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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.2. Intensity ratios of O-H stretching
Raman bands of HBSS (a) and of nucleus
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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.



