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Fig.1 Schematic diagram of cellular temperature measurement based on single-molecule quantum coherent modulation

(a) Experimental principle. (b) Experimental setup. EOM, electro-optical modulator; QWP, quarter-wave plate; BS, 50/50 beam splitter; DM, dichroic

mirror; SPAD, single-photon avalanche diode; PBS, polarization beam splitter; MCPET, multichannel picosecond event timer.
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Fig. 2 Processing of experimental data

(a) Modulation spectra of quantum coherence visibility (V) at different temperatures. (b) Comparison of temperature measurements using single-

molecule quantum coherent modulation and fluorescence nano thermometry.
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Fig.4 Cell temperature imaging and temperature trajectory before and after the addition of Oligo
(a) Cellular temperature imaging before the addition of Oligo. (b) Cellular temperature imaging after the addition of Oligo. (c) Temporal evolution of
cellular temperature at the locations indicated by arrows in (a) and (b). Blue triangles mark the time points of imaging for (a) and (b), while the

shaded area indicates the duration when Oligo was added.
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Cellular Temperature Imaging Technology Based on Single—molecule Quantum
Coherent Modulation”
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Abstract Objective Cellular temperature imaging can assist scientists in studying and comprehending the
temperature distribution within cells, revealing critical information about cellular metabolism and biochemical
processes. Currently, cell temperature imaging techniques based on fluorescent temperature probes suffer from
limitations such as low temperature resolution and a limited measurement range. This paper aims to develop a
single-cell temperature imaging and real-time monitoring technique by leveraging the temperature-dependent
properties of single-molecule quantum coherence processes. Methods Using femtosecond pulse lasers, we
prepare delayed and phase-adjustable pairs of femtosecond pulses. These modulated pulse pairs excite fluorescent
single molecules labeled within cells through a microscopic system, followed by the collection and recording of
the arrival time of each fluorescent photon. By defining the quantum coherence visibility (¥) of single molecules
in relation to the surrounding environmental temperature, a correspondence between } and environmental
temperature is established. By modulating and demodulating the arrival times of fluorescent photons, we obtain
the local temperature of single molecules. Combined with scanning imaging, we finally achieve temperature
imaging and real-time detection of cells. Results This method achieves high precision (temperature resolution
<0.1°C) and a wide temperature range (10-50°C) for temperature imaging and measurement, and it enables the
observation of temperature changes related to individual cell metabolism. Conclusion This research contributes
to a deeper understanding of cellular metabolism, protein function, and disease mechanisms, providing a valuable

tool for biomedical research.
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