
A b s t r a c t
Genetically-encoded temperature indicators (GETIs) are sen-

sor proteins used for measurement and imaging of temperature 
through the temperature-dependent fluorescence. Here we devel-
oped a fast-responding GETI, B-gTEMP, which reports tempera-
ture through a ratio between two fluorescence bands for accurate 
measurement and responds to a temperature change with an un-
precedentedly small time constant of <1 ms. We applied B-gTEMP 
to temperature imaging in mammalian cells and successfully 
observed intracellular heat diffusion on the millisecond scale. Fur-
thermore, by comparing the imaging data with heat diffusion sim-
ulation, we estimated that the heat diffusion coefficient in cells was 
1/5 of that of pure water, indicating that intracellular heat diffusion 
would be considerably slower.

 ▍ Background & Results

Thermogenesis plays a key role in the homeostasis and regula-
tion of body temperature in animals. In particular, the non-shivering 
thermogenesis, which occurs in non-muscle tissues, is thought 
to be closely associated with not only the homeostasis but also 
inflammation-related fever, cold-adaptation, and obesity. However, 
the detail of the relationship remains elusive. Fluorescent tem-
perature indicators report temperature through the fluorescence 
and can be used for temperature imaging on a fluorescence mi-
croscope. Among temperature indicators developed from various 
materials, genetically-encoded temperature indicators (GETIs) are 
particularly useful for measurements of live biological samples, 
because GEITs can be introduced into cells for expression as a 
protein in a minimally invasive manner and can be easily modified 
on the basis of DNA for versatile applications. However, GETIs 
developed to date are slow to respond to temperature changes or 
need time-consuming measurement procedures. Thus, a fast-re-
sponding GETI has been required to study transient intracellular 
heat diffusion.

Here we have developed a GETI, B-gTEMP, from a tempera-
ture-responsive red fluorescent protein and a much less tempera-
ture-responsive green fluorescent protein. The ratio of red to green 
fluorescence intensity correlates with temperature, and responds 
to a temperature change with a time constant of <1 ms. By ap-
plying B-gTEMP to temperature imaging of mammalian cells, we 
successfully observed an intracellular heat diffusion process with 
sub-millisecond resolution. Furthermore, we compared the imaging 
data with heat diffusion simulation and estimated that the heat dif-
fusion coefficient in cells was 1/5 of that of pure water. B-gTEMP is 
expected to contribute to the investigation of non-shivering thermo-
genesis in relation to the subtle intracellular temperature regulation 
and diseases and disorders involving intracellular thermogenesis.

 ▍ Significance of the research and Future perspective

Thermogenesis in homeothermic animals plays an important role in the 
homeostasis and regulation of body temperature. For the investigation of 
thermogenesis at the single cell level, it has been necessary to develop 
a fast-responding GETI capable of observing millisecond intracellular 
heat diffusion processes occurring in a small volume such as mammalian 
cells. B-gTEMP should be useful for investigating thermal biology issues 
such as mechanisms of subtle intracellular temperature regulation and 
diseases and disorders involving intracellular thermogenesis.
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Figure 1. Design of B-gTEMP and its response to temperature. (A) A 
schematic diagram of the temperature response of B-gTEMP. (B) Tem-
perature-dependent fluorescence emission spectrum of B-gTEMP.

Figure 2. High-speed imaging of heat diffusion in a HeLa cell using 
B-gTEMP. (A) A schematic diagram of the experimental configuration. A 
carbon nanotube cluster close to a HeLa cell was irradiated with a red la-
ser beam to generate heat, and the intracellular temperature distribution 
was imaged through the B-gTEMP fluorescence. (B) Time development 
of temperature distribution in the HeLa cell after starting to heat the cell.
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