
Temperature is an important parameter for living organ-
isms. Cell activity is affected by temperature since the 
reaction ratio and stability of molecules in cells depends on 
it. Environmental temperatures which organisms function in 
are variable, and the biological system that regulates body 
temperature, homeostasis, differs among various organisms. 
Furthermore, temperature in cells or at the molecular level 
has not been widely discussed to date. Nano-scale ther-
mometers utilizing fluorescent proteins and dyes have been 
developed by numerous research groups including ours, and 
heterogeneity of temperatures in the micro environments of 
living cells have been reported on by said groups (Okabe et 
al, Nat. Commun. 2014, Kiyonaka et al, Nat. Methods 2014, 
and Nakano et al, PLoS One 2017). However, the meaning 
and mechanisms in single cells remain unclear. Thus, our 
group is embarking upon a new research field, biothermol-
ogy, through the investigation of  the nature of temperature in 
living organisms ranging from nano to macro.

Figure 1. Schematic illustration of heat shock response of cells (left) and 
an infrared laser-evoked gene operator (IR-LEGO) microscope system.

Our research group employs various and original bio-
thermological research technologies . One of these is the 
infrared (IR) laser application, which enables single-cell or 
subcellular local heating by focusing IR through microscope 
objective. This technology was originally developed for 
laser induced gene expression in the targeting of single-cells 
through the heat shock response, called IR-LEGO; InfraRed 
Laser Evoked Gene Operator (Kamei et al, Nat. Methods 
2009) (Figure 1). This local heating technique can be used 
to analyze the thermodynamics of a cell via the use of a 
nano-scale thermometer;the second of our abovementioned 
original techniques. To analyze temperature distribution at 
subcellular resolutions, a nano-scale thermometer is required. 
For this reason, we have focused on fluorescent proteins, and 
developed a genetically encoded thermometer, the so called 
gTEMP, with Dr. Takeharu Nagai from Osaka University 
(Nakano et al, PLoS One 2017). This thermometer has some 
unique properties such as rapid response and applicability to 

wide temperature range. By utilizing this thermometer, we 
are developing a high-speed thermal imaging microscope 
system combined with IR irradiation optics. Through the 
analysis of thermal dynamics in cells, we are trying to reveal 
how temperature heterogeneity is generated within a single 
cell and to consider its meaning from a biological standpoint.
Furthermore, our group is trying to improve the IR-LEGO 

technique itself. We initially applied this system to many 
organisms including animals and plants, such as medaka, 
nematode, flies, frogs, and Araidopsis, moss, in collab-
orative research projects in cooperation with other laborato-
ries. Because the heat shock response (HSR) is a transient 
response, gene expressions after IR-LEGO operation are also 
transient. Despite this, some of our collaborators wanted to 
realize cell fate mapping, which requires a long-term gene 
expression after IR irradiation. Accordingly, we employed 
Cre/LoxP recombination system. As shown in Figure 2, we 
established a cre driver line, which possesses a heat shock 
promoter and loxP effector line which can permanently label 
irradiated cell lineages by fluorescent proteins. By using 
these transgenic lines, evidence was provided that indi-
cated that exoskeletal tissues in trunk region came from the 
mesoderm (Shimada et al, Nat. Commun. 2013).  

Figure 2. Long-term gene expression with cre/loxP recombination system 
and an example of a practical experiment in medaka ranging embryos to 
adults.

The HSR is a conservative stress response system found in 
almost all organisms. In contrast, organisms live in various 
temperatures, and HSR essentially is the upper limit of habit-
able temperature range for each organism. This means that 
the preset temperature of HSR may differ among organisms. 
A key factor of this limitation is heat shock factor 1 (HSF1); 
a homologue within each organism. By substituting HSF1, 
it may be possible to control the preset temperature of HSR, 
and this substitution could be applied to the improvement 
of HSR efficiency in IR-LEGO technology. We are now 
trying to lower the HSR temperature of medaka by sub-
stituting Japanese flounder HSF1. This HSF1 substitution 
project provides us with various significant information and 
evidence related to molecular evolution and adaptation to 
environmental temperature. Therefore, this project also con-
tributes to the study of biothermology. 
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We also promote other collaborative studies using micro-
scopic techniques. One is a “clear observation project” for 
deep seeing into living organisms using adaptive optics 
(AO), which have been thoroughly developed in the field 
of astronomy as a key technology found in large telescopes, 
such as the Subaru telescope in Hawaii. Although observa-
tion using Earth based telescopes may be interfered with 
due to fluctuations in the atmosphere, AO can mitigate this. 
However, living materials have particular refractive indexes, 
so some organelles may hinder the ideal optical path for 
microscope observation, which is similar to the situation that 
exists regarding the atmosphere and telescopes. AO can also 
compensate for this disturbance by sensing and correcting 
wave fronts by using a wave front sensor and deformable 
mirror. Hence, we have developed a custom-made wide-field 
microscope equipped with an AO system for the observation 
of living organisms in collaboration with Dr. Yosuke Tamada 
from Utsunomiya University and Dr. Yutaka Hayano from 
the National Astronomical Observatory of Japan (NAOJ). 
By utilizing this microscopic system, we have successfully 
acquired high-resolution bright field and fluorescent images 
of living cells. Furthermore, AO can also be applied to 
IR-LEGO technology to improve IR energy focusing of irra-
diation in a manner similar to improving the sight of living 
organisms.

