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The molecular mechanism for fundamental properties of circadian clock, input,
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We previously identified CLOCK-binding sites in mouse liver by ChIP-Seq analysis,
and in this study a newly developed bioinformatics method, motif centrality analysis of ChIP-Seq (MOCCS),
revealed CACGNG, CACGTT, and CATG[T/C]G as functional E-box sequences targeted by CLOCK. We reported Nrf2
and Nfatc2 genes as rhythmic output genes from the E-boxes. Functional D-box sequences targeted by DBP
E[otein were determined by ChIP-Seq analysis. We also identified CaMKIl, UBE3A, and USP7 as a protein

inase for CLOCK phosphorylation, an E3 ligase for BMAL1 ubiquitination, and a de-ubiquitination enzyme
for CRY ubiquitination, respectively.

ChIP-Seq RNA-Seq



24
24
bHLH-PAS
CLOCK  BMAL1 DNA
E-box
E-box
D-box
PAR-bZIP DBP
bzZIP E4BP4
CLOCK
BMAL1
(Mol. Cell. Biol., 2009)
CLOCK  Ser38 Ser42
DNA Ser427

CLOCK-BMAL1
INK
(EMBO Rep., 2012)

ChIP-Seq

CLOCK-BMAL1 E-box
CLOCK
DNA
ChIP-Seq CLOCK
DNA
total RNA
RNA-Seq small RNA-Seq
E-box
D-box
D-box DBP
E4BP4  ChIP-Seq
D-box BMAL1-KO
E4BP4-KO RNA-Seq
E-box  D-box
E4BP4
D-box

E-box D-box
E-box D-box
E-box D-box
E-box  D-box
ChIP-Seq CLOCK DNA
ChIP-PCR BMAL1-KO
CLOCK 1
1 BMAL1-KO
total RNA
HiSeq2000 RNA-Seq
DNA Mapsplice
Cuffdiffs
E-box CLOCK
E-box
E4bp4-KO
E-box  D-box
() CLOCK
ChIP-Seq CLOCK
8,000
RNA-Seq
Bmall CLOCK
DNA 1
E-box CLOCK
E-box
MOCCS CLOCK-ChIP-Seq
CLOCK DNA
CLOCK
E-box CACGTG
CACGNG CACGTT CATG[T/C]G
(Mol. Cell.

Biol., 2014)



E-box

Nrf2
(Genes Dev., 2014)
Nfatc2
@J. Clin.
Invest., 2016)
A-to-1 RNA Adar2  CLOCK
(2) E-box
D-box bz1P
DBP E4BP4
D-box
E4BP4-KO
RNA-Seq E4bp4
DBP
DBP
ChIP-Seq
DBP 2,725
E4BP4
D-box
MOCCS
DBP  E4BP4
DNA
®
DBP
CRY
usp7
ALS TDP-43 TDP-43
CRY
CRY E3
FBXL3
usp7
CRY FBXL3
E3
(PLoS One, 2016)
BMAL1 E3
UBE3A/EGAP

(Nuc. Acid. Res., 2014)
CLOCK
CaMKI1(Genes Dev., 2014)

7
1. Arisa Hirano, Tomoki Nakagawa, Hikari
Yoshitane, Masaaki Oyama, Hiroko Kozuka-
Hata, Darin Lanjakornsiripan, Yoshitaka
Fukada.
USP7 and TDP-43: Pleiotropic Regulation of
Cryptochrome Protein Stability Paces the
Oscillation of the Mammalian Circadian
Clock.
PLoS One, 11(4), e0154263 (2016)
doi: 10.1371/journal .pone.0154263.

2. Michal Dudek, Nicole Gossan, Nan Yang,
Hee-Jeong Im, Jayalath PD Ruckshanthi,
Hikari Yoshitane, Xin Li, Ding Jin, Ping
Wang, Maya Boudiffa, Ilaria Bellantuono,
Yoshitaka Fukada, Ray P. Boot-Handford,
and Qing-Jun Meng.

