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Fig. 1 Near-field optical fiber probe temperature measuring system. (a) Entire system, the inset is a micrograph of

a probe with a 100X objective lens; (b) local sketch
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Fig. 2 Temperature characteristics of near-field optical fiber temperature probe. (a) Fluorescence spectra collected

by the probe at different temperatures; (b) fitted result of fluorescence peak position and temperature
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Fig. 3 Temperature measurement results after the cells containing gold nanoparticles were immobilized. (a) Single cell

topographic map, illustrated with corresponding three-dimensional results; (b) temperature difference distribution

within the cell sample
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Fig. 4 Temperature measurement results of living cells. (a) Optical image of cells; (b) temperature distribution

in 20 pm X 20 pm area
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Nondestructive Temperature Measurement Method for Living Cells
Based on Near-Field Optical Fiber Probe

Li Shaoying, Chen Na , Liu Zhenmin, Chen Zhenyi, Liu Shupeng, Shang Yana,
Wang Tingyun
Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Joint International Research Laboratory of
Specialty Fiber Optics and Advanced Communication, School of Communication and Information Engineering,

Shanghai University, Shanghat 200444, China

Abstract

Objective Temperature reflects vital life characteristics, and high precision measurement for single living cell
temperature distribution is critical for studying living activities. Currently, the methods for measuring cell
temperature are primarily divided into optical and nonoptical methods. In nonoptical methods, the temperature of the
sample is characterized by an electrical signal. As a common nonoptical method, a thermocouple inserts the tip into a
cell, causing cell damage. Furthermore, the tip’s large size results in low spatial resolution. Scanning thermal
microscopy (SThM), which is based on the principle of atomic force microscopy (AFM), implements a smaller
thermocouple probe to achieve nondestructive scanning with high spatial resolution. However, in a liquid
environment, the electrical noise generated by the probe of the method prevents development in living cell
temperature measurement. Optical temperature methods are mainly based on the traditional far-field optical detection
technology, which obtains low spatial resolution. Furthermore, the fluorescence method, as the most common
optical temperature measurement method, introduces luminescent molecules into the cell. However, the effect of
molecules on the cell cannot be neglected. In this study, to achieve cell temperature measurement of high spatial
resolution and high-temperature sensitivity, based on the scanning probe principle of AFM, we propose a
nondestructive method for measuring the cellular surface temperature distribution in vivo.

Methods The method proposed in this study for cell temperature measurement is based on near-field optics and the
temperature characteristics of quantum dots fluorescence (Fig.1). Near-field optics, in contrast to far-field optics,
resolves the diffraction limit and achieves optical resolution of less than half the illumination wavelength. Near-field
optical detection is primarily based on the probe. The probe used in this study is an aperture near-field optical fiber
probe. Under the feedback control of the tuning fork, the probe approaches the near-field region of the sample, and
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the distance between the probe and the sample is constant to realize nondestructive scanning. Furthermore, to
enable temperature measurement, CdSe quantum dots with stable luminescence and temperature characteristics are
combined with the near-field optical probe. During the scanning, the laser is transmitted to the tip of the probe
through the optical fiber, and the quantum dots on the probe are excited to emit fluorescence. Heat transfers from
the sample’ s local contact point to the quantum dots on the probe as the probe approaches the sample surface,
changing the fluorescence signal. The fluorescence signal is collected by the same near-field optical fiber probe and
transmitted to the spectrometer, and the temperature information of the sample is obtained through demodulation.

Results and Discussions The fluorescence peak collected by the near-field optical fiber probe shows a redshift
with the increase of the temperature. The slope of the linear fitting equation is obtained after linear fitting of the
fluorescence peak position and temperature, indicating that the probe’s temperature sensitivity is 0. 16 nm/C
(Fig.2). The spatial resolution determined by the size of the tip of the probe is <<100 nm, and the theoretical
temperature resolution determined by the spectral resolution is 0.3 ‘C. The temperature distribution of the fixed
U87MG cell containing gold nanoparticles is first detected using the near-field fiber probe to confirm the probe’s
ability to study the temperature distribution of biological samples. The result shows that because of the heating
effecting of laser on the intracellular gold nanoparticles, the temperature difference between the cell and
environment is >7 C. Meanwhile, because of the nonuniform distribution of gold nanoparticles in cells, the
maximum temperature difference is >4 C measured on the cell surface (Fig. 3). Then, the temperature
distribution of living US7MG cells without gold nanoparticles is measured. The maximum temperature difference on
the cell surface is >>0.5 C, and the temperature difference between cells and the environment is >2.5 C (Fig.4).
At this time, because there is no external heat source introduced into the cell, the temperature difference obtained
by the near-field optical fiber probe can reflect the real temperature distribution of the cell.

Conclusions  Based on the near-field optical fiber temperature probe, a nondestructive cell temperature
measurement method is proposed. The probe has a temperature sensitivity of 0.16 nm/C. To achieve
nondestructive scanning, the distance between the probe and the sample surface is maintained constant during
scanning via feedback control of the tuning fork. At the same time, the probe measures the sample temperature
through the response of fluorescence collected by the probe to the temperature change. Both the fixed US7MG cell
with gold nanoparticles and the living U87MG cell without gold nanoparticles are measured using the near-field optical
fiber probe. A maximum temperature difference of 4 ‘C is measured on the fixed cell surface, and 0.5 ‘C is measured
on the living cell surface. The cells have the same morphology before and after scanning, indicating that the probe
has caused nondestructive damage. The temperature measurement method proposed in this study, when combined
with the temperature sensitivity and liquid environment stability of quantum dots fluorescence, as well as the
nondestructive property of near-field optical technology, presents a better method for the nondestructive study of
living cells.

Key words biotechnology; fiber optics sensors; near-field fiber probe; quantum dot; temperature measurement;
living cell
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