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Strategic International Collaborative Research Program (SICORP)
Japan—US Joint Research Program
Executive Summary of Final Report

1. Projecttitle : [ International Collaborative Research Network Focused on the Innovative

Interactome Analysis In Vivo BiolD |

2. Research period : Feb 2022 ~ March 2024
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Masashi Director IS, University of Mentoring
Yanagisawa Tsukuba
Collaborator Hiromasa Funato | Professor | IlIS, University of Mentoring
Tsukuba
Collaborator | Tomoyuki Assistant | IS, University of Visiting
Fujiyama Professor | Tsukuba Researcher
Collaborator Hikari Yamamoto | PhD 1S, University of Research
Graduate | Tsukuba Assistant
Collaborator Kazuya Miyanishi | PhD 1S, University of Research
Graduate | Tsukuba Assistant
Collaborator Motoki Ju-ichi PhD 1S, University of Research
Graduate | Tsukuba Assistant

Total number of participants throughout the research period: 6

Partner-side

Name Title Affiliation Role in the

research

project
Pl Scott Soderling Professor | Duke University Mentoring

School of Medicine

Collaborator Daichi Shonai PhD Duke University Research
Graduate | School of Medicine Assistant
Collaborator | Julie Kent Lab Duke University Research
Manager | School of Medicine Assistant

Total number of participants throughout the research period: 3

4. Summary of the international joint research

Sleep is a physiological phenomenon that is conserved in all animal species and is
essential for maintaining brain function, but the molecular signaling of proteins that occurs
within cells in response to changes in sleep need remains unclear. In recent years, we have
discovered several sleep-related genes through the forward genetics. Examining how the
proteins encoded by these genes interact with others, form complexes, and cellular function
is extremely important in elucidating the molecular mechanisms of sleep/wakefulness. In
this study, the researchers conducted research using proximal-dependent labeling, an
innovative interactome analysis method called in vivo BiolD, at a research institution (Duke
University in the United States) that has achieved remarkable progress worldwide in the field
of brain proteomics. We conducted joint research with the aim of acquiring in vivo BiolD
technology analysis. As a result, we have proceeded with the construction of an
international collaborative research network with US research groups that have innovative
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technology and equipment to clarify the molecular functional mechanisms of sleep-related
proteins that were previously unknown.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

With the research goal of comprehensive protein-protein interactome analysis of
sleep-related proteins discovered by a Japanese research team using forward genetics,
researchers studied abroad at Duke University for half a year in FY2023, studying
sleep-related genes (including unpublished). This project was carried out to acquire
techniques for methods for extracting genetic labeled proteins using biochemical methods
and proteomics analysis. Using HIUGE method, we designed and prepared an AAV vector
that can insert a tag sequence or enzyme sequence into the target gene using CRISPR
technology, and directly delivered it into the mouse brain. As a result, we were able to
visualize the localization of SIK3 or HDAC4 in the brain with high precision at the single-cell
level for the first time. Furthermore, in the mouse cerebral cortex, proteins that interact in a
proximally dependent manner were comprehensively extracted by using the in vivo BiolD
method with the great mass spec equipment (Orbitrap Astral, Thermo). Pathway analysis
was performed, we discovered that interacting factors are unriched as a group of proteins
localized at synapse that have important functions in transmitting information between
neurons.

5-2 Synergistic effects of the joint research

The US research team has outstanding achievements in molecular biological study of
neuronal synapses. We will apply the analysis techniques obtained through their previous
research to the interacting factors discovered above. By proceeding with further functional
analysis, it is expected that novel knowledge of biological significance of the protein
interactions will be obtained. We are currently discussing joint research that will continue in
2024, and are making proposals for technical exchanges between graduate students and
holding on-site research seminars for the future.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The results obtained in this international collaborative research support the synapse
hypothesis of sleep (SHY), and it is necessary to proceed with more joint research to obtain
detailed data. It is hoped that additional experiments scheduled to continue will lead to
further research results. Furthermore, some of the obtained data is expected to be jointly
published as a data science work by the US team, and a biological work by the our team.
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Cherasse Y, Taira Y, Rassu AL, Barateau L, Evangelista E, Muratani M, Funato H,
Yanagisawa M, Dauvilliers Y. Association between idiopathic hypersomnia and a
genetic variant in the PER3 gene. J Sleep Res 14146, 2024. doi: 10.1111/jsr.14146
Iwagami M, Seol J, Hiei T, Tani A, Chiba S, Kanbayashi T, Kondo H, Tanaka T,
Yanagisawa M. Association between electroencephalogram-based sleep
characteristics and physical health in the general adult population. Scientific Reports
13(1):21545, 2023. doi: 10.1038/s41598-023-47979-9