The chondrocyte clock gene Bmall controls
cartilage homeostasis and integrity

The Journal of Clinical Investigation, 126,
365-376 (2016)

doi:10.1172/JC182755

3. Naohiro Kon, Yasunori Sugiyama, Hikari
Yoshitane, Isamu Kameshita, Yoshitaka
Fukada

Cell-based inhibitor screening identifies
period-tuning kinases and essential
components of the circadian clock
Communicative & Integrative Biology, 8(4),
€982405 (2015)

doi: 10.4161/19420889.2014.982405

4. Naohiro Kon, Tomoko Yoshikawa, Sato
Honma, Yoko Yamagata, Hikari Yoshitane,
Kimiko  Shimizu, Yasunori  Sugiyama,
Chihiro Hara, Isamu Kameshita, Kenichi
Honma and Yoshitaka Fukada

CaMKII is essential for the cellular clock
and coupling between morning and evening
behavioral rhythms.

Genes and Development, 28(10), 1101-1110
(2014)

doi: 10.1101/gad.237511.114.

5. Nicole Gossan, Feng Zhang, Baogiang Guo,
Ding Jin, Hikari Yoshitane, Aiyu Yao, Nick
Glossop, Yong Q Zhang, Yoshitaka Fukada,
and Qing-Jun Meng

The E3 ubiquitin ligase UBE3A is an
integral component of the molecular
circadian clock through regulating the
BMAL1 transcription factor

Nucleic Acids Research, 42(9), 5765-5775
(2014)

doi: 10.1093/nar/gku225.




6. Vanja Pekovic-Vaughan, Julie Gibbs,
Hikari Yoshitane, Nan Yang, Dharshika
Pathiranage, Baogiang Guo, Aya Sagami,
Keiko Taguchi, David Bechtold, Andrew
Loudon, Masayuki Yamamoto, Jefferson Chan,
Gijsbertus T.J. van der Horst, Yoshitaka
Fukada, Qing-Jun Meng

The circadian clock regulates rhythmic
activation of the NRF2/glutathione-
mediated antioxidant defense pathway to
modulate pulmonary fibrosis.
Genes and Development, 28(6),
(2014)

doi: 10.1101/gad.237081.113

548-560

7. Hikari Yoshitane, Haruka Ozaki, Hideki
Terajima, Ngoc-Hien Du, Yutaka Suzuki,
Taihei Fujimori, Naoki Kosaka, Shigeki
Shimba, Sumio Sugano, Toshihisa Takagi,
Wataru lIwasaki, and Yoshitaka Fukada
CLOCK-controlled polyphonic regulations
of circadian rhythms through canonical and
non-canonical E-boxes.

Molecular and Cellular Biology, 34(10),
1776-1787 (2014)

doi: 10.1128/MCB.01465-13

39
1. e )
D-box ) 2016
2016 3 16
2. e )
A-to- IRNA
2016
2016 3 16
3. R ¢ )
2016
2016
3 16
4 (2 )
DBP
2016
2016 3 16
5 (2 )
CRY
2016
2016 3 16
6. e )
A-to-1 RNA

BMB2015 38

88

(
) 2015 12 4
7. a ) 2
CLOCK  BMAL1
BMB2015 38
88
( )
2015 12 2
8. e ) RNA
A-to-1 RNA
22
(
) 2015 11 21
9. (@ )
22 (

) 2015 11 21

10. Q2 )
D-box
22
(
) 2015 11
21
11. (¢ )
CLOCK-BMAL1
22
(
) 2015 11 21
12. Q ) FBXL21
CRY
22
(
) 2015
1 21
13. € ) CRY
22
(

) 2015 11 21

14. Hikari Yoshitane (1 ) Circadian
epitranscriptomics: mRNA rhythms driven
by rhythmic post-transcriptional
regulation. 14th European Biological
Rhythms Society (EBRS) and 4th World
Congress of Chronobiology (WCC),(The
University of Manchester, Manchester, UK),
Aug. 3-4 2015, Poster Awards
15. ¢ )
A-to-1 RNA
17 RNA (
) 2015