Publication List:
〔Original papers〕

•	Abe, E., Yasugi, M., Takeuchi, H., Watanabe, E., Kamei, Y., and 
Yamamoto, H. (2019). Development of omnidirectional aerial display 
with aerial imaging by retro-reflection (AIRR) for behavioral biology 
experiments. Opt. Rev. 26, 221-229. doi: 10.1007/s10043-019-00502-w

•	Fujikawa, Y., Ishikawa-Fujiwara, T., Kuo, T., Shinkai, N., Shogi, T., 
Kawasaki, T., Kamei, Y., Sakuraba, Y., Sato, A., Kinoshita, M., Gondo, 
Y., Yuba, S., Tsujimura, T., Sese, J., and Todo, T. (2020). Involvement 
of Rev1 in alkylating agent‐induced loss of heterozygosity in Oryzias 
latipes. Genes Cells 25, 124-138. doi: 10.1111/gtc.12746

•	Furukawa, F., Hamasaki, S., Hara, S., Uchimura, T., Shiraishi, E., 
Osafune, N., Takagi, H., Yazawa, T., Kamei, Y., and Kitano, T. (2019). 
Heat shock factor 1 protects germ cell proliferation during early ovarian 
differentiation in medaka. Sci. Rep. 9, 6927. doi: 10.1038/s41598-019-
43472-4

•	Harada, Y., Matsuo, M., Kamei, Y., Goto, M., and Fukamachi, S. 
(2019). Evolutionary history of the medaka long-wavelength sensitive 
genes and effects of artificial regression by gene loss on behavioural 
photosensitivity. Sci. Rep. 9, 2726. doi: 10.1038/s41598-019-39978-6

•	Hwang, D., Wada, S., Takahashi, A., Urawa, H., Kamei, Y., and 
Nishikawa, S. (2019). Development of a heat-inducible gene expression 
system using female gametophytes of Arabidopsis thaliana. Plant Cell 
Physiol. 60, 2564-2572. 10.1093/pcp/pcz148

•	Ikehata, H., Mori, T., Kamei, Y., Douki, T., Cadet, J., and Yamamoto, 
M. (2020). Wavelength- and tissue-dependent variations in the 
mutagenicity of cyclobutane pyrimidine dimers in mouse skin. 
Photochem. Photobiol. 96, 94-104.   doi: 10.1111/php.13159

•	Kosugi, M., Ozawa, S., Takahashi, Y., Kamei, Y., Itoh, S., Kudoh, S., 
Kashino, Y., and Koike, H. (2020). Red-shifted chlorophyll a bands 
allow uphill energy transfer to photosystem II reaction centers in an 
aerial green alga, Prasiola crispa, harvested in Antarctica. BBA - 
Bioenergetics 1861, 148139. doi: 10.1016/j.bbabio.2019.148139

•	Nakane, Y., Shinomiya, A., Ota, W., Ikegami, K., Shimmura, T., 
Higashi, S., Kamei, Y., and Yoshimura, T. (2019). Action spectrum for 
photoperiodic control of thyroid-stimulating hormone in Japanese quail 
(Coturnix japonica). PLoS One 14, e022106. doi: 10.1371/journal.
pone.0222106

•	Nakayama, T., Shimmura, T., Shinomiya, A., Okimura, K., Takehana, 
Y., Furukawa, Y., Shimo, T., Senga, T., Nakatsukasa, M., Nishimura, 
T., Tanaka, M., Okubo, K., Kamei, Y., Naruse, K., and Yoshimura, T. 
(2019). Seasonal regulation of the lncRNA LDAIR modulates self-
protective behaviours during the breeding season. Nat. Ecol. Evol. 3, 
845-852. doi: 10.1038/s41559-019-0866-6

•	Shikata, T., Takahashi, F., Nishide, H., Shigenobu, S., Kamei, Y., 
Sakamoto, S., Yuasa, K., Nishiyama, Y., Yamasaki, Y., and Uchiyama, 
I. (2019). RNA-Seq analysis reveals genes related to photoreception, 
nutrient uptake, and toxicity in a noxious red-tide raphidophyte 
Chattonella antiqua. Front. Microbiol. 10, 1764. doi: 10.3389/
fmicb.2019.01764

•	Uchimura, T., Hara, S., Yazawa, T., Kamei, Y., and Kitano, T. (2019). 
Involvement of heat shock proteins on the transcriptional regulation of 
corticotropin-releasing hormone in medaka. Front. Endocrinol. 10, 529. 
doi: 10.3389/fendo.2019.00529

•	Yokoi, S., Naruse, K., Kamei, Y., Ansai, S., Kinoshita, M., Mito, M., 
Iwasaki, S., Inoue, S., Okuyama, T., Nakagawa, S., Young, L.J., and 
Takeuchi, H. (2020). Sexually dimorphic role of oxytocin in medaka 
mate choice. Proc. Natl. Acad. Sci. USA 117, 4802-4808. doi: 10.1073/
pnas.1921446117

〔Review articles〕

•	Abe, G., Hayashi, T., Yoshida, K., Yoshida, T., Kudoh, H., Sakamoto, 
J., Konishi, A., Kamei, Y., Takeuchi, T., Tamura, K., and Yokoyama, H. 
(2020). Insights regarding skin regeneration in non-amniote vertebrates: 
Skin regeneration without scar formation and potential step-up to a 
higher level of regeneration. Semin. Cell Dev. Biol. 100, 109-121. doi: 
10.1016/j.semcdb.2019.11.014

•	Murata, K., Kinoshita, M., Naruse, K., Tanaka, M., and Kamei, Y. eds. 
(2020). Medaka: Biology, Managements, and Experimental Protocols, 
Volume 2. (Wiley-Blackwell, Iowa, USA). ISBN: 978-1-119-57529-0

79