Miyanishi K, Hotta-Hirashima N, Miyoshi C, Hayakawa S, Kakizaki M, Kanno S, Ikkyu A,
Funato H, Yanagisawa M. Microglia modulate sleep/wakefulness under baseline
conditions and under acute social defeat stress in adult mice. Neurosci Res
S0168-0102(23)00205-5, 2023. doi: 10.1016/j.neures.2023.11.010

Elhosainy A, Suzuki-Abe H, Kaushik MK, Kim SJ, Saitoh T, Ishikawa Y,
Hotta-Hirashima N, Miyoshi C, Funato H, Yanagisawa M. Face validation and
pharmacologic analysis of Sik3Sleepy mutant mouse as a possible model of idiopathic
hypersomnia. Eur J Pharmacol 954:175877, 2023 doi: 10.1016/j.ejphar.2023.175877
Asano F, Kim SJ, Fujiyama T, Miyoshi C, Hotta-Hirashima N, Asama N, Iwasaki K,
Kakizaki M, Mizuno S, Mieda M, Sugiyama F, Takahashi S, Shi S, Hirano A, Funato H,
Yanagisawa M. SIK3-HDAC4 in the suprachiasmatic nucleus regulates the timing of
arousal at the dark onset and circadian period in mice. Proc Natl Acad Sci U S A
120(11): e2218209120, 2023 doi: 10.1073/pnas.2218209120

Nakata S., Iwasaki K., Funato H., Yanagisawa M., Ozaki H. Neuronal subtype-specific
transcriptomic changes in the cerebral neocortex associated with sleep pressure.
Neuroscience Research, available online March 25, 2024 doi:
10.1016/j.neures.2024.03.004

Jaehoon Seol, Shigeru Chiba, Fusae Kawana, Saki Tsumoto, Minori Masaki, Morie
Tominaga, Takashi Amemiya, Akihiro Tani, Tetsuro Hiei, Hiroyuki Yoshimine, Hideaki
Kondo & Masashi Yanagisawa

Validation of sleep-staging accuracy for an in-home sleep electroencephalography
device compared with simultaneous polysomnography in patients with obstructive
sleep apnea. Sci Rep. 2024 Feb 12;14(1):3533. doi: 10.1038/s41598-024-53827-1
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Masashi Yanagisawa,"Deciphering the mysteries of sleep : toward the molecular
substrate for sleepiness", American Society for Clinical Investigation (ASCI) Scientific
Sessions,online, 2023/5/17 A4
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Masashi Yanagisawa,"Deciphering the mysteries of sleep : toward the molecular

substrate for sleepiness", 4th Congress of Asian Society of Sleep Medicine
(ASSM2023) ,

Bangkok, Thailand, 2023/12/11 ##5:#7#
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Kanno, Miyo Kakizaki, Jinhwan Choi, Shinya Nakata, Masahiko Watanabe, Kazuya
Murata, Seiya Mizuno, Fumihiro Sugiyama, Satoru Takahashi, Hiromasa Funato,
Masashi Yanagisawa. Molecular mechanisms of REM sleep regulation: identifying
protein-protein interactions of NALCN through BiolD technique. 1st NALCN workshop
The Sodium Leak Channel in health and disease - Alicante, Spain. Sep 1st 2023
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2. oStaci Jakyong Kim, Noriko Hota-Hirashima, Fuyuki Asano, Kanako Iwasaki, Takumi
Tsukamoto, Shinya Nakata, Tomoyuki Fujiyama, Miyo Kakizaki, Chika Miyoshi,
Hiromasa Funato, Masashi Yanagisawa,

