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Temperature Measurements of Cells using Micro/nanosensor
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The fundamental principles of cells have not been clarified; however, we can follow biological phenomena inside
cells by the temperature changes resulting from always-occurred intercellular biochemical reactions. The temperature
sensing techniques for single cells are powerful tools for this purpose. This paper introduces micro/nano-temperature
sensors using nanoparticle thermometers and microfabricated sensors, unique temperature signals from cells observed
using microfabricated sensors, and evaluations of cellular thermophysical properties. Especially, the microfabricated
thermometers and their applications to single-cell analysis are focused. These sensors, which have the advantages of high
resolutions on temperature and time, could achieve the dynamic measurements of cellular temperature changes, then
observed the periodic pulse heating, the temperature fluctuation and its frequency spectra, and temperature increase in
local heating. Moreover, we obtained the cellular thermal conductivity and specific heat capacity via the dynamic
temperature measurements in local heating. These thermophysical properties significantly depended on the surrounding
temperature and frequency of local heating. These results show that cells have unknown functions and phenomena, and
continuous developments of sensing technologies have important roles in clarifying the fundamental principles of cells.
Keywords: temperature sensor, microfabrication, microsystem, high sensitivity, cell
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Fig.1 Schematics of the mechanical resonant thermal sensor
packaged in a microfluidic chip (a),® optical microscope image of
the fabricated device (b), and the result of cellular temperature
monitoring with stimulating (c).® The inset in (c) shows a single
cell attached to the sensor.
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Fig.2 Schematics of the VO2 micro-thermistor device from the
side view (a) and overall view (b)),'? and detected temperature
change in the FCCP-stimulated COS7 cell (c).'?
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Fig.3 Temperature changes in a series of pulses observed from
a non-stimulated BFC (a),® temperature change as function of
time (top) and frequency (bottom) of a COS7 cell at 25 °C (b) and
37 °C (c).'"? The colored lines in (b)(c) mean the results in
different samples.
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Fig.4 Measured temperature change in the COS7 cell at a
surrounding temperature of 37 °C under local irradiation with the
IR laser at 0.25 Hz (a),'¥ and variation of thermal properties of
the cells with changing the surrounding temperature and laser
irradiation frequency: thermal conductivities(b) and heat
capacities (c).'” the red, purple, and blue dot-lines mean the
saturated temperature, temperature for time constant, and base
temperature, respectively.
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