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1. Feedback repression is required for mammalian circadian clock function, Trey K. Sato, Rikuhiro
G. Yamada, Hideki Ukai, Julie E. Baggs, Loren J. Miraglia, Tetsuya J. Kobayashi, David K.
Welsh, Steve A. Kay, Hiroki R. Ueda* and John B. Hogenesch=, Nature Genetics, 38, 312-319,
2006. *corresponding authors
Direct evidence for the requirement of transcriptional feedback repression in circadian clock function has been

elusive. Here, we developed a molecular genetic screen in mammalian cells to identify mutants of the circadian
transcriptional activators CLOCK and BMALL, which were uncoupled from CRYPTOCHROME
(CRY)-mediated transcriptional repression. Notably, mutations in the PER-ARNT-SIM domain of CLOCK and
the C terminus of BMALL1 resulted in synergistic insensitivity through reduced physical interactions with CRY.
Coexpression of these mutant proteins in cultured fibroblasts caused arrhythmic phenotypes in population and
single-cell assays. These data demonstrate that CRY-mediated repression of the CLOCK/BMALL complex
activity is required for maintenance of circadian rhythmicity and provide formal proof that transcriptional
feedback is required for mammalian clock function.

2. Detection of a circadian enhancer in the mDbp promoter using prokaryotic transposon vector|
based strategy, Yota B Kiyohara, Keigo Nishii, Maki Ukai-Tadenuma, Hiroki R Ueda, Yasuo
Uchiyama, Kazuhiro Yagita, Nucleic Acids Res., 36, e23, 2008.

In mammals, the expression of 5-10% of genes occurs with circadian fluctuation in various organs and tissues.

This cyclic transcription is thought to be directly or indirectly regulated through circadian
transcriptional/translational feedback loops consisting of a set of clock genes. Among the clock genes in
mammals, expression of the Dbp mRNA robustly oscillates both in vivo and in culture cells. Here, we present
circadian enhancer detection strategy using prokaryotic transposon system. The mDbp promoter drives reporter
gene expression in robust circadian cycles in rat-1 fibroblasts. To identify the circadian enhancer generating this
robust rhythm, we developed a prokaryotic transposon-based enhancer detecting vector for in vitro transposition.
Using this system, we identified a strong circadian enhancer region containing the CATGTG sequence in the 5'
flanking region of the mDbp gene; this enhancer region is critical for the ability of the mDbp promoter to drive
robust oscillation in living cells. This enhancer is classified as a CANNTG type non-canonical E-box. These




findings strongly suggest that CANNTG-type non-canonical E-boxes may contribute, at least in part, to the
regulation of robust circadian gene expression. Furthermore, these data may help explain the wider effects of the
CLOCK/BMALL1 complex in control of clock output genes.

Thyrotrophin in the pars tuberalis triggers photoperiodic response, Nobuhiro Nakao, Hiroko Ono,
Takashi Yamamura, Tsubasa Anraku, Tsuyoshi Takagi, Kumiko Higashi, Shinobu Yasuo,
Yasuhiro Katou, Saburo Kageyama, Yumiko Uno, Takeya Kasukawa, Masayuki ligo, Peter J.
Sharp, Atsushi Iwasawa, Yutaka Suzuki, Sumio Sugano, Teruyuki Niimi, Makoto Mizutani,
Takao Namikawa, Shizufumi Ebihara, Hiroki R. Ueda, Takeshi Yoshimura, Nature, 452,
317-322, 2008.

Molecular mechanisms regulating animal seasonal breeding in response to changing photoperiod are not well

understood. Rapid induction of gene expression of thyroid-hormone-activating enzyme (type 2 deiodinase,
DI02) in the mediobasal hypothalamus (MBH) of the Japanese quail (Coturnix japonica) is the earliest event yet
recorded in the photoperiodic signal transduction pathway. Here we show cascades of gene expression in the
quail MBH associated with the initiation of photoinduced secretion of luteinizing hormone. We identified two
waves of gene expression. The first was initiated about 14 h after dawn of the first long day and included
increased thyrotrophin (TSH) beta-subunit expression in the pars tuberalis; the second occurred approximately 4
h later and included increased expression of DIO2. Intracerebroventricular (ICV) administration of TSH to
short-day quail stimulated gonadal growth and expression of DIO2 which was shown to be mediated through a
TSH receptor-cyclic AMP (cCAMP) signalling pathway. Increased TSH in the pars tuberalis therefore seems to
trigger long-day photoinduced seasonal breeding.

Analysis and Synthesis of High-amplitude Cis-elements in the Mammalian Circadian Clock,
Yuichi Kumaki, Maki Ukai-Tadenuma, Ken-ichiro D. Uno, Junko Nishio, Koh-hei Masumoto,
Mamoru Nagano, Takashi Komori Yasufumi Shigeyoshi, John B. Hogenesch, Hiroki R. Ueda,
PNAS, 2008. (in press)

Mammalian circadian clocks utilize regulatory loops mediated by Clock/Bmall-binding elements (E-boxes),
DBP/E4BP4 binding elements (D-boxes) and RevErbA/ROR binding elements (RREs). As a step towards
system-level understanding of the dynamic transcriptional regulation of the oscillator, we constructed and

utilized a mammalian promoter/enhancer database with computational models of the E-box, D-box, and RRE to
predict new targets of the clock, and subsequently validated these targets at the level of the cell and organism.
We further demonstrated the predictive nature of these models by generating and testing synthetic regulatory
elements that do not occur in nature and showed that these elements produced high-amplitude circadian gene
regulation. Biochemical experiments to characterize these synthetic elements revealed the importance of the
affinity balance between trans-activators and trans-repressors in generating high-amplitude circadian
transcriptional output. These results highlight the power of comparative genomics approaches for system-level
identification and knowledge-based design of dynamic regulatory circuits.
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