Demystifying molecular basis of sleep: intracellular signaling behind regulation of sleep
depth and quantity
2023/12/01 FAOPS2023 EXCO (Daegu)

3. oQianyun Gao, Tomohiro Kitazono, Kei Nishida, Hiromasa Funato, Masashi
Yanagisawa. Examining sleep regulation pathway mediated by ARHGEF2 and RhoA.
F =R 2023 <X, HA 2023/9/27

4. oKazuya Miyanishi, Hiromasa Funato, Masashi Yanagisawa
Microglia modulate sleep/wakefulness under baseline conditions and under acute
social defeat stress in adult mice
the 50th Naito Conference organizing committee on “Glia World - Glial Cells Governing
Brain Functions”Chateraise Gateaux Kingdom SAPPORO 2023/10/11

5. oKuikui Fan, Deependra Kumar, Tomoyuki Fujiyama, Miyoshi Chika , Staci J. Kim ,
Yukiko Ishikawa, Hotaka Takizawa, Hiromasa Funato, Masashi Yanagisawa
Role of claustrum in generating sleep need
F =ik 2023 S< X, HA 2023/9/27

6. oTran Phan Ngoc Thao, Kanako Iwasaki, Hiroto Noguchi, Staci Kim, Tomoyuki
Fujiyama, Hotaka Takizawa, Hirosama Funato, Masashi Yanagisawa
The role of Ventromedial hypothalamus in sleep/wake regulation and behaviors
FUEE 2023 S <EL HA 2023/9/27

7. oMoeno Nishida, Taisei Hasegawa, Koki Katoh, Mahesh K. Kaushik, Hiromasa Funato,
Tsuyoshi Saitoh, Masashi Yanagisawa
Target Identification for Thalidomide's Hypnotic Effect
Fi ik 2023 <X, HA 2023/9/27
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The role of SIK3 kinase activity in homeostatic and circadian regulation of sleep
The role of SIK3 kinase activity in homeostatic and circadian regulation of sleep

oMiyanihsi, K., Funato, H., Yanagisawa, M.

Dreamy, a novel regulator identified by forward genetics screening, bi-directionally
modulate the quantity and architecture of rapid eye movement sleep

Takato symposium in molecular and cellular biology

HL 2023/8/29

oMiyanihsi, K., Funato, H., Yanagisawa, M.

Microglia modulate sleep/wakefulness under baseline conditions and under acute
social defeat stress in adult mice

The 6th Glia Decode meeting, Grant-in-Aid for Transformative Research Area (A)
(AL 2023/07/18

oNakata S., Abe-Komiya H., Fujiyama T., Asano F., Miyoshi C., Ikkyu A., Mizuno S.,
Sugiyama F., Takahashi S., Funato H., Yanagisawa M.

Molecular mechanisms for sleep/wake regulation by SIK3 kinase signaling

The 11th Annual WPI-IIIS Symposium Deciphering the Mysteries of Instinctive
Behaviors. Tsukuba Japan 2023/2/22

oFuyuki Asano, Staci J Kim, Tomoyuki Fujiyama, Chika Miyoshi, Noriko
Hotta-Hirashima, Nodoka Asama, Kanako Iwasaki, Miyo Kakizaki, Seiya Mizuno,
Michihiro Mieda, Fumihiro Sugiyama, Satoru Takahashi, Shoi Shi, Arisa Hirano,
Hiromasa Funato, Masashi Yanagisawa

SIK3-HDACA4 in the suprachiasmatic nucleus regulates the timing of arousal at the
dark onset and circadian period in mice

The 11th Annual WPI-IIIS Symposium Deciphering the Mysteries of Instinctive
Behaviors

Tsukuba Japan 2023/2/22

oMinjeong Park, Takato Honda, Chika Miyoshi, Tomoyuki Fujiyama, Kanako Iwasaki,
Miyo Kakizaki, Aya Ikkyu, Seiya Mizuno, Satoru Takahashi, Hiromasa Funato,
Masashi Yanagisawa

Sleep/wake behavior of mice lacking PKA-phosphorylation sites of SIK3

The 11th Annual WPI-IIIS Symposium Deciphering the Mysteries of Instinctive
Behaviors

Tsukuba Japan 2023/2/22
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