16. Hideki Terajima, Hikari Yoshitane (2

) Circadian control of RNA
modification regulates rhythmic gene
expression and clock speed. Gordon
Research Conferences on Chronobiology,
(Melia Golf Vichy Catalan Business and
Convention Center, Girona, Spain), July
1-2, 2015, Poster Awards

17. G )

37

2014 11 27

18. Aya Sagami, Hikari Yoshitane (2
Resetting of the circadian clock with

rapid induction of mammalian E4bp4 gene.
37

2014 11 27

19. (¢ )
37
2014 11 26
20. (¢ )
CLOCK
37
2014 11 25
21. ¢! )
MOCCS
CLOCK  DNA - 37
2014 11 25
22. Hikari Yoshitane (1 )
OMICS
21
2014
11 8
23. (¢ )
CLOCK
21
2014 11 8
24. ¢ ) DBP
DNA
21
2014 11 8
25. @ )
MOCCS
CLOCK  DNA 87

2014 10 17

26. Hikari Yoshitane (1 ) Genome-wide

approach for molecular outputs of the
circadian clock in mice. Chile-Japan
Academic Forum in UTokyo Workshop on Genes,

2014 10
8
27. (1 ) Molecular network of
mammalian circadian clockwork
WPI-T111S
44 (

) 2014 10 7

28. Hikari Yoshitane (1 ) Anewmethod,

MOCCS analysis, for determination of

CLOCK-binding motifs The 30th Anniversary

Meeting Sapporo Symposium on Biological

Rhythm 2014
7 26 27

29. Hikari Yoshitane (1 ) MOCCS
analysis for determination of CLOCK-
binding motifs. Society for Research on
Biological Rhythms 2014 (Big Sky Resort
Montana USA) 2014 6 16

30. a ) CLOCK
BMAL1
36
2013 12 3
31. a )
20
2013 11
9
32. G )

Proteomics Approaches to Understand
Molecular Basis of Mammalian Circadian

Clock. 12th Human Proteome Organization
Congress (HUPO)
2013 9 13
33. (¢ ) Edbp4-
mediated phase-resetting signals to the
circadian clock in mice. 86
2013 9 11
34 - ’ N (2 )
86
2013 9 11

35.Hideki Terajima, Hikari Yoshitane (2
) CLOCK-ChIP-Seq and Circadian

Transcriptome in the Mouse Liver. 86
2013 9 11

36. € ) Clock

protein complex that vregulates the

circadian transcriptional cycle in mouse
liver. 86
2013 9 11



37. Hideki Terajima, Hikari Yoshitane (2

) CLOCK-controlled multiple http://blog2015yoshitane. japanprize.jp
regulations of circadian rhythms through
canonical and noncanonical E-boxes. 13th 24
European Biological Rhythms Society
(EBRS)  Munich Medical School of the
Ludwig-Maximi lians-University YOU TUBE

Germany 2013 8 19

38. Hikari Yoshitane (1 ) CLOCK https://www.youtube.com/watch?v=FBnbbt

ChIP-Seq and Circadian Transcriptome in 1bn8
the Mouse Liver. Gordon Research
Conferences: Chronobiology Salve Regina
University (&Y)

USA 2013 7 16 -17 Y OSHITANE Hikari

39. Aya Sagami, Hikari Yoshitane (2
Reexamine the functional roles of E4bp4 70569920
in the mammalian circadian clock.
Gordon Research Conferences: @
Chronobiology Salve Regina University
USA

2013 7 16 -17 ®

4
(2016)

2. Hikari Yoshitane and Yoshitaka Fukada
Protein modifications pace the circadian
oscillation of biological clocks

Protein Modifications in Pathogenic
Dysregulation of Signaling p251-p268,
Springer, (2015)

3.
24
2015

p213-p231

(2015)
o 0
o 0

HP

http://www.biochem.s.u-tokyo.ac.jp/fukada-lab/r
esearch-highlights-j.html

Web




