technology, Japan

[ Abstract] Molecular level imaging is important for on understanding of biological
functions. However, such imaging has been challenging. Fluorescence microscopy has a
potential for realizing the molecular level imaging. This microscopy is unique in its ability
to visualize individual molecule in whole cells. However, the resolution is deteriorated to
several tens of nanometers by experimental barriers. We have solved all the barriers by
developing a cryogenic reflecting microscope. Recently, we visualized 5’- and 3’- ends of
double stranded DNA by using spectrally distinct two dyes that emited near-infrared
fluorescence at 1.8 K.
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