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Evaluating Temperature and Molecular Crowding in Biofilms
by Ultralow-Frequency Raman Microspectroscopy
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[ Abstract] Biofilms, which are structured communities of microorganisms, exhibit
distinctly different properties from their planktonic counterparts and, such as, they have been
attracting keen interest. Temperature is one of the most important physical quantities that
determine the state and reactivity of chemical substances in biofilms and hence affect many
biological processes taking place therein. Viscosity is another factor of importance that
reflects intermolecular interactions in a highly dense biological environment (known as
molecular crowding). Here we present that ultralow-frequency (<200 cm™) Raman spectra
can be utilized to obtain information on molecular temperature and intermolecular interactions
in biofilms with high spatial resolution. We constructed a confocal Raman microspectrometer
capable of measuring Raman spectra down to 10 cm™. For measuring biofilm temperature,
we derived correction coefficients for each anti-Stokes-to-Stokes intensity ratio by using the
Raman spectrum of liquid water with a known temperature. In addition, by converting
observed low-frequency Raman spectra of biofilms to "reduced" spectra, we attempted to
evaluate the degree of molecular crowding in a biofilm environment.
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Fig. 2. Reduced Raman spectra (smoothed and normalized) of water at different temperatures (a), sucrose
solutions at different concentrations of sucrose (b), and P. denitrificans BF, together with those of water and
medium (c).
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